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PREFACE 

'l'his report was prepared for the purpose of spi·Pading infor
mation concerning the great undeveloped, or partially developed, 
day resources of Colorado. It is not intended to be a manual for 
those engaged in clay-mining, or for the brick-man or potter; so 
it is not cumbered with desCI'iptions of appliances or processes 
used by practical ceramist,. All such will find their needs fully 
~-:atisfied hy books already on the market. Neither is this work 
suppo~-:e1l to be merely a text-book for those interested pm·Ply in 
the theoretical aspects of ceramic~-:. In fact, a determined effort 
has been made to subordinate theory to praetice. ThPI·e i~-: no 
doubt but that the report will be of most ,·alue to the um;rientifie 
citizen, and his needs have been the ones prineipall~· consiflered in 
its preparation. 

A serious attempt to obtain data on Colorado days was first 
made by the author in the summer of 1909. Dming the snmmer 
of 1910 three parties were placed in the field, whose duties 
included the examinatiou of possible clay-lH'a 1·ing horizons and 
the collection of samples. One of these consisted of Professor 
Frank F. Grout, of the UniYei·sity of Minnesota. and Arnold W. 
Lauer, a student in the UniYersity of Colmaflo. :\lost of their 
work was done north and east of Holden. A sPColld pm·ly <:om
prised C. D. Heaton, assistant in gt'ology in th1' f'olorado School 
of Mines, and R. G. Bowman, a student in that institntion. Their 
investigations were canied on so nth and son thP<l st of Golden. 
The author and A. T. Mertes, a :-:tudent in the t-'dwol of 1Hiues. 
made up the third part,\-. \Yhich Yisited a nnmhe1· of widPly sepa
rated areas. 

The entire summers of the year:-: 1911 and I !H:!. and the 
winter of 191:.!-13, were cnwmmed in testing tht' day samples 
previously collected. This work wa:-: carried on, nuder the 
author's direction, by G. vY. Yoelzel and T. H. M. Crampton, both 
students in the School of Mines. The latter was assi,.,ted fm some 
time by his brother, F. A. Crampton. ),Jl the chemical analyses 
were made by Dr. H. A. Tremaine, of Bennett, Colorado. 

The author is greatly indebted to all of these gentlemen for 
their whole-hearted interest and endeaym:-: in his behalf. The 
thanks of the Suney an' also due to scm·p~-: of people a11 oyer thP 
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~tate who aided the investigation in one way or another. Unfor
tunately, some of the names of these people have been lost, and it 
has been thought best to publish none rather than an incomplete 
list. 

Professor Grout made many suggestions relative to the report 
that were found useful; and Mr. Crampton devised the furnace, 
without which it would have been difficult to secure satisfactory 
results. He also evidenced great interest in the work in many 
other ways. 

Free use ha~ been made of Dr. Heinrich Ries's work on 
"Clays: Their Occurrence, Properties, and Uses." Whole para
graphs have IJeen tmnscribed almost verbatim in some places, 
without other acknowledgment than is contained in this state
ment. 

The delay in the publication of this report is due to a number 
of causes. In the first place, the testing and classification of such 
a large number of samples-many more than most state surveys 
examine--required an amount of time and labor that is incon
cei\'able to one unfamilia1· with such work. Secondly, the Survey 
has often been handicapped by a lack of funds when the author 
was at leisure to work on the 1·eport; and the author was fully 
occupied with other duties at several pel"iods when the Survey's 
financial condition was more satisfactory. This has been especi
ally true of the past winter (1913-14), when the author occupied 
a new position in a new school, and was compelled to give every 
moment of his time to the work of that institution. 

The report hal' been divided into fhe parts, which may be 
thus summarized: 

Part I is introductory in character and includes brief discus
sion~ of the composition, properties, and classification of clays, 
together with a detailed account of the methods employed in this 
investigation. 

Part II comprises a brief description of the sedimentary for
mations of those parts of the state covered by this report. When 
these are clay-bearing, the nature of the clays found therein is 
discussed in some detail. 

Part III consists of statements concerning the location, 
occurrence, field characteristics, and economic value of each speci
men collected. As the samples from each county are usually 
grouped together, it should be easy to ascertain the general nature 
of the clays in any given area by consulting the proper portion 
of this part of the report. 
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Part IV contain~ a tabulation in which are indicated the 
geological horizon of each sample and the products for the manu
facture of which it is best adapted. This table makes it possible 
to locate the beds that offer the best promise for any given 
purpose. 

Part V is a tabulation of the results of the laboratory tests 
made on each sample. Most of Parts II, III, and IV has been 
compiled from the data gi1·en in Part V, l'!upplemented by a vil'!ual 
examination of the hricklets. 

CORVALLIS, OREGON, 

September 30, 1914. 



PREFACE 

PART I. 

Chapter I. 

TABLE OF CONTENTS 
PAGE 

The Mineralogical Composition of Clays. . . . . . . . . . . . . . . . . . . . 13 
The Chemical Composition of Clays. . . . . . . . . . . . . . . . . . . . . . . 17 
The Origin of Clays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Chapter II. 
The Physical Properties of Clays. . . . . . . . . . . . . . . . . . . . . . . 23 

Chapter III. 
The Influence of Impurities and P.hysical Condition upon the 

Physical Properties of Clays. . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

Chapter IV. 
Details of the Procedure in the Field and. the Laboratory. . . . 57 

Chapter V. 
The Properties Required of the Clays Used in Making the 

Different Clay Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1;7 

Chapter VI. 
The Classification of Clays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~1:: 

PART II. 

Chapter I. 
The Geology and Topography of the Clay-Bearing Formations 

South of Colorado Springs and East of the Front Range. 101 

Chapter II. 
The Geology and Topography of the Clay-Bearing Formations 

East. of the Front Range and from Colorado S]Jrings 
Northward ........................................... 121 

Chapter III. 
The Geology and Topography ot the Clay-Bearing Forma

tions of Northeastern and Central Western Colorado ... 14G 

PART III. 

Chapter I. 
The Location, Occurrence, Field Charaeteristics, and Eco-

nomic Value of the Samples Tested .................... lfi:>, 

PART IV. 

Chapter I. 
A Tabulation of Geological Horizons and Economic Possibili-

ties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301 

PART V. 

Chapter I. 
A Tabulation of the Results of the Laboratory Tests of the 

Physical Properties of Each Sample .................... 318 
A Tabulation of the Results of the Laboratory Tests of the 

Chemical Composition of the Samples Analyzed. . . . . . . . 342 



PART I 

CHAPTER I 

The Nature, Composition, and Origin of Clays 

A CLAY DEFINED 

1'here are two definitions of clay in· common use; tlle first 
might be called the ceramists' or the clay-users', and the second 
the geologists' definition. They are as follows: 

1. A clay is a naturally occurring material which is more 
or less plastic when wet, and which, when heated to redness or 
above, becomes permanently hard. 

2. A clay is a sedimentary or aeolian deposit composed 
largely of kaolin, in which the bedding planes or laminations are 
not well developed. When the substance is decidedly laminated, 
a geologist calls it a shale. 

The former definition includes both clays and shales as defined 
from a geological standpoint. This is not illogical, since the 
physical properties (outside of lamination) and the products of 
both may be identical. 1'he ceramists' definition is applicable to 
some substances, such as those high-grade clays formed by the 
alteration of igneous rocks, which a geologist would never con
sider clays or shales. 

It is, then, evident that the two definitions conflict to some 
extent; or, rather, one (the second) is much more restricted than 
the other. The first is the broader and more useful from a prac
tical standpoint. 

OOlVIPOSITION OF OLA YS 

Mineralogical Oomposition-
Kaolinite.-A clay is not a homogeneous substance, but, like 

most of the more plentiful earth materials, it is ordinarily a rather 
complex mixture of several minerals. Among these the most 
important is undoubtedly kaolinite. This is a hydrous silicate of 
aluminum, with the formula AJ20 3 .2Si0".2H20. It mmally occurs 
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as an earhty, white, massive sub~taucc· with a dull or slightly 
pearly luster. It il' ~'Oft enough to be l'eadily scratched with a 
finger-nail and is opaque in masses of any size. The fracture is 
either smoothly curving or irregula t·. and the feel is often smooth 
or slightly soapy. Undoubtedl.v ihe ntol-'1 chat·nderistic property 
of the mineral is iii' smell, which nm only be described by saying 
that it is clayey_ It is, in fact, the prei'CIH'e of the kaolinite in 
clays and shales that imparts the strong odor to them. This odor 
is much move noticeable when the clay is moistened than when 
dry_ Masses of the mineral may be compact or loose and mealy, 
and the microscope shows that snc·h mai'Hes are often made up of 
minute six-sided monoclinic cryl'tals. Pm·e kaolinite is not 
usually Yery plastic_ Its fusing point iH ,·ery high-about 
1,850° C.-but a very small amount of impurities ma? lower this 
figure materially. 

Kaolinite is often called ''clay substance" or "clay base," and 
is that portion. of n cia~- that is soluble in hot sulphuric acid or 
sodium c::trhonate. Some investigators claim that clays exist in 
which this mineral is unrepresented, but it is probably true that 
most clays contain ~ val'iable amount of it. .'unong other hydrous 
silicates of aluminnm that may replace the kaolinite as ''clay 
base" to a greate1· or less extent are tile following: halloysite, 
indianaite, pholerite, rectorite, ne\donite, allophane, cimolite, 
montmorillonite, pyro1Jhyllite, collyrite, schrotterite, eic. In many 
c·ase·s these Sllecies differ from each other and from kaolinite to 
such n slight extent that they can hardly be identified with cer
tainty without a chemi<"al analysi~. For this reason some clay
workers apply the word "kaolinite'' to any of these species when 
pure, and call the impure, comme1·cial article "kaolin." 

Qttartz.-'fhis is silicon oxide; the formula is SiO~. It occurs 
in clays as glassy, colorless, white, or iron-stained, round or ir
regular grains or pebbles. It is much harder than a knife and 
will scr?-tch glass readily. It fuses at 1,830° C. when unmixed 
with other substances. 

Practicall;r all natural clays contain some quartz, and in cer
tain classes of sandy clays it ma~· constitute 50 per cent or more 
of the material. Even where present in considerable quantities, 
the grains are apt to be too small to be visible to the unaided eye. 
Ruch a: cla;r may feel somewhat harsh, however. 

Feldspars.-These are silicates of aluminum with alkalies, 
lime, or both. 'l'hey occur in clays as tin,r, white, opaque, pink
i:o~h, or greenish grains, with a stony luster. Feldspars break 



CLAYS 0~' EJ.AS'£l!JRN COLORADO lfi 

readily in i\\·o directionf' at nearly, or exa,·lly, right angles, nud 
the resulting cleavage facef' may he very smooth and lustrous. 
While softer than quartz, they will still ~nal d1 glaHH. Several 
different mineral species are included nuder the tenn ''feldspar," 
and their fusing points vary from about 1,200° C. for the alkaline 
ones to above 1,500° for lime feldspar. 

Most clays are formed as a result of the ,J,~,·uulposition of 
feldspar, as is explained later; and this ae~·o1mts for thP fact that 
unaltered residual grains are fairly common. Iu some sandy 
clays the proportion of feldspar grains is considerable, but in most 
cases the particles are microscopic . 

.ilficas.-'l.'he two micaii most common in clays are muscovite 
or whitp mica and biotit-e or black to brown mif"n. The former iR 

a hydrous silicate of potassium and aluminnm, while the latter is 
a hydrous silicate of potassium, aluminum, iron, and magnesium. 
Both occur in ela:rs as minute, very soft, glassy scales with 
lustrous surfaces. The fusion points of the mi1·as have not been 
determined with as much accuracy as might be desilTd, but the.' 
appear to be not far from those of the more alkaline feldspars. 
The fusing point of muscovite is about 100° C. llighe1· than that 
of biotite. 

Mica is nearly always present in clar to some extPnt, and the 
brilliantly flashing flakes may be quite conspicnous even when the 
total amount present is very small. Muscovite is much commoner 
than biotite, due to the fact that biotite decomposeii easily. 

Limonite.-This is a hydrated oxide of iron, with the formula 
2Fe"03 .3H20. It occurs in clays as a yellow or .'·ellowish-brown 
powder which gives color to the mah"rial, as ~mall rn8ty grains 
or spots,. as concretions of some 8ize, and as veinlets or stringers. 
When present as concretionary masses or stringe1·s. it may be 
recognized by the fact that it has a dull luster, a brown or yell<nY 
color, a rather porous texture, is apparently rather soft, and the 
powder is always some shade of yellow. 

Limonite is formed by the alteration of other iron minerals 
and is usually more plentiful near the surfaee of a clay deposit 
than elsewhere. At Yariable depths it is apt to l1e displaced l1y 
pyrite (q. v.) or, more rarely, b~· hematite or magnetite. 

Pyrite.-This is sulphide of iron, with the formula FeS2 • 

This mineral has a bright metallic luster, a pale to deep yellow 
color, and such a ,hardness that it cannot be scratched with a 
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knife. The l'olor is black when it is finely pulverized; aud it 
usually occurs in somewhat cubical or rounded ct·y:-;tals or g1·ains, 
or as rounded nodules. 

Pyrite alters readily to limonite (q. v.) when at or near the 
surfaee; so it is apt to appear only at some depth. It may then 
cause a cons·iderable depreeiation in the worth of a previously 
valuable elay, as is later explained. 

(.'a.Zcite.-This is earbonate of ealeium m· lime; the forumla is 
CaC03 • It oecurs in elays in three forms: first, as microseopic 
grains disseminated throughout the elay; second, as soft, trans
lucent, white or colorless, glassy-lustered Yeinless; third, as com
pact, dull-lustered concretions. In any ease it can be identified 
with ease and certainty by the fact that, if a drop of hydrochloric 
(muriatic) acid is placed upon it, or if it is immersed in some of 
the acid, bubbles will for!ll and the acid will appear to boil. Vin
egar may be substituted for muriatic acid in making this tt st, but 
the effervescence is not then so vigorous as it is ,dth the acid. 

Calcite is not usually present in clays in n Yi:-:ible form, but 
is not uncommon as a disseminated impurity. \Vhen present in 
some quantity. the material iR called 111-arl. 

Gypsum-.-This iR h~·drous sulphate of calcium or lime; its 
formula is Ca~04+2H20. It is a glassy-lustered, translucent to 
transparent, white mineral that is easily sct·atdted with a finger
nail (calcite i;; harder than a fiuger-nail). It breaks or cleaves 
very easily in one direction, and the !hin plates tltus formed are 
somewhat flexible and have very smooth and lustrous surfaces. It 
usually occurs in clays as cQ·stalline veinlets, but it is not un
common as diamond- or lozenge-shaped crystals. It is occasionally 
disseminated throughout a clny in particles too small to be seen 
with tile unaided eye, and it sometimes occurs as la1·ge transparent 
plates, called selenite. 

Carbonaceous ill at tcr.-'l'his may be present in three fmms: 
first, as roots and other parts of vegetation, in which case it is 
readily recognized; second, as asphaltic material, which may give 
the clay a distinctive odor, especially when heated; third, as coal. 
When present as asphaltic material or coal, it usually imparts a 
gray, bluish-gray, or black color to the clay. 

Water.-Practicaii,Y all clays as mined contain some water 
mechanically included in the pores. In the dry elimate of Colo· 
rado very little of this moisture remains une\'aporated from small 
pieces of clay after exposure to the air for a day or two. 
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"\mong other minentls rarely found in days, or present in 
comparatively small amounts, a1·e the following: opal (hydrated, 
amorphous silica), magnetite (oxide of il'on), hematite (oxide of 
iron), pyrolusite (oxide of manganese), I'll file ( oxi,le of titanium), 
ilmenite (oxide of titanium and iron), psilornelane (hydrou~ 

oxide of manganese, etc.), dolomite ( carbo11ate of calcium and 
magnesium), mngnesitc (carbonate of magne~ium), siderite '(car
bonate of iron), hornblende (complex silicate), gnrucl (complex 
silicate), tourmaline (complex silicate), qloucr!llitc (bydron~ 

silicate of potassium and iron), lepidoli tc ( hydrou~ silicate of 
lithiu~,aluminum, and potassium),viviauite (phosphate of iron), 
epsonite (hydrous sulphate of magnesium), melanterife (hydrous 
iron sulphate), and soluble alkalies. 

Chemical Composition-

Pure kaolinite contains 39.8 per cl'nt of aluminum oxide 
(Al 20 3 ), 46.3 per cent of silica (Si02 ), and 13.9 per cent of 
water (H20). No known deposit of pure kaolinite exists, al
though several approximate to purity, and others may show a: com
position similar to that just stated after impurities have been 
removed by washing. 

Not only do the three components just mentioned occur in 
varying proportions, but many other substances are apt to be 
present in large or small amounts. A complete analysis of a 
clay should state the proportions of the following ingredients: 
silica: (Si02 ), alumina UJ 20 3 ), ferric oxide (Fe20 3 ), ferrous 
oxide (FeO), lime (CaO), magnesia (MgO), potash (K20), soda 
(Na20), titanic oxide (Ti02 ), manganous oxide (MnO), carbon 
dioxide (C02 ), sulphur trioxide _(KOJ, \Yater of crystallization 
(H20), moisture (H20), and organic matter. It is, however, not 
usually necessary or desirable to make such a complete analysis; 
so in most cases all the iron is reported as ferric oxide, and no 
attempt is made to detect the presence of titanic oxide, sulphur 
tri-oxide, carbon dioxide, manganous oxide, or organic matter. 
Often the presence or absence of some or all of these five sub
stances is ascertained, although the amounts present are not de
termined. Manganous oxide is undoubtedly the rarest of the 
substances mentioned. 

A chemical analysis does not really help very much in the 
classification of a clay; it is largely corroborative and explan
atory rather than determinative. All the information required 
to classify a clay may be obtained from the physical tests alone. 
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AbDut the only time when a chemical analyNiN iN really useful if' 
when a clay must be modified or improved by the admixture of 
other ingredients. It will then often point the way. It is true, 
nevertheless, that unusual amounts of certain ingredients haYe a 
decided bearing upon the properties of the clay, as will be indi
~·ated later: but it is safer to make actual phpdeal tests of the 
sample rather than to try to prediet its probable behavior from it:o; 
chemical analysiR. 

Two kinds of chemical analyses are frequently mentioned in 
('otmection with clays. 'l'he process by which the proportions of 

· the substances recently mentioned are determined is called the 
11ltinrutr analysis; while the determination of the relative propor
tions of kaolin or clay snbstance, quarb:, and feldspar is kno,yn 
as the rational analysis. 

Methods of making ultimate analyses of days are presented 
in all good text-books on quantitatiYe analysis, as well as in Pari 
I of Bulletin No. VII of the Wisconsin Geological and Natural 
History Sun-ey, page 246; it has not been thought necessary to 
include directions for such work here. 

Two methods of making rational analyses are given by Dr. 
Ries on pages 66 and 67 of his book on clays.1 

_\. scheme for calculating rational analyses from ultimate 
analyses was used by Buckley" with results that are apparently 
satisfaf'l ury. He calculates the percentage of feldspar and kaolin 
from the ultimate analysis, assuming that 1lwy han· the composi
tions giYen by Dana:" i. e.: 

K,O Na,O Al,O, Si02 H,O 
Orthoclase .............. 16.9% 18.4% 64.7% 
Albite ................... 11.8% 19.5% 68.7% 
Kaolin 0 •••••• 39.5% 46.5% 14% 

Buckle.'- f':t,Y~: "All the potash and soda \\-ere figured to 
feldspar. 'l'he alumina required fm· the feldspar was deducted 
from tht· totn I alumina. and the difference was taken for the 
:'ltarting-point from whirh to figure the kaolinite substance. The 
1lifferen1·e lwtween the 1 o1al siliea ( Si02 ) and that required b.\ 
hoth feldspar and kaolin g·iyes the quartz and the silica in silicat1!' 
other than thol'e mentioned." This method has been 11sPd in fi;!-

'Clays: Their Occurrence, Properties, and Uses, by Heinrich Ries. 
'Wisconsin Geological and Natural History Survey, Bul. VII, Part I, 

p. 267. 
3 A Text Book of Mineralogy, pp. 371, 377, and 481. 
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uring the ultimate analyses given in this report. In addition, the 
lime is figured to calcite, or to gypsum if the ultimate analysis 
shows the presence of sulphur. The ferric oxide is figmed to 
limonite. It is evident that part of the iron and sulphur ought to 
be figured to pyrite, and the lime to both calcite and gypsum, in 
some cases, but it is not desirable to introduce too many refine
ments into a procel'!s that is admittedly merely an approximation. 
The following formulae have been used in figuring rational anal
yses according to this method: 

Percentage of feldspar in the clay= (5.92x;tK,O) + (8.48x%Na,O). 
Percentage of kaolin in the clay= 

2.53 (%Al,O, -( (1.09x;!K,O)+ (1.65x;tNa,O))) 

Percentage of quartz in the clay=%Si0 2-{ 1.18[%Al,03-

( (1.09 x%K 20)+(1.65 x%N a 20)) ]+\3.83 x%K 20)+(5.82 x%N a,< IJ} 
Percentage of calcite in c1ay=1.79x:;\Ca0. 
Percentage of gypsum in clay=3.08x%Ca0. 
Percentage of limonite in clay=1.17x;:Fe,O,. 

As an example of the use of these formulae, eonsider day No. 
58, which has the following ultimate composition: 8i0~ 73.50%, 
Al20 8 17.11%, Fe20 3 0.74%, CaO 0.8~%, MgO 0.20%, K20 3.73%, 
Na2 0 0.26·%, water of ci·ystallization 3.01 %, moisture 0.83%, and 
with C02 present. 

Substituting the values given in the above equations, we ob
tain the following results (the calculation was done on a slide
rule, and the results may not be exactly correct) : 

Percentage feldspar=5.92x3.73+8.48x0.26=24.3 ..................... 24.3 
Percentage kaolin~2.53 [17.11-(1.09x3.73+1.65x0.26)]=31.9 ....... 31.9 

Percentage quartz=72.5-j1.18 [17.11-

(1.09x3.73+1.65x0.26)]+ (3.8ilxil.73+5.82x0.26) f =42.0 ...... 42.0 
Percentage calcite=1.79x0.82=1.5................................. 1.5 
Percentage limonite=1.17x0.74=0.9....... ... . . . . . . . . . . . . . . . . . . . . . . 0.9 

Total. ....................................................... 100.6 

If, as in the case just diseussed, the calculated proportions 
total fairly close to 100 per cent, it is a good indieation that the 
work has been eorreetl_y performed and that the assumptions are 
justifiable. 

The rational analysis, especially when obtained in the manner 
just outlined, is much more 3!pt to be eoneet and to possess 
practical value in the case of high grade clays than it is when 
many impuritJes are present. 
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As an illustration of the usefulness of rational analyses, 
~uppose that a potter is using a clay of a certain composition 
which is low in feldspar. To each 100 pounds of clay he adds 50 
pounds of feldspar, the whole being finely ground and well mixed. 
Assume that the resulting mixture has the following rational 
composition: kaolin 45.21 per cent, quartz ::W.62' per cent, and 
feldspar 34.17 per cent. Now suppose that he finds it desirable 
to substitute a clay of the following romposition for the one he 
has been using: kaolin 66.33 per cent, quartz 15.61 per crnt, and 
feldspar 18.06 per cent. This cla,r is evidently deficient in quartz 
and feldspar and these must be added in order to duplicate the 
mixture first used. It is a simple matter of arithmetic to ascer 
tain that 14.6 pounds of quartz and 3:2.1 pounds of feldspar must 
be added to each 100 pounds of the clay to secure the desired 
composition. If these two substances are finely ground and well 
mixed with the ground clay, the pr011ertirs of the mixtnre will be 
practically the same as in the first instance. 

ORIGIN OF CLAYS 

Clays are always of secondary origin; that is, the.r are in
variably formed by the alteration of other rocks. In most cases 
the rocks that alter readily into clay contain considerable 
amounts of acid feldspars, and thiR fact has led many to belien' 
that clays are always the alteration product of feldspars. This 
idea is erroneous, however, since some very fine clays are produced 
by the decomposition of limestones or rocks composed largely of 
rather basic, non-feldspathic silicates. It is true, nevertheless, 
that the principal ingredients of most clays originally existed in 
acid feldspathic rocks. 

A residual clay is one formed in place by the decomposition 
of the original or primary rock, of "·hich it formR the outcrop. 
Where formed by the alteration of an igneous rock, there is 
usually a gradual transition from the comparatively soft clay nea1· 
the srurface to the unaltered, hard, primary rock at some depth. 
Where residual clays occur over impure limestones, the change 
from clay to primary rock is, however, sharply defined. This is 
because such a clay is not formed by the decomposition of the 
limestone, but represents insoluble impurities in the limestone 
which accumulate directly above the unchanged limestone as a 
result of the gra'dual dissolving of the latter by surface water. 

A transported clay is one which has been formed by the alter
ation of particles of primary rocks that have been mechanically 
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detached from their original position, carried some distance, and 
then deposited. The transporting agent lllay be water, ice, or the 
wind; and the decomposition may take place during or after 
transportation. The final deposition may he in running or stand
ing water, or on land surfaces. Such clays are often more or less 
stratified, and, if deposited under water, they constitute a sedi
mentary rock. 

Residual clays are, then, to be sought in areas where igneous 
. rocks or impure limestone are plentiful; and thick deposits are 
hardly to be expected where the surface is, or has been in recent 
geological times, subject to much erosion either by water or ice. 

The shape and extent of such deposits will evidently depend 
upon the rock from which the clay was derived. If the original 
rock were a great boss of granite or syenite, a laccolith of por
phyry, or a surface flow of rhyolite, the clay derived therefrom 
may occur over a large area. Where, however, the igneous rock 
occurred as a dyke, the .clay would be found along a comparatively 
narrow zone. 

It seems to be a general practice to apply the word "kaolin" 
only to a white-burning, residual clay. 

Transported clays may occur in present or ancient stream
beds; they may be interbedded with other types of glacial 
deposits; and considerable quantities of rather poor quality some
times accumulate on land surfaces through the action of the wind. 
The largest deposits are, however, undoubtedly those that are 
formed in lakes or seas by deposition from silt-laden water. Such 
deposits may cover miles to a considerable thickness. They are 
eventually covered with sandstones, conglomerates, and other 
types of sedimentary rocks, and are especially apt to be found 
where such rocks have been turned up on end, as in the hogback 
or foothill region of the Front Range. They may also outcrop al
most anywhere in the plains region in the form of nearly horizon
tal beds, but there they are usually hidden beneath surface wash, 
excepting along the sides of Yalleys and arroyos. 

Transported clays are not of so high quality, on the average, 
as the residual ones, but they are much more plentiful than the 
latter, and the total value of the products made from transported 
material is undoubtedly much higher than those manufactured 
from clay formed in place. It should not be supposed that trans
ported and residual clays necessarily differ in appearance, prop
erties, or uses. Some varieties can hardly be distinguished except 
by noting the manner of occurrence. 



CHAPTER II 

Physical Properties of Clays 

PLASTICITY 

Plasticity lkjillcl!.-~egeJ· 1 defines plasticity as "the prop
erty shown hy a solid body of absorbing and holding a liquid in 
its p01·es. and forming a mass whielt can be pressecl or kneaded 
into any desired form, which it retains when the pressure is with
drawn, the mass hardening on the evaporation of the liquid." 
This is a very narrow definition, applicable only to days. Physi
cists prefer the followiug: "Plasticity is the property which many 
bodies show of changing forms under pressure, without rupturing, 
which forms they retain when the pressure ceases." "\s thus 
defined, placticity is not confined to damp clays, but it is certainly 
often developed in them to a very high degree as compared with 
other minerals or mixtures of minerals. Finely ground gypsum 
or brucite has some plasticity, however. 

Plasticity is one of the most important properties of a clay, 
since many of the products for which clay is uRed could not be 
manufactured from a non-plastic substance. 

Cause of Plasticity.-The cause of plasticity in clays is 
unknown, although many theories have been advanced in explana
tion of the phenomenon. Early workers suggested that the prop
erty was the result of peculiar textural features, but this idea is 
now upheld by few. Plasticity may be produced by colloids or 
glue-like particles, and many believe that this is the most probable 
explanation of the property, although the exact nature of the 
colloids involved has never been certainly determined. 

Improveme11t of Plasticity.-The plasticity of most clays may 
be increased h? fine grinding. Some rery plastic clays are, how
ever, coarser-grained, thnn are other-s of lower plasticity; so thiR 
property is not wholly dependent upon size of grain. 

'Beziehungen zwischen Feuerfestigl,eit und PlasticitiH rler Tone. 
Thonindustrie-Zeitung, 1890, p. 201. 
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A clay that has been aged-i. e., left lying under cover for 
several months-usually shows an increase in plasticity. This 
may be due to bacterial action, or to the development of an acid 
which neutralizes the alkalinity of the whole mass. 

Allowing a clay to lie in the open air for some time usually 
improves the plasticity. 

Testing o1· Measuring the Plasticity.-Plasticity, as defined, 
involves two factors; i. e., resistance to deformation, and the 
extent of flowage before rupturing. The first factor-resistance 
to deformation-is of so little practical importance that ithardly 
seems worth while to measure it. It is true that, where clay 
products are molded by power, more power is required to form 
articles from clays with a high resistance to deformation than 
would be needed if the resistance were low; but it is extremely 
doubtful if a clay were ever accepted or rejected because of its 
high resistance to deformation. Practically, this property is .al
most never considered. 

Most of the methods recommended for the measurement of 
plasticity place equal stress upon both of the factors above men
tioned. Theoretically, this is an admirable practice, but the 
results secured have no place in a practical report such as is this. 
It is certain that the most important factor is the extent or 
amount of flowage before rupturing, and this may be tested in 
several ways. Perhaps the most satisfactory procedure is to com
press a cylinder of clay two inches long and three-quarters of an 
inch in diameter until cracks at 45° with the direction of pressure 
appear on the sides. The amount of flowage is then measured, 
quantitatively, by the percentage of increase in the diameter of 
the head. Long experience has proven that fully as satisfactory 
results may be obtained much more simply by using the following 
method, which has yielded the data incorporated in this work: 

Grind the sample to forty-mesh and place half of it in an 
enameled or granite-ware pan. Slowly moisten with water, 
sti~ring constantly with a broad spatula. As soon as possible, 
take the mass in the hands and work into a ball, adding water 
until it seems as plastic as it is possible to get it. Continue 
to add water until the clay becomes sticky and looks shiny and 
wet on the surface. It will then have a ve1·y slippery feel, and it 
is certain that too much tempering water has been added-it has 
been overtempered. Next, add some of the dry, ground clay until 
its slippery, wet features have just disappeared. It will then have 
been tempered to a condition of maximum plasticity, and it should 
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he a simple matter to temper the remainde1· of the ground sample 
to the same ('ondition. Finally, form a ball, with a diameter of 
about two and a half inches, from the tempered clay, and press 
it out on a plate of oiled glass until a cake about a half-inch 
thick has been formed. The plasticity may then be expressed in 
the following terms: 

F'ine plasticity: Practically no fmcturing around the edges 
of the cake; it may be readily molded to any form and holds its 
"lw pe well. 

Good pla8tinity: Shows small fradm·es around the edges of 
the cake: it may be molded to any shape and holds its shape well. 

Pnir pla8ticity: There is much cracking around the edges of 
the cake; cracks considerably when attempts are made to mold it. 
and molded pieces are easily broken. 

Poor pla8ticUy: Cracks Yery badly under slight pressure, and 
it can be molded only with the greatest difficulty and care. 

This classification may be extended by adding yery poor and 
Yery fine; these terms are self-explanatory. This makes a six
degree classification, but such refinement is useless in most cases. 
Clapp1 has used the following terms descriptive of the plasticity 
of North Dakota clays: very good, good, moderate, fair, lean, very 
lean. This appears to be practically the equivalent of the Rix
degree classification just discussed. It is true that clays of low 
plasticity are often called lean, and those with a high plasticity 
are termed fat; but the writer is of the opinion that the former 
term should be so defined as to be applicable to all the three lower 
degrees of the six-degree classification, while the remaining three 
degrees should constitute the fat clays. 

It is undoubtedly true that the method of testing the plas
ticity just outlined involves the personal factor to some extent, 
but it has been proven that the results are quite satisfactory and 
\'ery useful if the tests are made with care. 

COHESION 

Gohe8ion Defined.-As used in connection with clays, cohesion 
is that property that causes masses of tempered clay to adhere 
after they are brought in contact and some pressure is applied. 
As thus defined, cohesion is not synonymous with resistance to 
rupture, although that is the res.ult of cohesion between particles. 

lFourth Biennial Report of the North Dakota Geological Survey, p. 49. 
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'l'he cohesiou of day:,: is not alway:-~ tested, although it is 
. important in cases where a. day is split in passing through a die 
and the halves are then united under pressure, as in making tile. 

Testing or Measuring the Cohe8ion.-The cohesion should be 
tested by rolling two two-inch balls of tempered clay and Jn·cssing 
them together between the hands until the combined thickness is 
about two inches. If the two masses ('an then be separated only 
with difficulty or not at all, the cohPsion is strong; otherwise it 
is weak. 

WATER REQUIRED TO SECURE MAXIMUM PLASTICITY 

'l'he water added to a clay is called tempering water) and the 
amount raries with the kind and tPxtm·P. As a rule, the finpJ·
grained clays require more tempering water than the coarser, 
sandy ones, but they absorb water more slowl~·- In general it 
may be said that a high pen·eutage of tempering water induces a 
high air shrinkage; but this may not be true if the clay contains 
coarse grains. These fad!' may he used in making a hasty field 
examination of a cia~·. 

Where a clay is tested completely in the laboratory, a knowl
edge of the amount of tempering water required is of practicall~· 
no importance, but such data may haye 1-'ome value to tbe prac
tical worker, and the measurement is easil~· made; so the figurPs 
:ne included in this report. 

Meas·ure111cnt of the lVater Required i() 8cr-11re J/a.Dinlllm 
1)/astir:ity.-To determine the percentage of absorbed water, weigh 
a small piece of the freshly tempered clay; then allow it to dry 
for several days, and weigh again. ViYide the diffe1·ence between 
these two weights by the dry weight; the quotient i~' the per
centage of tempering watPI', by weight, that must he added to 
the rlry, ground clay to secme maximum plastieity. 

'l'he time required to dry the day in the dry climate 'of Colo
l·ado varies from a day to a week, depending upon the condition 
of the atmosphere and the warmth and dryness of the laboratory. 
When tempering water is still present, the test-piece will have a 
dark 'color. It will dQ· first on the edges, and there will be a 
sharp line of demarcation between the wet and dry portions. If 
the test-pieee be shaped like a Seger cone, as later described and 
I'ecommended, it should be allowed to dry at least three times as 
long as it takes for all the dark coloration to disappear from the 
snrface; and it shonld be turned onee or twice during the process. 
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All authorities insist that the test-pieces should be dried iu an 
air-bath at 212° F. before the final weighing. Such a procedure 
gives results that are useless from a practical standpoint, how
ever, since no clay is absolutely free from moisture when mined; 
and treatmt'nt in an air-bath drives off all the moisture. It is 
true that the amount of moisture in the clay, when it is tested in 
the laboratory, is not in all cases the same as is present when the 
clay is used, but the method above recommended will give results 
that are nearer the truth than will be those obtained if all the 
moisture be expelled in an air-bath. The choice of methods should 
depend upon whether the investigator be interested in the total 
amount of moisture that the clay will contain when thoroughl_y 
tempered, or in the amount of water that must be added to the 
clay as it reaches his hands in order to temper it to maximum 
plasticit~-- The data last mentioned are evidently of more practi
cal value than the others, and they have, therefore, been selected 
for incorporation in this report. It has been found by experiment 
that air-dried clay~ tested in the laboratory of the School of 
Mines at Golden contained ver.v little tempering water, and it is 
likely that the results obtained in the manner outlined are quite 
comparable with those secured by other investigators who dried 
their clays in a hot air-bath. 

The amount of tempering water in a clay will ordinarily val"y 
from 20 to 35 per cent, but it may go a few per cent below the 
former, and 10 or 15 above the latter, figure. 

AIR SHRINKAGE 

Air shrinkage of a tempered clay is the result of the evapora 
tion of the moisture separating the particles. It is a very im
portant characteristic of the clay, since a high air shrinkage iR 
usually accompanied by more or less distortion of the molded 
:uticle. Even when no distortion oc-curs, due allowance must be 
made for both air and fire shrinkage, if a finished product of 
specified dimensions is desired. 

Manner of Decreasing a H-igh Air 8hrinkay1·.--If the air 
shrinkage be too great, it may be lowered h_r "grogging'' the clay; 
i. e., adding sand, ground bricks or crucibles, or cinders which 
have a fusing point as high as, or higher than, that of the clay. 
'rhese increase the average sil.·e of the grains and produce the 
desired result, but they decrease the amount oJi tempering water 
required and lower the plasticit~- and tensile strength of the cla_1; 
so they must be used with care. 



28 CLAYS 0~' EASTERN COLORADO 

Measttrenwnt of the A.ir Slvrinkage.---'To ascertain the per
centage of air shrinkage, it is only necessary to punch two holes 
exactly two inches apart on a. piece of molded wet clay. Then 
dry the clay thoroughly and measure the amount of shrinkage 
that has occurred. It is then a very simple matter to calculate 
the percentage of air shrinkage. 

It will be found most convenient to use a pair of sharp-pointed 
compasses that may be fastened with a set-screw as the instru
ment with which to punch the two holes in the piece of wet clay. 
:\fter the clay has dried, these compasses are adjusted until both 
points exactly fit into the two holes, and the shrinkage is ascer
tained by placing the points against a scale divided to hundredths 
of an inch. If the points prove to be one and eighty-eight hun
dredths of an inch apart after drying, and it is known that they 
were two inches apart before drying, it is easy to see that the 
total shrinkage in the length involved has been twelve-hun
dredths of an inch. Twelve-hundredths of an inch in a piece two 
inches long is equivalent to six-hundredths of an inch in a piece 
one inch long, so the percentage of air shrinkage in this case is 6 
per cent. 

It is best to place the, holes diagonally across the largest 
face of one of the bricklets later described. They may be placed 
on the test-cones, _but there is considerable danger of breaking the 
tips of the cones if this is done. 

Some authorities use large pieces of clay and rule lines four 
to six inches apart upon them. They are then able to report 
tenths and hundredth~'! of a per cent. This is an utterly useless 
refinement, and it is doubtful if the results obtained in practice 
will come within half a per cent of those secured in the labora
tory. It will also be found much more difficult to rule lines than 
to punch tiny holes at any desired distance apart; so the use of 
the method above described is strongly recommended as being 
tlimple, rapid, and sufficiently accurate for the purpose. 

In case a clay warps very badly in drying, it may not be 
possible to measure the percentage of air shrinkage with any ap
proximation to accuracy. Each face of a bricklet may give a 
different figure, and, when this is true, it is necessary to punch 
holes on all fa·ces of a bricklet, and then average the figures ob
tained from each face. 
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TENDENCY TO CRACK ON DRYING 

A clay which cracks on drying is practically valueless for any 
purpoRe for which tempered clays arc used, although the defect 
may sometimPk be remedied in the manner indicated later. 

The finer the grain, the more apt is the clay to possess this 
detrimental feature, which is usually accompanied by a high air 
shrinkage and the ability to absorb a large amount of tempering 
water. 

ilJ nnner of Dec,reasing, the 'l'endency to Crack on Drying.-
81ow drying ma~· prove sufficient to overcome the difficulty if the 
f-racking is slight, but in most cases it is necessary to add "grog'' 
to the clay, as is described under "Manner of Decreasing a High 
Air Shrinkage." 

Estimettion of the 'l'endency to Crack on Drying.-No attempt 
has been made in this report to estimate the tendency to crack 
with any great degree of exactness. Four descriptive terms relat· 
ing to this feature hare been used, however, and they ma;r be 
interpreted as follow": 

No: Xo checks or cracks develop. 
Slightly: The test-piece is somewhat checked on the surface. 
Con.sidPmlily: Deep, fairly wide cracks dt>velop on the test· 

piece. 
Badly: The tel'i-piece breaks into two or more pieces. 
The tendenc~· to crack on drying is apt to be more evident the 

larger the piece tested, and for this reason a test-piece of some 
size should be used, as is later specified. 

Great care should be taken not to confuse cracks produced 
by shrinkage on drying with those whieh are apt to appear when 
several pieces of cia~· are insufficiently worked or kneaded before 
the mass is pressed into a mold. The latter are smooth, while the 
former are uneven and rough. 

SLAKING 

Slaking Defiued.-A. clay is said to slake when the addition 
of water causes it to soften materially or to disintegrate. It is not 
supposed that a true chemical combination takes place, as when 
water is added to lime, and the term is, therefore, used rather 
inaccurately. 

Some clays slake in <1 few moments; others require hours for 
complete disintegration; while still others do not slake at all
at least in a day or two. 
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The determination of the time required for slaking is of some 
practical importance, since the more quickly a clay slakes, the 
more easily it may be tempered 1mground; and clays that do not 
slake easily, or at all, mn:;;t be ground before they can be tem
pered. 

Determination of the T·ime Required for Slaking.-Immerl'le a 
one-inch cube of the unground clay in water and note the time 
required for complete· disintegration. When the slaking is com
pleted, the cube will have been replaced by a conical pile of loose 
material without a hard center. If the clay does not disintegrate 
noticeably in eight to ten hours, it is practically non-slaking and 
need not be tested further. 

TENSILE STRENGTH OF UNBURNED CLAYS 

Tensile Strength Definrd.-The tensile strength of a clay is 
the resistance it offers to rupture produced !Jy tension. 

The tensile strength is an important characteristic of a clay, 
since, if this be low, the molded products may not be strong 
enough to stand the handling involved when they are piled in 
the kiln. 

High tensile strengths and plasticitier..; often accompany each 
other, but exceptions to the rnle are not uncommon. The clays 
with the highest tensile strengths appear to be those which have 
a fairly fine, even grain. If a clay is wr,Y fine-grained, as when 
composed largely of kaolin, or if there is a considerable variation 
in the size of the grains, the tensile strength is lowered. 

If the clay· does not crack on drying, the tensile strength may 
be anything from fifty to five hundred pounds per squat·e ineh. 

Testing or Measuring the Tensile 8trength.-Briquettes ex
actly like those used in testing the tensile strength of cement are 
made from the clay in .brass molds. These are thoroughly dried, 
and then plaeed under tension in a cement testing-machine until 
broken. The clay when molded has a cross-section of exactly 
one square inch, but this is decreased as the clay dl'ies and 
shrinks, and the tensile strength must be calculated to accord with 
the new cross-section, according to the following formula: 

T 
T.S.=-

SxS' 
T. S.=Tensile strength in pounds P.er square inch. 
T.=Number of pounds' tension exerted by the testing-machine at time of 

failure of briquette. 
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S and S'=Average length and width, respectively, of the smallest portion 
of the dried briquette (in most cases these two dimensions will be 
almost equal), measured in hundredths of an inch. 

If the briquette does not break along its smallest section, it 
111ay havp been imperfectly worked into the mold, or thPJ·e may 
not be enough soft material between the briquettP and tlw jaws 
holding it in the machine. In the former case the broken section 
will show one or more smoothly rounding surfar·e:-: or c-m('ks; 
while a lack of proper padding will be revealed by bruises on the 
surface of the briquette. If the peculiarity does not appear to 
be due to either of these causes, the tensile strength is figured 
jnst a~ though the briquette had broken at its smallest section. 
It is, of course, impossible accurate1y to determine nw tensile 
strength of a clay that cracks even slightly on drying. 

Most clay-workers claim that several briquettes of each cia,\ 
tested :-:hould be broken; but experience has proven that where 
eare is used the results are quite uniform and any one briquette 
will yield data sufficiently accurate for all practical purposes. It 
is good practice to make two briquettes from each sample, and 
thus to guard against the accidental breakage of, or development 
of flaws in, one of them. 

Great eare must be exercised in majdng the briquettes; the 
edges must be sharp, the whole must be so completely mixed as 
tu be absolutely homogeneous, and air bubblPs must be absent. 
Some workers advocate cutting a lump of clay to approximately 
the size and shape of the mold, and pressing it in from both sides 
with the hands. This method probably insures the best results, 
but is quite difficult to apply. If care is used, equally good n'
omlts can be obtained in a shorter time by proceeding as followR: 
Lay the oiled mold (machine oil of any kind may be usrd for thiR 
purpose) upon a sheet of oiled plate-glass, and fill the nwld lty 

pressing in small pieces of clay -with the fingers. See that tile 
pieces are well pressed into the edges at the beginning of Ult' 
opemtion, and knead and press the whole mass thoroughly a,; tile 
pieces are added. -n'hen the mold is filled, smooth the upper 
surface with a spatula moistened with water or oil, slide the filled 
mold off the glass, and force the briquette from the mold. Fm· 
the last-mentioned operation a piece of metal shaped to fit i:hP 
mold will be found useful, although a ilry briquett<' will <ln. 
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BURNING TESTS 
The tel!lt made on the burned cia~· are really more determinative 

than the others, although much may be predicted from the results 
of the operations already described, and the chemical analysis. 
It ie, however, unsafe to attempt to classify a clay definitely 
until it has been burned. Some workers base their judgment 
upon the burning tests alone, but this is equally unsatisfactor.r ; 
they should always be considered in connection with the other 
tests. 

MEASUREMENT OF TEMPERATURES 

In making the burning tests it is nect>ssnry to heat the clay 
repeatedly to different known temperatures; it is, therefore, essen
tial that means be provided for determining the temperatures 
reached. Such means may take the form of electric or optical 
pyrometers, but these are expensive and delicate instruments 
which are found in the laboratories of but few investigators. 
Test-pieces of known compositions and fixed fusion points are 
quite reliable and much cheaper, and "·en' used in testing the 
clays described in this report. They are called Seger cones and 
have the form of slender, three-sided PFamids. They are com
posed of varying proportions of pure quartz, kaolin, feldspar, 
calcite, ferric oxide, boracic acid, and lead oxide. All those with 
fusion points below 1,660°0. or 3,020°F. measure two and a half 
inches in length and have five-eighth inch bases, while those of 
greater refractoriness are one inch long and five-sixteenths of an 
inch broad at the base. 

The following table shows the fusion points under oxidizing 
conditions of all the cones used in the manufacture of clay 
products. It also contains n color scale and giYes data on the 
fusion points of various substances: 

=----::-=-=-=--==-=· -=--=····c:c--==-=---=-=-=---=--=-=-=-=-=--=-=-=-=--========-------. 
Seger 
Cone 
No. 

022 
021 

Degrees Degrees 
Centi- Fahren-
grade heit 

968 
1,094 

Fusion Points of Various 
Substances 

Sulphur, l16°C. (240°F.) 
Tin, 232°C. (450°F.) 
Bismuth, 270°C. (518°F.) 
Cadmium, 321°C. (610°F.) 
Lead, 327°C. (621°F.) 
Zinc, 419°C. (786°F.) 

620 
590 
620 _1:_,1_48'---'---··· - -------- -- -· 

Color Scale 

First visible red heat 
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Seger Degrees Degrees 
Cone Centi- Fahren- Ji'usion Points of Variou:;) Color Scnle 
No. grade heit Substances 

020 650 1,202 
Antimony. 6:l0°C. (1,166°F.) 

019 580 1,256 
018 710 1,310 

Aluminum, 61j9°C. (1,218°F.) 
Dnll re<l 

017 740 1,364 
016 770 1,418 
015 800 1,472 Full red 
012j. 875 1,607 Cherry-red 
010 950 1,742 

Silvo·r, 9o1°C. (1,762°F.) 
09 970 1,778 
OS 990 1,814 
07 1,010 i.850 Bright cherry 
06 1.030 1.886 
05 1,050 1,92~ 

Gold, 1063°C. (1,945°F.) 
04 1,070 1,958 
03 1,090 1,994 

Copper, I,083°C. (1,981°F.) 

02 1.110 2,030 
OI 1,130 2,060 Deep orange 

1 1,I50 2,102 
2 1,170 2,138 
3 1,190 2,174 
4 1,210 2,210 

Manganese, 1,225°C. (2,237°F.) 
Bright orange 

5 1,230 2,246 
6 1,250 2,282 
7 1,270 2,318 
8 1,290 2,354 
9 1,310 2,390 White 

10 1,330 2,426 
II 1,350 :2,462 

12 1,370 2,498 
13 1,390 2,534 
H 1,410 2,570 Silicon, 1,420°C. (2,588°F.) 

Bright white 

15 I,430 2,606 
16 I,450 2,642 Nir:kel, 1,452°C. (2,646°F.) 
17 I,470 2,678 Cobalt, 1,490°C. (2,714°F.) 
18 I,490 2,714 Chromium, I,510°C. (2,750°F.) 
19 1,510 2,750 fran, 1,520°C. (2,768°F.) 
20 1,530 2,786 Palladium, 1,550°C. (2,822°F.) 

Dazzling white 

26 1,650 3,002 
27 1,670 3,038 
28 1,690 3,074 
29 1,710 3,110 
30 1,730 3,146 Kaolin, 1,735°C. (3,155°F.) 
3I 1,750 3,182 Quartz, 1,7.10°C. (3,185°F.) 
32 1,770 3,218 Platinum, 1,755°C. (:~,19I°F.) 
33 1,790 3,254 
34 I,810 3,290 Bauxite, 1,820°C. (3,308°F.) 
35 1,830 

I 

3,326 
36 I,850 3,362 

Titanium, 1,900°C. (3,452°F.) 
Alundum (brown), 2,025°C. (3,677°F.) 

I Alundum (white), 2,075°C, (3,76'7;°F.) 
I 

i Corundum, 2,ll0°C. (3,650°F.) 

I 

Chrornite, 2,180°C. (3,956°F.) 
.Carborundum is unstable at 2,220°C. (4,028°F.), but 

does not fuse at 2,700°C. (4,892°F.). 

(2) 
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It will be noticed that consecntiw numbers between Cones 
022 and 010 differ by :30° Centigrade, while the difference be
f\yeen consecntiYe numbers abow 010 is only 20C'. ThP fusion 
]JOint of any cone may be easil,,- enlcnlated fl"om the following 
fommlae. The second and third should lte memorized by all clay
workers. 'fh(>y are so simple that the computation may he made 
mentally. 

(1) For Cones 022 to 010: 
Fusion point in degrees Centigrade=950- (n-10)30. 

(2) For Cones 010 to 01: 
Fusion point in degrees Centigrade=1,150-20n. 

(3) For Cones 1 to '36: 
Fusion point in degrees Centigrade=1,150+(n-1)20. 

"n" in each ca:-:e is the numerical part of each cone number. 
~\ny ciphers to the left of the first digit should be ignored. 
1,150°C. is the fusion temperature of an alloy consisting of nine 
part:-: gold and one part platinum. Under most conditions, Cone 
1 fuses at this temperature. 

llfannc1· of Using Seger Gones.-To measure temperatures 
with these cones, they must be mounted upon a fire-clny slab into 
which the base of each cone is firmly imbedded. Care must be 
exercisPd not to obscure the cone number which ~s stamped nea1· 
the base. The mounted cones should be thoroughly dl'ied in 
a hot air-bath, and are then ready for use. If they are to be used 
in a kiln that is to be heated Y(T.Y gradually, the preliminary 
(h·ying is unnecessary. The,,- should, however, never be placed in 
a hot kiln or muffle "·ithout a thorough preliminary drying and 
heating. 

The teflt-pieces are placed in kilns or muffles opposite peep
holes; and when one of the cones has so softened that it ben<h: 
<·lear m·e1· until the tip just touches the support, the fnsion tem
perature of that eone has been reached. 

Precautions to Be ObSI'I'l'Cd in Using Seger Gones.-If the 
peep-hole is too large, or cold air reaches the test-cones in any 
way, a difficultly fusible skin may form on the surface, and this 
delays the bending until a_ point considerably abm·e the normal 
fusion temperature. 

1'oo rapid heating will cause the cones high in iron (the r-ed 
ones) to Rwell nnd blister, and this also delays the bending. 

Sulphurous fumes from the fuel may form a difficultly fusible 
skin to form on Cones 010 to 3. 
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Prolonged heating Iowen; the fusion point of all th1• l'lmes 
up to 3, n,; doeR a reducing atmw.;phere. 

"\ I'One om·p ht•ated will, if reheated, fuse at a tt·utpemtnre 
below that at which it wonld normally melt. 

H is ap]llll'Cllt f1·ow lite al•onc• staielltl'nts that the fnsion 
tempPrntm·e of any ~·om· nuil's t·onRiderably with the conditions 
undc1· whi('h it iR nsPd, and that cones are not so Hl'curate as 
pyrometers. 'l'hc~· 1·eally JIIPasm·~· m· indicate thermal condition,; 
rather than temperntureR alone, hut this is exaetly what a da;r
work(•r desires. If he has ser·ured a certain result with a given 
l'la.Y and set of conditions at Conp 10, say, he can be sure that a 
repetition of all the eondiiions will gi\·e an exactly identical re· 
suit. It makes no differenee to him \\'hether ( 'unc 10 has fused at 
1,330°C'. or not. 

~egt·1· cones, then, furnish a simple and int>xpensin· means of 
mcasnring thermal ('Ondiiions, such as exadly fits the needs of 
day-workers. TlH·y giye 1·esults that are perfectly comparable 
where thp conditions are similar, and they may also be used as 
thermometers when absolute accnraey is not essential. They are 
manufactured in this conntl',Y by Professor Edwanl Orton, .Jr .. 
University of Ohio, Cohuulms, Ohio; and tlley may l1e pUtThased 
from him at a eost of one eent eal'h. 

KINDS OF FURNACES USED 

It is natur:llly imwactieable to use large kilm; in a lab
ot·atory where samples of clays to be burned to many temper
atures :uriYe almost daily. 'fhe apparatus needed tllere is eYi
dently a small furunn• m· kiln that does not use such fuel and 
flPYPlops lligh temperatm·es in comparatively brief periods of 
firing. It is alsu highly desirable that the aJJpliance be of the 
muffle, rather than the crueiblP, type. as it is then easy to pro
vide peep-holes through whieh the pieces to be tested and the 
standard cones may be obseneu. Tile merits of ,·arions kinds of 
heating outfits are summarized belo\Y: 

Coal-Bul''llillg,, illuftlc '1'.1/JW Assa,y Funwcc.s.-Unless the fur
nace is especially well designed and the draft is unnsnally strong, 
it is difficult to melt Cone 1 in the ordinary coal-fired assay fur· 
naee. If the furnac·e is carefully clraned, all cracks and holes are 
plugged with fire-day, the holes in the muft'le and door are re
duced to about a quarter of their original sizf>, the eoking method 
of firing is employed, and forced draft is nst:'d, Coue ,12 may be 
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melted in such a furnace, and, nnder unusually favorable condi
tions, a temperature even higher than this may be reached. It 
takes, however, four or five hours to raiSL' the temperature to 
such an extent, and the apparatus is not satisfactory for an~- but 
,-ery low-grade clays with low fusing points. 

Oasolcnc-Bumiug, Muffle Type Assay Fumucl's.-It is pos
sible to reach Cone 8 with a Case burner, manufactured and sold 
hy the Denver Fire Clay Company, and gasolene under fifty 
pounds' pressure. An oxidizing atmosphere should be used. This 
ntakes a satisfactory combination for low-grade clays, since it 
l1eats much more rapidly than the coal-fired fmnaee. 

Artificial Co(tl-Gas-Bwrning, Muffle 'J'ype ,Assay Furnaces.
Under favorable conditions, Cone 10 may be melted with this 
outfit. 

Meker ComJm·ssed-Air Funu:tce No. 30.-This is a high-tem
perature furnace made in Germany, and sold in this country by the 
~cientific -:\faterials Company, of Pittsburg, Pa. It is guaranteed 
to melt Cone ~G, using natural .gas, gasolene gas, or water or coal 
gas, and an air pressure of from fifteen to twenty pounds per 
square inch. 

One of these furnaces was purchased by the Survey and in
stalled in the clay-testing laboratory at Golden, where only gaso
lene gas was available. A little experimentation showed that the 
gasolene gas was of too low grade to produce satisfactory tem
peratures, so a Blau-gas outfit was installed, with most gratifying 
results. Blau-gas is a bottled, liquefied gas that is being exten
sively adopted for light, heat, p-ower, etc., where natural or coal 
g-as is not obtainable. 

With the Mekel' ful'nace and Blau-gas it is possible to reach 
the melting point of Cone 10 in about half an hour after lighting 
the burner, which. is considerably sooner than the needs of the 
ceramist demand. Fifteen minutes more suffices to melt Cone 26. 
Higher temperatures could certainly be reached if the furnace 
lining and the muffles were made of more refractory material. 
'rhe muffles furnished with the furnace are most satisfactory for 
moderate temperatures, but they soften greatly and bulge in· 
ward at high temperatures under the influence of the great gas 
pressure then employed. Fire-clay muffles containing a consid
m·able proportion of corundum were tried, but proved useless. 
For high temperatures, pressed graphite muffles have proven most 
satisfactory, but thej· exert a powerful reducing action and are 
apt to cause the formation of carbides by union with some vola-
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tilized ingredients of the clay or the gas. An attempt to neutral· 
ize the reducing action of the mnffle by introducing a difdt of 
sodium peroxide resulted in the rapid eating-away of the top of 
the muffle. Experiments with alundum muffles and furnace 
lining were planned, but were not completed. 

Most of the clays mentioned in this report were burned in 
the Elan-gas-fired MPker furnace. 'l'he only drawback to the wide· 
nse of this outfit 1'.'" day-workers is the fact that it is impossible 
to secure an oxidizin_g atmosphere except at low temperatures. 
In most casPs the atmosphere is decidedly reducing-always so 
if the graphite muffles are used. The colors of the products 
burned in this furnace are, then, quite different from what would 
he obtained in ordinary kilns, and the viscosity temperatures of 
ferruginous clays are lowered several cones. Even white-buming 
clays often show a gray discoloration on the surface at low tem
peratures. This makes it necessary to reburn all the clays in 
an oxidi>:ing atmos·phere at moderate temperatures, in order to 
ascertain the colDrs of burned products and to check up the other 
eharacteristics. 

Operators of the outfit just described should observe the fol· 
lowing hints: 

Use alundum cement in making permanent repairs in the 
furnace and for luting-in muffles. 

If a muffle cracks while in use, turn off the gas, fill the crack 
with asbestos wool, and cover with ground fire-clay. Then raise 
the temperature yer.r gradually. For temperatures above that of 
Cone 16, use bone-ash instead of asbestos wool. 

If the muffle caves down from the top, raise the temperature 
gradually, and force the top back into its proper position while 
holding down the bottom. 

If the muffle caves up from the bottom, it will probably be 
necessary to clean out or enlarge the grooves which direct the 
fiame around the muffle. 

Always -open the door slowly in order to lessen the danger of 
j he muffles caving at high temperatures and pressures. 

Determine the time necessary to reach each cone, and do 
uot open the muffle at all until just before the fusion point of 
the cone is reached. 

Blue glasses, such as are used by workers in steel plants, are 
necessary in order to see the test-pieces when the muffle is Yery 
hot. 
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,'-! 11wll. nla1!-Uas-Fil·l'(7, /!uii'II-Dmft /\i711.-This piece of ap

para 1 ns was nsed for the I'<•lmrniug n hovP lllentioned, and was 

1le,.:ig·ned and ~-~mstnlCIPd hy .\II'. ( 'ramptun. 'rhe following de

srription is \nittf•n from dai:1 fnmished hy him: 
'rhe Crampton Down-Draft Lnhoratory Furnace or Kiln i~ 

constructed of fin;t-daf.:s fil'l'-])]·ir·ks and slah~ and electrically 

ral<'ined magnesite brirb, th1, latter bPing nsed only where it is 

IH'f'(•,.:sm·y to pi!'l'l'e the ]Jt·icks for gn" 

pii'I'P" are luted together "·itlt l'astf 
alundnm cement. 

By rcfeni11g to Plate I, it will be seen that the furnace con
l'if.:ts of a combmdion-elwmber and a burning-rhamber whidt are 

separated at the bottom, but connected at the top. A double-outlet, 
goose-neck hm·HPI' from a l\lt>ki'I' furnace is nmnected to the com
lmstion chamber. Ead1 of the two outlets has a diameter of orie 
and one-fourth indtes, and is covered with the wire mesh char
:lc!L•ristic of ~IekPI' burnet·s. lias and ~·umpressed ait· are ad
mitted at and near the end of a wetal extension of the burner, 
which is covered l•el \\'Fen the two inlets by a close-fitting sleeve. 
Three hole" vient~ both the sleeve and the sides of the gas and 
air-inlet chawbet· beneath the sl1·eve, and these hole:-: may be 
OJ:Pned or partly. ut· entirely, r·losed by revolving the sll'eve. 
\Yhen the bm·ner is in use, large or f.:nwll volumes .of air may be 
drawn through these holes and forced into the furnace along with 
tlw compressed air and gas. The holes through which the gas 
and air enter the eo111bustion-chamber tapPr o1· fl:ne tmrard the 
imdde, as shmYn in the plate. 

Combustion occm·s in the cnJJJbustion-dwlllber, and the hot 
gases are deflected from the top and forced down through the 
burning-chamber. },cross the bottom of this burning-chamber 
is placed a grating of small, f.:IJOet bars made of a mixture of fire
clay and alundum cement. These rest on three lungt>r, larger 
bars made of fire-day. 'l'he bricklets o1· ('ones to be burned are 
placed on top of the shorter bars in such a way as to permit the 
free passage of hot gases down through the "·are. 

After passing downward through the burning-chamber and 
the grating \Yhich forms it;; floor, the hot ga,.:(•:-: continue to descend 
for some distance before they pass horizontally out to the air. 
'l'his passage-way for the escaping gases is loosely filled with 
angular fragments of crucibles and muffles or burned fire-clay 
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which YaJ·_r from one-fom-th to three-fourths of an in('h in ~ize. 
'l'his tends to prevent the undue es,·:1p1· of lleat from, and io 
equalize the temi•CJ':lhu·p in, the kiln. 

The temperature of tlte burning-eli:IJuber may lw determined 
either by means of a l'~'l'IJllleter m· by :-;,·ger <·nne~~. When the 
former is used, it is luted into a hoi,. through the wall, and should 
reach the center of tlw hnrning-chamber. \YI1eu ('ones m·e em· 
ployed, there must he· a peep-hole in the ''"all of' tlw fm·naee. It 
should have a dialllet,•J· of' about an inch on the inside and one
fourth of an inch on the outside; and must be plugged with a 
wad of asbestos wool, PXC'I'Jii when open for observations. 

'l'he kiln has no tlom, but is O]Jened by removing one of the· 
hricks forming the !'oof aurl the one on the side containing tile 
peep-hole. 'l'he side b1·i('k is replaced and luted into position 
when the kiln is filled with pieces to be burned, but the top brick 
is not rcplaeed until the furnace is fair·ly Lot. It is then luted 
into position witll fir·c·-clay 1\JoistPJwd with water until it has 
almost the consistency of ITeam. 'l'his insun•:-; air·-tig·ht joints. 

In operating the furnace, the temperatm·e ;;lwuld be raised 
slowly to dull red and held there f01· about an hour; then grad
ually inCI'eased to the point d1 :;;ired. The rate of increase ought 
never to exceed hYo cones in fin· minuii"S, or the temperature 
will not be uniform in all parts of the burning-eh:uuber. It should 
require about thre0 and a half hours to J'l'adt Cone 1, e,-en when 
the ware has been previousl.r heated sufl:kieut ly to expel all tht:' 
occluded moisture. 'l'he furnace should be held at tile maximum 
tEmperature for an honr or· two, and then allowed to cool nat
urally. One bottle of Blau-gas ha:-: burned ten charges, aggregat
ing over 600 brick lets, to ('one :-;_ 

Gasolene gas may be used for the luwer temperatures, but 
Blau-gas was found to be the ouly available fuel that 'nmld aiJ
swer for the more refractory c·lays; and it ma~- be used exclu
sively. "\;Vhether coal ga;; would work as satisfactorily 11, Blau
gas is doubtful, as the latti'I' yield~ a comdderabl~- highpr· number 
of thermal units. 

About twenty rwunds uf air IH'l';;:-;m·e is required up to ('une 

U:!~; about for-ty pound:-; from here tCI Cone 1; and a maximum of 
sixty to eighty pounds above that <·one. 

When the combustion is lJerfect at lu\\' temperatures, a se1·ies 
of rapid explosions are audible. As the temperature r·ise:-:;, thest~ 

become increasingly frequent until they blend into a steady roar. 
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The atmosphere of the kiln is then neutral, and may be made 
oxidizing or reducing by opening or closing the air ports in the 
burner. 

It is necessary to use dark-blue glasses, such as are employed 
by founders, to observe the r-ontents of the kiln at high temper
atures. 

The following are only a part of the advantages offered to 
ceramists by this furnace: 

1. The flame is not directed against the ware, although there 
is no solid barrier completely separating burning- and combustion
chambers, as is the case when muffles are used. 

2. The ware mny be burned in n neutral, an oxidizing, or a 
reducing atmosphere, as desired; and the atl!lospheric conditiom; 
may be changed instantly. 

3. There is an even distribution of the heat tlnough the 
ware. 

4. If the temperatme begins to rise too rapidly, this may 
be readily remedied by introducing a slight excess of air. 

5. The cost of the furnace is low. 
6. Salt glazing may be done by introducing finely pulverh·ed 

salt through the air-ports in the burner. 
7. The contents of the burning-chamber may be examined 

visually at any time. 
8. Cone 25 can be melted readily if Blau-gas is used. 

Plate II shows sections of a modification of this furnace 
made by .\Ir. Crampton after the completion of the clay-testing. 
It differs from the type just described in that it has a door, a 
reflecting-roof aboye the combustion-chamber, and is not built of 
bricks. "\.lthough of more expensive construction, this is compen
sated by the fact that it gives generally better results than did 
the original style, and, it is claimed, will give a temperature of 
1,900°0.-nearly two cones above No. 36. 

Deville Fnrnacc.-Although this type of furnace does not 
haYe a muffle, it is the only available apparatus for obtaining the 
highest temperatures at \Yhich clays fuse-up to Cone. 36. .\Jr. 

Crampton made the one in use at the Colorado School of Mines, 
and Plate III illustrates its construction. The fuel used in this 
furnace is gas coke. 

Professor Edward Orton, Jr., uses an improvement upon this 
furnace, which he describes as follows ;1 

'Personal communication, dated March 24, 1910. 
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"I am using a gas-fired furnace exactly similar to the Deville 
in general construction, though I use two burners set tangentially 
to the circumference of the bore of the lledlle furnace, so that 
a whiding n10tion of the hot gases is produced. Both bumers are 
supplied with gas and air under pressure, so that the combustion 
ran be controlled. I use an air pressure of about two pounds to 
the square inch. The placing of the crucible which conlains the 
samples of clay is very much like the Deville furnace, and the 
crucible is made of the best fire-clay and alumina, half and half; 
and small briquettes of the same composition are placed around 
and above the crucible so as to form a checker-work for retaining 
heat My superintendent has become very expert in the operation 
of this furnace, and he is able to melt any clay that has been 
brought before him. In fact, he has reached Cone ::7, which is a 
mixture of the best clay with a small amount of pure alumina, 
but he cannot melt a mixture of alumina and clay, half and half." 

It seems probable that such a furnace, fired with Blau-gas, 
would make an ideal high-temperature apparatus. 

PHYSICAL PROPERTIES OF BURNED CLAYS 

Color 

In many cases a knowledge of whether a clay is white
burning or not is sufficient to enable a correct classification to be 
made, but for some purposes the attractiveness of the color has 
great influence upon the Yalue of the product; so it is eustoman 
to note the color at many temperatures. As the color varies with 
thp atmosphere of the kiln, uniformity of results can best be se
cured by testing all elays in the same atmosphere, so far as this 
may be possible. 

In practice, the colors obtained are apt to be a bit brighter 
and more uniform than are yielded in the laboratory; so, in re
porting colors, the worker will err, if at all, on the side of 
safety. It will be found convenient to recognize and use the fol
lowing tints and abbreviations: dark brick (Dk Bk), brick (Bk), 
light brick (Lt Bk), pink (Pk), white (Wt), cream (Cm), yellow 
(Y), light buff (Lt Bf), dark buff (Dk Bf), brown (Bn), and 
hlack ( Blk). Oxidizing atmospheres rarely yield other tints than 
these; if reducing atmospheres are used, the list may require ex
tension. 

The vitrification of a clay will usually deepen, and may 
change, its color, due to the formation of ferrous ·silicates. 
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Browns, greens, g1·ays, and black are commonly produced in this 
way, or a yellowish-gTeen l'olm· may devrlop if the clay is cal
careous. 

Impruvillf/ the Co/or.-\'t>l"}'little along this line is attemptrrl 
except in the t·ase of art pottery, and e\·en then the improvement 
is usually brought abont by thp nse of t·nlored glazes. 

About thl:' only impron•ment c·mnmonly made iR produced by 
the use of manganese oxides. 'l'hPse produce small, dark-brown 
splotches which make g-ray or buff brieks quite attractive. 

Fire Shrinkage 

.\ high fire shrinkage will not produce cracks in the product, 
but it will canst· w;uping and <'<Ill l1P tole1·ated in ye1·y few cases. 
The percentage of fire shrinkage mn,;t a 1 wayR be determined at 
many temperatnres, in Ol'dPr that a bm·ned product of any re
qnired dimensions may be prodncl:'<l. Rome days swell slightly 
well below the temperature t~f fusion, but this is not common. 
A.n improperly burned c·lay will nsnally S\Yell to nn extraordinary 
degree just before fusion. 

rrhe fii·e shrinkage usually begin:-; at a dull-l'(>d heat, or when 
the chemicall~- t'ombined wntet·. earbonic aeid g-as, and carbon
aceous matter m·1· expelled; but the amount of shrinkage at this 
point is usually too small lo measure-nearly al\\·ays under 1 
per eent. The sh1·inkage, in fad, rarely amount,; to much, until 
the teruperahm~ of inc-ipient Yit1·ifi1·ation ( ,;pe p. 441 i,; reached, 
and thp determin:1 tion of this J•nint ma.Y often be based upon n 
sudden ineJ·east· in the shrinkagP of the test-viece. .\.,.; the tem
perature is raised above that of inl'ipi<·nt dtrificalion, the shrink
age usually inneases nw1·,. or lp,;,; rt'gnlarly nntil thl' melting 
point is approached. It 111<1-'. amount to only ~ or ::! pet· rent, or 
it lllay reach ~~~ ]l<'t· l'ent or mm·e in nnn,;ual ca~e~. 

J[onll''l' of /)r·r'l'1'118illf! a Hiylt /·'in· 8lu·i11l;ayr·.-'l'liP be,;t way 
of neutralhing- a high fire ,;hrink:tg" i"' to add qum'tz, ,;inee this 
mineral expands at high teml'<'ratm·p,;_ Only a limited amount 
may be used, h<JIYPH'l'. a,; ii l1a,; a 'letrilllental effect npon other 
phy~ieal properties, a:-; iR explainrd el,;e\Yhel'<'. 

A grog of gynnnd hrickH, ,-ok<·, graphite, ete., may be used 
instead of qual'tz to derrea,;e tlH· fire ,;hrinkage, lint thPy ;n·e not 
so good, as tlwy do not expand. Like quartz, tl](·y mn,;t he 11sed 
in moderation. 

lJINt8111'''1111'111 of Fin· 8lll·inkurtr·.-'l'he fire shrinkage is Iueas
nred linearly by sn·atehing a t·onplt· of lines two inches apart on 
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a test-piece of thor·oughl,r air•hi•·d day, m:iug a pair of sharp
pointed, l'igidly set eompasse~ fOl' thi~ pm·pose. The test-piece i:-; 
then burned, the di:-;tance lwhw•·n 1he S('rnt.-lw•l lines i~ nwasured, 
and the fire shrinkag<' is coi11puted. fii·(~at cm·e must be exereised 
not to break the unburned clay while JH~nking it. In •·ase the f'lay 
warps badly, it may be necessary to aYPI'age the fire shrinkage 
computed from several sid•"s of a burned test-piece. 

Absorption 

Absorptiou Defined.-Absorpl'ion, as used !Jy ceramists, refers 
to the amount of water that a burned produd is able to absorb. 
This will vary from none up to :::-; per r·ent of the weight of the 
water-free test-piece. Ordinarily the absorption is lower the 
greater the temperature to whi<"h a •·lay has been burned, but 
numerous minor irregularities are noticeable when the results of 
a11y considerable series of tests at·e ex:tutined. After vitrification 
(see p. 45) has been reached, the al•~ol'ption will hP n:•t·y low. 
if the clay has been properly bnrned. 

The determination of the pereentag .. of ab~(•t·plion i:-: of eon
siderable practical importance when a clay ir-: to be used to make 
structural materials, since tlw higher the absorption, the lower the 
crushing strength. Porous produds m·p :tlso more apt to be in
jured by freezing than arp those of lo\\· ah,.,orption, and thi:-; is 
especially apt to be the ease if tlw po1·e~ are O'J11all. Porous arti
cles, likewise, are apt to dry mortar too quickly, and they get dirty 
sooner than do those "-hich a 1·e more (·om pact. 

Purdy has shown1 that the rate of de•-r•"n"e of the poro~ity 
with increase of burning temveraturp lt:ts a decided bearing upon 
the quality of the product. t-lince the porosity i,.: uwrely the ab
sorption multiplied b.'- the speeifie gnwity of the burned product, 
his statements npply "·ith equal foH·•· to the ra1e of decrease of 
the absorption; and his conr·h1~-'i"w.: haYe been iw·()J']JOl'ated in 
Chapter V. 

jJJa.mll"'' of 1Jecn·a8iny a H·igh "J1J801ption.-1'he apvlication 
of pressure may lower the absorption somewhat, but usually the 
only way to decrease a dangt"l'!JUSI,Y high absorption is to glaze 
the product. 

1lteasu1·emen•t of the Abs01ption.--To determine the percent
age of water absorbed, weigh a pief'e of freshly burned day. soak 
it in water for at least two days. 1·emove from the water and 

'Illinois State Geological Survey, Bul. No. 9, p, 275. 
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allow to dry for fifteen minutes, reweigh, and divide the differ
ence· between the two weights by the weight of the dry piece. 
When full-sized bricks or other large pieces are tested, they should 
be soaked at least a week. 

It is a fact that wares treated in the manner just described 
are not completely saturated after several weeks' emersion, but, 
in the case of the small test-pieces used, the amount of water ab
sorbed after the second day is usually very small. In order to 
determine the total porosity, it is necessary to place the dish con
taining the submerged test-piece under a bell jar and then to 
exhaust the air. When this is done additional water is absorbed, 
and the absorption is increased to a figure from 5 to 70 per cent 
greater than what it originally was. Pmdy' found that, in the 
case of seventeen samples treated in this way, the average per
centage of increase of porosity after thirty minutes' treatment 
under the bell jar was 33.4. 

Some workers adyocate the use of kerosene instead of water 
in making absorption or porosity determinations, since the kero
sene is absorbed considerably more quickl;y and to a greater ex
tent. It is, however, the water (not the kerosene) absorbed under 
atmospheric pressure that is subject to freezing and which meas
ures the surface porosity that causes too rapid drying of mortar 
or dirtying of brick; so it seems illogical to endeavor to ascertain 
the total porosity, unless it is desired to use the figures thus ob
tained in predicting the eommercial availabilit.r of the product 
in the manner suggested by Mr. Purdy. Even then it will be 
sufficient in most cases to assume that the total absorption is 
one-third greater than the observed absorption, and that the 
porosity is equal to the total absorption multiplied by 2.5, the 
average specific gravity of burned cla;y products. 'rhese state
ments formulated give us: 

4xobserved absorption under atmospheric pressure. 
Total absorption 

3 
lOx observed absorption under atmospheric pressure. 

Porosity=--------------------
3 

Incipient Vitrification 

Inc-ipient Vif1·ification Defincd.-Incipient vitrification is the 
result of the first physical changes that take place when a clay 

' Loc. cit., p. 266. 
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is bumed. t-;ome of the more fusible ingredients then soften or 
fuse to such an extent that the whole iR quite firmly bound to
gether and will no longer slake when placed in water. The clay 
is, in fact, "burned," although not vitrified. It is, then, very 
important to determine the temperature at which this change 
occurs. 

Recognition of Incivieut Vit1'ification.-In a c:lay that has 
been burned to incipient Yitrification the larger particles will 
still be recognizable; this ~ay or may not be true of the :-;maller 
ones. The material will be so hard that a knife will leave a 
shiny, gray mark when rubbed hard upon n smooth surface. All 
of the pores will not be closed, and few or no round pores will be 
seen. The fire shrinkage will begin to be measurable, or will 
suddenly increase a per cent or 2 if already large enough to be 
measured. Lastly, the absorption may ha,·e suddenly decreased 
slightly, but exceptions to this rule are not uncommon. 

The texture of a burned test-piece r~mst be examined on a 
broken surface. Where cones are used, the tips may be readily 
broken for this purpose, and the ease with which this is done will 
often help an experienced worker to decide whether incipient 
dtrification has been reached. This is certainly not the case if 
the test-piece crumbles in the fingers when an attempt is made to 
break it. 

Vitrification 

Vitrification Defined.-Vitrification is the result of complete 
· obliteration of the original texture of the clay. 1'his change may 

occur at temperatures that vary from 25°0. to 200°0. above those 
that produced incipient vitrification. Many clay products must 
be vitrified; so the determination of the temperature at whil'\1 
this condition occurs is necessary. 

Recognit·ion of Vitr-ification.-A vitrified object is very hard 
and dense. The natural pores are all closed, and only round 
bubble-holes remain. The maximum shrinkage is approached or 
reached, and the absorption is very low-often nothing. None of 
the original clay grains are visible, the piece breaks with a smooth, 
rounded fracture, and thin fragments are translucent. A vitrified 
clay is, in fact, practically a dull-lustered glass, but the surface 
may be shiny or have a glazed appearance. 

Recognition of the vitrified condition must be made by ex
amining a broken surface. 
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Viscosity, Fusion, or Melting Point 

T'iN('()Nity /kfilll'll.- -.\ ('lay i:o; said to lw yj,;,·ou,; wh!:'n it has 
softened to Ruch au •·xJPnt that it hegins Ju tiow :md lose its 
Rhape. Thi:o; · iR nRually ae•·oHIJlalli<>•l, and often preceded, by 
Rwelling, eSJIPI'ially if tlw day has been inqtrnperly burned. The 
determination of the yi,;cosiJ.' tPmpenlinre is of the ntmost im
portance, RineP it gw s a long way in rlett·rmining th!:' grade of a 
day. True fire-clays need pos,;ess almost no other propel'ty than 
a- high Yisr·o~->ity tem11erature. The yitrifi•·ation and Yiscosity 
temper a turPs should be sep:ll'a ted oypJ· lOW ( '. ''hen a ,.i tri fiPd 
prodni'J is desired. If this J'Pt ·onm1enda tion i, not fo II O\Yed, it 
will be difficult to burn a kiln of w:li'P withouj nwlting some and 
underbnrning another portion. 

Rcro_qnitio11 of l'iu·osity.-Yis•·osity is I'l":lt·hed when a test
f•one bends to Ruch an extPnt tl1 :li it:;: J i p juRt touches thP RUpport 
upon which it is placed. 

Chelili('(ll luyrcdil'll/.~ 'l'hat lllfi!W/11'1; tltl' Fusil!ility.-~fany 

attempts hayp been made to dpyj,;p a JJJI':l!JS of determining or pre
dicting the fnsibilit,r of a elay from i J,; chemi<·al eontposition, hut 
the results are so unreliable th:~t the methods are not presented 
here. Either tlw influence or tPxtm··· iR ignored in the schemes 
suggested, or e],;(' the proc·es,; bPr·onH•s too complex, and too de
pendent upon the personal •·lement, to be n~1·y practi•·al. It is 
much lllOre satbfadory to determine the vis•·nsity temperature 
directly, and this takes less ti111~ than •loes a dtemit·al analy~i,. 

In geneml, ho\YP\'1'1', it lll:t)' hP said that the fusibility is pro~ 
portionate to the amount of flnxes 1 KJ ), ~a/), CaO, Fe,O,, ~fg0) 
present. Clays .. onjaining 10 to 15 JWI' r·ent of these tluxes ordi
narily fuse at 1,100°C. to l,:WWI'. 'l'hoi'ie with more or less fluxes 
fnse at lower m higher temperatm·es. J'Pspectivel,v. .\II the fl nxes 
are not equally ]JOwerfnl, and a mixtm·e of se,·eral is more pmv
erfnl in its adion than m·e one or two alone, hut it is difficult to 
offer any generally applicahiP ru)ps governing l'tH'h matter:;:. 
Fluxes are usually lP~'>~-> adive in their· action \Yhen a elay burned 
to ·a low temperature contains an unusual percentage of :o;ilica; 
but silica and titanium oxide are fluxes at high temper·a tnrer-.. 



CHAPTER III 

Influence of Impurities and Physical Condition Upvn the 
Properties of Clays 

INFLUENCE OF IMPURITIES 

'l'he followiug pngl'S eontaiu a bril'f ~umma1·y qf the known 
effects of rariouH suhsh!JH·e~ upon the physieal prO}Jerties of clay,;. 
It should be J·eeoguized that, where so many impm·ities may be 
present, it is practir:ally imposi-iible to suggest general rnles ap
plicable to a II possible combinations; but the facts presented will 
often sene to indicate why a certain f'!ay behaws in a peculiar 
fashion, and they mn.r point the way to a remedy. 

Silica (SiO,) in the Form of Quartz 

Quartz tends to decrease the air shrinkage, plastici Jy, and 
tensile strength. It increases the refractoriness of clays with a 
hig·h percentage of silica and fluxes, but makes highly 
aluminon~, !my-flux clays Ie~s refractory. 'l'lte pn·sence of 

-some quart/: usually makes it IJOSsible to bnl'll a ela,r to higher 
temperatures, before serious fire shrinkage occurs, than would lie 
feasible if it wen· absent. "\11 excess of quartz cani-ie~ till' product 
to swt>ll and become friable. 

Free, Hydrous Silica, Probably in the Form of Opal 

Only one natural clay kno\Yil to contain this suhstanee has 
been i1westigated, but several artificial mixtures containing it 
haw been studied, and its effect:-; seem to be a~ follO\rs: It in
creases the translucency of the product at all temperaturei-1, im
proves the color, increases the air and fire shrinkages, increases 
the tendency to \YHl'Jl on drying, lowers the vitrification temper
ature, and tends to eause the formation of a hard eoating of 
H~Ri03 on the surface of the \rarE'. 

Compounds of Iron 

Iron ma~- exist in clays as a hydrous oxide (limonite), an 
anhydrous oxide (hematite or magnetite), the carbonate ( sider-
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ite), a sulphide (pyrite), or in some silicate. 'l'he iron is present 
in the ferrous condition in side1·ite and pyrite, and is often then 
distributed th1·ough the clay rather unevenly in particles of con
siderable size. 'fhis makes these clays difficult to burn and tends 
to give them an irregular color, as will be explained shortly. 
For this reason, pyrite and sidu-ite are usually eonsidered very 
uhdesirable ingredients. In the other compounds mentioned, the 
iron is either present in the ferric condition or the amount is apt 
to be so small as to be negligible. 

In general it may be stated that any compound of iron is apt 
to act as a coloring agent in unburned clays, give color to burned 
days, act as a flux, cause swelling if not properly oxidized while 
being burned, and somewhat increase the air and fire shrinkage. 
These effects are so universal and important that it seems best to 
discuss each in order. 

Coloring Effect of li'Un in Unburned Glftys.-'fhe color of an 
unburned clay is usually dependent upon the presen1·e or absence 
of some iron compound. Lin1onite causes brown or yellow tints, 
hematite gives a red color, while pyrite or siderite yields grays 
or blues when very finely divided and disseminat(·d through the 
day. Less commonly, glauconite (hydrous silicate of potassium 
and iron) imparts a green color. 

The absence of the tints above mentioned should not be in
terpreted as necessarily indicating that the clay is free from iron, 
since carbonaceous matter may mask or almost obliterate the 
colors which would otherwise show plainly. 

The Coloring Effects of Iron in Burned Clay~.-'l'he color of 
a burned clay is largely determined by its iron content, since all 
iron compounds are transformed to the red oxide, hematite, if 
burned in an oxidizing atmosphere; i.e .. condition:-; resulting from 
the introduction of more air than is needed. to support combus
tion. The color or depth of shade produced by iron depends upon 
the following six factors: 

1. The amount of iron present. 
2. The temperature to which the day is burned. 
3. The condition of the iron (whether ferrous or ferrie, 

alllorphous or crystalline) . 
4. The condition of the kiln (whether oxidizing o1· redtw 

ing). 
5. The presence or absence of certain neutralizing sub

stances. 
6. The physical condition of the clay. 
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The influence of each of these may be thus summari~~ed: 
1. (The amount of iron present.) Clays free frolll iron 

nearly always burn white. If 1 per cent ferri<· oxid<· (Fe20,) is 
present, a·lime-fl'ee ('lay will lJurn slightly yellowi"lJ, while 2 to 3 
per cent gives a .buff-colored product undet· the same conditions. 
Red-burning clays contain 4 to 5 pl'l' cent, or more, of the same 
oxide. 

2. (The temr,eratnre to whieh the clay is burned.) Other 
things being equal, the highe1· the temperature to which a clay is 
burned, the darker the color will be. In the case of the red
burning clays the change i:-: fJ·o111 pale pink through brick-red to 
reddish purple or dark bru\\'n. 

3. (The condition of the iron.) Ferrous oxide !FeOJ burns 
green instead of _yellow or red, and mixtnres of tht> two oxides 
give various unusual tints. 

Iron as the sulphide (pyrite or marcasite) is the bane of the 
clay-worker, sinf·e the sulphurous or :;;ulphuric acids generated by 
oxidation of the sulphide are yery apt to unite with some of the 
ingredients of the clay and form soluble salts whirh appear as a 
white coating or "scum" on the surface 'of the product. Another 
unfortunate effect of the presence of the sulphide is due to the 
fact that it does not relinquish its hold upon all the sulphur until 
heated to very high temperatnr<·s. This rn·e1·ents the oxidation 
of the ferrous il'on with which the sulphur is united, and, when 
the sulphur is finally expelled, this ferrous iron immediately 
unites with silica to forlll ff'l'I'<IUS silicate. The black spots of 
:-:lag-like ferrous silieaie are not always considered- unpleasing in 
appearance on a brick, but no clay containing iron sulphide will 
burn to a uniform-colored produd of any kind. 

If the iron is present a" some amorphous compound (limon
ite). and is scattered natural!~- tllrough the clay in very minute 
particles, the color is a11t to be much more uniform than can be 
Recured if the iron is crystalline or has been added in the form 
of finely ground ore. 

4. (The condition of the kiln.) "\ reducing atmosphere 
( eonditions resulting from the admission of less air than is 
needed to ~ause complete <·ombustion of the fuel) in a kiln changes 
ferric to ferrous oxide, while an oxidizing atmosphere has a con
trary effect; so the condition of the kiln has a direct effect upon 
the colors produced by the presence of iron. 

5. (The presence of certain neutralizing substances.) Lime 
( CaO) is said to "wash out" the red color produced by ferric 
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oxide due to thP formation of a yellow iron-lime rmnpound. Alka 
lie~ (K 20 or Na,{l) have a similar effect, so far a:-; "washing out" 
the color due to ferric oxide is concernrd, but they do not form 
yellow •·mtq,umHls. "\ lm11inn ( Al"O") appears to t>XeiTi~•· <I ,;i 111-

ilar power in I'OIIJP •·ases, but it cnnnot neutralize :-;o mn .. !J fpni•· 

oxide as •·a11 lime, and l'fl!l!etimes it appears to han· no effect 
along tlli:-; line, ~''·eu when present in excessiw amotmi:-;. 

li. ( 'l'he physical condition uf the eht~·.) Coarse-gnt ined, 
saiHly ('lny:-; can nstially be heated to a hightT teuJ]Jei·atm·e \Yith
ont injuring the color than •·an the finer-grained, fatter vm·il'ii•·i-\. 

The PI 11.J·i11 !I . t l'tio·u of h·on .-)\ .. ny ('lHlliJOund of iron hai-\ a 

powerful fluxing action, sin1·e it ii-\ conwrted to an oxide '"hen 
bm·ned, and the oxides L'<ll'ily unite with i-\ilil'a to form fm;ible 
silicates. "\u ex•·es:-; of sili<·a in tht> fol'ln of qual'tz is reqnired 

. to lll'ing· about tllil' renetion, but ,-ei·y few ,·Jays do not •·o11taiu 

quartz. 
FeiTou:-; oxide is a mm·•· powerful f1ux than ferric oxide, hut 

eYen th .. latter is ,;o aetiYe that low-grade clay~ should uen'I' •·ou
tain over .-.: per cent of it. 

'l'lte Effect of fmn II}HJII the l'II.IJSicol ()ulldition of the P/'()11-

nl.d.-lf ferron,; oxide is ptesent in a ]Jiece of clay that lias bt•ell 
burned to a lligh temperature, it '"ill form a fusible iron >'ilicate 
whieh p,·oln·s gn;;e:-; ;md •·an,.;es tlit> ware m· test-piece to swell and 
<t>'Sllllte a :-;pougy ,·on:-;istt>u•·y, tJJ' eYen to btn·:-;t open. In other 
t';lst•:-; incolllplete oxidation lllay Le shown by a black core iu t hP 
<'t•nter of the burned produl'i. 

Fennus oxide •·nunot lw dwuged to feni•· oxide until all the 
sulphur. •·:11·houi•· arid gal'. and carbonaceous matter han' bf'en 
driyeu, ot· bUl'lll't I, off. Thi;; explain~ wlty pyrite and ~ideri te a1·•· 

j'<l l'tit·nl arly ll!lde,;ira!Jle ingJ·edients of clayi-\. 'l'he so" ex veiled 
'"hen the p~-rite is heated in eonta•·t with air lllH,Y also bleadt the 
ware. Where the substauces just mentioned are pre~ent, the chty 

nmst be hea tt-"d Yery Rl<ndy and carefully in a strong oxidi1:iii!-( 
atmosphere until a temperature of !h51P C. 1 ('one 010) has been 
rea .. hed; and the larger the piece burned, ti.Je more pyadually 
must the telllperature l•e raised. Enough time must he allowed 
;;o that :-;nffirirnt oxygen to oxidize all the iron can enter the 
f'lay while it is ;;till poi'tJn:-;-well below ,·itrifieation. It is be
lieved that all the SO" is not expelled eyen at a tempemture of 
1,300° (' 

The Effect of Tro11 upo11 tlu· . t ir and Fire 8hri11kayc.-OlaJS 
containing limonite tend to absmb and hold more water than do 



CLAYS OF EAS'l'EH:\' COLOR.\ DO 51 

those free from that substance. This lllay increase the air shrink
age somewhat; and the loss of water when the limonite is heated 
may raise the fire shrinkage. The first effect may be ("onsirlera ble, 
bnt the second is probably inappreciablP. 

Compounds of Lime (CaO) 

Lime may be Jll"PSPllt in clays as a carbonate ( caleite or 
dolomite), a silicaiP (one of the feldspars 1, or the sulphate 
(gypsum). 

Calcite and gypsum are comiuJOn ingredients of clay, and are 
not very harmful, so far as many common uses of clay are con
rerned, if they are uniformly distributed in microscopic particles 
and are not too plentiful. Lime silicates are very unusual in
g-redients of clays, except possibly in minute amounts, and have 
1 itt le effect on the lH'opei·ties of the e lay, except to act as fluxes. 
""hile bricks have been made fJ•om clay which contained as much 
as 1~ per cent lime in a finel.1 divided condition, more than 1 per 
cent of lime in the form of earhonatP or sulphate may be ex
pected to produce-the following efl"ecis. and Pren less than 1 per 
cent of lime may have a notable influence upon the properties of 
an otherwise hig·h-grade r·lay: 

1. Is a flux. Lime is always an active flux, and this is 
particularly true when it is finely divided. 

:J. Causes rapid melting. A consi<lerable quantity of lime 
may bring the points of in<"ipient ritrification and Yiscosity within 
!0° C. of each other. It would be impossible to burn such a clay 
without prohibitiYe losses. Gypsum does not seem so active in 
this particula1· as does ca Ieite. 

:l. Causes porosity. Calcareous cla)'S frequently burn to 
porous products which absorb much water. 

4. Gives a product which may break when wet. If the 
caleite o1· gypsum is present as grains or lumps of some size, and 
the clay is only burned to a low temperature, the forme1· may be 
burned to quick-lime and the latter to pla~ter of Paris. ·when 
these are moistened, tber may swell and bm·st or crack the ware. 

5. "Washes out" the color produced hy iron. This effect 
has already been mentioned under the discussion of the effects of 
iron compounds. The action is said to be most marked if the 
weight of the lime is three times that of the ferric oxide. 

fl. Increases the fire shrinkage. This ir: due to the loss of 
the volatile catbonic al"id gas and the sulphm dioxide. 
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7. Makes the product difficult to bum. The necessity of 
slow, careful buming when volatile ingredients are present has 
already been explained. 

8. May cause a white efflorescence to appear. Some lime 
compounds are slightly soluble in water, and these may work to 
the surface of the green or burned products and cause a white 
discoloration. 

Compounds of Magnesia (MgO) 

Magnesia occurs in clays as a carbonate (dolomite, whid1 
also contains lime), a silicate (chlorite, pyroxene, etc.), or a sul
phate ( epsomite). 

Magnesia has probably no appreciable effect unless present 
in amounts greater than 1 per cent. Then it acts as a flux, but 
causes the clay to soften slowly, even when lime is present in 
considerable quantities, provided the ware is burned slowly as it 
is in commercial practice. Magnesian clays may be made into 
wares of great length with thin walls, since the substance seemR 
to prevent warping. Magnesia may al"n hHe a Rlight bleaching 
action upon iron coloration. 

Compounds of the Alkalies (Na"O and K20) 

The alkalies in clays occur as a silicate (feldspar or mica). 
The mica is mmally muscovite, since biotite decomposes very 
rPadily. vVhen present, the latter acts much like iron oxide. 

Alkalies are probably the most powerful fluxes that clays 
contain, and they determine the point at )Vhich a clay melts, if 
other fluxes are absent. Their action differs from that of lime in 
that the clay melts at a lower temperature, but softens very 
slowly. Vitrification is impossible if they be absent. They are, 
therefore, often considered a desirable ingredient, since they .bind 
the grains together and permit the manufacture of a hard, white 
product at comparatively low temperatures. In order to ·secure 
such a result, feldspar is added to the clay and qual"tz used i11 
making white-ware and porcelain. The finer-grained the feldspar 
or the smaller the particles of muscovite, the lower the tempera
ture at which the fluxing action takes place. Clays used in 
making refractory goods cannot eontain more than 1 or 2 pel' 
cent of alkalies, however; and it is best to have the amount well 
under these figures. 
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Both feldspar and muscovite lower the plasticity and air 
shrinkage, while feldspar lowers the fire shrinkage up to about 
1,200° c. . 

Potash (K20) tends to deepen the color produced by iron 
compounds when a clay is burned. 

Compounds of Titanium 

Titanium is not usually determined in a clay analysis. When 
present, it is usually included in the figures given for alumina. 
It may occur, however, in invisible amounts, as an oxide (rutile 
or ilmenite.) 

Titanium oxide (Ti0 2 ) is believed to act as a flux, especially 
at high temperatures, when present to the extent of 1 per cent or 
more. At temperatures below about Cone 12 the presence of 
several per cent of this substance may cause a yellow discolora
tion to appear on an otherwise white product; while at higher 
temperatures, if quartz be absent, a beautiful blue tint develops. 
This is light to dark, according to the amount of titanium oxide 
present in the clay. 

Compounds of Manganese 

Manganese very rarelyoccm·s in clays in appreciable amounts. 
When present, it doubtless occurs as the impure, hydrous oxide 
psilomelane. It is very similar to iron in its action, but differs 
therefrom in the colors imparted to the burned product. When 
iron is absent, even small amounts of manganese oxide will give 
the ware pink or purplish tints; while, if iron be present, the 
burned product will be brown to black. If it i~ not vitrified, and 
the manganese oxide is not thoroughly disseminated through the 
day in a very finely divided condition, these colors may appear as 
spots on the burned material. 

Water 

Water exists in clays in two forms; i. e., moisture mechanic
ally included in the pores of the clay, which may be driven out 
by heating the clay to the boiling point of water, and chemically 
combined water or water of crystallization. 

Moistu1·e.-Unless a clay is sandy, a large amount of moisture 
will cause a high air shrinkage and possible consequent cracking 
on drying. The average air shrinkages of one hundred non-sandy 
Colorado clays which require from 20 to 30 per cent of water to 
temper them to a condition of maximum plasticity are tabulated 
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below. It is not su pposecl that a iligh moistlue eon tent, as 
cleterminrcl by analysis, has any 1·elationship to the percentage of 
water required to temper a day to a condition of maximum plas
tidty, but the tahle plainly shows that there is a decided connec
tion betiH'f'll the ai1· sllrinkage aml the amount of moistnre in 
n clay: 

=====-====--- ----------- -------=c-==-
PercentageofMoist-ure. I 20 : 21 ' 22 23 . 24 I 25 i 26- -~ 27 · 28 : 29 I 30 
-------- __ j __ i ______ , __ · __ i __ ' __ !-- ---
Air shrinkage. . . . . . . . 3 I ; 3 .. 5 ' 3. 7 4 ·t 5. 1 . 5. 6 .5 8 : 13 :l tJ 9 7 3 8 2 

'l'wenty Colorado c·la~-s that cracked on rhying J'equired a11 

an•J·ag·p of -t:\.7 pe1· cent of watf'l' to mix tlwm to maximum plas 
1ieiiy awl had an a\·Nage ai1· slninkagt> of D.:3 ]WI' eent. The 
unexpectedly low air shrinkage is due io thf' faet that se,·eral 
sandy elnys with lo"- shrinkagPs m·p indndf'd. There r·an, then, 
he no doubt that a high ai1· sln·inkag·c· tf'ncls to }Jl'(l(lnce. naeking 
and is itself eonneci<'cl with thP amount of water in a day . 

• ~nother effec·t of the ]JJ·esence of moisture in a c·lay is the 
formation of stains. called senms or "·hite\Yash, whic·h are pi·o
dueed when soluble· salts in ihc• C'la~' m·P ])!·ought to the snrfaf'<' 
ai1el deposited as a result of the e\·alH•ration of the moisture. 

Ol!t·mi1·ally C'olllbinrr71Votcr.-Exn'sshe amonnts giye a high 
fin· slninkage and tenrl to ('lll!SP cracking of the lmmed clay. 
This is apt to l•e the (':\Se if tlH' weight of the dtf'micall~· com

bined waiPl' f'XC'eed,; one-thinl thP wPight of the alumina in tlw 
kaolin. 

Carbonaceous Matter 

CaJ·bonaceou!' matter may exist in days in tln·ee different 
fo1·ms; i. e., unaltPrPrl vegetation, coaly matter. or bituminous 
substances. 

r·naltcrcil rcyclotion.-Unaltered root!', stews; o1·leaves lll:t_Y 

he found near the surface of a clay deposit, but the amount is 
nsnally small, the material burns otl' readily, ancl cloPs not alfeet 
the COlO!' Or properties Of the day. ( )f t'OUl'Se, large :-;tieks 01' 
ihick roots must be piekecl or sc•J'PPJlecl ont before the clay ean be 
used. 

Cool.IJ or Bitumino11s Matcri((.l.-'l'hese impart a gray, bluish
gray, or black color to the clay, even when iron is present; aucl 
they make the bur·ning operations very difficult, sinee they act as 
strong reducing agents, and none of the iron can be oxidized or 
the sulphur driven off until the carbonaceous matter has burned 
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out. Another <litlienlty is introduced by the fad that the iron i:-; 
usually in the un(lf'Ril·a ble fenom; condition when these sub
Rtances are present. 

1Vhen coaly matter is present in fragment:-; of small sizP 
which are t·ather unifonnly disseminated through the· mass, the 
clay may be left in a porous <'OIHlition after these are burned 
out, and tl1is nwy make ii m01·e refl-ac1ory than it otherwisf' 
would be. 

In some ('ases wll('J'P much bituminous matel'ial is present, the 
heat generated by the burning of this substance ma? be sufficient 
to Yitrify the ware before oxidation is completed. This may h<· 
prevented by burning YPry slowly with a small suppl)' of air·. 

Soluble Salts 

The soluble salts found in clays are mmally sulphates of lime, 
magnesia, iron, and alkalies, but carbonates are sometimes pres
ent, and, ntrely, other Rubstaw·es. The sulphates are usually 
formed h~· the decompoRition of p)rrite or are introduced from 
fuel containing sulphur, whilP the carbonate~'< result from the 
decomposition of feldspars. Roluhle salts may also be introducefl 
in the tempering water. 

As a cla.Y dries, the ('ontaiued moisture carries such sull
stances to the sm·fact> a11<l deposits them tl1ere as an incrustation 
or coating-. This is white in neal'ly e\-ery f·a:-;e, but vanadium salts 
are supposed to be the cause of a green stain often seen on pressed 
bricks. Y ery rapid drying may preY en t the formation of a eoa t
ing on air-dl'ied ma1f'l'ial, o1· lmrium ('at·bonate or chloride may 
be added to the raw day. This changes the soluble salts to 
insolubk compounds, the pt·ol'ess in some cases being accompanied 
by the formation of re1·y soluble substances which are easily 
washed from the sur-facl' of the JII'Oduct. The quantity of barium 
carbonate or chloricll' t·eqnired Yal'ips with the nature aml amount 
of the soluble material present. 

Many Different Minerals 

The more bases present, the lower the fusion point will be. 
Another effeet brought about by the presenee of many different 
minerals in a clay is the gradual softening of the mass-the melt
ing time is extended over a wide range of temperature. This is 
an essential eharaeter·istie of a da.\- that is to he dtrifieil. 
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INFLUENCE OF PHYSICAL CONDITION 

Fine-grained clays are less refractory than are coarse-grained 
ones; and compact clays are more fusible than porous ones, pro
dded the compositions are similar in both cases_ This is true in 
the rase of coarse-grained clays, even when some individual grains 
h:we lo"' fusing points_ 



CHAPTER IV 

Detailed Procedure in the Field and in the Laboratory 

FIELD OBSERVATIONS 

All the fi1~ld parties that worked for the Colorado Geological 
~urvey on clay investigations were provided with printed blanks, 
folded once so as io form a two-page foldet which measured five 
and a half L.Y eight and a half inches. On the first or outer page 
were recOl'ded the field observations, w ltile the laboratory testR 
were recorded on the inner sheet. Three colors of these blanks 
were provided-white, yellow, and blue; and all the data on a 
sample of clay were recorded on a blank of each color. 'l'he 
white blanks were filed, when completely filled, under the names 
of the various localities where samples were taken; the yellow 
blanks were filed under the various geological horizon names; 
and the blue blanks were filed under headings referring to the 
various kinds of clays found. This greatly facilitated the writing 
of the later portion of.this repm·t. An example of the first page 
of a filled blank is given below: 

State of Colorado 
STATE GEOLOGICAL SURVEY 

R.D.GEORGE 
Director Number of 

Sample 
198 

Department of 
CLAY INVESTIGATION 
G. MONT AGUE BUTLER 

Geologist in Charge 

SUMMARY OF TESTS 

(To Be Recorded in Field) 

Locality: Wheeler Sta., 18 mi. S. of Glenwood Spgs. on C. M. R. R. Ranch 
of C. H·. Harris. 900' N. of house. 3/16 mi. from R. R. 

Geological horizon: Flaming Gorge ( ?) 

Structure: Sbaly. 
Texture: Mostly fine; some is slightly sandy. 
Hardness: Soft. 
Color: Cream to yel1ow and brown. 
Character of visible impurities: Little calcite and limonite. 
Thickness of bed: Over 200'. Sample taken 50' from base. 
Dip: 25° N. Strike: S. 30° W. 
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Topographical occurrence: 300' up from base of steep hill. 
Depth below surface: 10 to 30'. 
Thickness of overburden: None. 

Remarks: Sample was taken all along the floor of a 70' tunnel. Harris 
says that the clay was pronounced by the American Clay Machinery 
Co., Bucyrus, 0., to be a fire-clay, with no fire shrinkage when burned 
to Cone 2 after being dry-pressed. 

Lo('(/lity.-'I'L.e ex;wt ltwation where eac·h sample is taken 
should hC> so noted that relocation of the ~pot will lH· a simplP 
matter, e\·en for one who ha~ neYer lwen to the place befm·t•. 

Geoloyiml Hori:11JJ.-Exm·t data on thi~ point are also de
sirable. If possible. gin~ the approximate number of feet from tlw 
top or bDttom of a for-mation to the point ~;lluplerl. 

8t ruct11 rc.-A c-lay, as the term is hen· u~etl, awy be ~ha ly 
(lJ!'eaking ea:;;ily into lint flakes) or massi\t' i no platy ,;tr-ndure 
el'ident) ; or it may be concr-etionm·~- ( I'OntaiHing 1mmeron~ 

rounded or disk-shaped ma~se~ of imn snlphiflt-, ealtinn1 t·ai·
bonate, m· iron carbonate). 

'J'c,rfi!J'c.-The texture of a ('lay i,; gown1ed hy h\·o factm~. 
both of which must l•P recognized in any scheme of descriptiye 
terms that i,; used to describe this featmP. The fi1·~t factor iR 
the fineness m· eo;ust-uesR of the Roft grains of lllore o1· less im
pure clay-base that make up tlle gronnd-maf<~ of all t·lays. The 
second is the amount of hard gTains of quartz, feldsl•m·. or othe1· 
minerals that is present. In order to emh1·aee hoth of the~e, n 
twofold nomenclatm·t· was adopted. 

The fineness of gTain of the day-h<JRt" may be desniht•fl by 
nRing· one of the follmYing five tenus: 

rery fiue: No grains visible in tl)(' gronnd-!Ji<ISR, ('\·en with a 
hand lens; looks amorphous and waxy. 

FiHc: "~~ppears ve1·_r finely granular under a hand len,;, hnt 
the grains are hardly, or barely. visible to thP naked eye. 

!lfcdiuJJt: Grains are e;JRily visiblP to the unaided eye, if ex-
amined closely. 

Coarse: Grains easily visible to the naked eyp at fil·st glanct•. 

1'cry coa rsc: Like loaf-sugar in texture, m· even· t·oarser. 
The amount of hard grains present may he indieated by nsing 

one of the following thr<:'e tem1f': 

Slightly snndy: f'lay feel~ gritty between the teeth, hnt is 
smooth to the touch. 
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8o11dy: \'Pt'.' g1·itt,r between the teeth; may be somewhat 
nmgh to thP toueh; sou11' hard gtains may be dsible to the nn ked 

Fe1'/f 8ruuliJ: .'llnuy hard g1·aim: ,-isible to tlw naked e,r1·; de
<·irlerlly rough to the touch. 

A fomth degtee-non-sandy-Jllight Jw added, but thi~ is 
H·all,r unn<'l'<'~'~~'<try, if it is understood that a clay is al\\·a.n: uon
I'H!Hly unlel'>: it is <listinctly llPsnibed' otherwise. 

A careful description of the text111·e i>: u>:efnl if a pa1·ticuhu· 
bed i>: to be relocated in the field; and a knowledge of the texture 
lllli,Y help one to make a rough predi<·tion <·ou<·erning other physi
,·al properties, :1>: i,; di>:cn>:>:t'<l elsewhere iu thi,; report. 

Hardur·.~s.-TlH· hardrw,;s has an important bearing U]JOn the 
I'Ost of mining a day. In eolleeting data for this revod, the fol
lowing six degrees \Yere t·ecognized: 

1-I'I'.IJ soft: Easily shoveled without pieking. 
Soft: Rhon·led with some diffieulty without lJickiug. 
8oft lllcrli11111: RhoYeled with great difficuli,r \Yithout picking. 
Hard 111('(li11111: :Jfust be picked, but the ]Jl'O<·e,;s is easy. 
Horrl: Picked with diffi<·nlty. 
rcry lwnl: ,-\.!most of stony ltnrdues,;. C'nt \\'ith diffieulty 

"·ith a knife, and Yery hard to pick. 
Color.-.-\. knowledge of the ,-olor of a clay will often greatly 

:1ssist in the relocation of a cet·tain bed. Some idea of the ph,Ysical 
properties may al~o be gained from th(' color. 

Cllamctcr of risiblr l1117J111'ities.-These will usually be li
lllonite, pyrite, gypsnm, <·alcite, carbonaceous matter,- or alkali. 
'l'he presence of calcite nwy be ddermined by putting a bit of the 
clay in hydrochloric (muriatic) acid and noting whether any 
effenescence oecurs. The alkali is indicated by white coatings 
or crusts with an unpleasant taste. These devt>lop where the clay 
has been exposed to the weather. 

Thickness of Berl.-Tlw determination of this feature i>: nat
ur·ally a mnttt't' of economi,· importancl'. Ordinarily a sample 
represents the avet·age of a whole bed of clay, but, where the bed 
is very thick or is incompletely exposed, the thickness represented 
b,r the sample should be recorded. 

Dip and 8trikc.-The first has considerable economic im
portance, and both will aid in the relocation of a given bed. 

Topogrnphical Occurrence.-This information, also, is eco
nomically important arid will help one to find a particular bed 
previously sampled. 
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Depth below Surface.~As used in this report, this is the 
shortest distance from the point sampled to the air. On level 
ground it represents the depth of the trench dug to secure the 
sample. If the sample was taken from the side of a steep bluff, 
it represents the depth of the cut into the side of the bluff which 
\\:as made before taking the sample. No matter whether vertical 
or horizontal, it is yery desirable that every sample be taken just 
as far from the surface ns is convenient, since surface clays that 
have been weathered are apt both to be more plastic and to have 
a higher percentage of alkali and carbonaceous matter than will 
be the case at some depth. Usually the color and appearance of 
a day and its hardness will change noticeably as one gets below 
the surface, and it is always best to keep digging until all such 
changes cease. 

Thickness of Uvcrbunlcn.~'l.'his feature has a great inflmnce 
upon the cost of mining the clay and should be carefully inves
tigated. 

Remarks.~Any additional data obtainable should be re
corded. The owner of the property may have had some tests 
made. Record such data, if you can get them. In most cases 
they will prove worthless, but sometimes some valuable pointers 
are thus secured. · 
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An example of the SP<'ond page of a blank, prupel'ly filled, 
:-<ueh a:-< was used in the clay-tel'ting labOl':ltory of the Colorado 
Geological Survey, is given below: 

(To Be Recorded in Laboratory) ANALYSIS 
Plasticity: Fine. . . . . .. . . . . . . . Air shrinkage: 1% .......... . 
Cohesion: Strong ........... . Slacks in: 7 ruins ...... : ...... SiO, ...... . 
Weight wet cone: 6.48 gms ... . Cracks in air? No .......... . 
Weight dry cone: 5.37 
Difference: 1.11 

Tens. strength briquette No.1: A leO"····· 

18 .. · · · · · · · · · · ··· · · · · · · · · · · · Fe,O" ..... . 
Water required for max. plas- Tens. strength briquette No.2: 

ticity: 20.6%.. ... . . . . . . . . . . 16 ......................... FeO .... . 

A vg. tens. strength: 17 lbs. . . . CaO ..... 

BURNING TESTS 

Cone number........... . . . . . . 010 05 
Color . . . . . . . . . . . . . . . . . . . . . . . . Wt. Wt. 
Fire shrinkage . . . . . . . . . . . . . . . 0 0 
Weight wet ................... 5.70 3.05 
Weight dry ................... 4.49 2.33 
Difference . . . . . . . . . . . . . . . . . . . . 1.21 0. 72 
Absorption ................... 37% 32% 

Inc. vit. at 03. Vit. at 1. Vis. at 3. 
Swells at . . Blisters at . . Cracks at .. 

03 
Wt. 

0 
5.52 
4.29 
1.23 
29% 

01 
Bf. 
1% 
5.58 
4.63 
0.95 

21% 

Remarks and conclusion: The low tensile strength is the 
worst feature. It should make an attractive, light
colored pressed brick, but there will be some loss in 
burning, due to the scant separation of the points of 
Inc. Vit. and Vit., and the absorption is very high-too 
much so for a face brick . 

. Kind of clay: Light-colored pressed brick for interiors. 

LABORATORY TESTS 

MgO ..... ..O 
<1> 

K,O ..... ~ 
'@ 

Na20 .... @ 

TiO, ..... ~ 
MnO ..... 

Loss on ign. 

Moisture ... 

CO, ....... . 

so, ....... . 

Organic .... 

Total. ..... 

1. From the uncrushed sample, select, break, or cut a piece 
approximating a one-inch cube in size for the slaking test. Also 
pick out another piece of about the same size, or slightly larger, 
to be saved in case it proves desirable to investigate the size of 
grain of the clay or to make a rational analysis. This second piece 
IIPPrl not be in the form of a cube. 

~. If the sample is of large size, it must next be crushed to 
pieces about half an inch in diameter and thoroughly sampled, 
either by quartering or mechanically. "\ couple of pounds of dry 
clay is more than enough for all the tests. 

3. Crush·the sample to forty-mesh, taking care that no more 
than necessary is ground finer than this. This process may be 
done in jaw crushers, followed by a small gyratory, or a bucking-
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board ma~- he u~ed where only a few ~mnples are to be ground. 
Experiment ha~ shown that there i~ no danger of introducing 
iron into the sample from any of these operations. 

Two or three grams of the crushed sample, togethe1· "·ith the 
~anlJJle set aside for the rational analysi~. should then be placed 
in a small paper sample-sack. Rnch a~ is used by assayers. This 
sack ~hould be properly numbered and !'laved for the ultimate or 
rational anal~·ses, in case eithcor or both of these are desired. 

The rest of the ground sample and the inch eubr of t·lay 
should then be replaced in the original sar·k. 

4. Open a sack of ground clay and place the one-ineh t"Ube in 
a shallo"· pan of wate1·. ~ote the time required for its complete 
di"integration. The viet·<> has wholly ~laked when it falb apart 
into a coni<·al pile that contains no hard core. The absence of 
a. hard eore may be determined by pressing a slender wire into 
the little pile of slaked cla.L 

The piece should be E>xamined frequently .. especially during 
the first few minutes after putting it into the water. 

It is best to use a white-enameled iron pan for the slaking 
test, and to ha \'e the bottom of the pan marked off in to n um
bered squares. 'l'hiR may be done with paint or with the colored 
pE>ncils adapted fo1· writing on gla~"- If tht> number of the 
square on whieh the cube is placed i" noted aftE>r the number of 
the elay on a separate piet·e of paper, it wiii bC' a simlJle matter 
to make the slaking test on many fo1amples at on<'e without dan
ger of t·orlfusing the data. 

5. Place the powdered day iu an enamelE>d iron pan about 
a foot in diameter. and tE>mper to maximum plasticity in the 
IIIHilneJ· de"nibed oil page :2 L 

6. Make twPl,·e ( 121 fnll-sizPd cones, three bricks with 
dimensions of two by tJIH' h_,. one-half inches, and two standard 
briquettes (for the tensile-strength dE>terminations) from each 
sample. 

The cone~> and bricks mn.r be cut with a sharp, oiled knife 
from a flat cake of tempered t·lay, but. if an.Y number of R<Hnples 
are to be tested, molds should be used. Since none were on the 
markE>t at low prices. it was necessary for some to be designed 
and made to order of brass. 

To make cones with the nwlds, the wold and a scraper should 
be well oiled \Yith machine oil. and the scrhper should be held 
upright against the base of the mold. The tempered clay is then 
pressed into the mold with a spatula, and the upper surface is 
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smoothed off even with the top of the 1110l(l. tll·eat care must be 
exercised, in filling the mnlrl, to sf'e that thP ('lay is :-:n firmly forced 
into the lower edge and cornPr tlwt no ravities are left there. 
The scraper is then n1on•rl towm·d the small end of the cone, forc
ing the cone from the rnolrl. Tllf' ('onp:-; mny be slightly shortened 
rlnring the prn1·rs:-: of rf•nwdng- them from the mold, but this 
does not hurt them, and tl1P amount of shortening is usually very 
small. No diftkuliy will he en('ounterPd in making or removing 
the conf's after a little 1n·adic-r, p1·oyiderl the elay is properly 
tempered and the mold i;; kt>pt wt>ll oilt>d. Ear·h cone should be 
Rtamped, before remoynl from the mold, with the number of the 
sample from which it was made. For this purpose an ordinary 
font of metallic typt>, "·ith a plain, sharp-lined facP, is perfectly 
satisfactory. 

'Vhen cones are cut from a cake of elay, tht>y may be given 
a square, instead of a triangular, section, and the numbers can 
be scratched upon them with a pencil. 

When the brieklets are molded, the mold is well oiled and 
placed upon a piece of oiled plate-glass. The mold is then filled 
with tempered day. and the upper surface is smoothed with a 
wet or oiled spatula. The filled mold is then slipped off the 
glass, and turned upside down upon the glass. Any cavities or 
nnr:>ven places arP filled in and smoothed off, and the filled mold 
i;; again removed from the glass. The bricklets are then pressed 
out of the mold witl1 blo('ks provided for that purpose. If the 
surfaee of the block in ('ontact with the bricklet has been well 
oiled, it is a simple matter to slide the completed bricklet fl'bm 
the bloc-k. The bricklets should be stamped with the proper num
bers immediatel.v after 1·en11wal from the mold. 

"Then the bricks are cut from a piece of flattened c·lay, grrai 
l'are muRt be exerrised, or thP result will be anything hnt at
tractive. 

The ln-iqnette:-: fo1· tlw temdlt'-sh·ength t e:-: t" :-:lwuld IH• mnrlP 
:II' dt•;;nibed on page :n. 

I. The la~t tP;;t-piere made-either cone or bricklet, but pref
erably the former-must be stamped in some distinetive fashion 
( W, for weight) and immediately weighed, the weight being rP
I'OJ·ded in the prorwr plare on the blank. 

S. )d least hnl of the cones or bricklets, p1·eferably the lat
ter, must have tiny holes .. t\vo inches apart, punched upon them 
for the air-shrinknge dPterminations. VVhen the holes arP placP1l 
on the bricklet;;, they 111nst be in the ('IH'Ilel'i', as the hriddets arP 
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only two inches long. If the holes are punehed in the cones, great 
care must be exer<·ised not to break the tip from the r·one. In 
either case the holes should not be puncheo until the tPst-pie•·es 
have beenremoved from the molds. 

All the test-pieces should be placed on clean <·:1rohoard to 
dry, and thPy should be moved around and turned sevPra 1 timPs 
during the fhst few hours. If this is not done, <·onsidPrable 
\Yarping is apt to occur. 

!1. .-"11 the tempered clay remaining, or enough to form two 
two-inch spheres, is rolled into two such balls. Then test anfl 
l'ecord the cohesion as described on page ~fi. 

10. Roll the clay used in making the cohesion test and all 
the surplus clay into a single sphere, which must be stamped with 
the proper number and dried with the other piel'e:-;. 

The ten operations just described complete the wod-:: that i1 
is possible to do the first day in the laboratory. 

11. The thoroughly air-dried day is examined, and i he 
cracking is recorded. The cracking shows most plainly upon the 
large ball made out of the surplus elay. 

12. The tensile strength is determined as described on page 
::o. 

The broken briquettes and the large ball should be returne<l 
to the original sack and tiaved for use in case it proves necessary 
to make more large cones or some small ones for rel'y high· tem· 
perature tests. 

13. Measure and record the percentage of ail· shrinkage as 
:o;(']·ilH'd on page 28. 

14. The piece previously weighed and specially marked is 
l't>weighed, and the percentage of water required to temper the 
day to maximum plastidty is thus determinf'd and recorded, as 
<le:;;eribed on page ~fi. 

15. Scratch marks two inehes apart on one face of each 
cone, placing the lower mark as far above the base as possiblr. 
and being very eareful not to break the tip. 'rllis operation is 
best accomplished by using a pair of sharp-pointed eompasses or 
dividers. Set them at two inches, and plate one end as near the 
tip of the cone as possible. Then strike an an· ar-rnRR the base, 
scratl'hing the surface until the line shows plainly. Lastly, set 
the other point on the line at the base and seratch a second mark 
near the tip. 'rhese marks are used in measuring the :fiJ·p RhJ·ink
age. 
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16. 'fhe eom·s and !Jrieks from each sample should be placed 
in small, separate boxes, numbered on the fronts, and filed away 
to await the burning tests. Care must be used in handling un
burned test-pieces, al'i many are very fragile. 

17. Temper some fire-clay to a condition of maximum plas
tidty, and mix some asbestos wool with the pfastic mass. Vary
ing amounts of alundum cement rna~· also be added, or the :fire
c·lay may be entirely replaced with alundum cement. 

Roll or press the damp mixture on a sheet of oiled plate
glass until it is about half an inch thick, and from this sheet n1t 
l'imall slabi'i about three by six inches in length and width. 

"\Jong both rdges of each damp slab imbed the bases of cones 
to be tested. Be careful to press the :fire-elay around the base of 
each eone so as to hold it firmly, and also see that the number of 
each cone is not obscured. The cones should be bent slightly 
toward each other, and each cone should be so twisted that, after 
being bent, an edge is underneath and a :fiat face on top of the 
c·one. Lastly, a standard Seger cone No. 010 is fastened to one 
end of the slab. From one to six of the cones to be tested ma.v 
be mounted on a slab of this kind. It is best to press the edge 
of each slab upward, so that, if any cone melts to a thin liquid, 
there will be no danger of its running off the slab onto the muffle. 

Where ,.e1·y accurate work is desired, another slab exactly 
like the first should he prepared, excepting that Cone 09 is 
mounted at the end instead· of 010. Then another slab with Cone 
08 should be made, and so on up to Cone 20 or more. Such a 
procedure woul(l be very laborious, however, and would require 
twice aR many l'Ones ns are usually made. The time necessary 
to make the burning tests would also he greatly lengthened. 
Probahly the best plan is to make up eleven slabs and mount one 
of the following standard cone:;; upon each: 010, 07, 04, 01, 3, r., 
9, 12, 16, 20, ~n. This series gives a difference of three cones 
( 60°C.) in the lower. part, and four to six eones in the higher 
temperatures. Sinee twelve test-cones are madP, and the cone:;; 
are hm·ned to only ele,•en different tempe1·atm·e,;, it is evident that 
one extra eone is allowed for breakage. 

In securing the data incorporated in this report, the follow
ing series was used: 010, 05, 03, 01, 1, 3, 5, 8, 10, 12, H, 16, 18, 
20. 2, 4, and 6 1-'hould have been substituted for 1, 3, and 5, but 
it was thought best to make no changes in the procedure as :first 
begun. Experienc-e has shown that the series suggested in the 
paragraph above is equally satisfactory and requires fewer cones. 

(8) 
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Since the :,;J;j],~ hold but six eones, it is, of course, necessary 
to mount an additional series exal'lly like the first, if more than 
six samples are to be tested. In some types of furnaces or kilns 
it may be possible to use larger slahs and mount more cones on 
em· h. 

18. "\ ir-dry tl1e slah bearing Cone 010 and the cone or cones 
to he tested, and heat it in an air-bath to the boiling point of 
\Yater, or higher. \Yhile still hot, place it in the furnace or kiln. 
Gradually raise the temperature until the standard cone has 
fused, and then cool slowly. 

lH. Examine eaeh cone to be tested, and note whether in
l"ipient dtrification, dtrification, or viscosity has been reached. 
(See pp. H-Jti. J In case any cone has reached viscosity, re
moye the unburned cones of that number from the slabs to be 
Jnu·ned to higher temperatures. 

20. '!.'est the firf' shrinkage and absorption of each cone, as 
•le,.;<·J·ibed on page,; ±:2 and ±:l. and note the color in eaeh case. 

21. Hepeat the operation described in the paragraph num
bei·ed 18, abon>, nsing the slab containing the standard cone of 
11ext higher fu~ihility; and eontinue to burn the slabs of cones 
until all haye become YiSCom;. 

It is evident that in some ('ases a number of slabs will be 
left unburned aftPr all the days upon them have reached viscos
ii-y, hut there seems to be no way to prevent the waste of time 
thus represented, since the l'labs should be made up seYt>ral days 
before tlwy are burned. 

22. If a clay does not melt at Cone 26, make up a dozen 
small-sized coneR and hnrn them to higher temperatures in the 
Deville furnace. 

23. Burn one of the bricklets to incipient vitrification, an
other to Yitrification, and the third to an intermediate tempera
ture. 

'fhe bricklets are burned for three reasons: First, they have 
a larger snl'fnee than the cones, and this enables one to judge better 
of the apJiearanee of the product; second, the owner of a clay 
depoRit usually fPels curious about the appearance of his material 
when burned, and these burned bricklets form a Yaluable accom
paniment to a repOl't on a clay property; and, third, the fire 
shrinkage may be more easily determined from them. 



CHAPTER V 

Clay Products and the Properties Required of the Clays 
Used in Making Each of Them 

rt ha~ been a rather wide-spread practice in the past to 
regard clay merely as the 1·aw material from which bricks are 
made, whereas there are a dozen or more clay products that are 
much more mluable than brick. It would be jul't as foolish, for 
instance, to use silver nails to build a house as to employ a clay 
adapted to the manufacture of roofing tile for the making of a 
common brick. It is hoped that such an uneconomic:al procedure 
will become nlrer as the properties of the clay~ adapted to differ
ent uses ar-e better known, and it is for the purpose of extending 
information on this subject that this chapter is presented. 

Literature on the propel'ties of the clays used for various 
purposes is very meager. Some information along this line is 
c:ontained in all books and reports on clay~ or clay deposits, but 
the inexperienced clay-tester would find it impossible properly to 
judge of the value of most clays from such data as have been 
available. The statements giyen in the follo:;,ving pages are, then, 
largely the result of experience, or have been gleaned from talks 
with practical workers along the mrious lines mentioned. Errors 
may, therefore, be present; and it may be that not enough latitude 
has been allowed in giving the properties needed by each kind of 
clay. Criticisms will be welcomed, and, if these lead to a perfectly 

. corred aud satisfactory list of the properties essential to the 
clays used in the manufactm·e of all the various day products, 
a big step forward in ceramic~ will have been taken. It is be
lieved, however, that this chapter will serve to point the way and 
should prove valuable to those who are interested in the classi
fication of clays. 

In discussing the nature of the clay used in making any 
particular product, only those properties are mentioned which it 
is absolutely necessary that the clay should possess in order that 
it may be used as found for the purpose specified. ·when a prop
erty is not mentioned, it should be understood that it has no 
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influence upon the manufacture of the product under discussion. 
It should not be forgotten that many clays which are apparently 
worthless as found may be modified by washing, grogging, or 
admixture with other clays, so as to give them considerable value. 

SOFT-MUD BRICK CLAY 

Sojt-Jiud Bricks Defined.-After tempering recently mined 
or weathered clay, in any one of a great variet.v of fashions, until 
it has the consistency of soft mud, it is usually pressed into well
sanded wooden molds. Sometimes unf)anded, wet steel molds are 
used, and the product is known as slop bricks. The bricks are 
then dried in the open air, drying-tunnels, on fll·ying-floon;, or on 
kiln tops, and areburned in any kind of tempOI"ary or permanent 
kiln. 

Almost any clay or shale will answer for the manufacture of 
such bricks, but no clay product has less ralue, unless, possibly, 
it be ballast; so it would be a wasteful 1n·oreeding to use a high
grade clay for soft-mud bricks. 

Although the rough surface of soft-mud bricks make them 
unattractive, they really form a better, stronger building ma
terial than pressed bricks, in many cases. This is because they 
adhere more firmly to the mortar a1ul are \·ery homogeneous. 
They resist the action of frost very well. 

Soft-mud bricks are occasionally pressed in machines after 
molding as above described. This giYes them a better finish, but 
considerably raises their cost. 

Textun·.-Very large sand g-mins or lJebblP~-: make the product 
weak. 

Non-permissible Impurities.-"\lmost no1hing is a non
permissible impurity, unless it is present in excessiYe amounts. 

Air Shrinkage.-Eight per cent is about the upper limit; it 
should be less than this. 

Slaking.-It does not gener-all;v pay to crush or grind soft
mud brick clays; so the clay should slake in a few minutes. 

Cracking Allowed.-Little or none. 
Tensile Strength.-Not less than GO pounds, and should be 

around 100 pounds in order that the unburned bricks may be 
handled without excessive loss. 

Incipient Vitrificat·ion.-Should be low-between 012 and 01. 
Vitrification.-Should be a1 least two cones above incipient 

d trifica tion. 
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Color Burned.-Red bricks are best, since buff-burning clays 
are rarely hard enough at the temperatures usually attained in 
burning. Where high temperatures are used, the color is unim
portant so long as not unattractive. 

Fire Shr·inkage.-Not over about 8 per cent, preferably lower. 
There should be a per cent or two of fire shrinkage in order to 
insure that the brick has a dense, hard body. 

Absorption.-Not over 15 per cent, if the bl'ick is to be used· 
for exteriors. 

Chemical Character.-The amount of ferri(' oxide usually 
mries between 3 and 7 per cent. The alkalies average about 3 per 
cent, but may run as high as 15 per cent. When this is the case, 
the bricks are very hard to burn, since they fuse easily. Lime 
averages 1% per cent, but may reach as high as 25 per cent if 
very finely divided, provided the bricks are very carefully burned. 
Magnesia averages 1 per cent, but may reach as much as 7 per 
cent. 

Washing.-It is never necessary. 
Groggirig.-Grog may be used. 

STIFF-MUD BRICK CLAY 

Stiff-Mud Bricks Defined.-The clay is disintegrated and 
tempered in any way, but only enough water to form a stiff mud is 
used. The tempered clay is then forced mechanically through a 
die, from which it emerges in the form of a rectangular bar, which 
is cut into bricks by means of fine. tightl~' "tretched wires. 

Unless they are repressed, stiff-mud bricks will have two 
rough faces, due to the use of wire in cutting them. They are 
usually so laid that the smooth faces are expoRed, while much of 
the plaster is spread over rough faees. In this way they combine 
certain of the advantages of eommon soft-mud and repressed or 
pressed bricks. 

Physical Propert-ies.--The physi('al properties of a stiff-mud 
brick clay are exactly the same as those of a soft-mud brick clay 
(see p. ·68), except that the plastidty "lwnld not be better than 
fair, the cohesion must be strong, 110 :-;and i:;; permissible, and 
moderate cracking iu drying is allowable. 

If the plasticity is better than fail·, the bricks will have a 
decidedly laminated structme, which is difficult to prevent under 
the best of conditions. A strong cohesion will, however, have a 
very favorable effect along this line. When sand is present in the 
day, it will soon wear out the cutting wires, and the cut surface:-; 
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and edges are apt to be very rough. A little cracking in a test
piece need not cause any anxiety, sinte stiff-mud brick c-lay is not 
mixed to maximum plasticity. Test-pieces would probably show 
no cracking if they contained as small a proportion of water. 
:\nother factor that diminishes the danger of cracking on drying 
is the Yery c-onsiderable pressure to which the ela~· is subjected in 
forcing it through the die. 

DRY-PRESSED BRICK CLAY 

Dry-Pressed Bricks !Jf'.fillcd.-The clay is disintegrated in 
any way. with or without previous aging, and is passed through a 
twelve- to sixteen-mesh screen. The dry powder is then pressed 
into steel molds, the pressure used being so great as to produce 
a brick strong enough to stand handling. These bricks are burned 
in any way, but down-draft kilns are most frequently used, since 
they produce a more uniform product-an essential for face 
bricks. 

The process above outlined produce;.; an attractive brick, with 
sharp edges and smooth faces, but pressed bricks ha,·e certain 
disadvantages already mentioned (see p. liS), and the~· are rela
tively so expensive that they are used almost entirely as facing. 
The high cost is due to the facts that a fairly good quality of clay 
is usually employed; the clay must be disintegrated, screened, 
and, often, aged; a longer time, and from one-sixth to one-quarter 
more fuel, are required to burn them; and the initial cost of the 
plant is high. 

Texture.-Should not contain pebble:-:. as these either wear 
out the grinding apparatus or make it inefficient in its action. 

Non-permissible Impurities.-Only small amounts of any 
impurity can be tolerated. No soluble salts are permissible, unless 
:-:pecial means are taken to neutralize them. 

Cohesion.-Must be high, or the unburned bricks \Yill break 
Pasily. 

Incipient Vitrifi.cutiolt.-Should he as low as possible, but is 
often as high as Cones 7 or 8 in the case of non-calcareous, buff
burning clays. 

Vitrification.-Should be at least two cones above incipient 
vitrification. 

Color Burned.-The color of burned pressed bricks is very 
important. It must be of attractive tints, as they are used for 
face bricks. Red is not so desirable as are buff, cream, white, and 
~Tfl~'- Brown is also used to a considerable extent, but yellow is 
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not popular. If the ('Olor is too light, it may.be da1·kened by the 
use of manganese or other oxide:-:. The color slwnld be the same 
over a range of temperature of fifty degrees or more, in order to 
insure uniformity of tint in the burned product. 

Fire SMinkllf/1'.-Eight per cent is the maxilllum allowable; 
it should be lower. 

Absorption.-Twel\'e pel' cent is a high figure for a good qual
ity of pressed brick. 

Ohem.ical Ohanti'IIT.-Pressed-brick clays differ little in chem
ical character fl·om :-:oft-mud brick ela_rs 1 sec~ p. fi!) 1, but the 
tendency i:-: to use a higher grade of clay for the for-mer, with a 
total percentage of fluxes of only 5 or less. 

lVashing.-H is not necessary. 
Grogging.-Grog may be used to decrease the fire shrinkage. 
Warping, etc.-Absolutely no warping, splitting, blistering, 

checking, or swelling can be tolemted in a clay that i:-: to be used 
for manufacturing dry-pressed brick. 

SEMI-DRY PRESSED BRICK CLAY 

Semi-d·ry Pressed Brickl:! Defined.-These are the same as 
dry-pressed bricks, exc-epting that a littl~ water is added to the 
screened clay before molding. This makes the molded bricks 
easier to handle, but they must be dried before burning. 

FRESCO AND FLASHED BRICK CLAY 

Fresco Bricks Defil/(xl.-Fresc-o brick:-: <He stiff-mud brick:-: 
which have had at least one face exposed to a reducing atmos
phere, usually only at the end of the burn, and whic-h have then 
cooled with a free access to air, so that a partial reoxidation has 
occurred. A relatively dark-c-olored, semi-vitrified surface results, 
and the bricks are laid with the rough, cut surface outside. 

Flashed Bricks Defined.-Flashed bricks are almost the same 
as fresco bricks, except that any kind of brick may be subjected 
to the reduction and partial reoxidation, and the surface is well 
vitrified, and is, therefore, smooth. 

It is claimed that, when just enough air is admitted to insure 
an oxidizing atmosphere, a reduction of 20 per cent of the air 
supply will make the atmosphere of the kiln sufficiently-reducing 
to cause flashing. 

Since any kind of brick may be flashed, the properties required 
for the manufacture of a flashed brick will depend partially upon 
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the kind of brick desired. The following ]Jt·operties are, however, 
directly connected with the operation of flashing: 

Texture.-The finer the texture, the more uniform the results. 
Non-permissible lmpurities.-Gypsum or calcite should not 

be present, since they exert a bleaching action upon the iron. 
Slakim_q.-The clay:;; used in making these prorlnctR are often 

ground. 
Incipient Vit1·ijication.-lncipient vitrification usually takes 

place at a higher temperature than in the case of common bricks, 
since a relatively high heat is required to cause flashing. This 
(·ondition (incipient vitrification) is rarely reached below Cone 01. 

Vitrifi.cation and Viscosity.-'l'he two temperatures at which 
these conditions are reached should be separated by at least five 
cones, in m·der that vitdfication of the surface may occur without 
llanger of loss of shape. Probably the average temperature at 
which vitrification occurs is Cone 5, but a lower flashing tempera
ttne may be used when conditions are reducing throughout the 
en tire burn. 

Color Bnrned.-'l'hose clays which burn buff in an oxidizing 
atmosphere will yield golden or reddish browns when flashed, 
while red- or pink-burning clays give greens and dark browns. 
The longer the rate of cooling from the maximum temperature of 
the burn down to about 700° C., the darker- the color will be. This 
cooling should take about twelYe hours. 

EARTHENWARE CLAY 

Eartlwntcarc Defined.-Earthenware includes flower-pots, 
jug~, crocks, etc., and is made by tempering the clay in any way, 
kneading it until perfectly homogeneous and free from bubbles, 
molding it on revolving wheels or by mecl1anical processes called 
jiggering, jollying, or pressing, drying the molded pieces carefully 
in steam-heated rooms, and burning it in up-draft kilns. The 
wat·e may be decorated with incised or relief designs, or it may 
be co1·ered with a glaze of low fusibilit~·· 

Texture.-Should be fine. If it i:-; sandy, the ware will not 
IJe smooth. 

Non-permissible Impurities.-Lime or gypsum in particles of 
some size or concretions of anything that will cause blistering. 

Plastioity.-Must be at least good for nearly all processes. 
lVatm· for Maxintttm Plasticity.-Should be low, so as to 

make warping and nacking improbable. 
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. tir Shriukuye.-Except for very coarse products, the maxi
lit lim is 8 per cent, and lower figures are desirable. 

8lakiny.-Must slake in a few minutes, or grinding is re
quired. This is usually too expensive, except in the case of the 
finest products. 

AJlowable Cracking in .11i:r.-None. 
Tensile Strength.-One hundred and twenty-five pounds per 

square inch, or more, is desirable, but as low as 100 pounds is 
permissible if great care in handling is exercised. 

Incipient Vitrification.-This condition should be reached 
between Cones 010 and 05, although some grades of earthenware 
are not burned to incipient vitrification. 

llit·ri(icotion.-Should be at least two cones above incipient 
vitrifiJ·ation, except in cases where the produd is not burned 
steel-hard. 

Color Burned.-This is not very important, so long as the 
ware is not actually ugly. 

Fire ShTinkage.-Eight per cent is about the maximum allow· 
able, and this is pretty sure to cause some warping. 

Chemical Character.-Some rather low-grade clays high in 
lime are used in some cases. In fact, the composition is unim· 
portant, except in so far as it affects the color. 

Washing.-Rarely necessary or desirable. 
GTOg[!ing.-Some very finely ground grog nw.r be used. 
Warping) etc.-Little warping or swelling, and no cracking, 

checking, or blistering, can be tolerated. 

YELLOW AND ROCKINGHAM WARE CLAY 

rello1c cmd Rockingha111 Ware De(ined.-These include vari
ous ornamental and useful 1:1tensils which are made of material 
with a porous, buff-colored body. After burning, the wares are 
g-lazed and burned a second time. In the ease of yellow-ware the 
glare is eolorless or yellow, while Rockingham ware has a brown 
or black gla>.·e, produced by the addition of manganese oxide. 

Tca:·lurc.-Should be fine. 
Color Unburned.-Shonld have no !'Olor indicating the pres

ence of much iron. 
Non-perm issiblc Im }JIII'iti('s.-Limonite,. calcite, gypsum, or 

alkali. 
Plast-ic-ity.-"1tl ust be fine. 
Water {o1· ilfaa:imun1 Pla&ticity.-Siwuld be low. 
Air Slwinkagc.--Should be under 8 per cent. 
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Allo1wble Cracking in Air.-None. 
Tcusile 8trcngth.-One hundred and twenty-five pounds or 

JJJm·e per square inch. 
Vitrifiration.-Should be ,.:ereral ('ones above in(·ipient vitrifi

r·aiion; usually above Cone 8. 
Color Burncd.-,Yhite, yellow, u1· light buff for yellow ware; 

white, yellow, buff, or brown for Rockingham 'rare. 
Fire Sh·riuhtge.-~ot nwr -t per cent. 
Chemical Chanwter.-A fairly high-grade clay, low in fluxes. 

is usually used. 
Washing.-Washing is rarely employed. 
Grogging.-Finely ground grog ma;r be used. 
Warping, etc.-Little warping or swelling, and no checking, 

nacking, or blistering, can be tolerated. 

STONEWARE CLAY 

Stoneware Defined.-Ntoneware includes many cooking and 
other domestic· utensils, as well as much 'ornamental pottery. 
Stoneware is vitrified, and the lJroduct is completed in one burn
ing, the glaze being applied to the raw cla~-. unless a salt glaze is 
used. The burned clay may h:we any color except white. The 
following two rarieties are recognized : 

Majolica: }fajolica has a colored 1'1:1y body concealed be· 
neath an opaque glaze. 

Fayence or Faience: Fa~·ence ha;; a colored day body which 
is covered with a transparent glaze. 

Te.durc.-Should be very :fine. 
).-on-permissible I111purities.-No impurities in any but ver,y 

,:mall amounts should be present. 
Plasticity.-Should be :fine. 
1Vater for Jfaa·imum PlClsticity.-~hould he low. 
Air Shrinkagi'.-Eight per cent is about the maximum allow

able. 
Allo1cuble CIYickiny iu _lir.-None. 
Tensile Strength.-Sbould be at lea;;t 1 GO vounds per square 

inch, but 12·5 pounds is permissible if the unburned lJroduct is 
handled very carefully. 

Viscosity.-The temperature of viscosity must be at least :five 
cones above vitrification, since the ware is vitrified. f'one 18 
represents an average viscosity temperature. 

Fire Shrinka.qr·.-Eight per cent is about the maximum allow
able, but there Rltould be several per cent of fire shrinkage in 
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order to insm·e a dense ware. Some claim that air and fire 
shrinkages should together amount to about 12 per cent. 

Chemical Character.-Stoneware requires a clay somewhat 
better than is used for earthenware; a semi-refractory clay is 
often used. 'ren stoneware clays used in Ohio potteries contain 
an average of 4.4 per cent of fluxes. 

Washing.-\Yashing would not be required, or pay, in most 
cases. 

Grogging.-Finely' ground grog may be used. 
Warping, etc.-It depends somewhat upon the nature of the 

ware whether any warping can be tolerated. Swelling, cracking, 
checking, or blistering makes it impossible to use the cla? fol' 
stoneware of any kind. 

WHITE-WARE CLAY 

Wllitr·- War, Defined.-\Vhite-ware includes many varietit>s 
of domestic utensils, such as wash-bowls and pitchers, and cheap 
dishes. It is made of a white-burning mixture of kaolin, ball
clay, quartz, and feldspar. The ware is burned to incipient vit
rification, then glazed, and reburnecl. The glazes used al'e usually 
of low fusibility, due to the presenrP of bm·ax and lead, and are 
known as soft glazes. Very rarely cla,rs are found of such com
positions that they may be burned to white-ware without adding 
all, or any, of the other substances mentioned. 

The characteristics required in snrh a clay are as follows: 
Temtnre.-Should be Yel'y fine. 
Color Unburned.-White or gray. 
Xon-JICrmissible Irnpnrbties.-Anything in visible amounts. 
Plasticity.-Should be fine. 
Cohesion.-Should be strong. 
Water for ll1a.1·imum Plusticity.-Should be low. 
Air Shrinkage.~Six per cent is about the maximum n !low

able when thin ware is to be made. 
Allowable Cracking i11 .-lir.-None. 
Tensile 8trength.-Should be 150 pounds or more per square 

inch. 
Vitrification.-Should be several cones above incipient vit

rification; it is usually above Cone 10. 
Color Burned.-Perfectly white. 
Fire Sh!rirtkagc.-Six per cent is about the maximum allow

able. 
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Chemica-l Clwrudcr.-'fhe ieon o;x:ide ~hould not exceed 1 per 
cent, and the total fluxes should amount io less than 5 per cent. 

Washing.-Washing might be used to remove impurities. 
Grogging.-Finely ground white quartz can be used if needed. 
H'arping, etc.-No warping, swelling, checking, cracking, or 

blistering ean be tolerated. 

PORCELAIN (CHINA) CLAY 

Porcela iu Defined.-Pon~elain includes all the better grades 
of dishes and considerable ornamental pottery. It is like white
ware so far as ingredients are concerned, but the proportions of 
these differ, and the mixture is burned to vitrification before 
glazing and reburning. The glaze used consists c-hiefly of feld
c;par and kaolin, and is called hard' glaze. 

BALL-CLAY 

Ball-Clay Defined.-Ba!l-cla)·s are white-burning, plastic 
cla_ys that are used 'dth kaolin, feldspar, and quartz in the manu
facture of high-grade pottery. Their function is to give plasticity, 
<·ohesion, and tensile strength to the mixture. 

Temture.-Should be very fine. 
Colat· Unburned.-Should be white or gray. 
Non-permissible Impnrities.-Anything except mica and a 

little quartz and feldspar, which might be removed by washing. 
Plasticity.-Should be very fine. 
Cohesion.-Should be high. 
Tensile Strength.-As high as possible; certainly well over 

100 pounds per square inch. 
Vitrification.-Should not take place much below f'one 10. 

Some ball-clays are very refractory. 
Color Burned.-Must be white. 
Chemical Character.-Ferric oxide should not be present in 

amounts much over 1 per cent, and the rest of the fluxes should 
be comparatively scanty. 

Washing.-Washing is often required to bring the clays to 
the required purity. 

DRAIN-TILE CLAY 

Drain Tiles Defined.-DI"ain tiles are porous, cylindrical, 
nnvitri:fied pipes. In manufaeturing these, the clay is tempered 
in any wa~' and forced through a die, from which it issues in the 
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form of :t lwllo\\' cylinder, which is then cut into au,r desired 
length,. Drying- may be done in any way, and the tile js often 
burned along with f'ommon bricks. 

Temtm·e.-Rhonlrl not contain coarse Rand grains. 
Plasticily.-Should be fine. 
r'ohcsion.-:.\fnst he strong, as the tile is split lengthwise just 

preYionR to JH1RRing through the die, and these two halves will 
not reunite solirll~· aR the reRult of pressur·e alone unless the 
cohesion is strong. 

1ra-trr f01" .lla.tillll/111 ]Jlasticity.-Should be low . 
. lir 87trinka,t]e.-) •• l~igh or medium air shrinkage will cause 

warping and enH·king in large pieces like drain tile. A rlay with 
an ai1· slu·inkage of oyer fi per cent will almost certainly require 
grogging. 

87nkiny.-Should slake in a few minutes . 
. I UoH'able Cmcking in Air.-None. 
'/'rnsilr 8trrn_qth.-Rhould be at least 150 pounrls per square 

ineh. 
Inci Jlil'll I l' itrifieatiou.-Should be low-between Cones 012 

and 01. 
Vitrificutioii.-Rhould be at least two eones aboye incipient 

vitrification. 
Fire 87win7>ugc.-Shonld be as low as possible; 4 per eent is 

about the up11er limit . 
. tbso1·ptio•u.-Not less than 15 per cent; higher is desirable. 
Chemical Clwmcter.-Iron oxide varies between 2 and 7 per 

eent. The alkalies average 3 per cent, but .may reach 15 per 
cent, in which case the tile is hard to burn without loss. The 
lime content should be low-not much over 1 per cent. A high 
magnesia {:On tent i:-: deRirable, but this Rnhstanee does not average 
over 1 per cent. 
· Washing.-This is never necessary. 

Orogging.-Finely ground grog is often employed, or the 
same result may be secured by niixing two different clays of the 
proper characteristics. 

Warping, etc.-Warping and cracking cannot be tolerated. 
·and even yery Rlight swelling, checking, or f'rar-ldng is most nn
•lPsirable. 

SEWER-PIPE OLA Y 

i'!utccr Pipes Defined.-Sewer pipes are vitrified c~'lindrital 
pipes provided with flanges at one end. They are made by tern· 
pering the clay in any fashion, and then molding it in specially 
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designed pipe presses, from which it issues in completed form. 
After careful drying, the pipes are usually burned in circular 
do"·n·draft kilns and are salt·glazed. 

Textnre . .:....Should not be sandy . 
. ~Ton.permissible Impttrities.-No impurity is harmful unless 

present in considerable quantity. 
Plasticity.-Should be fine. 
Cohesion.-1\fust be strong. 
Wat(w for Maximum Plasticity.-Should be low. 
Air 8hriukage.-8ix per cent is probably about the maximum 

allowable, and a lower shrinkage is much to be preferred . 
. lllowable Cracking in Air.-None. 
Tensile 8tren.gth.-8hould be at least 125 pounds per square 

inc· h. 

Vitrificati.:on.-Vitrification should take place at as low a 
(·one as possible-the average is about Cone 3. 

riscosity.-1\fust be at least five cones above vitrification. 
Fin· 8hrinkaue.-Fom· per cent is about the maximum allow· 

able. The total shrinkage in the clay must nm·er be oYer 10 per 
cent under any circumstances. 

Absorptio11.-l\fust be above 1 per cent below Cone 03 in order 
to avoid brittleness. 

Chemical Olw raf·ter.-lron oxide and other fluxes are usu· 
ally rather high-10 to 1:2 per cent. The ratio of silica to 
alumina must be between ±.6 to 1 and 13.5 to 1, in order to make 
salt·glazing possible. Soluble salts make salt.glazing difficult or 
impossible, unless the pl'0('€88 is conducted at Cone R, or above; 
then as much as 3 per cent of these may be present. 

Trashing.-This is never necessary. 
(}roquing.-Finely ground grog must often be employed. 

The same 1·esult may frequently be secured by mixing two clay" 
of the proper ehal'acteristics. One of these is often a fire·clay. 

Warpiny, etc.-Cracking, warping, or swelling cannot be 
tolerated. Blisters and ehecks cause the ware to be classed as 
"seconds." 

CLAY FOR HOLLOW STRUCTURAL MATERIALS 

Hollow 8tr·uctttml Matainls Defined.-Hollow sb·ucturalmn· 
terials are unvitrified and are made in larger, thinner pieces than 
brieks. The larger pieces are strengthened with crol'Js·webs, and 
all combine relatively light weight with sufficient compressive 
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st I'PIJgth and superior heat-, cold-, and dampuess-resisting quali
ti<'S. The following three varieties ul' hollow structural materials 
a 1-e 1·ecognized : 

Fire-Proofing: Hollow material used in the partitious. iu
t<>rior arches, and as wall-furring in fire-proof buildings. 

'/'erra-Onfta Ln111ber: Hollow material that is very soft and 
porouR. due to the admixture of nnwh sawdust with the <·lay. 
This lllll'liR out and leaves n produd that is Ro porous that nails 
('an be driven into it. Terrn-cottn lumber is much used for p:w 
titions. 

Hollow Bricks wul Blor-l•s: Rectangular hollow material 
from the size of a brick up to dimensions of a foot o1· mor<'. 
'rhese are used for extcrior walls. 

"Ul varieties of these products al'<' made by forcing the tem
pered day through a die of the proper shape, after whid1 it i:< 
n1t into the desired lengths with wire, dried, and burned in down
draft kilns. 

7'c.rhwe.-Should not be sandy. 
Yon-per111 is sib lc Impu rities.-N o impurity is harmful unless 

prrsent in considerable quantity. 
Plasticity.-Should be fine. 
Cohesion:.~Must be strong. 
11'ater for Jla.rimum Plasti<·ity.-Should be low . 
. lir 871rin7•oqc.-Should be less than 6 per cent. 
8luki11g.-Should slake in a few minutes. 
AlloiCable ('rackl·II!J in A ir.-None. 
7'en8ilr 8fn'llrJfh.-Rhould l1e at least 1:!5 pounds per square 

inch. 
I11cipicnt Y.itrifinttiou.-'rhe lower the temrJernture at which 

a :;;teel-hard condition r·an be obtained, the better. 
l'itrificatinn.-Should he at least two cones nhoYe incipient 

dtrification. 
Fire Shrinkuyc.-Should he below 4 pet· cent. 
Chemical ('hara.cter.-" \ low refrad01·y or non-refraetory 

clny is often used. 
lVashiny.-This is neyer necessa1·y. 
Gro_gging.-Finely ground grog is often used, or a non-re

fractory and a low-grade fire-ela.Y are mixed to decrease the 
~hrinkage and tendency to warp. 

Wctrpin[t. ctc.-~n warping·, swelling. blistering. or cracking 
1·an be tolerated. 
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ROOFING-TILE CLAY 

Roofing-Tiles Defined.~Roofiug-tiles, as the 
are water-proof tiles used for roofing purposes. 
all~- made in one of the following three shapes: 

ua me indicates, 
They are gener-

8hinqlc Tiles: Thin, flat plates which are mmally vitrified. 
Roma11 Tiles: Vitrified or unvitrified material that has the 

shape of a hollow cylinder split longitudinally. 
Interlocking Til<·s: Vitrified o1· uuYitrified material so shaped 

as to interlock into a water-tight. whole. 
In making all Yarieties of l'Oofing-tiles, the clay is usually 

ground to twenty-mesh, <·arefully tempered, and forced ihrongli 
a die of proper shape. The shingle and interlcwking tiles issue 
fr·om this die as a flat ribbon, whid1 is cnt into dc•sirP<l lengths. 
while the ribbon from which the Roman tiles are cut has the forlll 
of a trough with a semi-circular section. To shape tlw interlock
ing tiles. the flat plates of damp clay are repressed in spedal ma- , 
<·hines, and are kept in wooden or plaster molds until dry. 

If the product is too porous, it may be covered with a lead 
glaze or salt-glazed. 

Te.t·fttrc.~" \It hough the clay is ground, pebbles or coarse 
sand interfere with this process and make it expensive. 

Non-permissible I111pwritics.~Calcite, gypsum, pyrite, c-ar
bonaceous matter. 

Plastil"ity.~Should be fine. 
Water for .lfa.1·imnJJI- PlasticUy.~Should be low . 
. Hr Shl'inkagc.~Should not be over 4 per <·ent for interlock

ing tiles, and not much higher fo[· other types. 
A_llowablc Cracking in Air.~)[one. 
Tensile 8tn·ngth.-Should be at least 150 pounds per square 

inch. 
Incipient l'itrification.-Should be as low as possible. 
Yitrification.-Should be at least two cones above incipient 

vitrification. 
Viscosity.-If the tiles are vitrified, the vis('osit.r tempera

ture should be at least five cones above the vitrification point. 
Color Bnrncrl.-Red tiles are the most popular, but brown 

and buff one:-:; :u~ sometimes used. If the tiles are tu be glazed, 
the color does not matter. 

Fire Shrinkage.-Should not be over 2 per cPnt for inter
locking tiles, and not much highe1· for other types. 
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clbsorption.-The tile must be glazed if the absorption is 
above 10 per cent 

Chemical Oharacter.-This depends upon whether the tile is 
to be vitrified, the color desired, and the kind of glaze used. 

Washing.-This is not necessary. 
Grog,qing.-Finely ground grog is usually needed to lower 

the shrinkage and decrease the "'arping. 
Warping, etc.-;\ very little warping is permissible in the 

l':tse of shingle or Roman tiles, but absolutely no warping or 
cracking can be tolerated in the ease of interlocking tiles. The 
tests previously described will hardly suffice to prove conclu
sively that a day if.l ada11ted to the manufacture of interlocking 
tiles. For this purpose, some tests on speeially shaped pieres 
should be conducted, as follows : 

Specially shaped test-piece for ascertainip.g whether a clay is adapted to the 
manufacture of interlocking roofing-tiles 

Special Tests for Jntcrlock1:ng Roofing-Tiles.-Temper the 
ground clay to a condition of maximum plasticity, and mold a 
piece into the shape and dimensions shown in Figme l. Be cer
tain that the upright portions are thoroughly amalgamated to 
each other and to the base. Then smooth the surface A-A' with 
a piece of oiled plate-glass, and press a shallow line onto this sur-
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face with a perfectly smooth, shaqJ straight-edge. After the 
clay has completely dried, examine it for signs of cracking, par
ticularly at the junctions of the three pie(·es, and see whl'lher the 
straight-edge will still fit perfectly into the line pressed onto the 
surface A-A'. Repeat the operation after the test-piece has been 
burned. If any r·racking or warping takes place under these con
ditions, the clay is not adapted !1~-' found to the manufar·ture of 
intPl'locking roofing-tiles. 

REFRACTORY-GOODS CLAY (FIRE CLAY) 

Refractory Goods Defined.-Refractory goods include, as the 
term indicates, all objects whose chief function is to withstand 
high temperatures, although they may also sene as c-ontainers or 
structural material. Among such articles are crucibles, >wmifiers, 
muffles, fire-brick, furnace and stove linings, glass pots, retorts, 
etc. Nothing should be called a fire-clay that doe;;.; not haYe a 
viscosity temperature above Cone 27. 

As might be expected, the properties of clays used in making 
refractory goods yary with the pm·poses for '"hidt they are to be 
used. Two varieties are recognh:able, howe,·er; i. e., those which 
are naturally plastic or which develop plasticity when finely 
ground, and the so-called fiint-clays, which are non-plastic under 
all conditions and must be mixed with plastic material before 
they can be used. The fiint-clays sometimes ha,·e a conr:hoidal 
frndure and a dull vitreous luster. 

In making refracton· articles, a certain amount of finel_v 
ground fire-brick or quartz is often added to the ground and 
screened clay, or it may be added before grinding and the mixture 
ground together. If the tensile strength or plasticity is too low, a 
stronger or more plastic c-lay must be added even at the expense 
of refractoriness. The mass is then well tempered and molded. 
This is usually done by hand, but some products are prl'ssed. 
After partial drying, the articles are usually repressed. Down
draft kilns are commonl_Y employed to burn refractory goods. 

Color UnbnruNl.-White or gray. 
~-on-pel' !II issiblc fm Jillrities.-Anything except cm·bonaceous 

matter and quartz. 
Plasticity.-The higher, the better. A plastic day must often 

be mixed with the one under consideration, in order to develop 
flufficient plasticit_Y to enable the cia~, to be molded. 

rlllowablc CrarT.-ing i11 Air.-None, unless it is to be grogged. 
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'!'ensile t:Jtrength.-It is desirable that the tensile strength 
should be as high as possible, but it is as low HR 25 pounds per 
square inch in some fire-clays. 

Viscosity.-Must he above Cone 27. 
ColoT Bumcd.-.\1ways white or ,-rr·y light buff. 
Absorption.-Where the ware is exposed to corrosion, as in 

crucibles, blast-furnace lining, g-lass pots, zinc retorts, etc., the 
absorption must be low-only a few per cent; but when the 
product is subjected to sudden changes of temperature, it must 
be porous-have a high absorption. ThP absorption is of no im
portance when the clay i:o; made into locomotive, furnace, and 
stove linings, grate backs, gas retorts, and many other articles. 
The best fire-clay has an absorption of over 5 per cent at Cone 10. 

Chemical Ghamcte1'.-Fire-clays usually approach kaolin in 
composition, but the silica is apt to be slightly excessive, and up 
to 4 per cent fluxes may be present. It should be remembered 
that quartz acts as a flux at high tempe1·atures, and that it must 
be added cautiously. 

Washing.-Washing is sonwtimes employed in preparing the 
clay used in the manufacture of glass pots as well as other re
fractory articles. 

Grogging.-Ground grog is nearly always used. 
Warping, etc.-\Yarping, cracking, etc., rarely take place in 

burning refractory articles, doubtless due to the grog used. 

TERRA-COTTA CLAY 

'l'erra-Cotta DeJincd.-Terra-cotta is an ornamental structural 
material that simulates f'arved stom'. 

Terra-cotta is made from ground day that has been thOl'
oughly tempered and forced through a die, from which it issues 
in the form of a square prism with eight-inch sides. This prism 
is cut into cubes, which are piled away and covered with a damp 
cloth until needed. \Yhen a single piece is wanted, it is carved 
by hand, but drupli<'ates are made in plaster molds into which the 
clay is pressed by band. Large pieces are made in sections and 
are not over two inches thick. Cross-webs are used where needed 
to give strength. Drying takes place on floors, and may be re
tarded so as to prevent warping in the case of Yer,r large pieces. 
After the drying is completed, a coating m· slip of a mixture of 
kaolin, ball-clay, quartz, feldspar, and various fluxes is often 
sprayed upon the raw clay. It is then dried again, and is finally 
burned. Circular down-draft kilns are usually employed. 
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When the ware is coated, the Jll'Oc·ess just described gives a 
vroduct with an impervious surface of any desired color that 
usually has a matte or semi-matte finish. High-lnstered glazes 
are sometimes used, however. 

Non-permissible Irnpuritics.-Calcite, gypsum, pyrite, much 
carbonaceous matter. 

Plctsticity.-Must lw goorl if made in molds, and very fine 
if r-arved by hand. 

Cohesion.-Must be strong. 
Water for Jfa.rimu111 Plastic·ity.-Rhould be lO\Y . 
. lir Shriukage.-Shonld be well under 6 per cent. 
A llo1cable ('md•ing i11 .1 ir.-None. 
Tensile Stn·ngtli.-A.t least 100 pounds per sqnare inch. 
ritrificatioll.-Rlwuld be at least five cones above incipient 

vitrification, since, although ihP ware is not dtrified, it must 
burn ye1·y dense and hard. 

Color Bnn1rd.-Rhould be attradin•, if the product is not 
coated. 

Fire 8hl'inkage.-Should be less than 4 per cent. The total 
shrinkage must not be over S per cent. 

_,.lbsorption.-Should be undet G per c·ent, unless the product 
is coated. 

Chemical C'ha1·acter.-Semi-fire-l'lays m mixtures are often 
used for terra-cotta. In any case, the clay must be low in lime 
and soluble salts, since the former causes shrinkage and the lattn 
come out through the slip in drying. 

Washing.-This is sometimes done, at least so far as part of 
the ingredients are concerned. 

Grogging.-Finely ground g1·og may be used, if it does not 
decrease the plasticity too much. 

Warping, etc.-No warping, cracking, etc., can be tolerated. 
It is best to test clays that seem adapted to the manufacture of 
terra-cotta according· to the method outlined under "Rpecial 
Tests for Interlocking Roofing Tiles,'' on page 81. 

VITRIFIED OR PAVING-BRICK CLAY 

Yitrified o1· Paving-Bricks Defined.-No definition is neces
sary, as the names are self-explanatory. 

Vitrified bricks are usually made by grinding, scrrening, and 
tempering the clay, and then making a stiff-mud brick out of it. 
The green brick is then usually repressed to make it denser, re-
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duce the laminated structm·•·. :lnd round its •·ot·m•n;. The re
pressed bricks are commonly dried in tunnels and burned ,·ery 
slowly in down-draft kilnR, after which they are VPl'Y gradually 
cooled. 

Whether a clay will make a satisfactory paving-brick 
can be determined with certainty only by testing the r·ompleted 
brick itself in a piece of apparatnl', called a rattler, which tests 
the hardness, toughness, and strength of the p)'()dncL It is, how
ever, not even worth while to make <1 rattler test upon bricks 
made from clayR which do not •·onform to thP following specifica
tions: 

Temture.-Should be coarse, but not sandy. 
Non-permissible Impurities.-Limonite is the only visible im

purity permissible, but fine-grained quartz, feldspar, and c·alcite 
are often present in good grades of matPJ·ial. 

Plasticity.-Rhould be fair. 
Cohesion.-Should be strong. 
A.ir Shrinkage.-Should not be over:-: per cent. 
Slaking.-Should f'lake in a few minutes, unless the raw 

material is ground. 
Cracking Allowed.-Slight cracking is permissible. 
Tensile Strength.-Sixty pounds per square inch is the mini

mum allowable, ancl higher figuref.\ are very desirable. 
Vitrification.-A long fusion period i:-; necessary in order 

to produce a strong, tough product; so the vitrification tempera
ture should be several cones-the more, the better-above incipi
ent vitrification. 

Viscosity.-Must be at least eight cones above vitrification, in 
order to secure a product of the first quality, but a difference of 
five cones may answer in some cases. 

Color Burned.-Red-burning clays are most apt to make good 
dtrified bricks. 

I -
F~re Shrinkage.-Should not be over 8 per cent. 
Absm·ption.-The ware is vitrified, and the absorption will 

- thus be low; but a good tough product cannot be made if a test
piece shows an absorption of 1 per cent or less before Cone 5 is 
reached. 

Chernical Charactet·.-Fifty analyses of vitrified brick clays 
show an average of 13 per cent fiuxes. It is often necessary to 
mix several clays to secure the required chemical and physical 
properties. 

Waslving.-This is not employed. 
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Grogginv.~Finely ground grog may be, and often is, used. 
Warpinrt. etc.-No warping, cracking, etc., can be tolerated. 

FLOOR-TILE CLAY 

Floor Tiles Dcfined.-;-FlooJ· tiles are polygonal, mmally 
square or hexagonal, tablets used as flooring. The following 
,-arieties at·e recognized : 

Face-Tilrs: A thin facing of carefully selected and prepare<l 
material i,; haeked by cheaper clay of the same air and fire 
si1J·inkage. 

Tessenu·: The whole tile is composed of the same material 
throughout. 

Encaustic Tiles: This term is used rather loosely for two 
quite different products. The first is a tile which shows a vari
eolored pattern as a result of the presence in each tile of a number 
of earefully anauged masses of clay which burn to different 
colors. This mrie1~- i:,; often called inlaid tile. The ser-ond type 
also shows a pattern when laid, but this result is produced by the 
use of solid-color tiles of various shapes, sizes, and tints. The 
individual tiles in this latter variety may, evidently, be of either 
the face-tile or te:,;serae type. Inlaid tiles are usually faee-tiles, 
but inlaid tesserae have been made. 

Face-tiles and tesserae may be white or eolored. 'l'hey are 
usually vitrified, but Yitrification is not possible when red tints 
are desired. 

At the present time practieally all floor tiles are made by the 
dry-press process (seep. 70). Face-tiles are made by sprinkling 
a layet· of the faeing material in the bottom of a die, filling the 
die with backing day, and then applying pressure to the whole. 
Inlaid tiles are molded in a die which contains a loose, inner 
framework of thin brass strip:,; which outline the pattern desired. 
Clays which burn to the desired colors are sifted into the various 
areas thus outlined. 'l'he brass framework is then removed and 
the material is pressed. In the case of inlaid face- tiles it is, of 
course, necessary to use the brass framework only while placing 
the facing material in the die. 

Various kinds of clay are used in making floor tiles. These 
may, in unusual cases, be used alone as mined, but usually they 
are mixed with more or less quartz and feldspar. Fine, white, 
vitrified tiles are -often manufactured from high-grade porcelain
or ball-clays, mixed with feldspar and quartz. Fire-clays fre-
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quently form the ba~e of buff tiles, while red ones inay be made 
of fairly low-gr·nde material. Burning is carried out in clown
draft kilns. 

The following properties are essential in clays o1· mixtures 
used in making floor tiles : 

1'extlt.rc.-Tile matel"ial is always ground; so the texture is 
immaterial. No pebbles should be present, however, as these wear 
the grinding apparatus and make it inefficient in its action. 

Color Unburned.-Must be white or gray for making white 
tiles. 

Non-permissible Imptwities.-Visible impurities must be lack
ing, except when colored tiles are desired. The impurity must 
then be limited to that substance which produces the color. No 
soluble salts can be present. 

Cohesion.-Must be high, or the unbumed tiles will break 
readily .. 

Vitrification.-Should be several cones (the more, the better) 
above incipient vitrification, since a hard, tough product is essen
tial. Should be at least eight cones below viscosity, if the tiles 
are Yitrified. It is desirable that Yitrification should occur at as 
low a temperature as possible, if the ware is unvitrified. If vitri
fied, a tough, hard product can rarely be reached below Cone 5. 

Color Burned.-Must be pure white for white tiles and of 
attractive tints for colored ones. 

Fire Shr-inkage.-Should be less than 8 per cent. 
A.bsorption.-Will be ,-ery low in most cases when dtrified. 

The maximum allowable is about 8 per cent in all instances. 
Chemical Character.-As has already been stated, many 

grades of clay are used, depending upon the kind of tiles to be 
made. 

Washing.-Washing i~-; often applied to at least a portion of 
the ingredients of some tiles.· 

(frogging.-Finely ground grog may be used. 
Warping, etc.-Absolutely no warping, cracking, blistering, 

checking, or swelling can be tolerated. 
Additional._:_Great hardness and shearing and cr-ushing 

strength are essential in floor tiles. A soft or brittle product is 
sure to prove unsatisfactory. 

WALL-TILE CLAY 

Wall Tiles Defined.-Wall tiles are rectangular tablets, 
glazed on one face, which are used as a w~ll-covering. They are 
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made of white-burning clay which is molded by the dry-press 
process (see p. 70), burned to incipient YiiTification, glazed, and 
reburned at a considerably lower temperature. The tiles may be 
decorated by molding a design in relief upon the surface, printing 
or painting del-\igns upon them, ot· u::;ing colored glazes. 

The onl~- t·equirements of a wall-tile clay is that it shall be 
fine-grained or be ground fine, contain no Yisible impurities, have 
a high cohesion, burn perfectly white, show no warping, cracking, 
etc., when green or burned, mtd conform to the fire shrinkage of 
the glaze used. 

CONDUIT CLAY 

Conduits Definnl.-Conduits ;u·e hollow blo(·ks of various 
dimensionfo; awl sections which have rounded edges and are used 
as eon tainers for eleetl'ical t1·auswh:e;ion wires underground. ThP:V 
may be diYided by longitudinal paditions into several compart
ments. 

Conduit:-: are made in the same way a:-: hollow structural 
material (seep. 79), but the ends are smoothed ot· rounded 
before drying, and salt-glazing is used. The clay used for con
duits ie; identical with that from which hollow structural ware is 

' formed, except that it is essential that it burn dense and hard. 

ENAMELED-BRICK CLAYS 

Enameled Br·icks Dcfine(l.--Enameled bricks are commonly 
vressed-rarely, soft- or stiff-mud-bricks that have one enameled 
sul'face. 'rhey are usually used in interior work, but are some
times employed in trimming extet·iors. They should be laid with 
tight, neat joints, and this is facilitated by molding indentations 
on the unenameled surfaces, or making holes through each brick. 

The enamel is either an artificial mixture or a natural slip-
usually the former. It may be white or of many attractive tint1-1, 
and is applied to the green brick in most instances. 

The only requirements of a clay that is to be made into 
enameled bt·i(·ks are those essential to the process used, and the 
additional ones that the brick shall hare a neat appearance, burn 
to a buff or white tint, and conform in air and fire shrinkages to 
the enamel used. 

SLIP OR GLAZE CLAY 

8lip Defiuerl.-Slip is a clay which melts at a low tempera
ture to a gla:-:e; or glaze, usually of green or brown color. It il-l 
considerably used on pottery. 
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Slip is applied to the \Yare by mixing it with water to the 
eonsistency of paint, and then using it as a spray or dip. 

Texture.-Must be uniformly fine-grained. 
Non-penn issiblr li!IJill ritie.~.-No visible impnritie,;, excPpt :1 

,;tain due to limonite, may be present. 
Air Shrin ka_qr.-Should be under 8 per cent. 
Cracking Allo1rable in A ir.-None. 
l'iscosity.-Should be as little as possible abow• (Jone fi. 

Color Burned.-Should be attractive. 
Fire Shrinkage.-Should net he ol'et· 4 per eent. 
Chemical Charar·tcr.-);. high pet·eentage of fluxes. is always 

present. These usually amount to from 15 to ::o per cent of the 
weight of the clay. Sometimes the fusion point is lowered by the 
addition of artificial fluxes. 

1Vashing.-Washing is often necessat·y iu <mler that a smooth 
g-laze may be produced. 

Grogg,ing.-Grog is ne\'er employed. 
1Varping, etc.-No cTacking, blistering, m· :-<\Yelling can he 

tolerated. 

GUMBO OR BALLAST CLAY 

Gumbo Defined.-Gumbo i:-; an exceedingly fine clay which 
i:-; ,·ery plastic and has a high cohesion, but which dries slowly, 
and shrinks and cracks very badly in the process. True gumbo is 
usually colored black by organic material. \Vhen lighter in color, 
it is called hard-pan. 

Railroad balJast is made from gnmbo hy 1-'preading a thid;: 
layer of the wet clay on top of a pile of cord wood, which is then 
lighted. Enough heat is developed to drive off the moisture and 
combined water, and to break the mass up into small angular 
fragments which make splendid ballast. 

Any clay which breaks up ba<lly on drying ean he used in 
this way to make road ballast. 

PORTLAND-CEMENT CLAY 

Portland Cement Defined.-Portiaud cement is made by burn
ing to incipient vitrification and then grinding very fine a mixture 
of calcite, kaolin, and silica. When this product is moistened 
with water, it sets slowly into a mass of stony hardness, due to 
the slow formation of minute, intel'locking crystals. The usual 
usage is to employ about 75 per cent of pure limestone and 25 per 
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cent of siliceous clay or shale, but occasionally a ('alcareous clay 
or shale, called a marl, is found which contain!'l aH three ingredi
ents in the correct proportions. 

Portland-cement clays must be free from concretions, pebble,;, 
or coarse fragments of any kind. Otherwise, they nu·y widely in 
characteristics. 

CLAYS USED IN AN UNBURNED CONDITION 

Mineral Paint.~Some clays. stained with carbonaceous mat
ter or iron or manganese oxides form inexpensive and satisfactory 
paint for. wood when ground and mixed with oil. Ocher, umber, 
and sienna: are names giyen to some of these, and the natural 
colors shown are yellows, browns, drabs, and gra~·s. Some paint
clays are used after burning as well as in the raw state. In order 
to be adapted to such a use, clay must be fine-grained and free 
from grit, and have a desirable and homogeneous color. 'l'he 
value also depends somewhat upon the amount of oil required to 
give it the proper consistency. 

Paper Clay.~Large quantities of high-grade clay are used 
by paper-makers as a filler. Such da~· must be fine-grained and 
free from sand, very plastic, and of pure w)lite color.· Washing 
is usually necessary to secure the desired qualities. 

Fuller-'s Eurth.~Fuller's earth is a non-plastic clay contain
ing an unusually high percentage of water of crystallization. It 
is used to remove the grease from (fuller) woolen cloth, to purify 
oils, and in the manufacture of soaps for removing grease. No 
study of physical or chemical proper-tiPs suffices to enable one to 
decide whether a clay is adapted to any of these uses. Its value 
can be ascertained only by actual tests under normal working 
conditions. 

Polishing-Powder.~Many polishing-powders have a clay base. 
For such use a clay must contain a great deal of very finely di
vided q~artz. 

Abrasirc llfaterial.~'l'he well-known Bath brick, which il' 
employed so extensively for scouring steel utensils, is made on L 
of a very fine-grained, quartzose clay found along the bankH of 
the Parrot River in England. Clay is also used as the cementing 
or bonding material in emery wheels. The mixture of clay and 
emery is molded and burned until the clay particles fuse, and this 
cements the emery grains together. Clay so used must fuse to a 
tough, hard mass at a low temperature. 
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Ultramarine Ulay.-Very fine-grained white clay, which has 
usually been washed, is used in the manufacture of ultramarine. 
Such clay must r-ontain little iron and lime, and no excess of 
silica. 

Adobc.-A(lobe is a fine-grained transported clUJ' of consider
able plasticity and high tensile strength, which is mixed with 
straw and used in the manufacture of unburned bricks and 
plaster. Houses constructed of thi:-; material are cool and other
wise satisfactOI'y where the climate is arid. 

Food and Oaudy Adultcrant.-Large quantities of very fine
grained, non-sandy ("lays of the p1·oper color are used, unfortu
nately, for such pnqJOses a:-; food and candy adulterants. 

Medintl Plastf'rs.-Clay forms the base of many medicated 
plasters much used for reducing inflammation, such as Anti· 
phlogistine, Ka-o-tol, and DenYer :\Ind. Such clays are highly 
aluminous, absolutei.Y bon-gritty, plastic, and very fine-grained. 

Additional UNcs of Olay.-Ciay is also used to retard the set
ting _of cements 11sed in place of lime mortar, and in the manu
facture of alum. 



CHAPTER VI 

The Classification of Clays 

"\!most as man~· classifications of clays are in use as there 
are clay-workers. ~ome are based on the origin of a clay, and 
others on its fusibility alone; some take into consideration onl.Y 
the physical characteristics and the uses to which the t"lay i~ 

adapted, while others take cognizance of two of these factors. 
The following classification according to origin is a combina

tion of those suggested by Ries and Buckley : 
I. Residual derived from-

A. Granitic or gneissoid rocks. 
B. Basic igneous rocks. 
c. Limestone. 
D. Slate or shale. 
E. Sandstone. 

II. Transported by-
A. Gravity assisted by \Yater (near the heads and along 1he 

slopes of ravines). 
B. Ice (resulting mainly from the melting of glacial ice, and 

often stony). 
C. Water. 

a. .Marine (in the sea). 
b. Lacustrine (in lakes and swamps). 
c. Streams (flood-plain deposits). 
d. Estuarine (in estuaries). 
e. Cl!-emical deposits. 

n. Wind. 
The following classification by Ries, based on the fusibili(Y 

alone, is in general use: 
Highly Refractory or No. 1 Fire-Clays: Fuse above Cone :)3. 
Refractory or No. 2 Fire-Clays : Fuse between Cones 31 and 

33, inclusive. 
Semi-refractmy Clays: Fuse between GoneR :27 and 30, inclu 

sive. 
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Low Refradory Clays: Fuse betwee11 Cont>s ~0 and 26, inclu-
sive. 

Non-refractory Clays: Fuse below Cone 20_ 
The following classification is based upon fusibility and three 

other physical features, and all the clays described in this report 
are classified according to this scheme. Clays used unburned are 
not mentioned in this tabulation: 

I. Semi-refractory or Refractory Clays: Fuse at Cone :n or 
higher. 

Vitrifying (V) : At least five cones between vitrification 
and viscosity. 
White-Burning (W). 

High Shrinkage (H) : 'rota! shrinkag-e at vitrification 
12 per cent or more. 
(Refractory goods, vitrified floor tile, ball-cia~-. wall 

tile, stoneware.) 
Low ~hrinkage (L) : Total shrinkage at vitrification 

Jess than 12 per cent. 
(Porcelain, refractory goods, vitrified floor tile, ball

clay, white-ware, yellow or Rockingham ware, wall 
tile.) 

Colored-Burning (C). 
High Shrinkage. 

(Stoneware, vitrified floor tile.) 
Low Shrinkage. 

(Yellow or Rockingham ware, vitrified floor tile.) 
)[oll-\-itrifying (N): Less than five cones between dtrifica

tion and viscosity. 
White-Burning. 

High Shrinkage. 
(Refractory goods, ball-clay, wall tile, non-vitrified 

floor tile.) 
Low Shrinkage. 

(Refractory goods, white-ware, ball-cla.r, Jellow or 
Rockingham ware, wall tile, non-vitrified wall 
tile.) 

Colored-Burning. 
High Shrinkage. 

(None-vitrified floor tile.) 
Low Shrinkage. 

(Non-vitrified floor tile, yellow or Rockingham 
ware.) 
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I I. LQw Hefractory and High Grade Non-refractory Clays: 
Fuse at Cone 12 or higher. 
Vitrifying. 

\ Vhite-Burning. 
High Shrinkage. 

~trong Cohesion ( S). 
(Ball-clay, vitrified floor tile, stoneware, wall tile, 

earthenware; pressed, enameled, stiff-mud, and 
:-;oft-mud brick.) 

Poor or Weak Cohesion (I'). 
(Stoneware, earthenware, soft-mud hi•if·k.) 

Low Shrinkage. 
Strong Cohesion. 

(Porcelain, white-ware, ball-clay, vitrified roofing
tile, terra-c-otta, hollow strudm·al material, con
duit, yellow or Rockingham ware, vitrified floor 
tile, wall tile, earthenware; pressed, enameled, 
stiff-mud, and soft-mud brick.) 

Poor Cohesion. 
(Porcelain, white-ware, dtrified roofing-tile, yellow 

or Rockingham ware, earthenware, soft-mud 
brick.) 

Colored-Burning. 
High Shrinkage. 

Strong Cohesion. 
(Stoneware, vitrified floor tile, earthenware; 

flashed or fresco, pressed, enameled, stiff-mud, 
and soft-mud brick.) 

Poor Cohesion. 
(Stoneware, earthenware, flashPd and soft-mud 

brick.) 
Low Shrinkage. 

Htrong Cohesion. 
(Sewer pipe, vitrified roofing-tile, terra-cotta, hol

low structural material, conduit, yellow m· 
Hockingham ware, dtrified floor tile, earthen
ware, drain tile; flashed and fresco, pressed, 
(-name led, stiff-mud, and soft-mud brick.) 

Poor Cohesion. 
(Vitrified roofing- tile, yellow or Hockingham 

ware, earthenware, flashed and soft-mud brick.) 
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Nou-rit1·ifying. 
White-Burning. 

High Shrinkage. 
Strong Cohesion. 

(Ball-clay, non-Yitt·ified floo1· tile, wall tile, earth
enware; pressed, enameled, stiff-mn1l, and soft
mud brick,) 

Poor Cohesion_ 
( Earthenwa1·e, Roft-mud brick.) 

Low Shrinkage. 
Strong Cohesion. 

(White-ware, ball-clay, non-ritrified roofing-tile, 
terra-cut ta, hollow sti·uctural material, conduit, 
yellow or Rockingham wa1·e, non-vitrified floor 
tile, earthenwa1·e; pressed, enameled, stiff-mud, 
and soft-mud bJ•ick.) 

Poor Cohesion. 
(\Vhite-ware, non-vitrified roofing-tile, yellow or 

Rockingham ware, e;1rthenware, soft-mud brick.) 
Uolored-Bmning: 

High Shrinkage. 
Strong Cohesion. 

(Non-vitrified floor tile, earthenware; prPssed, en
ameled, stiff-mud, and Roft-mnd hrick.) 

Poor Cohesion. 
(Earthenware, soft-mud brick.) 

Low Shrinkage. 
~trong Cohesion. 

(Non-vitrified roofing-tile, terra- cotta, hollow 
:>tructural material, conduit, yellow or Rocking
ham ware, nou-riti·ified tloor tile, earthenware, 
drain tile; pressed, enameled, stiff-mud, and 
soft-mud brick. J 

1 'uor Cohesion. 
(Non-vitrified rooling-tile, yellow ot· Roekingham 

ware, earthenware, soft-mud brick.) 
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III. Low-Grade Non-refractm·.v: Fuse under Cone 1~. 

(4) 

Vitrifying. 
White-Burning. 

High Shrinkage. 
Rtrong Cohesio11. 

(Vitrified floor tile, 
lJI"<'RJ't>d, emmwle<l, 
brick.) 

Poor Cohesion. 
Low Shrinkag<>. 

Strong Cohesion. 

wall tile, earthenware: 
stiff-mud, and soft-mucl 

(Vitrified roofing-till', terra-cotta, hollow :-;truc
tural material, ('O!ldnit, vitl'ified ftoor tile, wall 
tile, earthenware; pre:-;:-;ed, enameled, stiff-mud, 
and soft-mud ])]'ick.) 

Poor Cohesion. 
(Vitrified roofing- tile, earthenwm·e, soft- mucl 

brick.) 
Colored-Burning. 

High Shrinkage. 
Strong Cohesion. 

(Vitrified orick, vitrified floor tile, earthenware; 
flashed and f1·esco, pressed, enameled, stiff-mud, 
and soft-mud !wick; balla:-;t.) 

Poor Cohesion. 
(Vitrified brick, vitrified floOl' tile, earthenware, 

flashed and soft-mud bl'ick; ballast.) 
Low Shrinkage. 

Strong Cohesion. 
(Vitrified JJr·ick, sewer pipe, dtrified roofing-tile, 

terra-cotta, hollow structural material, conduit, 
vitrified floor tile, earthenware, drain tile; 
flashed and fresco, pressed, enameled, stiff-mud, 
and soft-mud brick.) 

Poor Cohesion. 
(Vitrified brick, dtl'ified roofing-tile, earthenware; 

flasherl and soft-mud bl'ick.) 
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Non-vitrifying. 
White-Burning. 

High :-:lhrinkage. 
Poor Cohesion. 

(Non-vitrified fioor til!>, \\'all tile, eal'themval'e: 
pressed, enameled, Htiff-mud, and soft-mud 
brick.) 

Poor Cohesion. 
(Earthenware, soft-mud brick.) 

Low Shrinkage. 
Strong Cohesion. 

(Non-vitrified roofing-tile, terra-cotta, hollow 
structural material, conduit, non-vitrified floor 
tile, wall tile, earthenware, slip; flashed and 
fresco, pressed, enameled, stiff-mud, and soft
mud brick.) 

Poor Cohesion. 
(Non-vitrified roofing-tile, earthenware, slip, soft

mud brick.) 
Colored-Burning. 

High Shrinkage. 
Strong Cohesion. 

( Non-Yitl'ified floor tile, earthenware; pressed, en
ameleJ, stitf-mnrl, and soft-mud brick; ballast.) 

Poor Cohesion. 
(8arthemvm·e, ~oft-mud bl'ick, balla~L) 

Low Shrinkage. 
Strong Cohesion. 

(Non-Yitrified roofing- tile, terra- cotta, hollow 
structural material, <"onduit, non-vitrified floor 
tile, earthen·ware, slip, drain tile; pressed, en
ameled, stiff-mU£1, and soft-mud brick.) 

Poor Cohesion. 
(Non-vitrified roofing- tile, earthenwn1·e. r-;lip, Hoft

mud brick.) 

Precautions to Be Observed in Using the Preceding Classification-

1. It should not be assumed that all the products men
tioned under the word "vitrifying" are nereHsarily vitrified. Rome 
may be, but others will not be, ritl'ified. It is perfectly possibl!' 
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to make a non-dtrified object out of a clay that will vitrify 
nicely, but thi~ usually entails an economic waste. The same 
principle applies througlwnt the table. 

2. It is not necessarily true that any refractory, vitrifying, 
white-burning clay with a low shrinkage is a ball-clay. The plas
ticity may be poor, and illllay hl' deficient in other ways. Neither 
is it true that all ball-cla.Y j,; refractory, vitrifying, white-burning. 
and has a low shrinkage. Ball-day is mentioned in several place~ 
on the table. The c;anH' thing i" true of other kinds of clay. 

3. It should be remembered that the table is so made out ar-; 
to apply only to the unmodifieu day as mined. It is quite possible 
that, by washing, grogging, o1· mixing it with other material, a 
clay may be so changed as to be useful fo1· purposes for which it 
is decidedly deficient as mined. 

Manner of Using the Classification-

To find for what purposes a clay may be.used, the following 
procedure should be followed: 

1. Determine the refractorilw"s of the clay; i. e., whether it 
falls under heading I, II, or III of the classification. 

2. Note whether it will dtrify; i. e., whether there are at 
least five cones between dtrification and viscosity, or not. 

3. Obsene whethe1· it is white or colored when burned. 
4. See whether the total shrinkage is high or low-above or 

below 12 per cent at dtrificatioi:t. 
5. Note whether the cohesion is strong m· weak. 

It will be found convenient.to use the letters suggested on the 
table for these various properties. Thus, the clay described in 
Part III as No. 128 i" a low-grade non-refractory (III), non
vitrifying (N), white-burning (W) clay with low shrinkage ( L) 
and weak cohesion ( P) . It can, then, be briefly described by 
using these initials and the numeral-IIINWLP. Now, the 
table shows that clays of this type may be used, other conditious 
being favorable, for non-vitrified roofing-tile, earthenware, slip, 
and soft-mud bricks. It i", therefore, necessary to investigate the 
characteristics essential to each of these, as set forth in the last 
chapter. It will prove a simple matter to ascertain that the ten
sile strength of the unburned day is so low as to cause a very 
great loss from breakage of any product; and the absorption is 
also too high for most purposes. There are, then, no products 
which it appem·s possible to make from this day. 
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In case a clay proves to be of type IIVCLS, yet has a total 
8hrinkage of 10 or 11 per cent, it should he remembered that grog
ging will undoubtedly reduce the shrinkage considerably. 

It should never be assumed that a clay i;; adapted to the man 
ufacture of any given product or products until it has been ascer
tained that it possesses all the features essential to that product 
o1· products, or that it can be so modified as to possess all such 
features. If it differs but slightly in one or two particulars from 
the ideal, it may still be possible to use it by exercising special 
care in the molding and bnming processes. Experience is, how
m·er, needed to teach one how much latitude of this kind is per
lllissible. 



PART II 
The Geology and Topography of the Clay

Bearing Formations Examined 

CHAPTER I 

The Area South of Colorado Springs and East of the 
Front Range 

GENERAL GEOLOGY OF THE AREA 

The day- and shale-bearing formations of southeastern Colo
ntdo represent more or less conl'olidated sediments of many dif
ferent kinds that settled in old sea- or lake-beds-both salt and 
fresh; outwaRh deposits c:nried by riyers. rain wash, and gravity 
from the !tig!ter land to the west; and some wind rleposits. They 
were originally laid down in nearly horizontal la~·ers, sometimes 
of great thickness, and still retain that position oYer great areas. 
In some plac-l'S, ho,yeyer, they have been bent or folded upward, 
so that indiddual l1eds are inrlined at an angle with the hori
zontal. This is especially true where they border the old crystal
line rocks which are usually to the west of them. There they may 
be yertical o1· eyen o\·erturned. Subsequent stream and rain 
erosion has remoyed y;n~·ing, hut often YeJ-y great, thicknesses of 
these beds ove1· the en ti1·e area, ;.;o that rocks of quite different 
ua ture and age are often exposed in neigh boring localities, even 
when the laye1·s :ne hol'izontal. 

Not only were these beds deposited at different times, but 
they differ more or less in kind or color from each other; and 
certain names haye been giYen to them and are in general use. 
These are giYen in the f0llowing table, in which is also indicated 
the generally a('cepted geological age, the oldest beds being those 
at the bottom of the table: 
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Period and System Epoch and Serief{ I Formation 

Pliocene (Tertiary) I Nussbaum 

Arapahoe or 

I 
Cuchara 

Eocene (Tertiary 1 Shoshone Poison ('anyon 

Raton (in part) 
--

I 

Laramie 

Trinidad 
Montana 

Pierre 

Apishapa or Niobrara 
Tim pas 

Cretaceous 
Colorado Carlile 

Greenhorn or Benton 
Graneros I ! 

Dakota 

Comanchean Purgatory 

.Jurassic Morrison 

I 
Lykins 

Permian-Triassic (?) Upper Wyoming 

--1 Lyons 

Pennsylvanian Lower Wyoming Fountain 

' 

Recent alluvial gravels, sands, and clays, and wind deposits 
of sand or loess, may overlie, any of these. 

The exact age of the Fountain and Nussbaum is in doubt, 
but is probably as given. 

The outcrops are usually hidden below a covering or mantle 
of soil or wash, sometimes many feet thick. Then, exposures of 
the beds should be sought in gullies, canons, near hill-tops, or in 
artificial excavations. 

The clays and shales examined are, then, not "dykes:' o1· 
"Yeins," as so often styled by the uninformed, but all constitute 
integral portions of these sedimentary formations. All of the 
latter do not contain workable deposits of clay or shale, but all 
are briefly described in this chapter, since it is often difficult to 
locate a given horizon unle'ss the nature of underlying and over
lying beds is understood. The data for the descriptions are taken 
principally from the publications of the United States Geological 
Rurvey, supplemented by personal observations in the field. 
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In some places molten rocks ha,·e worked up into or through 
fissures, or have flowed out on the surface. These form dyke:
and sheets of igneous rock when hardened. Weathering may ulti
mately reduce these to residual clays, but none "·ere noted in 
the region under consideration. 

In a few localities the rocks have cracked, and one side li:1s 
slipped on the other, causing a "fauli:." In this way beds or hog
backs may be displaced considerable distances from their normal 
position. 

It should be remembered that the following descriptions of 
the various formations are of a general nature, applicable to 
wide areas, and that locaJ variations may be found in all of them. 
'l'hesP, however, will not usually be of much magnitude. 

RELATION OF GEOLOGICAL STRUCTURE TO 
TOPOGRAPHY 

The topography depends to a considerable extent upon the 
structure and hardnesi'J of the underlying beds. Where these are 
horizontal and contain some thick, hard, resistant bed or beds, 
mesas or buttes are apt to develop. If, however, the hard beds 
are thin or the different layers do not differ rery materially in 
hardness, bad land topography will be shown, provided the relief 
is great and aridity prevails. ·where the relief is lower, the rain
fall normal, or the beds are practically of equal softness, the sm
face will he rolling or gently undulating. or flat plains will re
:mlt. 

If the beds are inclined a ~ittle from the horizontal, a stepped 
topography will exist in which the harder beds outcrop as prom
inent eliffs or escarpments, all of which face in the same genera 1 
direction. 

Where the layers are upturned to a considerable extent and 
are of unequal hardness, relatively rapid erosion of the under
lying soft beds will undermine the harder ones and leave them 
projecting as long, narrow, sharp-crested ridges, with one slope 
steeper than the other. These are called hogbacks. If several 
notably hard beds outcrop in an area, a series of parallel hog
backs will develop, all of which will have their gentle slopes on 

. one side-the eastern, say-and their steep slopes on the other
the western, in this instance. The hardest or thickest beds will 
then form the highest hogbacks. 
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If the beds are Yertit'al and of unequal hardness, hogbacks 
may still develop, but then the sides m:1y slope with equal or un
equal steepness, and the gentle slopes lllflJ' or may not lw on tlw 
same sides. 

Dykes and sheets of igneous rocks are usually very hard, and, 
where parallel to the sedimentary beds, they may cause the same 
topographic features as hard sediments. When the igneous layer:, 
are not parallel to the sediments, hogbacks of igneous ror:ks maJ 
cross mesas or hogbacks formed of sediments; or sedimentary 
hogbacks may run beneath the igneous capping of mesas. 

Faults do not usually cause topographic peculiarities other 
than the sudden truncation of outerops or hogbacks; but they 
are, in general, lines of weakness, and may cause the formation_ 
of long, straight valle.Ys or furrow-like depressions. 

One familiar with the prineiples above outlined may often 
determine the strueture of nm1Pl'lying beds, even "-hen they are 
covered with gravel and soil. 

Fountain Formation 

Character of the Ro('ks.-The Fountain formation has, to
gether with some underlying beds. been called the Barlito forma
tion around Walsenburg. There it consists of about 100 feet of 
pebble beds cemented into a solid rock called a "conglomerate." 
The color is reddish brown. · On top of this lies 100 feet of brick
red sandstone-cemented sand. which may possibly be the 
equiYalent of the Lyons sandstone mentioned elsewhere. 

Farther north, southwest of Pueblo. the thi('kness expands to 
:2,100 feet, and the material is mostly coarse-grained, deep-red, 
feldspathie sandstones. Conglomerates are common in the lower 
part, however, while red and chocolate-brown shales are plentiful 
near the top. The shales may be, in part at leaRt, the equivalent 
of the Lykins formation described elsewher·e. 

Near Canon City, still farther north, the maximum thickness 
of the Fountain beds is 1,000 feet, and red sandstones and eon
glomerates, with a few light-colored beds, prevail. 

In areas between the above, rocks of an intermediate nature 
may be expeeted. 

Toppgraphy.-'l'he formation usually outcrops in a fairly 
broad valley between the Dakota hogback (see p. 107) and the 
older rocks-either Cambrian-Ordovician quartzites, limestones, 
and sandstones, or Pre-Cambrian crystalline rocks. 
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Clays and Shales.-The Fountain sh:des are so red that their 
iron content is believed to he too high to make them useful for 
anything except. possibly, slip. Also, they outcrop in sparsely 
st'ttied regions and are rarely well exposed; sn no attempt has. 
been 111ade to use them. Indeed, they gaYe so little promise, as 
l'Ompared with tlie higher, younger formations, that they were 
not sampled. 

Lyons and Lykins Formations 

In the region under discussion the Lyons and Lykins forma
tions m·e known to outcrop only in an area about half-way 
l1t:>tween Colorado Springs and Florence; but the Lykins, at least, 
i:-; recognizable in the canon of the Purgatm·y River and in Two 
Buttes in Prowers and Baca Counties. 

Because of their limited distribution and the meagerness of 
the data concerning their exact nature in these areas, their gen
eral discussion is reserved until the next chapter (see p. 124) . 
Slight modifications of the descriptions there given will doubt
less make them applicable to the southern area. 

Morrison Formation 

Character of the Rocks.-~ear the southern boundary of the 
state, the l\forrison formation has a total thickness of about ~75 
feet. It there shows 60 feet of soft, white sandstone underlain 
hy a c-onglomerate at the base. Above follow hard, shaly beds of 
pink and green color; and on these lie varicolored, marly shales 
and clays, containing- thin layers of hard, fine-grained limestone 
in the lower part, and some sandstone and a hed or two of con
g-lomerate in the upper portion. In the nnrhara-Huerfano canon 
only the upper beds are present. 

Farther north the marls of the upper portion lose their shaly 
nature, and are so l1nrd as to constitute an argjllite, which is 
said to have a "bloc-ky" structure. Near the top is found 10-75 
feet of gray, brown-spotted sandstone, which is doubless the same 
as that in which saurian remains are found farther north. Above 
this lies 40 feet of red, dr·ah, and green m·gillite and shale. 

Southwest of Pneblo the maximum thickness is only 70 feet. 
and the beds exposed are chiefly red shale, with some thin layers 
of red sandstone. 

North of Canon City the total thickness of the formation is 
350 feet. It consists of greenish, pinkish, and gn1~· shale and 
marl, with a thin basal bed of limestone overlain by sandstone. 
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Limestone also occurs at numerous horizons in the upper por
tion. About 100 feet from the top is the saurian or spotted sand
stone that has yielded the remains of numerous gigantic dino
saurs. Locally there are several beds of gray and white gypsum 
near the base1 although beds of this mineral are uncommon in the 
Morrison. · 

Topography.-The Morrison beds usually outcrop along the 
side of the Purgatory-Dakota llogback (see p. 107) facing the 
mountains, or else, where the beds are not much upturned, below 
the Purgatory-Dakota escarpment or cliff, especially near the bot
toms of canons. The outcrops are rarely well exposed. 

Clays and 8hales.-lt has been generally believed that the 
:IIorrison clays and shales were too marly-contained too much 
("alrium carbonate-to be useful; but the tests made show that 
this is not always-or even usually-the case in this area. 
Nevertheless, in the majority of cases, their use is limited to the 
manufacture of ordinary bricks, that are apt to be soft and of 
huff or brown colors. Most of the samples fused at Cone 5, or 
lower; but several did not become viscous until Cone 8, and one 
1·esisted fusion until Cone 10 had been reached. In only three 
instances were the points of vitrification and viscosity so far 
separated as to permit the manufacture of vitrified bricks which 
miglit be used in pavements; and the quality of these is very 
rloubtful. 

The results of the tests indicate that one seeking a low
grade clay that is to be bmned only to incipient vitrification 
,;l!ould not ignore this horiL:on. 

Purgatory Formation 

Character of the Rocks.-Until 1905 it was believed that all 
11f the beds previously called Dakota were of Cretaceous age, but 
i1 is now known that those rocks below, and including, the lowest 
hrd of refractory clay and shale, about two-thirds of the whole, 
IYere laid down during the Comanchean period. These haYe been 
named the Purgatory (or Purgatoire) formation. 

In the extreme south the total thickness is 2"30 to 260 feet, 
and the rocks are mostly yellowish or brownish, coarse-grained, 
rather porous sandstones and fine-grained conglomerates, sep
arated by thin bands of shale. Farther north, in the canon of the 
l'urgatory Ri,·er, the thickness is somewhat Jess, and the lower 
two-thirds is almost entirely white sandstone, while the remainder 
is largely s~ale containing thin beds of sandstone. A bed of 
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gray to black-rarely white-clay or shale, of various thicknesl!!es 
up to 20 feet, usually forms the top, and this is sometimes so 

·hardened as to form an argillite. 

East of Pueblo the formation is missing, but it is well. de
,·eloped to the southwest and northwest. There it consists of 
:200 to 500 feet of white, light-buff, or gray sandstone, with a few 

. :,;hale partings, a conglomerate at the base, and the persistent 
shale or clay zone at the top. The greatest tbickness is near 
Beulah, where the rock is almost entirely sandstone, with con
glomerates at, an~ near, the base. 

Topography.-The general hardness of the Purgatory beds 
makes them resistant to erosion to a notable degree, and the out
erops are, therefore, well exposed and prominent. The largest 
hogback bordering the mountains is composed principally of these 
rocks and the overlying Dakota beds. Where the layers are more 
nearly horizontal, the Purgatory-Dakota sandstones form promi
nent cliffs or escarpments. Above these is frequently found a 
IP\'el or slightly inclined, smooth floor, sparsely covered with 
,-egetation; and the escarpments themselves are often divided into 
two portions by a shelf or bench at the persistent shaly zone 
which forms the top of the Purgatory beds. 

Clays and Shales.-The uppermost bed or beds of the Purga
tory formation, consisting of shale or clay, or both, is certainly 
the most uniformly valuable in the area. Part or all of this zone 
is often white-burning and of a decidedly refractory nature
true "fire-clay," in fact. Even where this is not the case it is 
apt to possess qualities that give it value. It is always worth 
testing, as it and the overlying Dakota formation contain the 
only ball-clay, as well as refractory cla;r, known to exist in this 
area. Often, however, the material at this horizon is deficient in 
plasticity and tensile strength, is not cohesive, and must be 
washed or mixed with other clays possessing the properties it 
lacks before it is adapted to the manufacture of high-grade prod
ucts other than refractory ware. 

Beds of clay or shale below the uppermost zone are usually 
too thin to work profitably; so they were rarely sampled. They 
are of various characters, but several tested have value, provided 
the beds be thick enough to permit profitable working and are 
fav~rably situated. 
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Dakota Formation 

Character of the Rocks.-According to the classification here 
used, the name "Dakota" is applied only to those beds above the 
clay or shale zone about two-thirds of the way up from the base 
of what was called the Dakota formation previous to 1905, and 
which is still often thus designated when no subdivision is made. 

In the southernmost districts the Dakota as thus defined 
consists of about 125 feet of compact, grayish-white, fine-grained 
sandstone, containing several beds of light- to dark-colored shale. 
The individual sandstone beds are not so thick as in the Purga
tory, and the shale is somewhat more plentiful. 

Farther north, half-way between the southern edge of the 
state and Pueblo, the formation has a maximum thickness of 
only 85 feet, the shales are less lJlentiful, and the sandstone is in 
thick beds. The sandstone is still light gray in color on a fresh 
surface, but it weathers yellow or brown, and is often covered 
with a thin, dark-brown film called "desert varnish," on which 
pictographs have been cut hy Indians. 'l'he shale bands are 
usually thin and black. 

Southwest and northwest of Pueblo the rocks are similar to 
the above-described occurrence, but the lower beds are more or 
less conglomeritic, and some of the sandstone has a pinkish tint. 

Southeast of Pueblo a portion of the unweathered sand
stone has a buff tint. 

In general, the Dakota sandstone is finer-grained and more 
compact than the Pm:gatory, and is also differentiated therefrom 
by the fact that it is nen•r conglomeritic. Except in the ex
treme south, it is also of a darker color, especially when weath
ered. The thickness of the whole formation or of any component 
bed varies considerably from point to point, and it is rare that 
any one layer can be identified over a considerable area. 

Topography.-The Purgatory and Dakota formations form 
what is practically a petrologic unit; and what has been said 
of the topography resulting from outcroppings of the former ap
plies equally to the latter (seep. 107). Where the Dakota is hori
zontal and outcrops on the surface, it sometimes weathers into 
knob- or turret-like forms. 

Clays and Shalcs.-Clays or shales do not usually form any 
considerable part of the Dakota, but they exist in most localities 
at one or more horizons in beds from a foot or 2 up to 10 feet 
thick. These are practically alw:ays gray or black in color, and 
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ret,;emble dosely the uppermost zone of the Purgat01·.v (seep. 106). 
'l'hey are not quite so apt to be very refractory as the material 
in that zone, however, but make up for this in greater tensile 
strength and plasticity, and stronger cohesion. 

'l'he beds are not persistent for great distances, and their 
character varies considerably from point to point, but, as a whole, 
they probably have wider industrial application than those found 
in any other formation. Probably eYl'I',Y known clay product, ex
cept possibly roofing-tile, could be made from Dakota clay or 
shale found in this area. 

The tests Rhowcd that 36 per cent of the samples collected were 
true fire-clays, fusing. at Cone :w m· above; 40 per cent were 
adapted as mine1l to thl· manufacture of products other than 
brick and earthenware; 13 per cent were good brick or earthen· 
ware clays; and only 11 per cent were pmcticall,r worthless. In 
a number. of instances, howeyer, the beds are too thin to make 
profitable exploitation possible. 

Graneros Formation 

Chnracter of the Hod<s.-Early writers on .Colorado geology 
included the three formations now called Graneros, Greenhorn, and 
Carlile under the name "Benton." They are, howeve1·, easily differ
entiated in the area under discussion, and the threefold subdi· 
vision is now generall.v recognized; so it is used in this chapter. 

The Graneros formation consists essentially of gray to black 
clay-shale, which is somewhat darker in the middle than at the top 
or bottom, but which is very uniform in texture and general ap· 
pearance throughout, and over wide areas. Between the under
lying Dakota sandstone and the Graneros shale there is usually 
a transitional zone of alternating thin beds or laminae of sand· 
~>tone and shale, but in some cases the change from one to the 
other is quite sudden. 

In the extreme south large calcareous concretions are fairly 
common in the upper half; and a hard, concretionary limestone 
a foot or 2 thick lies about 30 feet above the base. This lime
stone weathers into cobblestone-like pieces of bright yellow or 
orange tint. The total thickness of the formation is 200-210 feet. 

A little farther north the lower half sometimes contains 
thin layers of white, plastic clay associated with thin limestone 
beds; neither is persistent for auy considerable distance. The 
orange-weathering sandstone is there onl~· about a foot thick, 
and the underl:ying beds are 35-45 feet thicker than farther south. 
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A fe\Y feet al1oYe this limes!oue is a !i-inch bed of hard sandstone. 
A_bout -t5 fE'("1 frou1 the top occm·:-; a 1-foot bed of platy, fossil
iferous, san<l,r limestum·. 

Southwest, northwest, and east of Pueblo the thickness is 
slightl;r greater, and the fossiliferous bed near the top is as much 
as 2 feet thick. It is there more nearly a calcareous sandstone 
than a limestone. Non-persistent beds of oyster shells occur in 
the lower portion of the formation. 

Near Canon City the rocks are very similar to those alreadJ 
described, but they reach thickness of 250 feet and 350 feet south 
and north, respectively, of that city. 

Topography.-The shales weather easily and rarely form 
prominent topographic features, but the highly colored, concre
tionary limestone bed and the thin sandstone abo,·e form a per
sistent and noticeable bench in some localities south of Pueblo. 
As a mmal thing, Graneros outcrops are to be sought on the 
smooth slope below the hard Greenhorn limestone; but, when the 
upturning has been considerable, the lower beds form a part of 
1hat side of the great Purgatory-Dakota hogback which faces 
away from the mountains, and also extend below the little valley 
between that hogback and the low Greenhorn ridge mentioned 
later (seep. 111). The shales are very non-fertile and are almost 
wholly free from vegetation, except where debris from other beds 
has washed over them. 

Clays and 8_hales.-It is very difficult to speak in general 
terms of the economic possibilities of Benton shales, for the reason 
that their properties change so from place to place, and are even 
unlike at different horb:ons in the same locality. Their varied 
nature .seems to be in no ""ay connected with their appearance, 
since beds that appear to be identical often prove to possess quite 
different qualities. An actual test is necessary before it is pos
sible to say anything concerning the value of material from any 
given point. It can be said, however, that the Benton is very 
apt to yield brick material of unusually high grade. In fact, only 
about 10 per cent of the samples collected are unsuited for such 
use. The color of the unburned product is apt to be some shade 
of pink, and is often light and very attractive; but a few white-, 
buff-, or red-burning shales were also found. 

The test pieces usually became viscous at a comparatively 
low cone (85 per cent at Cone 8, or below, but none below Cone 
1), and only three samples resisted fusion to Cone 12. They rarely 
ritrified well, and but 20 per cent of the samples possessed qual-
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ities indi•·ating the possibilit~- of utilization as paving-bricks. 
None of these appeared very promising. One-fourth of all proved 
to bp adapted to the manufaeture of other products than brick 
or earthenware. It is interesting to note that, contrary to what 
might be expected, the band,; of \Yhite, plastic cla~- in the lower 
part of the formation appl'ar to h:we little or no value and de
tract from, rather than aug111Pnt, the ,-alne of samples containing 
them. 'rhis is due to their n•J·y great shrinkage, and the prob
able present·e of a high perceniage of fluxes. 

Greenhorn Formation 

Character of tltc Rocks.-The Greenhorn formation usually 
comprises 30-50 feet of fine-grained, compact, shaly limestone, 
with included bands of shaly material. It often contains fossils 
of bivalve shells, and, less frequently, coiled ammonite shells. The 
formation is usually transitional into the Graneros below and the 
Carlile above. 

~ear the southern boundary of the area the limestone beds 
are gray and less than a foot thick, while the shales are much 
thinner; but farther north, and around Pueblo, the shales are 
thicker than the limestones and are sometimes white. They 
never reach a thickness of oYer 18 inches, however. 

East of Pueblo the limestone is dove-colored, and th(• shales 
are a darker gray and somewhat sandy. 

North of Canon City the thickness increases to 60 feet, due 
to the thickening and the increased number of the shale beds; 
while in Webster Park only 10 feet, mostly limestone, is present. 

In most places the limestone breaks readily into Yery thin 
plates or slabs, which are scattered abundantly over the out
rrops; but around the town of Graneros it splits into slender, 
foUl'-sided, somewhat wedge-shaped fragments. 

Topoyraphy.-The Greenhorn outcrop is usually narrow but 
prominent, but it may widen to as much as a mile when the beds 
are horizontaL Then, however, it ordinarily forms an irregular, 
pinon-fring~d bench or terrace on the slope below a Tim pas (see 
p. 113) capped mesa ore on the flat above a Purgatory-Dakota 
escarpment. Sometimes it itself caps a low, pinon-covered mesa. 

When the beds are upturned, they develop into a low, pinon
covered ridge or hogbac·k not far from the base of the great 
Pm·gatOI'.Y Dakota hogback, on the side away hom tlw mountains. 
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Ulays and Shales.-No shale bed in the Greenhorn is thiek 
enough to work profitably, and most are rather calcareous; so 
none were sampled. 

Carlile Formation 

Cll([mctcr of the Rocks.-The Carlile formation consists of 
170-230 feet of dark-gray clay-:-dwles, lighter at the top and bottom 
than elsewhere, and often black somewhat below the middle. At 
the top lies 6 inches toJ feet of dark-colored, often purplish, some
times bituminous limestone, made up largely of fragments of 
fossils, but which often contains fine, large, coiled ammonite shells 
in the southern and central parts of the area. Another distin
guishing feature i:-: the frequent presence of small, dark-colored 
pebbles. Just below this limestone occurs 3 to 30 feet of soft, 
shaly sandstone of yellow, yellowish-gray, or brownish color. It 
is thickest in the western part of the area and thinnest eaRt of 
Pueblo. 

In the east-central pad of the area the upper thi1·!l of the 
formation is mostly sandy shale, containing thin lenses of calca
reous sandstone in which m·e fonnd coiled amwonite she1ls. 

Spheroidal or m·oid, caltareous concretions from 6 inches. to 
fi feet in diameter are eommon everywhere in the middle and 
upper beds. They are usually full of calcite Yeinlets, which run 
in all directions and give the appearance of a turtle's shell. They 
are called septaria. 

Topography.~'rhe Carlile formation outn·ops where the beds 
are horizontal ou the steep, ba.n-en slope:-; below 'l'impas (see p. 
113) escarpments, o1· on tla ts a boYe Greenhmn (see p. 111) out
crops. When the layers are nptumed, they lil' in the narrow val
ley between the Greenhom ridge or hogback aml the greater Tim
pas hogback. 

Claps and 871ales.~The shale:-; of the c~u·lile are similar in 
• properties to those of the Graneros, but are somewhat inferior to 

the latter in several ways. 'l'hey fu:-;e at about the same tempera
tures, but a considerably larger pro]JOrtion (35 per cent) burn red 
instead of pink. 'Yllile 15 per cent of the samples tested seemed 
worthless, the 1·est would make good, often Yei·y attJ·acti,·e, bricks; 
and the Carlile is distinctly a ul'ick-making formation, since less 
than 10 per cent of the beds tested can be used to make other 
products. Fully 75 lJer cent of the samples lta ,-e such low tensile 
strengths when unburned as to be unadapted to the economical 
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nwnufacture of earthenware or t-;liff-mud bric:kt-;. 'l'he vitrifying 
properties are good, since 30 per cent may make paving mate1·ial. 
Re1·eral such samples seemed worthy of serious consideration. 

Timpas Formation 

Character of the Rocks.-Early geologists incluclerl what are 
here designated the Timpas and Apisbapa formations under the 
name "Niobrara.'' Except fOI' the basal limestone in the former, 
the two subdivisions al'e not very different, but they are now 
usually sepam ted as is done in this chapter. 

The Timpas formation l'omprises 175-200 feet of limestone 
and marly shale of comparatively uniform nature throughout the 
area. At the base occurs about 50 feet of compact, fine-grained, 
white or light-gray limestone, which is apt to appear creamy when 
weathered, and often bas a more or less chalky appearance on the 
surface. It occurs in 'beds of from less than a foot up to 3 feet 
thick, separated by very thin, marly partings. The individual 
beds are thickest in the center of the area. It weathers into thin, 
curved plates a few inches long; and this, as well as the lighter 
color, will distinguish it from the Greenhorn limestone (see 
p. 111). Large, concentric-all~' ridged binllYe ~!Jells a1·e rather 
common in it, as are also small spherical m· cylindrical nodules of 
iron sulphide, which are altered to a brown oxide of iron on the 
surface. 

Above the basal limestone lie hard to soft marl.Y shales. Their 
color is usually light, but \'aries in different loealities from almost 
white to lead-gn1y. 'l'hin limestone bands are present at several 
horizons, especially near the top, where they sometimes reach a 
thickness of as much as ;~ feet. Fish ~eales and bivah·e shells are 
fairly common in the shales. 

Topography.-The Timpat-; limestone outcrops in topographic 
features that are almost as prominent a~ those formed by the 
Purgatory-Dakota sandstone at a lower horizon. Prominent 
bluffs and mesas of gt·eat size are capped with the limestone; and. 
when the layers a1·e uptumed, they develop into a hogback 
parallel to the Purgatory-Dakota hogbaek, but of considerably 
smaller size. The marly shales eithe1· underlie undulating flats 
above the horizontal limestone outcrops, or fonu part of the 
valley on the t-;ide of the limestone hogback farthest from the 
mountains. 

Clays and Sh([les.-'l'he 'l'im1ms Leds are too calcareous to 
be of interest to c-eramists, and therefore were not sampled. 
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Apishapa Formation 

Oharacta of the Rocks.-The Apishapa formation may be 
1le~n-ibed, in general terms, a:-; comprising marly shales at the 
tup and bottom, sandy shales which are also calrareous in the 
center, and thin limestone beds at and near the top; but the color, 
thit·kness, and other details Yary considerably in different local-
i 1 iP~. • • ' 

}, t the ba~e is usually found 50 feet o1· less of bluish-gray to 
tlal"l.:-gra~-. marly shale, overlain b~· 100 feet or less of soft, 
''mtten'' ralcareon~ !'hale that often has a darker color aud which 
~bows a paper-like lamination. Then follows 309 feet or less of 
~·all'areous shale, which is decidedly sandy and frequently con
tains hard, flag-like layers. It is more or less bituminous, and is 
apt to be coarsest in the upper pm·t. The color is some tint of 
g-ra~- when fresh, and yellow to gray when weathered. The great
est thickness is found around Pueblo. At the top is 100 feet or 
less of material similar to that at the base, which contains· two 
o1· more thin beds of limestone, one of which constitutes the top 
of the formation. This limestone is grayish white in the southern 
part of the area, but is cream-colored or yellow farther north. 
Near the lower part of the upper zone is often found a layer of 
flat, lens-shaped, calcareous concretions, some of which have a 
diameter of as much as 20 feet. They are usually full of light
blue barite veinlets. 

Fish scales up to 1 inch in diameter a1·e found tlll'oughout 
the formation, but :we commonest in the central, sandy portion. 
There, also, patient search will sometimes reveal the tracks of a 
t'J'Ufltacean in the form of a double row of short, straight lines, 
those in one row being inclined to those in the other. 

Tozwgraphy.-The Apishapa beds are rarely well exposed, but 
ol't'lll' beneath extensive undulating plains. The limestones at the 
top ot·ca:-:ionallr make low ridges or benches, however; and, where 
tl1e I'OllCI'etionary zone near the top is exposed on the surface, the 
lm·g·er concretions may protect the softer shales below from 
erosion, and giye l'ise to low, rounded knolls or hills. 

Clays and Shales.-The Apishapa beds are too calrareous to 
be of interest to ceramists, and therefore were not sampled. 

Pierre Formation 

Olw mr;ter of the Rocks.-The Pierre formation is made up 
almost entirely of shale. It is 1,250 feet thick in the extreme 
southeast, 2,300 feet east of Pueblo, and over 4,000 feet around 
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Florence. In the southen1 part of the area the Lase and top are 
l'Omposed of soft, gray to yellowish-gray clay-shales, which 
weather greenish-gray and are sandy .toward the top of the for
mation. The central portion is much darker-almost black in 
viaces-and is apt to yield paper-like flakes when weathered. 
?\ear the middle are numerous bands of concretions composed of 
.-arbonates of lime and iron, some of which are as much as 3 feet 
in diameter. They crumble into small, reddish pieces when ex
posed to the air, and this gives the outcrop a rusty appearance. 

Around Pueblo and Florence the natm·e of the rocks is similar 
to those just described, but the lowest zone is 400-500 feet thick, 
a11d is apt to be bluish gray, except right at the base, where it may 
be yellowish in color. The rusty zone is there about 600 feet 
thick, and is overlain by 100-200 feet of pale-gray shale, contain
ing numerous fossils called baculites. These have the form of a 
tlattened, slightly tapering cylinder from a fraction of an inch 
up to 2 inches in diameter. Above this zone lies 500-1,000 or more 
feet of light-gray shale, containing numerous layers of flattened 
concretions that are very fossiliferous; and, also, many cylindri
cal,_ calcareous, fossiliferous, light-gray concretions, 5-30 feet in 
diameter and 50 or more feet long. They lie with their greatest 
dimensions perpendicular to the beds, and are called tepee cores . 
. \.Love this tepee zone the shales are darker in color, contain 
fewer fossils and concretions, and become increasingly sandy 
toward the top. 

North of Canon City there are only a few hundred feet of 
Pierre beds. They are there rather sandy, and gray to rusty 
brown or red in color. 

Topography.-The Pierre usually underlies broad, flat or 
undulating areas, but the beds also outcrop on the steep slopes 
beneath Trinidad escarp.Jllents or mesas capped with lava flows 
or Nussbaum (see p. 119) material. Where the tepee cores out
crop they give rise to small, steep-sided, conical hills. 

Clays and Shale8.-The Pierre is essentially a formation 
of low-grade brick shales. Almost all the shales will fuse below 
Cone 5, and over 60 per cent will burn red; while, of the re
mainder, about 90 per cent will burn pink. Over 40 per- cent of 
the samples tested, however, are so deficient in tensile strength 
that they are unadapted to the manufacture of stiff-mud brick or 
earthenware. Twenty per cent of all the beds tested are probably 
worthless, and the same proportion might be used in making other 
products besides brick. The worthless beds sampled all lie near 



116 CLAYS OU' EAS'l'ERN COLORADO 

the top of the formation, except one case where a lower shale has 
been metamorphosed or changed by the intrusion of a mass of 
igneous rock. Fifteen per cent of the samples dtrified fairly well, 
hut none gave much reason to suppose that a good paving-brick 
enuld be made from them. 

While much of the formation will make good red brick, the 
product iS" not usually so atti·actire as that obtained from the 
Graneros and Carlile shales, aml the absorption is apt to be rather 
high. 

Trinidad Formation 

Cha meter of the Rocks.-'rhe Trinidad formation is also 
known as the '\Termejo formation. In the southern half of the 
area it is ('Omposed mostly of sandstone, but is divisible into two 
portions of about equal thicknes:<, the whole amounting to 150-225 
feet. 'l'!te lower half consists of fine-grained, dark-gray sandstone 
in layel's wl1ich are usually only a few inches thick, separated by 
thin shale partings; while the upper portion is made up of light
gray, massire sandstone that often has a greenish or yellowish 
tint. The top is sometimes represented by a few feet of brown 
sandstone. Nem· 'l'rinidad there i~< a 1n·ominent, com·se-grained 
sandstone several feet thick near the bast> of the lower division; 
and the massive, light-colored sandstone is o1·Prlain by thin shale 
and sandstone beds. Imperfect baculite fossil:< are sometimes 
found in the lower beds, and pitted, cylindrical, branching casts 
of a sea-weed, called a fucoicl, are eveJ·.nYlleJ·e plentiful in the 
npper sandstone. 

South of Florence the 'l'rinidad formation is supposed to be 
represented by a yellow to greenish sandstone 30-100 feet thick. 
Although lithologically similar· to the 'l'riniclad sandstone found 
farther south, it does not contain the fucoid fossils there so plenti
ful. As these are found in a sandstone bed in the so-called 
Lanmrie abore, it is possible that the Trinidad of the Florence 
district is somewhat older than the horizon represented by the 
same name farther south; and it may not even be youngest Pierre 
in age. Some ha ,.e used the term "Fox Hills" for the so-called 
Trinidad of this district, but the rocks m·e so different in many 
ways from the Fox Hills of the northern part of the state, and s9 
similar to the Trinidad of the southem portion, that the latter 
name is preferable. Also, if the lower Raton is equivalent to the 
Mesa Verde (see below), the Trinidad is older than the Fox Hills. 
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1'opogntphy.-The Trinidad formation outci"ops a,; a promi· 
nent escarpment or bench below the coal-bearing beds in nearly all 
plac-es. 

C'lays ctnd Shales.-No "·orkable elays or shales are known 
to or·r·ur in the Trinidad; so this horizon was not Rnmpled. 

Raton and Laramie Formations 

mw.racter of the Roclcs.-The formation nnw called the 
Ha ton in southern Colorado and New Mexico was previously 
known as the Laramie-a term long applied to the coal-bearing 
bed,; farther north. It is now generally believed, however, that 
none of the Raton beds are of Laramie age, some being older and 
othetR younger. The former· are conela ted with the Mesa Verde 
Cretaceous beds of western Colorado, which are of Pierre age; and 
the latter are thought to be Eocene. The two di,·isions are 
eve1·ywhere separated h~- an unconformit~- or erosion snrfar·r 
which represents a time when the lower beds wPre above "-ater 
and subject to erosion or degradation; and the lowest bed of tlw 
upper division is a conglomerate or eonglomeritir· sandstone. 

South of Florence and Canon City the coal-bearing rocks ap
pear to be of different age from those farther south, and han• 
been correlaterl with the Laramie of the nortlter·n ('Oal fields. It 
seems probable, however, that the lower coal-measures of the 
Florence-Canon City field are older than the lowest Laramie to 
the .north. They may eYen inelude strata of Trinidad and upper 
Pierre age. 

As the rocks of the coal-measures are rather similar through
out the area discussed in this chapter, no attempt to differen
tiate them was made in the field, and they are here all described 
together. 

The total thickness of the Raton formation south of Trinidad 
is 2,500 feet, but it thins to 800 feet east of that cit~- and to 1,000 
feet north of \Yalsenburg. In tlie southern part of the area the 
lower 200 feet is made up of thin beds of greenish-gra~-, fine
grained sandstone, separated from ear·h. other· by thinner beds of 
sandy shale of drab to dark-gray color. Occasional layers of 
coarser, light-gray sandstone and gray to black clay-shale, con
taining· coal beds, also occur at this horizon. "\.bout 100 feet 
from the base lies a persistent bed of massive, light-gray, coarse
grained sandstone. Dark-brown carbonate-of-lime concretions, 
seamed with brown carbonate-of-iron veinlets, al'e found in 
these lower beds. They measure 3, feet or less in diameter. 
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Above the ro('ks just described the· sandstone gets more and more 
plentiful, and the shale and (·oal scarcer, until the upper half iR 
1·eached. This is almost wholly massive, coarse-grained, gray 
sandstonE'. but some coal and ,-ery sandy shale, or soft, shaly, 
micaceous sandstone, are found throughout the formation. A 
conglomt>rate or conglomeritie sandstone may occur 200 feet 
above the l•asP. Most of the sandstones weather to a buff tint. 

The principal coal horizons lie below and just above the thiek 
bed of sandstone about 100 feet above -the base, but workable co a 1 
is also found at two higher horizons; i. e., between 700 and 850 
feet, and between 1,000 and 1,100 feet, respectively, from the base. 
Individual beds, both of coal and other rocks, can rarely be traced 
for considerable distances unless they are thick and prominent. 
Fossil leaves are plentiful in some of the beds. 

Around ·walsenburg the general nature of the formation is 
similar, but there is not so much sandy shale in the lower por
tion as farther south; and the prominent sandstone layer that 
separates the two lower coal horizons (the only ones represented 
in the Walsenburg district) is 30-60 feet thick and lies 75-110 
feet above the base. 

South of Florence and Canon City the so-called Laramie for
mation comprises 800-1,250 feet of heavy-bedded. sandstone, con
taining layers of sandy shales or clay-shales, of various colors 
from white to black, and a number of coal seams. The last are 
confined to the lower 600 feet. The rocks of the upper portion of 
the productive measures are principally shale in the eastern and 
sandstone in the western part of the district, and the thickness 
decreases toward the Past. The fossils found include fucoids and 
leaves. 

Topogmphy.-The Raton and Laramie formations usually 
underlie a rolling country, and often outcrop as prominent 
escarpments where the hillsides are steep. When the beds are 
horizontal, they often cap mesas; and, where upturned, they form 
a prominent ridge or hogback. 

Clays and Shales.-Good-looking clay or shale beds in the 
Raton or Laramie formations of the area under discussion are 
usually thin, and the thicker beds are apt to be sandy and un
promising; so few were sampled. Several beds were found, how
ever, that appear to be adapted to many uses; and it is believed 
that any fairly thick layer of clay shale in these formations is 
worthy of careful investigation, if conveniently situated. 
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Arapahoe Formation 

Uharader of the Rocks.-The Arapahoe formation outcropR 
only in a l'lllllparatiYely small area south of Canon City. There 
it 1·onsists of about 550 feet of hard to soft conglomerates and 
,;andRtones in thick beds. The former usually forms the lower 
portion, and alternations of both contitute the upper part. The 
I'Oior of tlie sandy portion is apt to be buff, but may be gray, 
brown. pinkish, or white. 'Vest of Walsenburg and Trinidad 
there O('CUI' 2,000 feet of similar rocks of the same age, which are 
tl1Pre called the Poison Canon and Cuchara formations. 

Topogra]Jhy.-Rocks of Arapahoe age usually underlie au 
undulating or rolling surface, and outcrop around the highe1· 
points. 

Clays and Shales.-The Arapahoe rocks are not known to 
1·ontain workable clays or clay shales; so no attempt waR made 
to sample them. The Poison Canon and Cuchara formations 
contain some cia~· shales, but they outcrop so far from present 
markets that it is doubtful if any beds in them could be profitably 
exploited. For this reason they were not sampled. 

Nussbaum Formation 

( 'haracter of the Rocks.-In the southern part of the area 
under consideration the Nussbaum formation consists of 10-50 
feet of gravels. The lower 5-10 feet is cemented by carbonate of 
lhne into a conglomerate, but the upper portion is still unconsol
idated. Around Pueblo the thickness may be as much as 100 
feet, of which the upper half is mostly unconsolidated sands. 
The remainder I'Onsists of gravel, and the lower few feet of this 
is cemented into a conglomerate. 

Topography.-The Nussbaum formation occurs as the cap· 
ping of low mesas, which are all small in the southern half of 
the area, but attain considerable size north of Pueblo. 

Clays and Shales.-No clays or shales occur in the Nussbaum 
gravels and .sands. 

Recent Formation 

Character of the Rocks.-The Recent rocks include mostly 
unconsolidated gravel, sand, and clay, which have usually been 
deposited in stream flood-plains, or in lakes or ponds on top of 
the eroded outcrops of older rocks. Many outwash rlPpositR, aR 
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well as some ac(·umulations of wind-blown material, are also of 
this age. Single beds are usually of limited extent, and the na· 
ture of the deposits Yaries greatly in different localities. 

Topography.-The beds are so soft that they rarely form 
prominent topographic features. except in the case of the low 
hills or dunes formed of wind-di·i,·en sand. Outcrops of Recent 
rocks should 'Usually be sought along the banks of the larger 
streams. 

Uluys awl 87wles.-Reeent clays and shales are apt to occ11r 
in thin beds, to be sandy, to burn red unless calcareous, and to 
luwe a low fusing point. They are frequently adapted to the 
manufactm·p of ordinary soft-mud bricks, lwweYer, and are quite 
extensively used for this pmpose. \V!Jere the material is fine
graineu and non-sandy, it may sometimes be used for other prod
ucts not requiring a high-grade elay. 



CHAPTER II 

The Area East of the Front Range and from Colorado 
Springs Northward 

GENERAL GEOLOGY OF THE AREA 

'l'he remarks at the beginning of the preceding chapter apply 
equally well to the northern area; but the age of a few of the 
formations there, and the names giyen to some of them in the two 
localities, differ somewhat, as sltowll in the follo11·ing table: 

Period. and System Formation Equivalent Formation 
in Southern Area 

I Epoch and Series .. 

---------------1 . ~-----------------
Pliocene (Tertiary) Ogallala or Nussbaum Nussbaum 

Miocene (Tertiary) I Arikaree ---------------

-O_li_g-oc_e_n_e_(_T_e_rt-ia_r_y_)_! White River Brule or Castle Rock 

Eocene (Tertiary) 

Cretaceous 

Comanchean 

Jurassic 

Permian-Triassic (?) 

Mississipp1an (?)
Pennsylvanian 

Shoshone 

Montana 

Colorado 

Denver 
-------or Dawson 

Arapahoe 

Laramie 

Fox Hills 

Pierre 

Niobrara. 

Carlile I 
Greenhorn/or Benton 
Graneros 

Dakota 

Lower Dakota 

1 Morrison 
Sundance 

Cuchara 

Poison Canyon 

Raton (in part) 

Laramie 

Trinidad 

Pierre 

Apishapa 

Tim pas 

Carlile I 
Greenhorn or Benton 
Graneros 

Dakota 

Purgatory 

Morrison 

I Lykins Lykins 
Upper Wyoming 1----------------- ----------------

Lyons Lyons 

' Ingleside 
Lower Wyoming 1

1

------------------ ----------------

[ Fountain Fountain 
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Recent dPposits similar to those to the south may overlie any 
of these. 

The Dawson and Castle Rock formation were, until recently, 
together called the Monument Creek formation. Some-geologists 
have suggested the use of this last name for what is here called 
the Dawson formation alone; hut it seems best to retain it as a 
series name for both, synonymous with Shoshone. 

'fhe Niobrara formation is readil~· clidsible into two parts, 
corresponding with those recognized farther south, but the names 
''Timpas" and ·'Apishapa" haYe not been used in the northern 
area. 

The Lo,ver Dakota formation is identical with the Purgatory 
fonaation and should be so called, but this is not customary. 

It is possible that at one or more points in northern l~olo

rado the base of the Fountain formation is of Mississippian age, 
but there is some doubt whether the fossils indicating this are in 
place. 

~fany of the formations are abnormally thin, and some quite 
dil-lappear, in the vicinities of Golden and Boulder. 

A ver~- few residual clays were found and sampled in this 
area, while none were noted to the south. 

RELATION OF GEOLOGICAL STRUCTURE TO 
TOPOGRAPHY 

All that was said under this heading in the last chapter 
could well be repeated here. In part of this area, however, the 
rainfall averages somewhat greater than farther south. ·where 
this is true the topographic features are more ronnded and less 
prominPnt. 

Fountain Formation 

Chara.cter of the Rocks.-The Fountain formation usually 
on'rlies Pre-Cambrian schists, gneisses, or granites; but thiri beds 
of older rocks, such as Cambrian, Ordovician, Devonian, and 
Jlississippian quartzite, limestone, and sandstone, undel'lie 1he 
Pountain formation near Colorado Springs, Perr~· Park, Rattle
snake Mountain, and, possibly, elsewhere. 

The thickness of the formation varies greatly, dnP to the 
irregularity o{the erosion surface on which it accumulated, but 
averages about 1,000 feet near Colorado Springs, thickens to 
2,500 fePt north of Morrison, and then again thins down to 500 
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feet at the 'Vyoming line. The rocks are everywhere conglom· 
er·ates, grits, sandstones, and shales which may be either sandy or 
clayey, but the relative proportions of these materials vary con
siderably at differe~t points. Fragments of granitic rock re· 
cemented so as to resemble granite, called arkose, are common at 
most points. The color is prevailingly some shade of red, but 
streaks or irregular patches of white or gray rocks occur in many 
places and may give the rocks a mottled appearance. There is 
nearly always a conglomerate at the base; and, as a rule, the 
('olor is lighter and the texture finer toward the top. 

Near Colorado Springs there are several non-persistent beds 
of dark-red, purplish, or green clay shale interbedded with the 
coarser material. These occur at several horizons, but are most 
numerous near the base. In the central part ,of the area the 
shales are scarce, but they appear again farther north, where they 
are apt, however, to be sandy and micaceous. 

From Denver Basin northward a few beds of limestone, usu
ally compact and _drab-colored, occur at one or more horizons. 

Near Golden the color is uniformly some shade of red, but 
northward pink, gray, and white beds again appear and make 
the general tint pink as viewed from some distance. 

North of the Cache la Poudre the formation becomes more 
calcareous, many of the conglomerate beds, even, effervescing i11 
acid. 

Topogra;pllly.-The Fountain formation usually underlies a 
valley between the old, crystalline rocks of the mountains and 
the first hogback east therefrom. At many points, however, the 
lower beds have resisted erosion to a notable degree and rise high 
on the sides of the crystalline rocks forming the mountains. This 
giws rise to the so-called "flat-irons." Frequently the harder 
rocks outcrop in the valley above mentioned as interrupted ridges 
or in fantastic forms. This is true in the Garden of the Gods 
near Colorado Springs, the Garden of the Angels near Morrison, 
south of Platte Canon in Washington Park, and elsewhere. 
Where the Lyons or Ingleside hogback (see pp. 1:2± and 125) is 
well developed the Fountain beds may outcrop on the western 
side; and in several instances the first hogback east of the moun
tains is largely composed of Fountain material. Near Boulder, 
Fountain rocks even form the crest of this hogback. 

Clays and Shales.-Promising clay or shale beds are ex
tremely scarce in the Fountain formation, and only one was 
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tested. That turned out to be RO unexpectedly good, however, 
that further inyestigation in this horizon might proYe profitable. 

Ingleside Formation 

('lwractcr of the Rock.~.~The name ''Ingleside'' has been 
adopted for a Ruccesf'ion of sandstones and limestones found 
from Lyons northward. The formation is Rupposed to be, at 
least in part thP equiYalent to the Tenslwp formation in Wyom
ing. It is not known whether the beds disappear near Lyons 
or whether they are reyn·esented by the lower 6 to 8 feet of what 
is called the L~·ons formation from Lyons southward.· The thick
ness gradually iH<·reases 11orthward and reaches 125 feet at the 
\Yyollling line. .\t ?IIasonyiiJe the rocks are all sandstone, and 
the total thicknesR is less than 100 feet; and no limestone is found 
south of here. .\ t Stout, howeYer, \Yhere the thickness is 85 feet, 
two caleareous sandstone hands occur; and west of Fort Collins 
there are two lenses of limestone. Between there and Ingleside 
one to three limestone beds are found, but the two lower ones are 
sandy. The~- Yary in thickness in short distances and disappear 
entire!,,- for a short distance north of the Cache Ia Poudre. North 
of Ingleside tlwre is cYeJ·.nvhere a limestone at the top and 
at two lo\n>r horizons, with sandstone between and below. The 
•·olor of the sandRtone iR usually pink or cream~·. but grays and 
reds are also noted at some points. The limestone is pinkish, 
white, gl'ay, m· mottled, and indi\'idual beds reach a maximum 
thickness of 1 :i feet. 

Topoympli,IJ.~The Ing·leside formation outcrops as a promi
nent ridge near]_,. eYel·.ndwJ·e until its southern extremity is ap
proached. There it ma.v merge with the lower Lykins (see p. 
1271 ridge. 

Gl(lys ctnd 8hales.~No clays or shales are known to occur in 
the Ingleside formation. 

Lyons Formation 

('lW!'Itr·tl'r of the Rocks.~It has been supposed until recently 
that the Lyons formation was more closely allied with the Foun· 
tain formations than with the Lykins; so it was included in the 
Lower ·wyoming series with the former. It is now known, how
eyer, that it i~ lllerely a sandy development of the lower part of 
the Lykins, anrl thik makes it necessary to assign it to the Upper 
'Vyoming seri(~s. It is possible that a very small part of the 
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lower portion may be of Inglesid~Lower Wyoming-age be
tween Boulder and Lyons, or even, possibly, south of Boulder. 

The thickness of the Lyons yaries from 50 to 400 feet, the 
maximum ocCUlTing south of Golden. Everywhere it is a hard, 
massive sandstone or grit, the latter being coarse enough in some 
places to constitute fine-grainerl.' conglomerates. Cross-bedding is 
common, especially at the top. It is usually pink in color in the 
southern and northern parts of the area, but is white or creamy 
in the center, and is known as the creamy sandstone in the Den
Yer Basin. Even where light-colored, there may be pink or red 
bands or patches, especially near the base. Leaching and con
centration of the iron may cause gaily tinted rings or bands and 
red concretions north of Boulder.· North of Carter Lake the 
lower 25-30 feet is softer, or, at least, it contains softer, sandy 
beds; but the upper 30-40 remains hard and resistant. North of 
this point the upper, hard sandstone gets gradually thinner, and 
disappears not far north of Ingleside. At the same time, the 
lower, softer zone gets softer and more shaly, and its thickness 
also increases until it reaches 100 feet at Ingleside. There it 
consists of dark-red shales and soft, pink sandstones, some of 
which are calcareous. These are so typically Lykins, litholog
ically, that there seems no doubt of their age. 

Topography.-Where the Ingleside is represented by a thin 
bed, or not at all, the Lyons sandstones usually outcrop in a 
prominent hogback, the first one east of the mountainR. Near 
Boulder, however, they form a minor ridge on the eastern flank 
of that hogback, which is locally c-apped with Fountain sand
stO'lle. From Carter Lake to Arkins there are two ridges OJ' hog
backs developed. One is in the lower, softer portion, and the 
other in the hard, massive division of the formation. North of 
Arkins the western ridge dies out; and north of Ingleside the 
Lyons is no longer a ridge-maker. 

Clays and Shales.-The only days or shales existing in the 
Lyons formation are found in the lower, softer member north of 
Carter Lake. As these are lithologic-ally like, and merge into, the 
Lykins, their discussion is postponed until that formation is <·on
sidered (see below) . 

Lykins Formation 

Character of the Rocks.-'fhe Lykins formation has been 
called the Chugwater in Wyomiqg, and that name is also some
times used in northern Colorado, but it has not been adopted 
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by the Colorado Geological Survey. The thickness varies from 
140 feet near Colorado Springs to 800 feet four miles north of 
Boulder, but is often between 300 and 500 feet. The most strik
ing feature of the formation is its deep, rich color-usually brick 
red, but occasionally brownish red. Some beds in nearly every 
section exhibit other tints, but the rocks as a whole are red and 
have long been known as "Triassic red beds." The only fossils 
found are of Permian age, however, and there is no evidence that 
any Triassic rocks are included in the formation. The Lykins 
bed!'l are easily traced, even when they fail to outcrop promi
nently, by means of the red soil formed by their disintegration. 
While the details differ from point to point, there is usually, in 
the southern and central parts of the area, a comparatively thin 
lower zone of red sandstones and sandy shales, containing sev
eral limestone layers, any one of which is rarely over 5 feet 
thick when pul'e. Above lies a greater thickness of sandy shales, 
with more or less shaly sandstones, mostly red in color; and, iu 
the central and southern parts of the area, these are often over
lain by gypsum. The top is apt to be marked in the same regions 
by a soft, thin-bedded, white, pink, yellow, or brown sandstone 
that is often calcareous and seldom outcrops. It is possible that 
this is the equivalent of the lower bed assigned to the Sundance 
formation in this report (see p. 127). 

In the limestone zone near the base occurs a bed composed 
of alternations of very thin layers of white limestone and red or 
pink shale or sandstone. It has been compressed until a section 
shows a beautifully wayy appearance, and is known as the 
crinkled limestone or sandstone. Toward the south two such 
bands are present, separated by shales. This feature can be 
traced from Perry Park to Arkins. 

The Lyki_ns limestone is sometimes ver,Y pure and has been 
extensively used in the manufacture of lime. In it are fre
quently found cavities containing that nystalline habit of cal
cite known as "nail-head spar." 

The gypsum reaches a thickness of 80 feet at Perry Park. 
and thick beds are known at other points. 1'oward the south it 
sometimes constitutes the highest bed of the formation. In the 
northern part of the area several bands of gypsum of fair thick
ness occur at about the crinkled-sandstone horizon. Near Arkins 
gypsum also occurs near the top of the formation beneath 14-20 
feet of plastic, dolomitic clay-shale. 
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North of Bonlder, wl1P1't> thr. formniiou is· thi('k<'l-'1, ihe low
est 230 feet is wholly dark-red sandstone-an unusnal feature. 

A description of the Jo,wr Lykins beds north of Cnrter Lake 
is gin•n in the discussion of the Lyons formation 1 1-'t'e p. 125 1. 

Topo,graphy.-The greater part of the Lykins formation nsn-
. ally occupies a valley just east of the Lyons hogback, but the 
lower beds often outcrop well toward the ridge of that elevation. 
The upper beds are apt to be concealed beneath the wash in thr 
valley east of the Lyons hogback, but the~· may be exposed on thr 
western side of the first hogback, either Sundance or Dakota, 
east therefrom. 'fhe ridge-making propensities of the beds below 
the so-called Lyons north of Carter Lake have already been dis
cussed (see p. 125). Nl'aJ· the Wyoming line an S-foot, fosrsil
iferous limestone bed1 225 feet above the base, also outcrops as 
a ridge. The gypsum beds in Perry Park and outside of the 
Gateway of the Garden of the Gods are also ridge-makers. 

Clays and-Shales.-The Lykins shales are usually too sandy 
to make them worth~- of consideration, and the high iron content 
indicated hy the color has prevented any attempt to use them for 
high-grade products. For these rPasons few samples were taken. 
All those tested are red- to pink-burning, have comparatively low 
tensile strengths, and are non-vitrifying; but the air shrinkage 
is usually low, and they do not crack on drying or burning. Sev
eral ought to make good brick or earthenware, and some ought to 
answer for more valuable products. Any of the less sandy bed~' 
appear \vorthy of consideration, but a considerable proportion 
will probably provc:> worthless. 

Sundance Formation 

Character of the Rocks.-On the Wyoming line there lie be
tween the Lykins and Morrison formations two sandstones, aggre
gating about 150 feet in thickness. The lower member is pink and 
approximates 100 feet in thickness, while the upper is yellow to 
creamy and is half as thick. The upper is certainly continuous 
with the marine Jurassic beds of Wyoming, which are called the 
Sundance formation. The age of the lower member is wholly 
problematical. It may be Lykins, Sundance, or a transition from 
one to the other. Lithologically it is more neal'ly allied to the Sun 
dance than to the Lykins formation, however, and neither contains 
clays; so it was found most convenient to assign it to the Sun
dance in this report. The lower member is supposed to pinch 
out west of Loveland, and the yellow to disappear near the Cache 
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la Poudre; but the frequent presence of somewhat Rimilar sand
stones at the top of thE; Lykins and base of the Morrison in the 
Denver Basin, and even south thereof, suggt>sts the possibility 
that the Sundance formation is much more wii!ely i!istl-ibuted 
than has bt>en snpposed. 

Topography.-'l'l1P Sundance formation mny outcrop in <i 

ridge or hoghad;:, hut this is rather interruptt>d, and, in general, 
tl1P beds are not well exposed. 

Oloys unrl Nlwll's.-The Snnrlance formation eontains no clay 
or shalt>. 

Morrison Fonnation 

Charadl'l' of' th;· Jtoc:l<s.-14ome geologists believe that the 
Morrison formation is part of the Comanchean system, but those 
most familiar with the criteria relating to its age are inclined to 
think it is Jurassic. 

The thickness of the Morrison formation yaries from 130 
feet near ('olorado Springs to 200 feet south of Golden and 420 
feet nem· Lyons. Farther north it is less than 100 feet thick in 
some plaees, due, apparenily, to the absenee of the upper beds. 
rlear Boulder, in the Denver Basin, and perhaps elsewhere, there 
is 10-15 feet of white, gray, or yellow sandstone at the base. It 
is somewhat caleareous, as are all the :uorrison sandstones. 
Next eomes a zone of varicol01·ed marls, con 1 aining a number of 
non-persistent bands of compaet limestone, "-hi<'h weather brown, 
but an, dark bluish-gray to dn1b when fresh. These are often, 
although erroneously, called lithographic liJIIP>'tones. 'fhe thick
ness of these limestone beds is rarel.r over a fe\Y inches or feet 
in the southern part of the aJ'("a, bnt they rear·h a maximum of 
40 feet near Boulder. The marls and limestones constitute the 
greater part of the formation, hnt south of Lyons they are over
lain by a considerable thickness of sandstoJH s and !naris, either 
of which may locally develop almost to the total exclusion of the 
other. At a distance varying from 10 to 180 from the top is 
mmally found the spotted or saurian sandstone described on page 
105. It varies from 5 to ::5 feet in thickne,;;.;, and is commonly 
divided into several beds by layers of drab elay, which reach the 
very unusual thickness of 20-30 feet near Turkey Creek. Above 
this sandstone lie soft to hard marly shales, which contain shaly 
sandstones in ~ome places. 'I' heir color is red near Golden, but 
green, ydlow, and purple tints are shown elsewhere. In several 
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localities the ~->am·ian sandstone i~-> underlain l•y a ~-rmglomerate 

which is often confused with that found at the Lase of the Lower 
Dakota (see p. 1i10). It has a maximum thickness of 8 feet. 

Near 'rurkey C1·1·ek the formation contains a fairl.Y thick bed 
of gypsum. 

At all points north of Boulder one en· more beds of yery hard, 
siliceous, green shale or argillite lie al•un' and below the saurian 

. sandstone. A section meas~red near Berthoud, on the main road 
west of town, where these grePn heel,; are typical!~· developed, 
,;hows the following sucr·ession: 

Lower Dakota sandstone. 
Concealed .............. . . ............. 20 feet 
Hard, green shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 feet 
Saurian sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 feet 
Hard, green shale ................................ 1 0 feet 
Calcareous sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 feet 
Hard, green shale ................................ 10 feet 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 feet 
Marly shales, containing "lithographic limestones". ? 

Remains of gigantic reptiles are fonnd in both marls and 
sandstones in seyeral localities. 

Topography.-The Morrison beds nsuall~· outcrop on the west 
side of the Dakota hogback (see p. 1:::21. The lower beds may 
be exposed well up on the side, or they may be concealed by the 
wash in the valley below. North of Boulder, howeyer, the crest 
of this hogback occasion all_,. follows the hard, thick jf m·rison 
limestone beds there found. 

Clays aud Shalcs.-Due, probably, to its known calcareous 
nature, the Morrison formation has usually been ignored as a 
source of clay, but several successful attempts to use it have 
recently been made; so the beds were sampled where they appeared 

· promising and were well exposed. The tests conducted on these 
samples indicate that good brick mHl, le,;s frequently, earthen
ware, usually of a flesh or buff color, can be made from most of the 
finer-grained shales or marls, but that YeJ·)· few of them can be 
used for other products. A mther surprising feature il-l the rela
tively high fusing point of many of the samples, half of which 
remained erect at Cone 5. One fused at Cone 12, one at 16, and 
one at 20. The shales would doubtless h:we far wider applica
bility if it were not for their rather low tensile 1-ltrengths. Fully 
75 per cent proved deficient in this respect, and 40 per cent "·ere 
lacking in plasticity. No very promising material for the manu-

(5) 
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facture of paving-bl'ick was found, although 10 per cent of the 
samples are worthy of further investigation with this purpose iu 
view. 

Lower Dakota Formation 

Chamcter of the Rocks.-The Lower Dakota or Purgatory 
formation averages about 100 feet in thickness and is everywhere 
composed of massive, bard, compact sandstone capped by one or 
two zones of clay or shale, and with 30 feet, or less, of pebble 
co~glomerate at the base in many places. The quantity, size, and 
distribution of the pebbles vary greatly from point to point. In 
some places the conglomerate is represented only by thin streaks 
of small pebbles imbedded in sandstone. The color of the con
glomerate and the sandstone is usually white or gray, but yellow 
or light-pink beds of sandstone occasionally occur. Spotted sand
stones are sometimes present, but the color of the spots is apt to 
be red or purple, and of the sandstone brown, instead of brown 

' spots on a white sandstone, as in the case of the saurian sand
stone below. One or two thin conglomerate beds may occur 
locally below, or near, the middle of the formation. 

Near Golden one thin bed is a peculiar, concretionary li
monite. 

In the absence of paleontological evidence and ·any marked 
unconformity, it is impossible to fix upon the exact upper limit 
of the Lower Dakota. In the southern part of the state the 
Purgatory is known to include the zone of clay or shale above the 
massive sandstone, but in the area under discussion there are 
often, and north of Platte Canon always, two beds or· zones of 
such material separated by from 1 to 25 feet of sandstone. For 
convenience, as explained later, both of these shale zones are in
cluded in this report in the Lower Dakota. 

The upper shaly or clay zone or zones, as thus defined, dif
fers greatly in texture, color, thickness, and physical properties 
in different parts of the area. From Colorado Springs to a few 
miles north of Golden there are one or two beds of hard, dark 
bluish-gray to black clay or shale, which Yary from a foot or 2 
up to 8 feet in thickness. In places it is almost an argillite, and 
breaks into rectangular blocks with slickened surfaces. 

Near Boulder, however, the lower bed is replaced by a zone 
20-25 feet wide, in which are six or seven thin, black-shale beds, 
alternating with rather thicker layers of sandstone; and north 
of Boulder for some distance this horizon appears to be repre-
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sented by either an alternation of white, red, or green sandy clays 
or a very sandy white shale. In some localities the horizon has 
one of these sets of characters, and in others the other set. 
North of Ingleside, Larimer County, this zone consists of 5-10 
feet of fine-looking, plastic, light-gray clay. 

The upper of the two beds commonly found farther south is 
represented from Boulder northward by about 50 feet of black 
shale. It is more or less sandy, and may even contain thin, <'al
careous sandstone layers, but several feet of clean shale, with 
papery lamination much like the Graneros shale (see p. 134), 
is common at the base. In the northern part of the area this 
upper zot;te is thickened greatly by the presence of 100 feet, or 
more, of shale and brown, shaly sandstone in alternate layers
As the top is approached, the sha'le gets less plentiful and the 
sandstone loses its shaly nature, gradually merging into the 
massive Dakota sandstone (see p. 13:3). 'Vhether these beds 
are Comanchian or Cretaceous, or represent a transition from 
one to the other, is unknown; but the total thickness of the 
Comanchian formation is so much greater than farther south, if 
they are included in it, and the Dakota must then be made so 
much thinner than usual, that it seems probable the upper Rhaly 
zone below the Dakota sandstone is largely, or entirely, of Da
kota age. It was often found difficult, however, to distinguish the 
two zones with certainty in the field; so both have been classified 
in this report as Lower Dakota. That the lower zone is of that 
age there seems little doubt_ 

The following section, measured in a ditch along Dry Creek, 
near Loveland, is rather t;vpical of the northern exposures: 

Benton shales. 

Dakota { Sandstone . . . . . . . . . . . . . . 30 feet 
(30 feet) ..... 

Lower Dakota 
(222 feet) .... 

Morrison marls. 

Sandy, calcareous shale } 
with some sandstone, , 
especially near the top .150 feet 

Black shale with less 
sand . . . . . . . . . . . . . . . . . 20 feet 

Sandstone . . . . . . . . . . . . . . 2 feet 
Varicolored shale with } 

little sand ............ _ 20 feet 
Sandstone . . . . . . . . . . . . . . 30 feet 

Upper shale zone. 

Lower shale zone. 
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'l'opography.-'l'he hard Lower Dakota and Dakota sandstones 
are responsible for the presence of the second, and largest, hog
-back east of the mountains nearly everywhere. South of Boulder 
the top is usually marked by a single, sharp crest where either 
Lower Dakota or Dakota rocks outcrop, usually the former. North 
of Boulder, however, the shaly zones at the top of the Lower 
Dakota lie beneath a shallow, longitudinal trough or valley, and 
the Lower Dakota sandstone, below, and the Dakota sandstone, 
above, both develop into crests. In some localities, where the 
rocks between the two shale or clay zones a1·e unusually thick or 
resistant, three crests are present. Near Boulder the -main crest 
of this hogback is sometimes made up of Morrison limestone, as 
already mentioned (see p. 1:2!1), and the sandstone outcrops as 
one or more minor ridges on the eastern flank. 

Clays amcl Shales.-South of Boulder the one or two shale or 
clay beds are noted for their highly refractory properties, and 
they are extensively used for the manufacture of fire-brick, muf
fles, crucibles, ete. They are usually too deficient in tensile 
strength, plasticity, and cohesion as mined to permit their use for 
high-grade wares, f;lll:h as porcelain, but experiments show that 
good results may often be secured by washing or mixing them with· 
a ball-clay. The betls are, however, often too thin to br profitably 
exploited. 

It has been generally belie,·ed that there is no true fire-clay 
nodh of Boulder, but this investigation has proven this idea in
conect, since six miles northwest of Fort Collins there is a 7-
foot bed that is fully as refractory as the material found farther 
south; and equally promising clays occur from the ·wyoming 
line to a point six miles therefrom, and possibly farther. There 
the bed nuies from :.2 to 6 feet in thitkness. .\II these refractory 
samples came from the lower zone and are much like the southern 
material in their deficient plasticity, tensile strength, and co
hesion. 'l'he.r differ decidedly, however, in color from the south
ern fire-cla:ys, being white, "·bite. and pinkish, or light bluish 
green. All are massive clays 1·ather than shales, and are sandy. 
)lany samples taken between the two districts mentioned are 
decidedly refractory, but not enough so to make them true fire
clays. It is possible, nevertheless, that such very refractory clays 
exist at places not visited. 

The two shale zones north of Boulder are, outside of their 
possible decided!~- refractory uatun>, vet·y promising, since not a 
single sample taken failed to make good brieks, at least; and 
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many seemed adapted to the manufacture of more valuable prod
ucts. 'The lower zone proved to contain a better grade of clay 
or shale than the upper. The following table exhibits the prop
erties of the material from each zone in terms of per cent of 
samples tested. The highly refractory portions of the lower zone 
have, however, been ignored in these calculations: 

Lower Zone 
Fusing above Cone 8. . . . . . . . . . . . . . . . . . . . . . . . . . . 55% 
Average cone at which fusion occurs. . . . . . . . . . . . 12 
Adapted to the manufacture of other products 

than bricks or earthenware................ 55% 
Possibly adapted to the manufacture of paving-

bricks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50% 
Burning to colors other than pink or red. . . . . . . . 30% 
Deficient in tensile strength.. . . . . . . . . . . . . . . . . . . 75% 
Deficient in plasticity. . . . . . . . . . . . . . . . . . . . . . . . . . . 30% 

Upper Zone 
15% 

8 

35% 

20% 
5% 

55% 
20% 

The high percentage of samples deficient in tensile strength 
means that the products will often be very tender and the waste 
will be great, unless great care is used in handling the green ware. 
This does not apply, of course, to goods made by the dry or semi
dry pressed processes. Not only does a relatively high percentage 
of the samples see~1 to possess qualities required of paving-brick 
material, but a number are very promising in this respect. It 
is doubtful if any other horizon has as much material of probable 
value for such a purpose. 

Dakota Formation 

Chamcter of the Rocks.-The name "Dakota," as here used, 
includes only the material between the upper clay or shale zone 
of the Lower Dakota formation and the black Graneros shales 
(see p. 13±). As thus defined, the formation yaries c~nsiderably 
in thickness from a maximum of about :!:!0 feet south of Golden 
to a minimum of 25-30 feet near Loveland_ It consists essentially 
of compact sandstones in massive beds, very similar to the Lower 
Dakota sandstones, but rarely of other colors than yellowish, 
light gray, or white. The change to the Graneros shales above 
may be sudden, but it is more apt to take place through a transi
tion zone of 10-30 feet of hard, white and black, slaty shales which 
become increasinglJ sandy the farther they are from the upper 
contact. 

In the vicinity of Golden and Colorado City a fire-clay bed, 
exactly like the Lower Dakota bed or beds, was sampled. It was 
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not noticed at other points, but north of Boulder a gray, brown, 
or black, non-refractory shale is occasionally found at the same 
horizon. 

'fopogmphy.-The topographJ resulting from the outcropping 
of Dakota beds has been described on page 132. 

Clays and Shales.-No clay or shale occurs in the Dakota, 
except where the fire-clay bed near the top, or its northern equiv
alent, is present. At several points the fire-clay is of as high 
quality as the beds in the·Lower Dakota formation, but it is not so 
easily mined near Golden, due to the overturning, faulting, and 
crushing of the bed. The northern equivalent of this bed fused at 
Cone 8 in all the samples taken. It burned pink or flesh-colored, 
and was too deficient in tensile strength to answer well for mak
ing anything but pressed or soft-mud bricks. All the samples vit
rified well, however, and the bed is a promising source of paving
brick material. 

Graneros Formation 

Char.acter of the Roclcs.-In northern Colorado the Graneros, 
Greenhorn, and Carlile formations are usually together called 
the Benton formation. Each of the divisions is often recognizable, 
however, and the more specific names are oc'casionally utilized. 
As there is some difference in the quality of the shale found in 
the first and last-named divisions, it was thought best to use the 
threefold division in this report. 

The thickness of the Graneros formation is rather uniformly 
about 200 feet, but it is more than this in some parts. ·of the 
Denver Basin, and reaches about 525 feet east of Lyons. Every
where the rocks are dark gray to black, thinly laminated clay
shales containing thin local sandstone and limestone beds. Sev
eral beds of white shale or plastic clay are often present near the 
base. Thin beds of oyster shells are common at several horizons. 

In the Denver Basin there is a prominent zone of lime- and 
iron-carbonate concretions, from 1 to 3 feet in diameter, about 
200 feet above the base. 

Near the ·wyoming line the lowest 20 feet is hard and sili
ceous, and lacks the usual fine lamination. 

Topogmphy.-Everywhere the Graneros shales outcrop on 
the barren eastern slope of the great Dakota hogback, or else un
derlie the western side and middle of the valley at the eastern 
base thereof. 
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Clays and Shalcs.-Much that was :-;aid relative to the quality 
of the Graneros shales in the :o;outhent m·ea (seep. 110) is equally 
relevant here, but the beds of this area seem to average slightly 
better than farther south. This is shown in a higher average 
viscosity temperature (Cone 9),a greater proportion (45 per cent) 
of cream-, buff-, or flesh-burning clays, and a higher percentage 
( 35) of samples showing good vitrifying qualities. Several of 
these may make good paving-bricks. Although a few beds seem 
adapted ·to the manufacture of higher-grade products, the 
Graneros is still distinctly a formation of attractive pink or light
tinted, brick-making material. 

Greenhorn Formation 

Characte1' of the Rocks.-The Greenhorn formation is not 
usually so distinct and easily recognizable as in the southern 
area, but its nature is quite similar; i. e., thin limestone bands 
separated by thinner shaies. The thickness varies from a few 
feet up to 25 feet or more. The limestones are apt to be light 
gray when fresh, and black when weathered, and they are often 
impure and shaly. The shales are dark gray. 

Topography.-The Greenhorn formation forms a prominent 
ridge outside of the Gateway of the Garden of the Gods and east 
of Lyons; but it is usually concealed by wash in the valley be
tween the Dakota and Niobrara hogbacks, lying somewhat nearer 
the latter than the former. 

Cla.ys and Shales.-No workable beds of shale were found. 

Carlile Formation 

Character of the Rocks.-The thickness of the Carlile forma
tion averages somewhat Irss than half that of the Graneros (see 
p. 134) in this area, and contains a number of thin, non-persist
ent, bluish or grayish limestone beds that are often bituminous. 
Otherwise, it is very similar to the Graneros. In some places, 
however, a considerable thickness of the shales. is bituminous, 
and the upper member is often a gray to greenish sandstone or 
sandy shale, 6-15 feet thick. The shales of the lower part are 
somewhat darker than those above. 

Topography.-The Carlile shales underlie the eastern side 
of the valley west of the Niobrara (see p. 136) hogback, and 
they often outcrop on the barren western slope of that ridge. 
Where the Greenhorn. limestones outcrop prominently, the shales 
fill the valley between that elevation and the Niobrara hogback. 
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Clays and Shales.-The shales have qualities very similar to 
those of the Graneros formation (seep. 135), but <werage some
what poorer, the most notable differences· being a greater ten
dency to burn red and a lower average viscosity temperature. 
There is not so much difference between the two horizons, how
ever, as exists farther south. "\ Yery large proportion of the 
beds will make good and attractive building-bricks of one kind 
or another; but, at the great majority of points sampled, the 
formation is worthless for other purposes. 

Niobrara Formation 

Character of the Rocks.-Although the northern Niobrara 
beds are never subdidded into the Timpas and Apishapa forma
tions, as is done in the southern area, it is as easy to do so in one 
place as in the other. The lower portion, ending in a hard, cal
careous shale or limestone zone, would then be Timpas, and the 
remainder Apishapa. The upper Tinipas so resembles the Api
shapa lithologically, however, that there seemR to be no reason, 
except custom, for using the two names anywhere. 

The thickness of the formation is about -!00 feet throughout 
the central part of the area, but it thickens to the south and thins 
to the north. At the base is a prominent zone of hard, compact, 
light-colored, dolomitic limestone in beds up to 3 feet thick, 
which are separated by thin day seams. The bedding is very 
irregular, and the thickness of the zone Yaries from 15 to 50 feet 
or more. This limestone pas:-:es abon• through an alternation of 
thin shales and "blocky" limestone beds into marly shales. At 
the top of this second zone O!·cur several thin, hard calcareous 
shale or limestone bands. This hard zone is somewhat below 
the middle of the formation. l\Iost of the shales below are dark 
brown when fresh, but wenther gray to white. The hard zone is 
even darker brown when fresh, and weathers yellowish. Above 
the hard, calcareous zone the remainder of the formation con
sists of calcareous sand;r shales, which weather yellow or buff 
and contain several thin limestone bands. Several different 
species of bivalves, some sharks' teeth, and fish remains consti
tute the fossils found. 

Topography.-The basal limestone forms a prominent hog
back everywhere, but the height is much less than the great Da
kota hogback to the west. It is the first ridge east of the Dakota 
hogback, unless a low ridge of Greenhorn limestone intervenes. 
The hard, calcareous layer below the middle of the formation 
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sometimes makes a secondary ridge east of the main one; and a 
third limestone zone may develop into a minor l'idge east of the 
last; but this is uncommon. The main hogback is often covered 
with a growth of pinon tress. These are wanting on immedi
ately contiguous formations. 

Clays and Shales.-The Niobrara shales are too calcareous 
to be of interest to ceramists, and were therefore not sampled. 

Pierre Forll).ation 

Ohcwacter of the. Rocks.-The Pierre formation has a thick
ness of 7,900 feet south of Golden, but measures less than half 
this in many places. Its general nature is the same as in the 
southern area (seep. 114), but the tepee buttes disappear nort~ 
of Colorado Springs; and, in the Denver Basin, a soft, yellowish
gray, fine-grained sandstone, 100-350 feet thick, occurs at the top 
of the lower third. The shales are nearly everywhere some shade 
of gray, often dark, when fresh; but the:y are apt to weather to a 
drab, buff, or yellowish-green gumbo soil that is very sticky when 
wet. The last-named color is rather characteristic of the north
ern part of the area. The shales become more sandy toward the 
top, and usually grade insensibly into the Fox Hlills formation 
above. In some places this transitionaJ zone is marked by the 
presence of thin limestone lenses and small ferruginous concre
tions. Soft s~ndstones and gray, fine-grained, concretiorary lime
stone beds occur at several horizons; and the rusty zone men
tioned in the description of the southern area is usually promi
nent. The fossils found include many varieties of invertebrates 
and some fish remains. 

Four miles north of Boulder there is a 40-foot zone of lime
stone which closely resembles the basal Niobrara. 

North of Boulder the lowest 75-100 feet is black and has a 
papery lamination which makes it look much like the Benton 
shales. There, also, occurs a light-gray to dark greenish-gray, 
gritty, calcareous sandstone which loS€s lime on _weathering and 
assumes a lighter tint. It is hard and outcrops prominently in 
many places. As it is at the same horizon as the sandy zone in 
the Denver Basin, it is probably the northern equivalent of those 
beds. It is called the Hygiene sandstone; and, while thin near 
Boulder, its thickness incteases to 300 feet or more farther north. 
Four miles north of Boulder a zone of shale separates the sand
stone into two members. This shale thickens to the north and 
has a maximum of 200-300 feet three miles farther north. Cal-
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careous concretions several feet in diameter are common in the 
upper part of the sandstone, and invertebrate fossils and car
bonized wood occur at several horiwns. North of Fort Collins 
the whole Pierre formation is more sandy than to the south, and 
the Hygiene sandstone is less distinct and is difficult to trace. 

Topograplly.-The Pierre forma'tion usually underlies a 
broad, flat or gently undulating valley occupying most of the 
:-;pace between Niobrara and Laramie hogbacks or outcrops. The 
Hygiene sandstone, howe\·er, often develops into a ridge or hog
back. 

Clays and Shales.-/dmost everything said relative to the 
ceramic qualities of the Pierre shales in the southern area (see 
p. 115) is equally true of those rocks in northern Colorado. In 
fact, most of the percentages given are identical in the two 
regions: However, only half as large a proportion are deficient 
in tensile strength in the northern area, but this improvement is 
<·ounteraded by a higher percentage ( 4ti), with a relatively high 
air shrinkage. Only 5 per cent of the northern shales seem 
utterly worthless; and the sam(:) low percentage may make pav
ing-brick. The worthless samples were not taken wholly from 
the top of the formation, as was the case farther south. 

While a careful exclusion of concretions and other impuri
ties will usually yield material that will make fair to good red or 
pink bricks of some kind, different horizons of the formation in 
any district will commonly differ decidedly in their properties; 
and careful tests of a number of zones should always be made 
before locating a brick plant, since no general statement can be 
made as to which part of the formation is apt to be the best. 

Fox Hills Formation 

Cha.racter of the Rocks~-The Fox Hills is almost entirely yel
lowish, sandy shales, but contains a few beds of clay-shale, and 
is capped by about 50 feet of greenish or yellowish-gray, mica
ceous sandstone, which weathers light gray. The thickness is 
1,400 feet near Niwot and 800-1,000 feet in the Denver Basin, but 
it may be much less elsewhere. The sandstone contains large, 
dark-brown, lime- and iron-carbonate concretions, which often 
have a fucoid in the center. Invertebrate fossils and plant re
mains are common, especially in the top layer of the capping 
sandstone, which is sometimes shaly. 
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ft;pography.-The capping sandstone combines with the 
basal Laramie sandstones above to form a prominent escarp· 
ment or hogback-the last east of the mountains, unless Tertiary 
formations are present. The hogback thus formed is remarkable 
at several points for the wall- or dyke-like appearance of the 
hard beds projecting from its summit. The soft, lower Fox Hills 
beds outcrop on the western slope of this hogback and in the val· 
ley at its base (or below the escarpment when the beds are not 
upturned). Just south of Clear Creek, at Golden, there is a hill 
of the soft shales. 

Clays and Shales.-Most of the Fox Hills shales are alto
gether too sandy to be worthy of consideration. Where clayey 
beds are found, they are inferior to the Pierre shales in every 
way, except that they have a greater tendency to burn pink in
stead of red. Practically all of them will make fair to geod soft
mud bricks, however, and two or three samples might make other 
products; none vitrified well. 

Laramie Formation 

Character of the Rocl;s.-The Laramie formation is every
where divisible into two parts: a lower, composed of massive, 
gray or white sandstone, containing some dark-gray or brown, 
sandy shale or clay-shale, shaly sandstone, and workable beds of 
coal; and an upper, consisting of sandy shales and clay-shales, and 
massive clays of many colors interbedded with sandy shales and 
sandstones. This upper sandstone is often ferruginous. The 
lower division is 40-200 feet thick, and the upper, 250-1,000 feet 
thick. The sandstones contain very hard, concretionary masses, 
30-40 feet long, of material similar to the surrounding rocks; 
and the upper beds yield many concretions of carbonate of lime 
and iron, 2 to 4 feet in diameter. The ooal-beds vary in thick
ness from a few inches to 15-20 feet. A few lignitic bands and 
thin, unworkable coal seamS! may be found in the upper division. 
The basal sandstone usually forms a lithologic unit with the cap
ping sandstone of the Fox Hills formation, but may be distin
guished from the latter hy the lack of mica and the white or gray 
color. 

Near Fort Morgan and Sterling the upper division contains 
a characterist~c bed, consisting of 30-40 feet of alternating 
laminae of sandstone and gray clay, each layer being not over 
one-halfinch thick. 
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Topography.-The topography resulting from the outcrop
ping of the Fox Hills-Laramie sandstone has already been de
scribed under the discussion of the former formation (seep. 139). 
The softer, upper division is exposed on the eastern side of the 
Fox Hills-Laramie hogback, or on the flat or undulating area 
above the escarpments or bluffs formed by the lower beds when 
the layers are not upturned. 

Clays and Shales.-A great variety of clays and shales occur 
in the Laramie formation, and there is no special horizon that 
appears better or poorer than others. Neither does any bed re
tain its qualities for many miles. In spite of these variations, it 
can be said that the formation is of the greatest interest to cer
amists, and has yielded enormous quantities of valuable clays, 
especially near Golden. This investigation proves, however, that 
equally good beds exist elsewhere. The general qualities of Lar
amie clays and shales are shown in the following table in terms 
of the percentage of samples tested : 

Viscosity temperature above Cone 8 ................................ 45% 
Average cone at which viscosity occurs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Deficient in plasticity .............................................. 20% 
Excessive air shrinkage ............................................ 65% 
Deficient in tensile strength ........................................ 30% 
Burn to tints other than pink or red ................................ 60% 
Burn pink .......................................................... 30% 
Burn red ........................................................... 10% 
Adapted to making other products than bricks or earthenware ........ 35% 
Possibly adapted to making paving-bricks ........................... 25% 
Worthless ......................................................... 15% 

The large proportion with a high air shrinkage indicates that 
the dry or semi-dry process must be used in many cases. This, 
together with the relatively high ~werage viscosity temperature 
and the fact that a large percentage burn to white, cream, buff, 
or other light tints, makes the majority of the Laramie clays or 
shales especially useful for the manufacture of a very high grade 
of pressed face liricks. A considerable proportion of the samples 
will make other products, however, and these include practically 
everything made of clay, except highly refractory goods. Grog
ging is often necessary to secure the best results. Several yery 
promising sources of material for paving-bricks were located, but 
the chances that they will make a high grade of this product 
would be better if a larger proportion burned to a darker color
contained more iron. 
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Arapahoe Formation 

Character of the Roclcs.-The Arapahoe formation not only 
is now known to be of the same age as the lowest part of the Daw
soiL formation (see p. 1±3), but it is lithologir·ally identical 
with, and may be traced into, the base of that formation. It 
has, however, a much more extensive distribution than the upper, 
and thicker, portion of the Dawson formation. 

At the base of the Arapahoe formation there is 50-200 feet 
of conglomerate beds containing some coarse sandi'Jtones; while 
above this lies 400-600 feet of soft sandston<' and sanely shale. 
The prevailing color is light gray or white, bnt the conglomerate 
often weathers dark brown. A conglomeratP bed at the base is 
hard, and ayerages 40 feet thick. It is charac-i pJ·ized by the pres
ence of numerous pebbles of silicified limestone, called chert. 
These are blaek on the exterior and gray on freshly broken sur
faces. One or two beds of clay lie just abon• the conglomerate 
zone at Golden. 

Topogmphy.-The Arapahoe beds outcrop on the eastern 
slope or at the base of the Laramie hogback; or, where the beds 
are not upturned, above Laramie bluffs or escarpments. 'rhe basal 
conglomerate, although very hard, often disintegrates readily 
when exposed to the air, and rarely projects more ihan :2 or 3 

t 
feet above the surface north of Platte Canon. South of that 
point, however, its outcl'Ops are much more prominent; and, west 
of Sedalia, it forms the western portion of the most prominent 
hogback in the area. At many points both north and south of 
here it is not exposed at all, but may be traced readily by means 
of the numerous black "chert" pebbles in the soil. 

Clays and Slwlcs.-The Arapahoe formation is not known to 
contain any clay outside of the beds near Golden, and these are 
no longer worked. 

Denver Formation 

Character of the Rocks.-The Denver formation is also of 
the same age as the lower part of the Dawson formation (see p. 
142), but is younger than the Arapahoe, and is lithologicall~- dis
tinct from both it and the Dawson. 

The lower 400 feet is composed entirely of andesitic debris
sandstones, sandy shales, and conglomerates. Then come one to 
three flows of basaltic lava of various thicknesses up to 140 feet 
each. Above this occurs 800-900 feet of material which is iden-
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tical with the lower beds immediately above the lava flows, but 
contains increasing proportions of orthoclase, quartz, and mica 
toward the top; and the highest beds are entirely made up of 
rather coarse granitic, gneissic, or schistose debris, consisting 
largely or entirely of the minerals just mentioned. Fossil leaves, 
palm stumps, and petrified wood are plentiful in the formation. 

Topography.-The lower beds outcrop prominently on the 
steep slopes of the two basalt-capped mesas east of Golden, and in 
the. lower part of Green Mountain south of Golden. Elsewhere 
they underlie an undulating or level surface. The upper beds are 
exposed only on the sides and top of Green Mountain. 

Clays and SQ,alcs.-The upper beds are too coarse-grained, 
and the lower ones, where finer, are too basic, to interest cera
mists; so they were not sampled. 

Dawson Formation 

Cha1'flcter of tl1c Roclcs.-The Dawson formation is the lower 
and thicker member of what was formerly called the Monument 
Creek formation. The latter is now known to contain rocks be
longing to two different systems which are separated by an un
conformity and which differ lithologicall~- to some extent; so it 
is necessary to divide it into two formations. 

The Dawson formation has a maximum thickness of about 
2,000 feet, and covers a large area between Colorado Springs and 
Denver. It consists of a complex alternation of grits, sandstones, 
conglomerates, sandy shales, and clays. These often show bright 
yellow or red colors, and occur in beds 20-40 feet thick. 'fhin 
beds of siliceous limonite also occur at many horizons. The 
conglomerates are most numerous near the base, where the Daw
son merges into the Arapahoe formation. The beds may be un
cemented or of great hardness; they may be well bedded, or, as 
is more commonl;r the case, they may show little or no lamination 
and be irregularly stratified. Cross-bedding is very common, and 
the material often shows little evidence of sorting. Silicified wood 
is abundant. At, or very near, the top of the· formation occur 
several layers of rhyolite 'tuff, some of whiEh are silicified and 
resemble jasper. 

Topography.-Near the mountains the basal beds have been 
upturned and form a prominent hogback _or ridge. West of 
Sedalia the height of this topographic feature is greater than any 
of the lower sedimentary formations attain. Farther east there is 
a valley several miles wide, with a decidedly rolling surface, 



CLAYi; OF EASTERN COLIJRADO 

dotted with buttes and picturesque outcroppings of the harder 
beds. Still farther east the upper beds underlie high mesas capped 
with the rhyolite or overlying Castle Rock conglomerate. 

Clays awl Shales.-The clay-beds are usually decidedly 
lenticular, and the properties of different beds differ considerably, 
but, as a whole, the material is of ,·ery high grade. No samples 
taken prove.d "·urthless, all failed to fuse below Cone 12, and the 
average viscosity temperature is above Cone 24. Excluding the 
fire-clays, the average yiscosity temperature is Cone 18. Forty
five per cent of the samples at·e true fire-clays, the same propor
tion will make products more valuable than bricks or earthenware, 
and an even larger number may yield paving-bricks. Fifty per 
cent burn white or light-tinted, practically all are very plastic, 
and none haYe an excessive air shrinkage. The only unfortunate 
feature is a deficiency in tensile strength exhibited by 50 per cent 
of the test-pieces. This limits their usefulness unless they are 
washed or mixed with other cla~·s. 

Castle Rock Formation 

Charackr of the Rocks.-The Castle Rock formation is the 
upper member of what was formerly designated the Monument 
Creek formation. It is of lower ·yvhite River or Chadron age; 
and the maximum thickness is 300 feet. It is composed of hard, 
massive conglomerates consisting of pebbles up to several inches 
in diameter, imbedded in finer-grained material. These grade in 
some places into a grit streaked with coarser fragments. 

Topography.-The Castle Rock formation occurs as the cap
ping of mesas and buttes. 

ClCfYS and Shcbles.-'l'he Castle Rock formation contains no 
clays or shales. 

Brule Formation 

Character of the Rocks.-The Brule formation comprises a 
maximum of several hundred feet of pale-buff or flesh-colored, 
sandy clays containing thin sand or sandstone and brown, pink, 
or green clay beds of limited extent. Some conglo;merate occur::-; 
near the top. Volcanic ash is also present at one or more hori
zons. The whole is calcareous. 

Topography.-The Brule formation outcrops as bad-lands, 
mesas, or bluffs; and lies beneath somewhat hummocky plains. 
The bluffs often haYc a chalk~- appearance. 
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Clays and .Shales.-Most of 'the material is too sandy to in
terest ceramists, and three-quarters of the more clayey beds sam
pled proved worthles.s. The average temperature of viscosity is 
at Cone 4, and most of the pieces burned red. The tensile strength 
is also low in nearly all cases, and no samples seemed likely to 
make anything but soft-mud or pressed bricks or earthenware, 
usually of doubtful quality. 

Arikaree Formation 

Character of the Rocks.-The Arikaree formation is com
posed of a maximum of a few hundred feet of fine, light-gray 
sands, containing layers of hard, dark-gray, irregularly cylindrical 
or pipe-shaped concretions. More or less sandy beds and volcanic 
ash are numerous, and some local lenses of conglomerate may be 
found. 

Topogmphy.-Arikaree beds usually outcrop on the steep 
slopes below Ogallala-capped (see below) bluffs or mesas. 

Clays and .Shales.-Practically no true clays or shales occur 
in the formation. 

Ogallala Formation 

Charaater of the Rocks.-Tlle Ogallala formation appears to 
be of tlle same age as the Nussbaum formation (see p. 119) to 
the south. It is also very similar to that formation lithologically. 
In fact, the only appreciable difference noted is the cementation 
with calcium carbonate of the upper sandy beds as well as the 
basal gravels. 

Topography.-The Ogallala beds usun lly cap mesas, buttes, 
or bluffs. 

Clays cwcl .Shalcs.-The Ogullnla formation contains no clay 
or shale. 

Recent Formation 

All that was said relative to this formation in Chapter I 
(see p. 119) is equally applicable to the northern area. 



CHAPTER III 

Area in Northwestern and Central-Western Colorado 

GENERAL GEOLOGY AND TOPOGRAPHY OF THE AREA 

.\Jl that wa::; said under these heacli11g:-: in Chapter I (see pp. 
101-10:3) applies equally well farther west. 

Except around Glenwood Springs, there are no known work
able day beds older than the Jm·a::;::;ie period near centers of 
population in this area, although extensive deposits of all other 
kinds of sediments of greater age are emnmon. The post-Permian 
sedim<>nim·y formations are usuall)· so similar in general nature, 
although diffe1·ing more or less in details, that anyone versed in 
the natme of the equintlent formations in eastern Colorado will 
ordinarily ha\'c little difficulty in (letermiuing the age of a clay 
or shale bed west of the mountains, or in locating a given horizon. 

The following table shows the ages of the more important 
cla.Y-beal'ing formations in the area under consideration, and in
diea t£'S their probable eqniyalents east of the mountains: 

.. 

Period and System Formation Equivalent Formation 
in Eastern Areas 

Laramie Laramie 

Lewis 
Fox Hills or Trinidad 

~Icsa \/,~rdc 

PiPrre 

Apishapa 
Niobran1 m· 

Tim pas 
Crctaceou::; and Comanchean (?) --

lo.Iancos Carlile 

Benton or Greenhorn 

Graneros 
---
Dakota 

Dakota 

I Lower Dakota or Purgatory 

Jurassic 
I 

Flaming Gorge or :\lcElmo ).! or rison 

-· --
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The base of the Flaming Gorge or McElmo formation consists 
of marine sediments and may be of Sundance age. 

Comanchean rocks have not been recognized in western Colo
rado, but the Dakota formation commonly consists of two sand
stone members separated b~~ shales; and this strongly suggests 
its binary natme east of the mountains, where the lower member 
is known to be of Comanchean age. 

The western equivalent of the Niobrara formation is difficult 
to identify, although portions of the Mancos formation are cal
careous and contain characteristic Niobrara fossils. 

The Mesa Verde shales contain Pierre fossils, while the sand
stones yield Fox Hills types; so it cannot be considered the exact 
equivalent of either alone. 

The brief descriptions of the formations that follow are very 
much generalized, yet will usually se1Te to locate the clay-bearing 
horizons when read in conjunction with the descriptive matter 
bearing on the eastern formations. 

No attempt to discuss the topographic features has been 
made, since local hard members of the various formations often 
develop into ridges or benches, and a much more detailed descrip
tion than is here desil·n ble would be needed to cover such cases. 

The properties of the clays and shales of each formation are 
not discussed, since an insufficient number of beds were sampled 
to permit generalizations of that kind. The tests made, however, 
indicate that the clays and shales are apt to be similar in quality 
to those of equivalent formations to the east, but that many 
horizons average more gypsiferous. This makes the western ma
terial rather less promising than the eastern beds. 

Flaming Gorge or lVIcElmo Formation 

The western Jurassic beds of Morrison and, possibly, upper 
Sundance age are known as the Flaming Gorge formation in the 
northern, a:nd the McElmo formation in the southern, part of the 
state. They consist of several hundred feet of marly shales of 
variegated colors, some harder beds of limestone and sandstone, 
and a dark-colored, jasper-bearing conglomerate near the top. 
The resemblance to the Morrison beds is marked, but there a·re 
more pink and red beds present in the west, and the sandstone 
is apt to contain flakes of green shale. 
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Dakota Formation 

The Dakota formation consists of a few tens or hundreds of 
feet of hard, light-colored sandstone or quartzite, often separated 
into two or more members by la~·ers of sandy or (·lay-shale. At 
the base is a hard conglonwrate bed. 

Mancos Formation 

The Mancos formation includes all the rocks of Benton and 
Niobrara age and part of the Pierre sediments. At the base are 
often found alternate layers of sandstone, carbonaceous shale, 
and coal. These resemble the Dakota beds rather closely, and 
were long so designated, but are now known to contain char
acteristic Benton fossils. Above the ('oal horizon lie several hun
dred feet of typical black Benton (Graneros and Carlile) clay
shales, containing some limestone and sandstone near the top. 
Still higher are sometimes found calcareous shales of Niobrara 
age, and at the top are a few thousand feet of buff clay-shales 
that very closely resemble the Pierre shales of the eastern areas. 
Lenticular sandstone beds, some limestone, and concretions occur 
at several horizons. 

Mesa Verde Formation 

The Mesa Verde formation consists of a few thousand feet 
of alternating sandstones, sandy shales, and coal beds. The sand
stones are usually gray, but frequently weather to bright shades 
of red and yellow. This formation may be the western equivalent 
of the Hygiene sandstone. There is nothing to indicate this, how
ever, except its sandy character and stratigraphic position; aJ;td 
the presence of Fox Hills fossils along with those of Pierre age 
would seem to put it higher in the geological time-scale. 

Lewis Formation 

The Lewis formation comprises several hundred to one or two 
thousand feet of dark-gray to black clay-shale, with layers or 
lens-shaped masses of dark-colored, compact limestone, and some 
sandy shale. The absence of sandstones is its most prominent 
feature, since it is underlain and overlain by much of that rock. 
The Lewis shales may be of Pierre age, although, as already men
tioned under the discussion of the Mesa Verde formation, Fox 
Hills fossils are found in rocks stratigraphically below it. It 
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may be, however, that so-called typical Pierre and Fox Hills fos
sils were really living at the same time throughout a large part 
of the time consumed by the deposition of the Pierre and Fox 
Hills sediments, but that one type flourished under conditions 
that led to the accumulation of muds (shales), while the other 
preferred a sandy bottom. An alternation of conditions would, 
then, cause the formation of rocks which could not definitely be 
placed in either formation. This seems to be the case so far as the 
Mesa Verde and Lewis formations are concerned. 

Laramie Formation 

The Laramie formation consists of a few hundYed to a 
thousand or mol.·e feet of rather soft, massi\·e sandstones, usually 
light-colored, together with sandy or clay-shales that may be dark
colored, and many coal beds. 

PARTIAL LIST OF THE SOURCES OF DATA CONSULTED IN 
COMPILING THE DESCRIPTIONS OF THE COLORADO 
CLAY-BEARING FORMATIONS 

Butters, R. M.-"The Permian or Permo-Carboniferous of the Eastern 
Foothills of the Rocky Mountains in Colorado." Colorado Geological 
Survey, Bul. 5, Part 2, pp. 63-101. 

Cross, Whitman.-See, also, under Emmons. 
-- "Pike's Peak Folio," U. S. G. S., Folio ::\o. 7. 
-- and A. C. Spencer and C. W. Purington.-"La Plata Folio," U.S. G. S., 

Folio No. 60. 
Darton, N. H.-"Preliminary Report on the Geology and Underground 

Water Resources of the Central Great Plains." U. S. G. S., Prof. Paper 
No. 32. 

-.- "Geology and Underground \Vaters of the Arkansas Valley in Eastern 
Colorado." U. S. G. S., Prof. Paper No. 52. 

-- "Camp Clark (Nebraska) Folio." D. S. G. S., Folio No. 87. 
Eldridge, G. H.-See under Emmons. 
Emmons, S. F.-"Geology of the Denver Basin." U. S. G. S., Mon. XXVII. 
Fenneman, N. M.-"Geology of the Boulder District." U. S. G. S., Bul. 

No. 265. 
-- and H. S. Gale.-"The Yampa Coal Field." U. S. G. S., Bul. No. 297. 
Fisher, C. A.-"Nepesta Folio." U. S. G. S., Folio No. 135. 
Gale, H. S.-See, also, under Fenneman. 
-- "Coal Fields of Northwestern Colorado and Northeastern Utah." 

U. S. G. S., Bul. No. 341, pp. 283-315. 
-- "Geology of the Rangely Oil District." U. S. G. S., Bul. No. 350. 
Gilbert, G. K.-"Pueblo Folio." U. S. G. S., Folio No. 36. 
Girty, G. H.-"The Carboniferous Formations and Faunas of Colorado." 

U. S. G. S., Prof. Paper No. 16. 
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Goldman, M. I.-"The Colorado Springs Coal I<'ield." U. S. G. S., Bul. No. 
381, pp, 316-340. 

Henderson, Junius.-"The Foothill Formations of Northern Colorado." 
Colorado Geological Survey, First Report, pp. 145-188. 

Hills, R. C.-"El Moro Fo1io." U. S. G. S., Folio No. 58. 
-- "Walsenburg Folio." U. S. G. S., Folio No. 68. 
-- "Spanish Peaks Folio." U. S. G. S., Folio No. 71. 
Lee, W. T.-"The Areal Geology of the Castle Rock Region." American 

Geologist, Vol. XXIX, pp. 96-109. 
-- "The Grand Mesa Coal Field." U. S. G. S., Bul. No. 341, pp. 316-334. 
-- "The Coal Fields of Grand Mesa and West Elk Mountains." U. S. G. 

S., Bul. No. 510. 
Purington, C. W.-See under Cross. 
Richardson, G. B.-"The Trinidad Coal Field." U. S. G. S., Bul. No. 381, 

pp. 379-446. 
-- "The Monument Creek Group." Bul. Geological Society of America, 

Vol. 23, pp. 267-276. 
Spencer, A. C.-See under Cross. 
Stose, G. W.-"Apishapa Folio." U. S. G. S., Folio No. 186. 
Washburne, C. W.-"The Canon City Coal Field." U. S. G. S., Bul. No. 381, 

pp, 341-378. 
--"The Florence Oil Field." U.S. G. S., Bul. No. 381, pp. 517-544. 
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NUMBER OF SAMPLES TAKEN IN EACH COUNTY 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
?:1. 
28. 

Adams ............................. 6 
Arapahoe ......................... 0 
Archuleta . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Baca ........ ..... : ................. 0 
Bent ............ , . .. .. .. . . . .. .. . . . . 9 
Boulder ........................... 68 
Chaffee ............................ 0 
Cheyenne ......................... 0 
Clear Creek........................ 0 
Conejos ........................... 0 
Costilla .. .. . . .. . . .. .. .. .. .. .. .. . 1 
Crowley .................. 0 
Custer ............................. 14 
Delta .............................. 3 
Denver ............................ 0 
Dolores ............................ 0 
Douglas .......................... 24 
Eagle .............................. 0 
Elbert ............................. 0 
El Paso ............. ~ .. .. .. .. .. .. .. 50 
Fremont .......................... 23 
Garfield ............................ 20 

g~~~~ ·:.·.·. ·.·:::.·::::::::::::::::::: g 
Gunnison .......................... 4 
Hinsdale ........................... 0 
Huerfano ......................... 25 
Jackson .. .. .. . .. . .. . .. .. .. .. . .. . .. 0 

c0. Jefferson .. .. ....... : .. ..... 51 
10. I{iowa ............................. ·O 
~1. Kit Carson .. .. .. .. .. .. .. .. .. . .. .. n 
3~. Lake . . . . . . . .......... 0 

33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
13. 
J:L 
H. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 

• 53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 

La Plata ......................... 0 
Larimer ........................... 75 
Las Animas ....................... 13 
Lincoln ............................ 0 
Logan ............................. 6 
Mesa ............................... 11 
Mineral .... . ............. 0 
Moffat . .. . . . . . ................... 0 
Montezuma . .. . . . . . . . . .. . . .. . . . .. . 0 
Montrose ......................... 0 
Morgan ............................ 13 
Otero .............................. 7 
Ouray ............................. 0 
Park .............................. 0 
Phillips ............................ 0 
Pitkin ............................. 0 
Prowers .......................... 4 
Pueblo ............................ 50 
Rio Blanco ................. , . . .. . 0 
Rio Grande . . . . . . . . . . . . . . .. . . .. . .. 0 
Routt .............................. 6 
Saguache .......... ,.. ... . . .. .. .. . 1 
San Juan .... : .................... 0 
San Miguel . . . . . . . . . . . . .. .. . .. . . . . 0 
Sedgwick........................ 2 
Summit ........................... 1 
Teller . . . . . . . . . . . . . .. . . . .. .. . 0 
Washing( on .. . .. .. . .. . .. . .. 5 
Weld ... . .............. 31 
Yuma .................... . 

Total. ... ' ....... . 53:-i 

NOTE-This list and the preceding map were prepared befot·e the creation of 
c\lamosa County. 



PART III 
The Location, Occurrence, Field Characteris

tics, and Economic Value of the 
Samples Tested 

CHAPTER I 

Adams County 

Geology of the County.-The eastern half of the county is en
entirely underlain with Laramie rocks; but there are extensive 
deposits of Arapahoe age in the northwestern corner, and a little 
Denver material to the southeast. A comparatively small area 
to the west of the center of the southern boundary is covered 
with Dawson beds. 

ADAMS COUNTY 

Sketch map showing the approximate locations of the beds sampled 

1. Location.: 3 miles1 southeast of Brighton; the old brick
yard on Colby's place in Sec. 19. 

Occurrence: 3-5 feet is exposed in a pit dug below a level 
surface on which there is no overburden. 

Field Characteristics: Soft, yellowish-brown, massive, sandy 
clay typical of the soil of a large part of the district. 

Econ01nic Value: Should make first-class, red soft-mud 
bricks if burned to Cone 03. 

'The distances mentioned in Part III are usually merely guesses and 
are apt to be more or less incorrect. Not much dependence should be 
placed upon them when they seem to conflict with other data. 
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2. Location: · 2 miles south of Brighton and near the river; 
:14 mile southwest of cemetery; just west of "river road." 

Occurrence: A 10-foot, horizontal bed with no overburden 
in the bank of an arroyo in the bottom land near the river. In 
pockets in alluvial gravel. 

Field Characteristics: Medium-hard, brownish-gray, gritty 
clay of irregular structure, spotted with alkali and sand. 

Economic Value: Should make good, pink to red soft-mud 
bricks if burned above Cone 03. 

3. Location: 1 mile east of Brighton in Sec. 5; 100 or 200 
paces west of road. 

Occurrence: A 3-foot exposure along a ditch beneath a 
gentle, westerly slope. There is no overburden where the sample 
was taken, but it is probably thick in most places. 

Field Chamete;ristics: Soft, yellowish-green, fine-grained, 
shaly material. 

Economic Valcue: Should make red dry or semi-dry pressed 
bricks, with an absorption of about 12,%, if burned to Cone 05. 

4. Location: 1 mile west of Brighton, when' the main 
road west of town across the river passes the TT. P. track and <-l 

large ditch. 
Occurrence: A 50-foot exposure with 1-3 feet orerburden on 

a hill rising west of the railroad. The beds have a Rlight dip. 
Field Characteristics: Medium-hard, yellow, brown, and 

greenish, fine-grained to sandy, thin to thick beds. 
Econ.omic Valne: Should make good, pink dry-pressed 

bricks, but must be burned to Cone 01 to bring absorption below 
12,%. The air shrinkage is much too high (16_%) and the tensile 
strength too low for other uses. 

5. Location: N. 1;'2 of Sec. 12, Tp. 1 S., R Gl W. 
Occurrence: A 25-foot horizontal bed benf'ath S feet of coal; 

85 feet below surface. 
Field Characteristics: A soft, greeni~h <:la~·. 

Economic Value: Might make fair, buff dr·_v-pressed bricks, 
but the absorption would be high and the quality is doubtful. 

6. Location,: S. W. :!4, Sec. 6, Tp. 1 S., R. 60 W. 
Occurrence: A 30-foot horizontal bed varying from nothing 

to over 60 feet from the surface. 
Fielcd Characteristics: Soft, bluish clay. 
Economic Valne: Should make first-class, red pressed 

bricks, and might answer for soft-mud and stiff-mud bricks and 
earthenware if grogged. 
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Bent County 

Geology of the County.-Most of the Arkansas River and the 
creeks south thereof flow over Dakota sediments. ~orth of the 
Arkansas are extensive exposures of Benton and Niobrara rocks. 
Benton beds also form the highlands between the creeks south of 
the Arkanas. In the extreme southwest corner occur Purgatory 
and Morrison beds; while Niobrara and Tertiary rocks underlie 
the extreme southeast corner. A little Tertiary material also oc
curs along the northern boundary. 

BENT COUNTY 

Sketch map showing the approximate locations of the beds sampled 

7. Location: Muddy Gap; 8 miles south of the .J. J. Ranch 
and 3 miles east of Pealed Pine Creek. 

Occurrence: A 6-foot horizontal bed underlying 35-50 feet 
of solid sandstone on a r!iff below a high mesa. About 50 feet 
below the Dakota formation. This sample is the upper 6 feet of 

a 15-foot bed. 

Field Characteristics: A hard, gray to black, medium coarse
grained, sandy, massive clay, with some sandstone seams. 

Economic Value: Probably worthless, since burned prod· 
ucts are very soft. 
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8. Location: Muddy Gap; 8 miles south of the J. J. Ranch 
and 3 miles east of Pealed Pine Creek. 

Occurrence: A 6:foot horizontal bed underlying 35-50 feet 
of sandstone on a cliff below a high mesa. About 50 feet below 
the Dakota formation. This sample is the lower 9 feet of a 15-
foot bed. 

Field Characteristics: A hard, gray to black, medium 
coarse-grained, sandy, massive clay, with some sandstone seams. 

Economic Value: Probably worthless, since burned prod
nets are very soft. 

9. Loccttion: Muddy Gap; 5 miles south of J. J. Ranch. 
Occurrence: A 6-foot exposure of horizontal material, with 

1-3 feet of overburden, exposed in an irrigation ditch on the side 
of a knoll. 100 feet below the top of the Morrison formation. 

Field Characteristics: Soft, gray to brown, medium-fine to 
fine, massive clay. 

Economic Vctlue: Probably worthless, as the bricks, al
though attracth·e and of white color, have a very high absorp
tion (23%). 

10. Location: Richards Ranch (20 miles southeast of La 
Junta); 1j2 mile west of the Purgatory River. 

Occun·cncc: A 9-foot horizontal bed exposed in a well 18-20 
feet from the surface. 150 feet below the top of the Dakota for
mation. 

Field Characteristics: A gray, hard, coarse-grained, sandy, 
massive clay. 

Economic Ya~uc: Valueless, except for grog. 
11. Locat,ion: J. J. Ranch (20 miles southeast of La 

Junta); 2 miles northeast of ranch house an(! ~/~ mile west of 
the Purgatory River .. 

Occurrence: An 8-foot exposure of horizontal material, 
with 2-6 feet of overburden, exposed on the side of a knoll above 
the road. 35 feet below the top of the Morrison formation. 

F'ield Characteristics: A soft, greenish-gray, fine-grained, 
massive clay, exposed in many places along the Purgatory River. 

Ee:onomic Value: Should make good, reddish-brown pressed 
bricks if burned to Cone 03, and will answer for soft- and stiff
mud bricks if grogged. 

12. Location: 4 miles south of Las Animas on the Purgatory 
River. 
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Occurrc11ce: A 5-foot exposure of horizontal material, with 
a foot or less of overburden, on the side of a low knoll along the 
river bank. Near the top of the Dakota formation. 

Field Clwracteristics: A medium-hard, gray, medium-fine, 
sandy, massive clay. 

Econo111ic Value: Should answer spendidly for a wide variety 
of purposes, as shown on Table No. 1. Some grogging may be 
required, but the tensile strength and plasticity are so high as to 
permit this without injuring the quality of the clay. 

13. Luntiion: 4 miles south of Las Animas on the Purgatory 
River. 

Occurrence: An 8-foot exposure of horizontal material on 
the bank of the riyer, 15 feet below No. 12. 

Field Oll((mctcristics: A medium-hard, gray, medium-coarse, 
sandy, shaly clay, with some sandstone seams. 

Econo111ic Yaluc: Should make fairly good, red soft-mud 
bricks, if burned to Cone 03. The cohesion is probably too weak 
to permit the manufacture of other products 

14. Locntion: 8 miles northwest of Las Animas, on Adobe 
Creek. 

Occu rrcncc: .\n 8-foot exposure of horizontal material, with 
3-6 feet of OYer-burden, on the banks of Adobe Creek. Near the 
base of the Graneros formation. 

Field Chamctcristics: A. medium-hard, gray, medium fine
grained, sandy shale, containing sandstone seams. 

Econo111 ic V (tluc: ~lay make ra tiler soft, very absorben ~ 
earthenware, llollow structural material:;;, and drain tiles, but will 
wear the dies. 

15. Location: 8'l2 miles northwest of Las Animas and 1;2 
mile west of Adobe Creek, aboYe tile Fort Lyon Canal. 

OccWTI'IlCC: .\ 33-foot horizontal bed, with 6 feet or less of 
overburden, on the side of a knoll. Near the top of the Carlile 
formation. 

Field Clwmctcristics: ~ledium-llard, gt·a;r to black, fine
grained shale and clay. 

Economic Va luc: 'l'he clay has a number of possible uses, 
but the high absorption and air shrinkage and slightly deficient 
plasticity tend to lessen its probable yalue for an.rtlling but paving 
and flashed bricks. 
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Boulder County 

Geology of .the Connty.-The west half of the county is com
posed mostly of pre-Cambrian crystalline rocks. Bordering this 
area to the eastward are relatively narrow exposures of all the 
sedimentary formations, from the Fountain to the Niobrara; 
and farther east are broader bands of Pierre and Fox Hills rocks. 
An extensive area of Laramie beds and a small patch of Arapahoe 
rocks occur in the southeast corner of the county. 

BOULDER COUNTY 

Sketch map showing the approximate locations of the beds sampled 

16. Location: In the Sunn;yside mine at Louisville Junction. 
Occurrence: A 6- to 8-foot bed forming the roof of a coal

seam, 360 feet below collar of the shaft. 
Field Characteristics: A medium-hard, gray, fine-grained, 

massive clay. 
Economic Value: High air shrinkage and absorption and 

somewhat deficient plasticity will probably prevent the use of this 
clay. 

17. Location: Burns Junction; 1,4 mile west of the station 
where the C. & S. track is about 8 feet lower than the electric 
track. 

Occurrence: An 8-foot bed on the surface, exposed in the 
railroad cut. 

Field Characteristics: A very hard, gray, finely gritty, thin
bedded clay. 
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Economic Value: If grogged, slwuld make a fine, buff soft
mud brick Qr earthenware, and may answer for rather tender 
terra-cotta. 

18. Location: North of Burns Junction, where the steam 
line turns away from the electric track in the first ravine crossed 
by a bridge. 

Occurrence:_ A 10-foot, nearly level bed, with 3 feet or more 
of overburden, in the bank of a ravine. This sample is from a 
lower horizon than No. 17. 

Field Characteristics: A very hard, light-gray to yellowish, 
finely gritty, thin-bedded clay. 

Economic Value: Should make good, pink pressed bricks, if 
burned to Cone 1. 

19. Location: Near Louisville Junction, in the railroad cut 
just west of the junction of the steam and electric lines. 

Occurrence: A 30-foot exposure of thin beds which dip about 
10° easterly and strike N. 30° E., and have 3-G feet of overburden. 

Field Characteristics: A medium-hard, yellowish-green, fine
grained, somewhat gritty, thin-bedded clay, containing a thin coal 
blossom. 

Econontic Value: May make good, f-lesh-colored soft-mud or 
pressed bricks, if burned carefully to Cone 3. The soft-mud bricks 
will require grogging. The clay vitrifies well, bnt would be more 
likely to make a valuable paver if it burned darker. 

20. Location: Monarch; in the coal mine at working face 
of the fourth entry on May 31, 1910. 

Occurrence: A 3-foot bed which dips from 5°-20° easterly 
( ?) and strikes about N. 40° E. Below the coal. 

Field Characteristics: A soft, light-gray, fine-grained, 
smooth-feeling, thin-bedded, slaty clay, containing coaly fossil 
plants. 

Economic Value: Should make first-class, light flesh-tinted 
soft- or stiff-mud· bricks, if slightly grogged and burned to Cone 
03, and can be manufactured into very attractive pressed bricks, 
but the absorption will be rather high. Might make paving, 
fresco, or flashed bricks. 

21. Loc(J!ti011,: Monarch; in the coal mine at the entrance of 
the fourth entry. 

Occurrence: A 3-foot bed which dips from 5°-15° easterly 
( ?) and strikes abo~t N. 40° E. Above the coal. 

Field Characteristics: Very hard, gray, fine-grained, massive 
clay, with thin sandy streaks. 
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Economic Value: Should make first-class, flesh-colored soft
mud or pressed bricks and earthenware; and may yield terra
cotta, hollow structural material, and drain tiles, if grogged. 
The bricks will have an excessive absorption unless burned almost 
to vitrification. 

22. Locatio11: ?IIan:hall; in the old Hosser :\[in e. 
Occurrence: A 5-foot bed with a slight eastPrly dip, forming 

the roof of a coal-seam in an old coal entry. 
Field Characteristics: A very hard, cream-colored, finely 

gritty Clay. 
Economic Value: Should make first-class, light-pink soft

mud bricks and, probably, paving-bricks. It may possibly be used 
for pressed bricks and vitrified or unvitrified floor tiles, but there 
will be much waste from breakage of the green ware. This clay 
has many good qualities,- and might be very valuable if the plas
ticity and cohesion could be improved by fine grinding. The ad
dition of a little very plastic clay might produce material of great 
worth. 

23. Location: ?lfm·shall; old "!'\ u. 5 slope at the east en
trance. 

Occurrence: A G-foot bed with slight easterly dip, with 10 
feet of overburden, whi<"lt forms the roof of the coal-seam at the 
top of the hill. 

Field Characteristics: :\Iedium-hard, light to dark gray, 
finely gri tt;y, thin -bedded clays. 

Economic Value: May make yellow pressed bricks or un
vitrified floor tiles, which will be tender before burning and must 
be heated to at least Cone 08. 

24. Location: Marshall; above the ditch south of the rail
road, half-way between the station and the Gorham mines. 

Occnrrence: Several 2- to 6-foot beds with a slight easterly 
dip; near the top of the Laramie escarpment. 

Field Chantctcristics: Very hnnl, light brownish-gray, fine
grained, massiye to thin-beddel clays. 

Economic Faluc: .\ promising material for the manufac
ture of paving-bricks. 

25. Location: l\fai·shall; aboye the ditch south of the rail
road, half-way between the station and the Gorham mines. 

Occurrence: A 4-foot bed with a slight easterly dip, half
way up the Laramie escarpment. 

Field Characteristics: A medium-hard, yellowish-brown, 
gritty, thin-bedded clay. 
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Rclilllllllil· Vol1tr': \'er,y promising material fm· manufactm· 
ing paving-brid.:R. and might make flashed bricks. 

26. Locatio11: MarRhall; ,above the ditt·h south of the rail
road, half-wa.Y hetwPen the station and the Gorham mines. 

Occ1l1TI'IWI': -" H"i-foot·bed with slight enRterly dip. 'Near 
the base of the LaramiP esenrpment. 

Field Cllllntr·teristic.~·: A merlium-hard, yPllowish-brown; 
g1·itt~-. thin-bedded day. 

Ecouomic Yal11e: Should make good, pink Roft-mud bricks 
and, probably, paving or flashed brir·ks. 

27. Location: Marshall; above the ,dit<·h south of tl1e rail
road, half-wa~· between the station and the Gorham mines. 

Occurrence: An 8-foot bed with slight easterly dip, near thf' 
bottom of the hill. 

Field C'hamctcristics: A medium-hard, light brownish-gray, 
fine-grained, thin-bedded c ln.L 

Economic Ya lnc: ·wm make fair, pink soft-mud bric-ks if 
lmrned to Cone 01, but the air Rluinkage will be a bit excessivr. 

28. Loeation: ·1 mile south of Louisville, in the Centennial 
Mine. 

Occurrcucc: 3 feet was sampled of what is s~id to be a 10-
foot bed whieh dips 5° easterly and strikes N. 10° Y\'., and under
lies a coal-seam about ~60 feet from the surface. 

Field ('lwml'fiTisties: .-\ very hard, gray, fine-grained, thick
lwdded day. 

Eccrnomic Yal1tc: }fay make fair, buff soft-mud or pressed 
bricks or earthenware. hut the absorption and air shrinkage tHe 

a little high. 
29. Loeatiou: 1 mile south of LnniRYille, in the Centennial 

~line. 

Oct~urrell!·c: A parting in a (·nal-seam, whi .. h nuies from fi 

inches to 3 feet in thickness, has a dip of 5° eastPrly, strikes X 
10° W., and lies 260 feet below the surface. 

Field Characteristics: A medium-lwrd, gray, massiYe e lay 
of ,·ariable texture. 

Economic Yaluc: Should makP good, flesh-colored earthen
ware if grogged. The b1·icklets are attractiYe, but have an ex
f·essive air shrinkage. If this were reduced by grogging, the ab

sorption would probably be high. 
30. Location: 1 mile south of LouiRYille, in the Centennial 

Mine. 

(8) 
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Occlli'I"CI/('(': 4 ft>et wa:-: sampled of what is said to be a 30-
foot bed which dips i"i''' easterly, strikes :N. 10° W .. and forms the 
roof of a coal-seam, 260 feet from the surface. 

Fiehl Clutradrri.~tic.~: .A soft, gray, fine-grained, soapy-feel
ing, thick-bedded clay. 

Bconomie ralue: Should make good, buff earthenwnrP anil 
attradive, but highly absorbent, bricks if grogged. 

31. Location: Lafayette; in the Simpson ~line. 
OccurrCI/1'1': 3-4 feet is exposed of a bed which dips i"i 0 -10° 

southeasterly, strikes N. 60° E., and forms the floor of n coal
sen m. 2-!0 feet below the surfaee. 

Field Clw ractcri8tics: . \ medium-hard, dark-gray, thin
bedded day of ,-nriable texture, which contains stringers of coal. 

Econom.ie ral111': Should make fine, red earthenware and 
soft-mud or 1n·essed brieks, and, probably, dtrified and flashed 
bricks. It i~'> possible that grogging will reduce the air shrink- . 
age suftit·iently tn lWrmit the manufacture of other products. 

32. Locatiou: Lafayette; in the Simpson ~line. 

Oc·cHrn'IICC: A -!-foot hed which dips 5°-10-. southeasterly, 
strikes X. 60° E .. and fonm.; the roof of a coal-seam, 2-!0 feet 
lwlow the surface. 

F icltl Charoetcrist ics: .\ H'l'Y hard, gray, fine-grained, thick
bedded day. 

Economic raluc: Should make fine, buff enrthemnn·e nnd 
flashed bricks. He~wy grogging ma.1· permit the manufacture of 
other bricks. 

33. Locatiou: LafayPtte; in thC' Simpson Mine. 
OccHrrencc: X partiHg, 1 foot or more thick, whieh dips 5°-

100 southeasterly, ~'>trikes X. no·· E .. and oeem'R in a coal-seam, 
240 feet below the smfacC'. 

Field ('7/(/ mctcristics: .-" ~10ft, gray, fine-grained, massive 
ela~- whith is mueh l'liekensided. 

Economic l1a.l11e: f4houlcl make fin<', pink earthenw:ne, 
flashed bricks, and, possibly, paving-hrirks. Heavy grogging may 
yielrl other products. 

34. Location: South of Lafayette, in the Vulcan Mine. 
OccnJ'I'CIIce: S feet is exposed of a nearly level bed whieh 

forms the roof of a eoal-seam, 180 feet below tht> eollar of a shaft 
not far from the ereek. 

Ji' ield Uh u ract~~rist i1·.~: .A medium-hard, gray, fine-grained, 
massive "lay, containing a streak of "soapstone." 
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h'r·ono111ir· l'al11C: Khould make good, light-pink earthen
"·are and flafllied bricks, and, probably, paving-bricks. 

35. J,or·ation: Routh of Lafa,reite. in the Vulcan ~line. 
Occurn'll!'(': -1 fret i;; eXJIOHPrl of a nearly level bed ·which 

forms tlw tlool' of a ('o:~l-:-;••am, li•\0 f1>£>t below the collar of a shaft 
not far from tl11· ereek. 

Pidd f'hrl!·actcri8fir·.~: .~ ltledinm-hanl, gray, finely gritty, 
lll:tHsire day. 

Ecoi/OIII.it· l'alllc: Hhould make fine, Jmff, pressed bri\'ks, and 
Parthenware, tlaslwd fn·ickK. and. probably, paving-bricks. Grog· 
ging may yi•·ld other product!'. 

36. Lrwatio11: .-~bout a 111ile northwest of Louisville, in a 
tlih-h 250 pn('t'S west of the electric trad;:. 

Occurn·llcc: 30 feet of material, with :_: feet of overburden, 
which dipf; 10' northeasterly, :-trikes X. :::-;· "'-, and is exposed 
in the ditch. 

Ficlrl Clwmdcri.sfic8: Yery hard, gmy to yellowish, fine
gi·a i ned, th il'k -bedded elays. 

Et'OIIUJIIir· l"al11c: (;roggiug is l'equired for any product, and 
t•ren then the ndue is doubtful, although goorl. rrd soft-mud 
IH'id.:s or em·thenware l'ould doubtless be madP. 

37. Locat io11: . \bout a mile nortln-vest of Louis\'ille, in a 
tlitdt :!50 pates wr•st of the electt·ic trade 

OcCIIITCJir·c: 'rhe two most promising bed~ in the :30 feet of 
nwterial mentioned in ~o. :w; each bed is about G feet thic·k. 

Pi.cld ('lllll'acfcrist it·.~: Yery lwrrl, gray. fine-grained, mas
siYe •·lay:-. 

Rr·numn ir· l·a luc: nrogging i;; retluired for any product, and 
e,·en then the n1lue is doubtful, although good, red sMt-mud 
bricl\s or earthenware r·onld doubtle~~ be made. 

38. Locatirm: .\J,ont a mil•· northeast of Loui,;,·ille, at the 
Hummit .\line. 

Occurrence: A bed ~mid to be:: feet tl1ick wliich l1a;; a ~light 
ea~terl~· dip, strikes )J, G0° East, and occurs 200 feet below the 
surface. 

Field Clwructcrilifics: .A soft, dark-gray. fine-grained shale. 
Economic l'alue: Should make good, buff earthenware, and 

will yield attractive pressed brieks of fine quality if burned to 
Cone 2. Grogging should yield stoneware, drain tiles, and other 
products. 

39. IA;t·u.fioll: Al1out a mile northeal-4t of Louisville, at the 
Rnmmit Mine. 
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Ou·ltrrcltl·c: 2 feet i~; exvosed of what is said to be a 10-foot 
hed which has a slight easterly dip, strikes X. 60° E., and occurs 
200 feet below the surface. 

Field Cllllradcrisfif's: .\ very hard, dark-gray, fine-grained, 
Jna:o:siye clay, containing thin streaks of sand. 

E<·onomic l'aluc: ~Iny make light-buff earthenware if 
grogged, and, 1•ussibly, pa,·ing-bricks, but the quality of the latter 
is doubtful. 

40. Location: . Lafayette; Indevendent Mine. 
01·t·urrcnce: A 1-J-foot bed which dips•1oo northerly, strikes 

X. 80° \Y., and occurs between two coal-seaws, 120 feet from the 
collar of a shaft sunk in the creek bottom. 

Field Characteristics: .\soft, dark-gray, fine-grained, soapy
feeling, massiYe day, whieh is mudt slickensided. 

Econom.ic l'aluc: \Yill make good, pink soft-!llud bricks if 
burned to Cone :!, and may yield paving-bricks. 

41. Locat i()ll: Lafayette; Independent c)line. 
Occi/J'I'.clt<'C: .\ J-foot bed whidt dips 10° uortherl~·. strikes 

\'. :-:w· "'·· and occun; as the roof of the upper of three coal-seaiJls, 
1 :!II feet from the collar of a slwft in the creek bottom. 

Field Clta:mctcri8lin;: .\ medium-hard, gray, fine-grained, 
1l1iu-bedded clay. 

Economie 1'al11r·: Hhuuld make excevtionally fine, pink soft
mud and JH'essed bricks, earthenware, terra-cotta, and floor tiles. 
Will also probaul,,- yield stiff-mud bricks, hollow structural ma
terials, and conduits. 

42. Lu('(tfi()ll: Lafayette; IndelJendent ~liue. 
Occurn'ltcc: A J-5-foot bed which dips 10° northerly, strikes 

X. S0° '\'\'., and occurs between the two lower coal-seams in a 
group of thl'ee, 120 feet belcl\Y thl' collm· of a shaft in the creek 
bottom. 

Field Ulwracteri8fi1·.s: A mediuw-hard, Jight-gJ·n.Y, somewhat 
gritty, massive clay. 

Economic l'aluc: ~ltould make fine, pink p1:essed bricks and 
unvitrified floor tiles if burned to Cone 3. HeaYy grogging may 
yield other products. 

43. Location: The Adamant Brick Com}Jany's tunnel in 
Polecat Canon near Boulder. 

Occun·ence: A 20-foot bed, with 0-J feet of o\·erburden, which 
di}Js 80° easterly, strikes N. 20° '\Y., and occurs on the eastern 
slope of the Dakota hogback. Near the base of tbe Graneros for-

mlltion. 
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Nield Characteristics: .\Iedium-hard, gray, fine-grained, ma:-; 
she elay, which is locally, but erroneously, called "fire-clay." 

l<Jconomic Value: The plasticity is too low, and the cohesio11 
and absorption too high, to .Yield a very satisfaeiory product of 
any kind. 

44. Lor.:ation: Test pit opened by .\damant Brick Company 
in Polecat Canon near Boulder. 

nccu rrnu·c: . \ 2-foot exposure of material, with 2-3 feet of 
oYerburden, on the eastern slope of the Dakota hogbaek. ::'lifl.' be 
a Recent bed. 

Field OlHu·ar.:/(Tistics: Soft, gl'ay, ,.e1·y fine clay of iiTegular 
structure, streaked with brown. 

Bconom ic Faluc: Should make attractive pink pressed and 
~oft-mud bricks, Yitrified or unvitrified floor tiles, and, probabl,\·, 
<'arthenware and stiff-mud bricks. .\!though fine-grained . it 
should be tested for paring-bricks. 

45. Location: In Polecat Canon near Hould1T. 
Occun·ciU'I'.' A 5-foot bed which dips 75° easterly, strikes N. 

:20° \Y., and occurs at the crest of the north end of the Dakota 
hogback. 

Field Olw racteristics: Ve1·y hard, gray, wedium-grained, 
massive clay. 

Economic "VaTuc: May make nd pressvcl bri!·h of fair qual
ity, but tl1ey will be tender before bmning. 

46. Location: Opening made by the Aclalllant Bril'k ('om
pan.r in Polecat Canon near Boulder. 

Occui'I'CIIt'C: 20-foot bed, with 2· feet of u\·erburden, of obscure 
dip and strike, m·n1· the foot of the hill belo\Y the fork in the· 
:-;mall stream. 

Field Clwmctuistics: A hard, black. wediulll-grained ~hale. 
,,·ith streaks of yellow on the weathered surface. 

Economic l'alu(': Should make fair, pink building-bricks of 
any kind. 

47. LocMio11: 'J.'he Adamant Brick Company's pit near 
Boulder. 

OccwTcucc: ±0 feet of material, with 1-3 feet of overburden, 
which dips 15° easterly, strikes ~- 10° \V., and occurs on the 
north side of a broad knoll. 

Field Characteristics: Medium-hard to soft, yellowish-green 
and gray, nH'dium-grained, thin beds of shale. 
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l,YeonuJnil' "Value: ~hould make fair, buff io brown building
hricks of any kind, bnt :-wnH· gTogging will lw needed for other 
than pressefl brick~. 

48. /,l!mtion: l,GOO fed nm·tlt and 1.~00 feet wt'~t of tlw 
~.E. Cm., ~Pt'. ~3. T. 1 X., R. Tl \Y. 

Ot·t·Jun·nr·t': ~3-foot lat'l'tllitic <·ap of igneo11~ nwk~. forming 
tlH• top of small mounds c•:t~t of tlw Dakota hoghack. 

Fidtl Olutrru·f('ristit·8; Yery hard, PI'PHIII-white, pm·phyritil', 
l11111'h-jointed, weathered igtwoHs rock. 

Et·oJJOmic l'all!c: 8lwuld wake good, buff pressed brid-:~ and, 
if :;;lightly grogged, soft- and stiff-mud bl'iek~ if hnrited to Cone o::. 

49. l,ut·ation: Boulder Pressed Bl'il'k ( 'ontpany·~ pit on S. 

1:21h ~tn•cl. 
Ot'l'lli'i'I'Jicc: 311 fet•l of nwlerial, with ::-10 feet of m·erburden, 

which dips 30° easterly, ~trikes N. 15° E., and occurs on a low, 
broad mound. "\bout 1,n00 feet abcm· the ba~e of the Pierre 
formation. 

Field Cluu·actcJ'isfit·.~: ~oft (excl'pt :tt bottom), ~·t·llowish

-green (with dark gra,Y at IJottom l. medium-fine shales, containing 
hands and t·o!lct·c-tion~ of •·ar!Jonate of lint<· and iron. 

l-JI'I!J/I!iilif• raJJII',' ~Jtonld make fiJW, pink bniJding-Jn·icks Of 

any kind. 
50. /,1wation: .\ u~t i11 Pre~~c·tl B1·ir·k ( ~ompany':;; yanl at 

Bonldet· 
Orr·wTt'JJ('t': ::o f• PI of !llatel'ial, "·ith :2 feet of oyerhnrden, 

which dips 15° eas1Prly, ~11·ike~ X.lO- E., and ot·t·m·~ on the south 
bank of Boulder ('reek, ~o111c- di~tallt'P hal'k from the stren11l. 
1.:200 feet ahoYe the ba~P of the Pierre fonuation. 

F i1·ld Clw nu·tf'rist it·s: ~Iedium-hard, .wllowish-green, me
dium-fine shales, wltieh <tl'<' nwre m· lP~~ gritty and contain numer
ous fo~~ils and t'OJH'I'Pt ion~ and umeh g,VIJ~llllt. 

Rl·f!Jit!lili'· Value: ~hould make fair, pink :-;oft-mud or pressed 
bril'l;:s and, possi!Jly, stilf-mlHl hrit·k;.;, lmt hnming trouble~ seem 
unayoidable. 

51. Location: Xtn·t h\Yl'~t of Bonldl'l', wltl't'P ~eYenth A \'I' nne 
1·eaeltc·~ the hogback. 

0!'1'/li'i'CJJcc: Ht>\·eral 1-:2-fool rel'tit·al l:t,Yl'I'~. interbedded with 
~0 feet of sandstone with a north and ~nnth ~trike. 

Field ('liarar,ferisfil·s: Yery hard; hl:lt'k, fine-grained, com
pact clay. 

T->nnomit· l·a/Jtt'; Hhonld make l'l.'d f<oft-mud and JHIYing
hrid;:;.;, and ll)ight he n~t·ll for prP~""'l lll'it·ks and ritrified and' 
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Im\'ihified Hom· till'~. but tl1t>I'P i~ apt lo !JP mneh wastP, 1lne to 
breakage of the gre1•n "':II'l'. 

52. Lor·at iou: 60() feet north and 1 .~110 fee1 west of the 
t4.E. Cor. Rt>1·. ~1. '1'. 1 N., H. 71 \\'.; Horth of Bonlcle1· in Npc!•r·'~ 

tunnel. 
Or·r·IIITI'J/1'1': . \ ,;ample waR ta ke11 fl'OJII the en traw·p and 

tlnmp of a JriO-foot tunnel on the Pastern "lnpP of 1111• I lnkota hog
hark. ~ear the has1~ of tlw nraneros formatio11. 

Piclrl Ol!rtml'lcri.~fil·.~: .\lerliliJJJ-h:nd, blaek, fiiw-gmined, YPI',\' 

thin-bedded shaleR. 
J~'c-ouo1ui1· l'alltr·: Rh1inld make fni1·. pink ~oft- and stirt'-umd 

hril'ks with high ahRorptimt; al,;o good l"oai·Pll terTa-r-otta, and, 
probably. eal'themYaJ·p: hollow ~tr·nctnntl materials nnrl 1lrniu 
tiles. 

53. Llil·atiou: Iu l'a\·inP 011 t4t·\·Pnth · .\ \'f'lJUe, wht•J'I' it 
readies the foothill" north of Bonlder. 

On·ui'I'I'III'C: .\ fi-foot bed that di]JR 13' Pa"t a.nd strikes X. 
and R. in a l'a \·ine 1·nt in a noteh in tlw Dakota hogback. 

Field ('1tamctr•ri8til-s: VeJ·y haril, gTHy-gn'l'll, fine-gTained, 
r·nmpnct, marly shales. 

Eco1101tti1· raltll': .\fay mak1• good, tiesh-tinted ,;oft- and stiff
mud bricks if burned aboyp ('oup 03; <thm, po""ihly, paving-brick,; 
and pressed bricks with high <l hsorption. 

54. L()('ofiou: The R.E.% of R.E. 1 ~ of Ree. ~0, '1'. 1 R., R. 
10 ,Y.; on the Tholllas Jonrs randt. 

()(·r·nJ'I'CJJr·c: .\ 40-foot exposnre of material, with ~ feet of 
m·erburden, whic·h dips rill' eastprly and sh·ikes ~. ~;) 0 \Y .. 011 

tlie south side of a gully at the end of a long lllesa. 'l'hree-fonrth~ 
of the way up from the baRe of thP Pierre formation. 

Piehl ('lllu·al'!eriNtil·8: Ha]'(l, yellowi~h-gl'een, medium
grained shales, conhtining a lit11P grit and nmTow hanrlR of 1·on
,.retions. 

Ecmwotir· l'alllr': Shonld make good: piuk soft- or stiff-mud 
ln·il'!.:s, and probably Jn·essP!l bril'l,s. 'with rathrr high absorption. 

55. Locatiou: X.,Y. 14 of Sec·. ~!l. T. 1 R., R. 70 ,Y.; in 
<·nts on the electric road. 

Occurn'IICI'; A 15-foot exposul'e beneath ~-fi feet of O\'erbur
•len at the north end of two long mesas. X<,<tr the llliddle of the 
Piene formation. 

Field Chamcteristics: Soft, yellowish-green, somewhat gritty 
shales, whieh are eoarsely granular on thP weathered surface. 
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Economie Valne: Should make good, pink soft-mud bricks 
and earthenware, and pressed bricks with relatively high absorp
tion. May answer for stiff-mud bricks, bnt these are apt to be 
laminated. 

56. Location: 1,600 feet north and 100 feet west of the 
S.E. Cor. Sec. 30, T. 1 S., R. 70 ,V.; at the water's edge on south 
l'ide of South Boulder Creek. 

Occllrrcnce: .\ 50-foot exposure of bedR, with 3 feet of 0\·er
burden, which dip 60° easterly, strike N. 10° E., and ontc·rop at 
the creek level. One-fourth of the way up from the hasc of the 
Pierre formation. 

Field ('lwrortr,.istics: Medium-bard, blne-gray, finP-g-rained 
shales. 

Economic l'aluc: May make pink Roft- or sJiff-murl bri!'ks, 
but the absorption will be high. 

57. Location: .About 400 feet north and 1,800 ff•l't west 
of the R.E. Cor. Ser·. HI. T. 1 R., R. 70 "'·; on the farm nf .Tohn 
IIUnn. 

Occl!rrcnec: A 20-foot exposure of material wbieh dips 65° 
easterly, strikes N. 10° n•., and oeeurs on a tributary to Rnnth 
Boulder Creek. Near the top of the nraneros formation. 

Field Clu1 mr·teristi1·s: RnH. gray (with white streaks), \'PI',\' 

fine-grained shales. 
Econo111ic ralue: "'ill make fair. hnlf soft- or stiff-mud 

bricks and earthenware. 
58. Lo·cat io11: In the Sunshine District northwest of 

Boulder, in a tunnell,500 feet nmth and 400 feet west nf the R.K 
Cor. Sec. 16, T. 1 N., R. 71 W. 

Ocr·lfiTCIIr·c: .\. wrtir·n l dykP, 11 feet thick, which stJ·ikes N. 
70° n·. and outcrops on tlw eastern far·e of a hill, not far ahove 
the bottom of a ravine running northeasterly. 

Field Chrll·rtr·f(',.;.~tic.~: Very soft, white. fine-gJ·ainecl, decom
posed igneous rock. 

Ecourmtic ral11c: Should make good, white soft- or stiff-mud 
llricks if burned to Cone o::. and p1·esserl bricks if bmned to 
Cone 3. 

59. Locotion: Xol'thwest of Boulder in the Sunsl1ine Dis
tl'id; 1,900 feet nol'lh a111l 1,100 feet west of the S.E. ('OJ'. Rec. 
lf., T. 1 X .. R. 71 n·. 

Occurrence: A yerti.-:11 d;rke, 10-15 feet thick. which strikes 
X. 70° "' .. and o•·•·m·~' on the hill west from X o. G:':. Sample 
··omes from the dump of a tunnel. 
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Field Characteristics: A very hard, white, fine-grained, 
somewhat altered igneous rock. 

Economic Yaluc: Should make fine, flesh-tinted soft-mud 
and pressed brickR. 

60. Locatio II: In the Sunshine District northwest of Boul
der. in· a tunnel DOO feet north and 1 ,400 feet "·est of the S. E. 
Cor. Sec. 15) T. 1 N.,. R. 71 W. 

Occurrcuce: ,\ vertical dyke, 15 feet thick, which strikes N. 
70° W., and outcrops near the bottom of the northwestern face 
of a hill. 

Field Characteristics: .\ ver~- hard, white, fine-grained, 
somewhat altered igneous rock. 

Economic ralue: Should make fine, flesh-tinted soft-mud 
and pressed bricks, if burned to. Cone 1. 

61. Location: \Vest of Altona on the Routh side of the road 
just west of the fork. 

Occurrence: A -HI-foot exposure, containing several differ
ent beds, with 1 foot of overburden, which dip 35° east, strike 
about N. 40° W., and underlie a low mound. 

Fielcl Clwracterist ics: Hard, green and brown, fine-grained, 
marly shales, containing some limestone and sandstone layers 
not included in the sample. 

Economic Vaz,ue: Should make attractive, buff to flesh-col
ored bricks and earthenware, but these must be burned to Cone 
1, and there is danger of over-burning part of the kiln, as they 
vitrify at Cone 3. 

62. U>catiou: 500 feet north and 1,000 feet west of the S.E. 
Cor. Sec. 12, T. 1 N., R. 71 W.; north of Boulder. 

Occurren(Je: A 300-400-foot exposure of beds "·hich dip 50~ 
east, strike N. :wo E., and occur on the slope east of the Niobrara 
hogback. Base of the Pierre formation. 

Field Chamcteristics: Medium-hard, yellowish-green. fine
grained shale that weathers black. 

Eoonornic ·value: Should make fine, red soft-mud brickR 
aud, possibly, pressed bricks if these are not too fragile before 
hurning. 

63. Locatio-n: ~00 feet north and 1,200 feet west of the S.E. 
('or. See. 12. T. 1 N., R. 71 W.; north of Boulder. 

Occurrr.nce: A 100-foot exposure of beds which dip 60° east
erly, strike north and south, and occur high on the eastern s.Jope 
of the Dakota ho~back. Base of the Graneros formation. 
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Field C'lwntdi'J'isti1·s: .\IPdimn-llarcl, blat·k, fine-grained 
shales. 

Ewno111ic l'ultw: 8h.ould make good, pink soft-mud. 
pressed, and flashed bricks. allfl tena-cotta. ~~a~- answet for 
:;;tiff-mud lil'id::~. (:'arthenwm·e, hollow Rtrnctura l ma tPJ·ialR, con
duits, aud fire bricb. 

64. Location: :wo feet nortl1 and l )-:oo feet "'~'"t of the R.K 
<'or. 8Pl'. l, 'f. 1 X. H. T1 "'·; north of Boulder in a "tone qnar1·~· 
east of the road; about half-way up the Dakota hoglial'k. 

Occurrence: A 20-foot exposure of lwcls whieh dip 60° east
erly, strike north and south, and or·•·nr on the westPI'n slope of 
the Dakota hog·badc 

Firld ('lwrar:t rristic8: Hard to !'oft, I'P11. green, and other 
colors, fine-grained to gritty, marly shalPI' and days, •·ontaining 
sandstone and limestone beds not inelu'i:lPd in the s;nnple. 

Econolll ic Ya lur: Should make flesh-tinted soft-mud bricks 
and, possibl~·, preR:owd bricks, but the latter will be fragile bPfm·e 
burning. As the clay must be gi'ound, its Yalue is doubtful_ 

65. Location: 400 feet north and 400 feet "·es1 of the ~-E. 
( 'o1·. Sec·. 1, T. 1 X, H. 71 'IV.; north of Boulder. 

Occurrence: A 50-foot Pxpol"lll'l' of beds, with 10 feet of 
overburden, which dip <'nstc'l'ly, strike north and south, and out
c-rop on the westem slnpP of a nwsa. In thP lowPr pal't of the 
Pierre formation. 

Pi I' Til Cha nu·t1Tistics: .\!Pel i nm-h;u·1l, hrown, fine-g-ra inPfl 
shales that m-e sonwwhat gritty. 

Eco~tomi1· T'ol111': Should make beautiful, l'ed soft-mtHl 
hT-il'ks, lmt requii'l'~' griiHling. ?lf:ly lJe made into attraetiYe presser] 
brick:;;, hut these will be fragile before burning. 

66. Locatio11: On tlw PaRt :side of a hill in the W. :y2 Sec. 
J, T. ? N.; wt>st of Longmont. 

Q('{·ln·rcllcr: .\n SO-foot Pxposm·e of material 'which dips 
slightly to the soutlwast, strikes N. 30° E., and underlies a small, 
steep-sided knoll. Jnst belO\,- the HygiPnf' sandstone. 

Fir1d Charrwteri8tics: Soft, dark-g1·ay, YI'I'.Y fine-grained 
shalf's, containing· some large connetions of rnrhonate of lime 
and iron. 

Ecouom ic l·a lui': Should make good, red soft- and stiff-mud 
;mel pressed bricks, bnt there is apt to be considerable waste due 
to the fad that the ineipient Yitrifie<ltion and ritrifieation tem
peratnrPs are l'r·p;lrated b~· but two eones, 

:; \ 
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67. Luca tiuu: 1,000 feet uorth and l,:wo feet west of the 
~.E. Cor. See. 11, T. 2 N., R. 70 ,V.; \Yest of Longmont. 

Or·~·urrcu1·a: .\ 20-foot exposmt• of material, "-ith about ;; 
fef't of overburden, whil'h has a slight easterly dip, strikes N. 30° 
E., and outr·rops in a clitdt Jwside the road. .\lHmt the middle 
of the Pierre formation. 

Field Clwractcristics: l\lt•llium-hard, yt>llowish-green, fine
g-I·ained shales, containing a little saiHl an1l showing an c·ffio
rescence of alkali. 

Economic· ralur: Should make fiue, red soft-mud bri1·k" and 
fair pressed bricks which will be fragile before bur·ning. 

68. Location: 500 feet north and 300 fel't west of the S.E. 
Cor. Sec. 2:!, T. 2 N., R. 71 ,V.; north lll' Boulder. 

Occui'I'CIIcc: .\n exposure of orer 100 feet of material that 
11ips 30° E., strikes north and south. nnd OITUI'i' in a ra,·ine in a 
hill 1·apped with pm·phyry. 

Field rhanwtf'riMics: ~IPdium-hnrd, black, fine-grained 
shales. 

EI'UI/0111 i1· Vo lur:: Should make fine. red soft-mud bl'il'ks and 
fair pressed brieks which will bt• fragile before buruing. 

69. Loeatio·u: One-fourth of a mile northwest of AJtona. 
and north of the fork in the road. 

01'C/li'I'I'III'C: This sa 111ple "·as taken from material dumped 
on the bank of a ditch allll may be a HPn'nt deposit. 

Fidd Characteri8fil·.~: 8oft. yellowish-gray. fine-grained, 
gTitty or chalk-like clay. 

Bconomi1· ra l111': Should make a fine, dark-scarlet coloring 
agent, and may be used for making Jll'('f'H<'rl bril'ks, or yitrified o1· 
nn\'itrified floor tiles. 

70. Lu1·11tio11: .Jul't nortl1 of the blatksniith sl10p at Altona, 
along a ditt·h around the hill. 

0CI'III'I'I'I/I'C; .\ bed about ;: fept thick \Yhich dips 2;:) 0 E.. 
strikes N. 5° "r., and Ol'l·m·s on the western slope of the Dakota 
hogback. It is probably of l\forrison age, althongh ~fr. nrout 
was inclined to c-lassify it a" Lower Dakota. 

Field Chamcteristi1·.s: ~Iedium-hard, green, saJ11ly shale. 
Economic l'ulue: Should make good soft-mud brieks, but 

must be ground and burned to Cone 1. ~lay answPr for pressed 
hrid;:s, unYitrified tlom tiles, and earthenware. 

71. Locatio11: One-fourth of a mile north of .\ltona, where 
a ditch from a reser\·oir crossPs a divide in the 1 Ia kota hogback. 
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Occurr<:HCI': 10-12-foot exposure of material whieh dips 25° 
easterly: strikes N. 5° \Y .. and occurs in a small valley between 
harder beds in the Dakota hogbaek. Probably of Dakota age, but 
is close to the Graneros shales. 

Field Ghaimctcristics: Medium-hard, black, fine-grained 
shale with sandstone streaks. 

Economic Value: Should make good, flesh-tinted soft-mud 
britks and pressed bricks which will be fragile before burning. 

72. Locatiou: 600 feet north and 700 feet west of the 8.E. 

Cor. Sec. 6, T. 2 N., R. 70 W.; south of Lyons. 
OccuiTI'n er: The sample includes 10 feet of the less sandy 

material in a thicker exposure of bed,; which dip 15° easterly, 
strike ~. 20C E., and oreur on the bank of a ditch that crosses a 
ravine just east of the road. 

Fidel Clwraeteristit·s: ~{edium-hard, blar-k and brown, sandy 
~hales, containing streaks of sandstone. 

Economic Yalne: Rhould make fatr, rt'd soft-mud bricks, but 
must be burned to Cone 1. 

73. Locatiou: 1,800 feet north and 1,500 feet west of the 
H.E. Cor. Sec. 7, T. 2 N., H. 70 W.; south of Lyons. 

Occ·urrcncc: A 5-foot bed, with a foot or more of overburden, 
which dips 15° easterly, f-itrikes N. 20° K, and occurs at the side 
of the road whic-h folio'"" the longitudinal Yalley or glade along 
the Dakota hogback. 

Field Charactcrislit·s: Yel'y hard, gray, sandy clay. 
Economic raluc: Thi:-; should make fine grog, and might 

make paving-bricks if it can be handled. 

74. Location: 1,500 feet north and 500 feet west of the 
H.B. Cor. Sec. 25, T. 10 :X., R. 70 "T-; about 2 milt>:-: east nm1·1 
mile north of Forks Hotel; in Larimer County. (A mistake was 
made in locating this cla~· on the map from which the samples 
were numbered. 'fhis accounts for the fact that it is described 
here with the Boulder County samples.) 

Occurrence: A -!-foot bed which dips 30° N., strikes N. 75° 
W., and occurs at the head of a short arroyo which drains into 
the North Poudre ditch where it leaves_ tlie Dakota hogback. 
There are a series of ripple-marked beds a few feet abon' this 
one. 

F·ield Charadaistics: ~Iedium-hard, light-gray, nTy fine
grained shale. 
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Econu111 it· Va luc: ~hould lllake fine, lJink !'oft-mud and 
prt>l'~ed bricks and earthenware; also, pos~ihl,Y, terra-col ta, hollow 
stl'uctnralmaterials, ancl r·mHlnil~. lmt thr~f' will lw frag·ilf~ before 
Jmrning and ma~· warp. 

75. Location: ~00 feet north a111l ~00 feet \YP:<t of the ~-E. 
• 'or. Se<·. :::?, 'l'. :3 N., R. •;n ·w.; in the Bl'ick Compan~r's pit at 
Longmont. 

Occm'l't'lll't': "\ Vi-fool <·xpo~nre of betll', with 1 foot of over
burden, whieh dip slightly to the t•al't, ~I'I·ike X. :wo E., and 
oecur on a gentle wt•steJ·ly slo]IP. :X<·m· the top of J'he l'if'rn· 
formation. 'l'his sample inf'lndes only the lowest -i feeL 

Field Chanu·trri8fics: -:\[edinm-hard, ,rellnwish-gn'en, fine
gJ·ained, thick and thin heds of 1·lay, ··nntaining a little grit. 

Economic ralllt': Should make good, salmon-pink ~oft-mucl 
or pressed bricks and fair earthenwm·e. It has been nserl for· 
making drain tiles as well as bl'ick:;;, but the shrinkage i~ too high, 
the absorption too low, and the plasticity deficient for the mann
facture of a good grade of tileR. Gmg· is used in the bl'icks and 
reduces the air shrinkage. 

76. Lonttion: :!00 ft·el north and 200 fert west of the S.E. 
Cor. Sec. ::u, T. 8 ::\'., H. li!l W.; in the Brick Company's pit at 
Longmont. 

Occui'I'CIIr·r·: ~\ Hi-foot expostue of beds, with 1 foot of over
bmden, which dip slightly to the east, strike ~. 30° E., and occur 
on a gentle westerly slOJI<'. ~Far the top of the PierTe formation. 
'l'his sample comprises the 11 feet of clay at the top of the ex
posure. 

Field Charactcri8tir·~;: Medium-hard, yellowish-green, fine
grained, thick and thin beds of clay, containing a little grit. 

Economie ralue: Should make good, salmon-pink soft-mud 
or pressed bricks and fair earthenware. It ha~ been used for 
making drain tiles aR well as bricks, but the shtiukage is too higl1, 
the absorption too 10\Y, and the plasticity deficient for the mann
facture of a good grade of tiles. Grog is used in the brick:-; ancl 
t·educes the air shrinkage. 

77. Location: On the Longmont Water Snpply Pipe Line; 
just north of McCall Lake. 

Occurn•ucc: A 2-00-foot exposure of lllaterial, witll 1 foot of 
overburden, which dips 7G 0 easterly, strikes N. 30' E., and occurs 
on the gentle slope north of the lake. Xem· the haf'e of 1he Pierre 
formation. 
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Field Clwractcristic.s: Soft, yt>llowish-green, slightly gritty 
shales. 

Econom it' Fa lue: Should make good, pink soft-mud and 
pressed bricks, terra-cotta, and, probably, stiff-mud bricks, earth
enware, hollow structural materials, and drain tiles, although the 
plasticity is a little low for some of these. It may possibly answer 
for unvitrified roofing-tiles if the air shrinkage is not too high or 
grogging does not lower the plasticity too much. 

78. Location: 400 feet north and 2,000 feet west of the R.E. 
Cor. Sec. 23, T. 3 N., R. 69 W.; in the C. & S. railroad cut; nor·th 
of Longmont. 

Occurrence: A 10-foot exposure of material, with 2 feet of 
overbt1rden, which is nearly horizontal and underlies gentle slopes. 
Near the top of the Pierre formation. 

Field Uharal'teristics: Soft, yellowish-green, fine-grained 
shales, which contain some grit and sandy streaks. 

Economir' raluc: Should make good, pink soft-mud and 
pressed bricks and tena-cotta; also, probab-ly, stiff-mud bricks, 
earthenware, hollow stl·uctural materials, and conduits, although 
the plasticity is somewhat deficient for some of these. 

79. Location: "\bout the middle of the south side of Sec. 
17, '1'. 3 N., R. 70 \\'.; south of Lyons. 

Occt/ITCilf'C: "\ ()-foot bed which dips ::wo easterly, strikes N. 
2W' E., and occm·s about half-way up the western side of tlw 
1 )akota hogback. 

Field Glutractcrist ir·s: Hard, green, mediullt-grained shales 
and elays. Interbedded 'Yith fJ- to 12-inch layers of '·lithographic" 
limestone. 

EmnOIII ic ru 11/f': Probabl.)' wot·thless. 
80. Location: ~UY. ('m. Sec. 21, T. ~: N., H. 70 W.; east 

of Lyons. 
Occl/rn·ttr·r·: "\ 10-foot exposure of material, with 1 foot of 

oyerbnrden, whidt dips 15° easter!_,., strikes :X. 25° K; and occurs 
in a ditch at base of a hill. 

Ficlcl Charactcri.stir·.s: ~oft, black, fine-grained shales. 
Jr]eonumic Yaluf': Should make fair, pink building-bricks 

and earthenware, but the stiff-mud bricks may be laminated. 
81. Location: ),~ little south of the middle of the south 

"ide of Sec. 20, T. 3 N., R. 70 W .. : east of Lyons. 
Occurrence: Sample includes 8 feet of the less sandy ma· 

terinl in a wider exposure of beds which dip 80° easterly, strike 
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X. 40° "'., and outcrop on the nol'tlwastern uank of a ravine back 
of the hogback. :\Jay be of Dakota age, sin(·e there appears to lw 

not on·1· 15 feet of hard sandstone abore iL 
Field ('l/w·acf,.J'istics: ~fedinm-hard, hl;~(·k, fine-graiued 

~hn le, containing stJ'I'aks of :-:au1ly shale. 
Economic Ya.lue: Good for uothing but red ~'loft-mud brid.;:s. 
82. Locatio11: 800 feet north and 1,400 feet west of the 

S.E. Cor. Sel'. ~o. '1'. 3 X, R. 70 "'·: along a ditch. 
0('('/lrn·n~·~·: "\ f:i-foot exposure of material that dips :25c. 

I'HI'lterly, strikes N. 5° \Y., and occurs half-way down the genil1· 
slope east of the main Dakota hogback. 

Piclcl Characteristics: Roft, blue to light-gTay, sawly shales 
and clnys. 

Eco110111ic l'aluc: Should wake attradive, light-piuk, non
vitrified floor tiles and building-bricks of all kinds, but the soft
and stilf-mnd brick~'> will be fragile before bmning. 

83. J,o("(ffiou: 1,500 feet north and 1,~00 feet wcs( of the 
S.E. Cor. Sec. !1, T. 8 N .. I:. 70 vV.; nol'theai-lt of L)·on!'l. 

Occurrcw·~·: Salllple comes from the dump of a 60-foot "haft 
on the slope of the nakota hogback. Near the middle of the 
Graneros formation. 

Ji'idd Clilll"llcferi.sli1·s: Hather luu·d, black, fine-grainetl 
shales. 

Economic l'a.lw·: Probably worthless. 
84. Location: 1,500 feet north and 1,000 feet west of ~-E. 

Co1·. Sec. 10, T. 8 K., H. 70 ,V.; northeast of Lyom.;_ 
0!"1'11/"I"OICI': .\ 10-foot exposure of material, with :! feel of 

oYerburden, that dips 70° westerly, strikes ~- 20-0 
"'-- and onl-

cJ·o]JS in a tranl'lYeJ·se ralley, 
Fil"ld Ohanu·tuistics: 

shale. 

(•J·ossing the hogback. 
:\fedium-hard,. l1lack, fine-gntined 

Economic !'ul11c: Should make good, red soft-mud and 
pressed bricks and, probabi.Y, earthl'nware, i('JT<t-l'o1ta, :md stiff
mud brickN. but the..la:-:t may be laminated. 
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Costilla County 

Geology of the County.-The geology of Costilla County is 
too complex to be desnibed without tlH· aid of a detailed map. 
:\fof't of the rock:-: nem· t·t•ntt•J's of popnlation, howe,·er, are 'L'er

tiary lake deposits. 

I 
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COSTILLA COUNTY 

Sketch map. showing the approximate locations of the beds samjJled 

85. f~ocatioil: .-U the sonth ba:-;e of ::\Ionnt _Blanca. 
O<Titrrelll'c:· The samvle was colleded and sent in by J. ''. 

Hoss and F. L. Beckwith, who furnished no information concern
ing its ot:currence. 

Field Clwmclcri8fics: Ha·rd, :aritolored, fine-grained, mas
:-:in' elay, which is more or less sand.)· and conglomeritic. 

Ecunun1ie \'alu<:: ::\light make red pressed bricks, but these· 
would Jun-e to be burned to Cone 03, and 'vould ritl'ify at Cone 01. 
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Ouster County 

Geology of the CuuHty.-The only sedimentary roeks of the 
formation, desnibed in this report oc-cur in the northeast corner 
of the (·otmty, where all the R.ndPms fro111 ihe Fountain to the 
Pierre are represented. 

CUSTER C'OU~TY 

Sketch map ~bowing the approximate locations of the beds sampled 

86. Location: Near SilYer Cliff. 
Occurrence: The sample was collected and sent in by l\Ir. 

J. '1'. Stroehlke, who claims to own 60 acres of this material, but 
gi,·es no further details concerning· its occurrence. 

Field Characteristics: Hurd, "·hite, medium-fine clay. 
Economic Value: Should make fair, somewhat soft, cream 

eolored Hoft-mud bl"ickH if bunted to Cone 08. 

87. Location: .\bout 12 miles south of Florence. 
OccuJ'TC1tee: .\. 4-foot bed which dips 45° northeasterly, 

Htrikes N. 45° "\Y .. and occurs near the top of the Dakota hogback. 
Field Characteristics: Medium-hard, brown, c-oarse-grained, 

mther nodular day. 
Economiu Value: Should make \'t'l'Y nice, pink soft-mud and 

JH'l'SHetl br·icks, earthenware, and unvitl'ified floor tileH; also, pos 
Ribl~-, stiff·mud bricks, terra-cotta, hollow structural materials, 
and conduit~':, but the firHt will probably be laminated, and grog 
"·ill h:we to be used for the others. 

88. Location: 12 miles south of Florence. 
Occnrre11ce: 3-foot bed which dips 45° northeastet;ly, strikes 

X. 45° W., and occurs near the top of the Dakota hogback. 
Field Characteristics: A hard, green, coarse-grained clay. 
Economic Value: Should make soft, red soft-mud bricks. 
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89. f,or·ution: 1~ mil<'s son1h of FlorPnce. 
OcC/11'1'1'111'1'; .\ :'.-foot lwd 'vhich di,ps .J-5° northeasterl_y, 

sil'ikes J\. JG" \Y .. aud o<Tlll'" liO fpet l1elo\\' the top of the Dakota 
l1ogback. 

Pi ell/ ('ltrlml'fr·,·isl ir·s: .\ 111<'<1inm-haJ·<1, htn•nder and green, 
fine-graine<l, compad day. 

FJ1'0IIumi1· Yal111': Rhonhl 111ake good, lmff-1·olorPd lluilding

hrid.::-; of an.v killd. 

90. Lucutiu11: 1~ llliles :-;onth of Florenl'e. 
O!TIII'J'CIIf'C: .\ 10-foot hrd whid1 rlip:-; 43 · nmtheasterl.v. 

:-:trikes X . .J.iic \Y., and outcrop:-; in the lHd 1om of tlH· gulch, 100 
fPet llc•low the top of thr Dakota hogbac·k. 

Fil'ld f'ltomctcrisfil·-~: Harrl. hweiHlPr aml green, f·Oal'sr 
gmiued, gritty ,.Jay. 

Eeo11o11t ie Ya l11e: Hhould 111ake fin;i -l'la:-:s, lmtr 1 o brown 
pressed bricks and <>arthemv;n·,.: and sofi-mud brir·ks if grogged. 
Hetny groggiug may yield tena-l'lltta, hollow strneinral mat<' 
l'ials, aud couduiis. It ma.'· also mnke paving-bricks. 

91. ],1wation: 1~ milPs ~onth of Flmenl'e. 
Oci'III'I'CIII'C: .\ lH·<l of unstated thidmess which dips 40" 

northeastel'ly, stl·ikP:-: X. 45° \Y .. a111l 1w<·m·:-: 1i10 feet below the 
iop of the I lakota hogback. 

F-ield Clwmc/1'/'istir·.s: .\[ediuu1-h:ml. lavender and greeu, 
,·oarse. g1·itt.v day. 

e('(JIIOmil· Yaluc: \Yill mak1• onl.1· finP, hntf soft-mud brick~ 
awl, pos~-:ihly, pa,·ing-lll·id;::-;, 

92. /,rw((tioll: 1:2 miles :-;ontlr of Florence. 
01'1'1/t'l'' //('(': • \ :::n-foot l1r<l whidt dips Ju'· uortheasterly, 

:-:trikes X . .J.:i 0 
"' .; ;mel ol'<"lll'>' in tlw hott om of a gnkh 150 feet 

below tlw top of tlll' nakot:l hogback. 
Picld ( -'l~rll·ol'f cri.~tir·s: "\ hard, Ia wwlPt' and green, l'Oarse

gmined l'lay. 
HI'UI/Omir· 1'(/l/11': ~IIIJnl<l make finP. buff to red pressed 

bricks. nrogging :-:honld yiel11 l'artltenwal·(•, soft- and stiff-mud 
briekl', and, pm.;sihl.'·· othE'r )II'IHlnds. 

93. ],IH·rttiull: 1~ miles south of Floren~.:e. 
Occiii'I'Cilcl'; .\ 1:2-foot bed i;1 the bottom of the gulch below 

the Dakota hogback. 
JNcld f'lilll'aetai.sfic8: A soft. l1rown, coarse-grained clay. 
BeOIIO!lliC ral!IC: ::IIa~- make buff pressed brickl', but is apt 

to swell badly on buming. 
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94. Lol'lt t iou1: 1:! uJi ll's sun Ut of Floret!\'('. 
01'1'111'/'CJ/1'1'." .\. 10-footltPd :-111 yard;.; up the gnldt frout :\o. 93. 
Field ('l!orrtl'il'l'istil·s: .-\. mNlinm-hard, gray :lt1fl l'Pd, fine-

gt·;tined day. 
Ei'Oitomi<· !'olu1': Rhonhl m:ii;P good, hntf "oft:-utlH] ln·id\" 

if hnrtwd to Conp 1. 
95. J,oeot·iou: 1:! 111ilP;.; ;.;ontlt of Florrnce. 
01'1'11/'l'riii'C: .\;:~).foot ltP<l in thr hoHont of thP g11kli at the 

has(' of the I )akota hogbnck. 
Ficlrl ('1!11/'a!'/eristil·s: A ;.;oft, white. fiue-gntiw·d. llt:trly 

1·l:~y, containing sonw grit. 
Econo111 ic l'all(e: Should mak<' ra thPt· >~oft, 1lrab earthen-

ware if grogged. 'l'hP absorption i;.; umeh too high fot· hrieks. 
96. Locatio11: ]~ miles south of Flot·Pw·e. 
Occurrence: A 5~foot bed; oe1·mTPnce nth1•t·wise nnstatNl. 
Field Cha.rar·l<'ri.~tie.s: .\hard, red, fine-grained clay. 
ECOIIOIWiC ru 7111': Should make good, ]'(•(] soft-mnd Jwil'l\R, 

PRpecially if groggPd ;.;lightly; and, prnbal.ly, flashed bricks. 
97. Location: 1:! mil1·,; snnth of Florenee. 
OITUI'I'Cncc:. A. 1:!-15-foot bed whidt dips 4G 0 nnt·theaRterly, 

and strikes X . .!:50"'·; probably at the top of the .\forri;.;on forma
iiott. 

Feld Cltaracteristies: .\ soft; white, fine-grained t!ay. 
EcOIIOI/I it; ra luc: .-\ ll extraordinarily high nbRorption rn·oh

ably makes this material "·oriltli•;.;s, I'XI'<"pi·, poRsibl.r, for earthPn
ware if grogged. 

98. Locatio11: 1:! mil\'s south of Florenl'f'. 
Occurrence: A :2-fnnt bed which dips 4:5' northeasterly and 

strikes N. 45° "'· 
Fidel Chamctcristics: "\. hard, gret>H, fine-grained day. 
Economic Yal11c: Should makP goo1l. huff bressed bt·ieks and 

nnvitrified floor tiles. 
99. Locatio11: 14 miles south of Florence. 
()('(·u I'I'CIICC: A 5-G-fnot bed which dips 7:i '= "·<·;.;tl'rl,r, arul n1·· 

em·s near the top of the Dakota hogback. 
Pirld ('hamr·tcrisl ies: A hard, blaek, fine-graine(l 1·lay. 
fJI'OII0/11 ic ral/IC: 'l'hiR is a firRt-el<IRf; fit·f'·l'l:1_r. 

Delta County 

GcolO!J!J of nu~ Count~lj.-'fhe ouly locality visited in Delta 
County was the city of Tll'lta itself and the surrounding diRtrict. 
A number of sampleR wet·e there taken, but wPre lo;.;l by the rail-
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road in transit to Golden, and pres:-; of other duties vrevented 
another trip to the locality. It lila~· be said, however, that the 
Mancos formation is the only one represented within many miles 
of town. The city itself is on beds of Benton age, and this ma
terial is being used by the Delta Brick and Tile Compnn_,. on the 
western side of the C:unnison River, opposite the town. The 
bricks are hard and are said to resist alkali, but to check on the 
surface. The fact that they burn to a yellow color in the in
terior of the stack, and pink on the exterior, indicates that the 
atmosphere is not sufficiently oxidizing and that changed burning 
conditions would be beneficial. There seems no. reason why a 
good brick cannot be made, if the lJroper methods are employed. 
Several miles north and east of Delta occurs a great expanse of 
material of Pierre age, which i:-; highly gypsiferous. It resembles 
Xo. 400 very closely, so far a:-; appearance is concerned, and is 
probably of no greater value. 

Denver County 

No samples were taken in Denver or Arapahoe County, as 
the clay resources of both have been fairly well investigated, and 
it was thought best to confine this report to areas concerning 
which less was known. It was planned, however, to do a little 
work in these counties, if time permitted, but the sudden re
moval of the author to Oregon prevented the consummation of 
these plans. 
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Douglas County 

G coluyy of tl1e r 'u11 11 ly.~'l'he western ilalf of tl1e county is 
:ilmnst entin•ly pre·Cambi'ifln •-r.n:J:illim· J·lwks, aliltough some 
sediments. of Fountain ng<· mHl olrl<·l·, n•·•·nr along Trout ('ret-k 
on the southern boundary. '!'lie f"astetn half of the county is 
largely underlain· by roeks nf nmnwn age, with numerous ex
posures of Castle Rock eonglmllr·rntr•:-; capping the higher eleva
tions. Between these two areas ocCUl' upturned Re•liments of all 
ages from the Fountain to the Laramie, but thes(• pinch out near 
the <"rnter of the count~- and near the southern boundary. 

DOUGLAS COUNTY 

Sketch map showing the approximate loeations of the beds sampled 

100. Location: In Perry Park; 1 mile north of the store 
nnd 14 mile west of the road. 

OcctuTence: A G-foot bed, with 3 feet of overburden, which 
iiips ~1 ° N., strikes N. 18° 'IY., and occurs two-thirds of the way 
up the southwestern slope of the Dakota hogback. 100 feet below 
the "spotted sandstone.'' 

Field Clwmcteristics: Soft to medium-soft, red, gray and 
spotted, medium-fine, marly clays. 

Econo111ic ralue: Tilis clay burns pink and has a wide va
riety of uses, as shown on Table No. 1. Possibly the best features 
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are it~ high fm;ion point and low air shrinkage, while its eOiu
paratiYely low tensile streng-th detracts from the ,-alue of what 
\Yould otherwise be a \'Pl'Y ,-:iluable clay. 

101. Location: Perry Park; 1;.1 mile north of the Park lake 
and 200 feet west of the public road. 

o~-~·~u'l'l'll 1·c: An :-;.foot exposure of matPI·ial, '"i th 3 feet of 
m·erburden, that diJlR 21 o :X., strikes X. ~0° \Y., and occurs along 
the base of the Dakota hogback. 100 ft'et above i he base of tlw 
Graneros formation. 

Field ('llaml'teristil·.~: .MP(lium-soft, black, fine-grained shalC'. 
i'J('()III!IIIi<· Yaluc: Rhould make good, 1·ed presRed bricks, and, 

pof;sibly, if grogged, soft- and stiff-mud bricb. 

102. Lo('(tfion: l'eny Park; lJ:c 111i!e north of the store, 
hl•si11E• the road, on "Adobe Hill." 

Ocl'urn_'/1('(': _\ 2-foot bed, "·ith 1 foot of o\·Prburden, whil'l1 
dips 20° northerly, strikes N. R0° \Y., and (W('llJ·s on the western 
sidC' of the Dakota hogbal'k, near the brook. 

T-'iclrl Clia mctr-1·ist il'8: Roft, gray, tin<'-gTa ined, marly clay. 
/;'('(IIIOmic 1·al1((': Rhonld make fair, buff bril'ks and earthPn

ware if care is used in buming. 

103. iAwotion: Peny Park; % of a mile east of the store. 
Oc<·llrl'l'llcl': An ~-foot bed, with 2 fppj of overburden, which 

dips Gfi'' northeasterly, stl-ikes X. 34° \Y., and occurs on the 
western sidP of a hogll:H'k. 100 feet ahnYe the base of the Morrison 
formation. 

Field ( 'lwr(u·tcri.~tics: ~oft to medium-hard, black, gra;y, and 
:yellow, medium-coarse to fine--g1·ained f;llHl<'s and clays, part of 
which are sandy. 

J.)c0/10/1/ il· r a 7111': ~honld make fine, light flesh-tinted soft. 
mud and 1n·essed briek"· P:tl'thenwaJ·e, and, possibly, terra-cotta, 
lll·ndding the air shri11kagP, whi('!t was not tesi('(l, is not excessiYe. 

104. LIJcutiou: l'eny Park; % of a milP east of the store. 
01'1'11/TCIII'I': .-\ ±-foot bed, with 8 feet of overburden, )\·hieh 

dips :-i~ir northeasterly, stl'ikPR ~- :3± 0 \V., and occurs on the 
we:;;tern sitl(• of a hogba1·k. -"0 feet above the base of the ~Iorrison 
formation. 

Field Cllllracteristio;: A soft, gray, n•t·y fine-grained, waxy 
~hnle, whic-h contains :.! inc-hes of crystalline gypsum. 

Rr·ouo111 ic r aluc: Should make good, pink pressed bricks. and 
heavy gt·ogging may yield soft- and stiff-mnd bricks. 
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105. /,or:a t iun: l'erry Park; % mile east of the store. 
01'1'111"1'1'111'('.' .\11 8-foot bed with :.!. feet of oyerburden, which 

dip:,; :zoo northeasterly, strikes X G5° "' .. and occurs ou the 
eastern side of the Lykins-Lyons llog-h:wk. 10 feet lwlow the 
.. ,.J·inkled limestone." 

Picld Characte·risti1·s: Hoft, red, mediuHI eonJ·:-;e-grained, 
~awly shales. 

Economir: l'al11c: f.;honld make good, pink ~uft-unrd bl'iek~ 
and earthenware. 

106. Lomtion: l'en.Y P:u·k; :2 miles north of the ~tore in 
Kerr's pasture. 

Occw-rcncc: .\ 1-foot exposm·t> of !llaterial, with 1 foot of 
0\-erburden, whit·h Ol'tlll·s on the side of a Nmall knoll, back of 
~lr. Kerr's ranch-house. About 800 feet aboye the basal limestone 
member of the ~iolmu-a formation, and may belong to the Pierr<· 
formation. ' 

Field Characteristif·s: .\ soft, gm,Y. medium coarse-graiued, 
sand~- f'lay. 

R('()IIOIIIil' l'alue: Probably worthless. 
107. Uwation: Peny Park; 2'/:.: miles north of the ~lot'(', 

near a win· fence. and non feet below the Laramie sanrlstone out
l'rop. 

Ocr·III'I'CIII'I': .\ :2-foot bed, "-ith 1 foot of o\·erhurden, wllieh 
1lips 41° northeasterly, strikes N. -Hi 0 ,Y., and Ol'tm·s on the north
t'l'n side of an arroya, on the western side of iht• Laramie hog
bad;:. RPn·t·al snell berls alternate \Yith NHlllhdone lay!'t·s. Abont 
:!:JII feet ahoYe the basal sandstone of tl11• Lar:nuie formation. 

Field ('ll(frru·teristir·.~: .\ soft, g1·a~- to ~·ellow, fine-grained 
sandy shale. 

EcO/WIIIir· ral/11'.' ~[ight lllake paring-lll'il'k~. but the colol' 
i;.; not Nneh as to make this YCI',Y probable. 

108. Location: :21 ~ miles north of LarkNJHll'; 500 feet west 
of the D. & R. (i. H. H. Owned b~· :\fr. '\'\·are and leMed by the 
Denver Sewer Pipe and Cl;ty Compan~·. 

Occu rn'JI('(': .-\ J-foot, lens-sh:qwd bed, with 1 n feet of over
burden, at the l~:l~P of a large knolL non feet helow the top of 
the Dawson formation. 

F'iclrl ('ll((.-ractcristi1·x: :\ll'ditiJil-h:nll, red and gT<~,,-. medium 
!'Oarse-grained, sandy ela~·. 

Econom.i1· ral11e: Rhou](J 111ak" good, re1l hnilrling-brieks, 
hnt those marle by tlw sfiff-mml lH'ol-eRs an· :tpt to be tendeJ'. 
Should also make paving-hl'i!'ks. It is Naid that thiR material i~ 
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~hipped for the manufacture of tiles, but these would certainly he 
fragile before bnrninl-!:. and would probably warp somewhat. 

109. Locl/tio11: ~lj2 miles north of Larkspur; 500 feet west 
of the n. & R. G. H. H. Owned 1'.' .:\lr. Ware and leased by the 
DenYPl' Sewer Pipe and ('lay ( 'ompany. 

Occurrence: "\ 1-foot, lens-shaped bed, with 11 feet of over
burden, :1t the h<t>'t' of a largt" knoll. GOO feet below the top of 
the Dawson formation. 

Field Clwractcristics: Medium-h:ud, red and gray, medium 
~-oarse-grained, sandy clay. 

Economic: Vu luc: Should make good, red building-bricks, 
but those made by the stiff-mud process m·e apt to be 'tender. 
Rhould also make ]Jadng-bricks. It is said that this material is 
shipped for the manufacture of tiles, but these would certainly lw 

fragile befOl'e burning. 
110. Locatiou,: 211S miles north of Larkspur; 500 feet west 

of the D. & R. G. R. R. Owned by the Denver Sewer Pipe and 
Clay Company. 

OccwTCI!CI' A -!-foot, lens-shaped bed, with 30 feet of over
burden, on the western :-:ide of a knob-shaped hill. 

Field Clwnwtcristic-s: Hard, gra~· and red, medium coarse
grained, s:md_,- clay. 

Economic Value: Should make goud, red soft-mud and 
pressed brick~ and, probably, vaving-bricks. Tiles made from this 
day would be fragile before burning. and might have other im
perfections resulting from the weak cohesion. 

111. Locution: 2~ S miles northwest of Larkspur; :!,~ mile 
west of the D. & R. G. R. R. 

Occurrcun:: A 5-foot lwl'iwntal bed, probably lens-shaped, 
with 1 foot of overburden, which occurs on the ~ide of a knoll in 
:\fr. "rare's p:u.;ture. 400 feet below the top of the Dawson for
mation. 

Field Clur mctcl'istics: "\ soft. yellow, medium coarse-grained, 
!land_r clay. 

Eoonomic 1-uluc: t-'hould make good, red soft-mud and 
pressed bricks and, probably, paving-bricks. 

112. Locatio1t: G miles west of Sedalia; 11/2 miles west of 
the large hogbaek formed by the basal Dawson beds. 

Occurrence: 2-4-foot bed which dips 51 o northeasterly, 
strikes N. 53° Tr .. and OCl'Ul'S on the eastern side of the Lykins
Lyons hogbar·k, 40 feet from an arroya containing a brook. 10 
feet above the "crinkled limestone." 
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Fidd f/l10mr:tcristic8: Medium-h:1rd· to mf'dinm-:o;oft, red. 
mPdium fine-grained, sandy cla~·. 

Economic I 'alue: Probably worthless. 
113. Loco I io11: f; miles west of Sedalia; 1 mile wf':-;1 of 

the large hogbrwk formed by the JJ:-t:-;n l Dawson beflf.:. 
Or·f·/1/TCJII'I': A_ 7-foot bed, with fi-lS feet of ov<>rbm·<len, thai 

has an in(letenninnte dip, strikes X. rl7° \Y., and oenu:-; nenr tlw 
western hase of the Dnkota hog-hark. 100 fePt hPlow tlw top of 
the :.\[orri:-;on formation. 

Field Clw mctcriMit·s: A soft, gray, fine-grained, marly clay. 
Econo111ic l'uluc: l\light make fair, bl'l!wnish pressPd lll'i('kf', 

hnt thesp would have to he burned to Cone o;;, and \\·ould yiJrify 
an•l fnse at Cone 03. 

114. LocutirJII: G miles west of Sedalia; 1/:c mile nortln\'Pst 
of the large hogback fornwd hy the bns:il Dawson beds. 

Occ11rren1·t·: A ~-foot expmmrr, "·ith .J- feet of ovel'btn'llf'n, 
whid1 has indeterminatP dip an1l :-;trike, and OfTm·s in an arroya 
l'ontaining a brook. 

Fid!T Cllllracf<'ri.~tics: A ~.oft, yr•llowish-drah. · fine-gTniJWil. 
sanely clay. 

Econo'111i1· rulul': Probably worthless, but might make at· 
traetive, red pressed brieks if burned to a low temperatm·e. 

115. LrJI'otir!ll: 4 miles \\'Pst of Sedalia, nr>ar an olrl <'11:\l 
mine. 

Occurrenr·r': ,\ 4-foot bed, with :1 feet of OYerburden, which 
dips 70° northensterly, strikes ~- 4:2' W., and oec·m·" in an arroyn 
on the western side of the Laramie knoll near a gTrmp of ahan
•1oned buildings. 7G feet nbove the eoal-bed. 

Field ('ll(lraetcrislics: ,\soft, dark-brown, fine-grained shale. 
EconoJJI ii' Yal1tc: ?I fay make attractive, white or cream

tinted p1·e~~efl hl'icks, Yitrified or unvitrified floor ti!Ps, or wall 
iileR, but these will he fragile ltefore burning. 

116. Location: 4 miles \\'P>;t of SPdalin, nrar n group of 
abandoned buildingR. 

OccunciiC<': An 8-foot bed, with :r feet .of overburden, whleh 
•lips 70° northeaster!,,·, strikes X. J2 = \Y._, and occurs in the wPst 
ern side of the Laramie knoll, 65 feet nbove the coal-bed. 

Field Characteristie.~: A medium-Roft. blaek, medium fine

grained clay. 
Economi(' Yalue: Should make good, eream-eolored to white 

soft-mud bri!'l.:", and may anR\Vel· for pl'eS:"P<l brick:-;, vitrifierl nnd 



186 CL.\ YS Ole EAS'l'lm:\ C'OLOHADO 

nnvitrified floor i i leR, nnd "·all tileR, lmt theRe may he fragile be
fore burning. 

117. Location: -!miles west of town in an arroya; 400 feet 
from an old windmill. 

Occnn·cnec: .\. 15-foot hed. with 1 foot of overburden, \Vhich 
oeeun; near the western baRe of the Laramir hogback. 50 feet 
below the top of the Fox Hills formation. 

Firld ('harar:teristies: "\ Roft. gray. fine-graiw•d, sandy shalP. 
EcmiOIIIit• rolnr: Rhould make finr, red pressed bricks. 
118. Lo('afion: 1 mile- southeast of the railroad station at 

Platte Canon. 
Occurrence: A 1-foot bed, ,Yith 8 fPet of o\·erburden. whid1 

dips 51 o E., str·ike-R X. ~0° ·w., and is exposed in 
tunnel on the eastern sidr· of the Dakota hoghac·k. 
below the top of the Dakota formation. 

an abandoned 
. .\bout 50 feej 

Field ('hant('feristics: "\ hard, black, fine-gtninerl elay. 
Economic ralue: One of the best fire-elays tested, mHl 

Rhould make fine, white pl·Pf<i<Pd brickR, wall tilPs, and, pnsRibly, 
vitrified or undttified floor tileR, nlthongh the ahsmption is a 
little high for tlH' latter. 

119. Locat-ion: %of a milP em;t uf tlw railroad station at 
Platte Canon. 

Occurrence: "\ 5-foot hP1l, withll.~ to 10 fert of oYerburden, 
which dips 51 o eaRte1·ly, ktrikes X. ~0 · "··. anrl O('l'lll'R near the 
eastern base of tlw Dakota hogha1·k. Xe;n· tlu• lmRe of the Gra
neros formation. 

Field Ohnrrwtl'risti•·8: :'lledinm-hanl. bhwk, fine-graineu 
~hales. 

EcoiWIII i1· \-a luc: Rlwnld 111ake good, tleRh-1·olm'etl building
brirks of all kintlR, hnt thr Rtiff-mud h1·ic·kR may hr laminated. 

120. Locatio11: :~~ of a mile east of the railroad station at 
Platte Canon. 

0f·r·tii'I'Cit,r·c: A 5-foot bed whi_eh dips Gl o easterly, Rtrikes ?\. 

20° '~'·, and is ~xposed in a tunnel at the north end of the Da
kota hogbac-k. 100 feet below the top of the Dakota formation. 

Picld Cltru·al'/e;·i8tics: Hard, ulack to dark-gray, fine
grained rlay, containing more or less sand. 

Economic raluc: Should make fine, wllite soft-mud bricks 
and. probably, pressed l•l'iekR and yitrified and nndtr-ified fioor 
tiles, but these will l;e fragile before bnming. ThiR elay h.aR been 
used for manufacturing white pressed fa1·e bricks. 
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121. Lul'fltinn: 1 mile l':Hd of t·JH• J·ailroad ~tation at PlattP 
('anon. 

Ort'lt rre/1('(': "\ 9-foot bed, with :: fPPt of orerllllJ'flf•JI. whieh 

dip~ li7 nortlJPa~t•·J·ly, strikes~- G5° \\'., allfl occ·m·~ on the "·est
<·rn ~itlP nf thP :\inhr:un hogl1:11'k in a t·nt lending to ih<> limPRiour· 
qnnn,Y. At the to.p of thP I ':1rlil<· fnl'l11ation. 

Fidd ('ltttJ'IIr-ftTistil·s: ~ll'tlinm-hard, gTay, medium finc

gJ•aine<l. ~andy shall'~ :mel •·lay~. 

Rr·tnU1111i1· r'(/lllr·: Shonl1l uwkP Jiue, Llark t!esh-tiuted ~of't

u~nd bl'ick~ aml, po,;,;iltl)·, p1·e,;,;e•l ln·ielo; whil'lt will be fragile 
lt!'fo1·e bm·ning. 

122. !Jwutirm: l111ill' ••a,;t of tl1e ntill·oad ,;tation at Platt<' 
('a non. 

Or·r·lfrl'l'llr·r·: 1~ feet was sampled of a Jm·g1'l' expo!-iUI'l' of 
Jllatt>rial, with :.: fet't of orerburden. wllieh dips G7' northeaster!,\'. 
~trikes X. r;;-;o '\Y., and o<·~·m·~ on the we~tern side of the Niohrarn 

hoghnek in n 1·ut leading to th<· limestone IJUHL'l'_Y. 10 feet below 
the top of tlJP Carlile fonnation. 

FicTtl ('llamr·trTisfit·s: ~!Ptlinm-hanl, yl'lluw, medium 1il1f• 

g1·ained day, whil'lt i~ t·ak:lreon,; allfl ('ontains fonr thin Sf'<IJII~ 

of u·ystalline gypslllll in tl11• 1~ ft>Pt ~ampled. 
Rr·onom ir· l-11 l11r·: ~lay !llake goorl. pink earthenware. aurl 

has been used for mannfadnring det>p-ydlo\\· IH'if'k~. Jmt tll(' a b 
,;m·ption i~ abore ~o;:. The ~·t·llow !'o!m· J·e~nlted from hnrniug 

iu a redueing atmosplH'r!'. 
123. /,omtio11: :: mi]Ps 1·a~t of thP t·aihoad station ill 

Platte Canon. 
Occuncncr': 10 feet w:1~ ~nmpled of a thieker expmmre of' 

ma t1'ria I, with 10 feet of oy('['] nuden, whidt Of'f'lll'fl on the nort It
e1·n ~ide of an anoya in gently rolling l'Otmtl'y. 1.7i00 f<·l'l al1m ,. 

the ''(Ia] in tl1e Laramie for111ation. 
Field Cltanll'ft·ri.stic.~: Knft, dark-gray. medium liul'-gmiued 

,;hall'~ and ..Ja.n;. 
RCI!'IIOillir· l'allte: Hlwnl•l wake good. Jmlf Jn·ec;~-J<'tl brieks. , 

r I 
1 -

El Paso County 

Ucoluyp uf tile ('uunty.-'rlte t>asteru quarter of the eount~· is 

•·oHI·ed with ~l'!liments of ~Iiocene o1· Pliocene age. while a con
~:iderable area of p1·H ':nul)]'ian ('J·y~talline rock~ lies along all 

hut the sonthei'II eud of t!H· Wf'c;t boundary. Bt·t "'f'E'll these two 
:ll'ens li<' extPn~i\P dt"po~ils of l'it>l'l'P sediment,; to the south, and 
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Dawson sediments to the nol'1h, sepaeated by nannwer exposures 
of Pox Hills and Laramie age. X orthwest of Colorado Springs 
and in the Pxin•n1e sonthweRt r·m·11n of the county are also found 
upturned exposures of all the formations from the Xiohrara io 

the Fountain, and eYen son1(' earlier ones not described in this 
report. 
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124. Location: :.:1111 ym·ds west of the Lytle post-office, 
anoss the road. 
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UcciuTcHee: :20 feet was sampled of a more extensive ex
J.IO:>IIt'c of material which dips 4° easterly, strikes N. 18° "r., and 
ol·eurs in the eastern side of a knoll. 150 feet below the top of 
the ~rorrison formation. 

Field Ohanlcir'l'i8ties: HuH, drab, medium fine-grained shale:,; 
and clays. 

l;'C0/1011/il· rali/C.' ~l10uld make good, buff building-bricks Of 
<l ll.' kind, but may neefl :;nme grogging. 

125. J,ocatiou: lj1 of a mile northeast of the Lytle posi
oftice. 

Oc<'IIITt'lll'l': A.n 1-l-foot bed, with ti3 feet of overburden, which 
dips ±0 easterly, strikes N. u.:o W., and outcrops on the western 
side of an arroya in the Dakota hogback. 60 feet below the top 
of the Mm-rison formation. 

Piclrl C!h<ll'fU·i<'l'isti<·s: Medium-hard, gray, medium coarse-
grained, sandy clay. 

Economic F al w·: Probably worthle,.;s. 
126. Locatio11: ::4 of a mile east of the Lytle post-office. 
Occllrrcncc: A :21J2-foot bed, with 25 feet of overburden, 

\Yhieh dip:; 4° easterly, strikes N. 18° \V., and occurs in a cut on 
the public road near Turkey Cl'eek. 80 feet below the top of the 
~[orrison formation. 

Field Oha mcteri8tic::J: A. hal'd, dark-gnt.1·, fine-grained shale. 
Econo111 ic ru luc: Rhould make good, pink pressed bricks, 

probably pa1·ing-briek:;, and, possibly, soft-mud bricks, but the last 
will be fragile before burning. 

127. Locution: 1 mile east of the Lytl~ post-office, on 
Thurston's. ranch. 

Or'l'nrrcnt·c: A ±-foot exposure of material, with 1± feet of 
m·erburden, which dips 4° easterly, shikes N. 18° \Y., and ocr·m·s 
in a well in the Jerel Yalley on the eastern side of the Dakota 
hogbac-k. .\ t the top of the Carlile formation. 

Field Cltal·aeteristit·s: ~Iedium-hard, black, fine-grained 
shale. 

Eco11u·mi~: Value: Should make good, dark-red pressed briek:,; 
if burned to Cone 03. 

128. Location: In C1·unked Canon; 1 mile east of Thurston's 
ranch, and ~ miles east of the Lytle post-office. 

Occurren~;c: .\ 25-foot exposure of matl.:'rial, with 35 feet of 
overburden, which dips ±0 easterly, strikes ~- 18° \V., and occurs 
aboYe the road. Aboye the material sampled occur 10 feet of 
f'oncretionar.r limestone and 25 feet of Fox Hills shales. 
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Field Olwracteristir·s: .\Iedium-hard, gray to black, medium 
line-grained l'hales, containing much gypl'nm and some carbonate 
of calcium and iron concretionl'. 

]iJconOIJiir· l'alue: Probably worthlesl'. 

129. Lor-ation: In Crooked Canon; lmile east of Thurston's -
ranch, and 2 miles east of the Lytle post-office. 

Occ/1/Tellcc: This sample c:;tme from the 15-foot exposure of 
Fox Hills shales mentioned in the description of No. 128. 

Field Characteristics: Hard, yellow, medium fine-grained 
shales. 

RwJwmic: Value: Should make good, white grog of medium 
fusing point, but i:-; otherwise worthless. 

130. Location: 7¥2 miles southwest of Fountain on GileH' 
nmeh. 

Occurrence: .\ 30-foot exposure of material, with 12 feet of 
overburden, which dips go E., has an indeterminate strike, and 
occurs on the north bank of Little Fountain Creek. ,Just below 
the top of the Pierre formation. 

P idd Ohamctcristir·.s: Hard, dark-gray, medi nm eoarse
grained, fossiliferous clu~--

Econom ic Ya lw·: Probably worthless. 

131. Locution: 8 miles sonthwest of Fountain on Giles' 
ranch. 

Occunv·n r·r·: .-\ 30-foot exposure of material, with 12 feet of 
oyerburden, whiell dips go E., has an indeterminate strike, and 
o1·•·nr·s on the hank of Little Fountain Creek. .Just below the to]• 
of the Pieri'(' formatiou. 

l•'ield f'lutrru·frTislies: Hard, bl'owu io lJlad-;:, lll<'!lium coarse
grained, fossiliferous ('lay. 

Ecmto111ir· l'aluc: Prohnllly wodlilPRH. 

132. L()('(l/ i()lf: !l miles west of Fonutniu, 200 feet west of 
the State Road, aHd ::oo .nml~ south of Little Fouu(ain Creek. 

01'1'11/TCIICC: A. ±-foot bed, with ~ feet of overburden, which 
dips 2go easterly, sh·ikes N. ],-;' W., and occurs on the eastern 
side of a small ridge. Just below the limestone beds in the L~·kins 
formation. 

Field Ulwnu;te'l'istie8: .\ medium-soft, red, medium fine· 
grained, sandy shale. 

Economic l'ol11r·: Prubabl,Y worthless. 
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133. },()r·utirw: ~~lllile:-; ,,·p:-;L of Fonul ai11 aud :.!00 f<'<>l north 
of Little Fountain Creek; at ih<· si<l<· of the 1-itate Road. 

Oecun·enr·e: A 20-foot exposure of material, 'dth J feet of 
overburden, which dips :i-! 0 E., strikes N. 18° W., and necm·s on 
Ow bank at the side of a I'OiHI. 200 feet ahon• tit,~ bm;p of the 
1foiTison formation. 

Field Olw mderi.slir·s: ~fP<linm-hard, gr·:ty to pink, nwdinm 
coarse-grained, sandy shale nnd clny. 

ENmomil· f"alur: Probably worthless. 
l34. /,or·a·fiou: !I· llliles \\"l'st· of Fountain and :21Hrfeet north 

of Little Fountain I 'rPek; at ti1P :-;i•le of the Ntate Road. 
Or·r·IIITCI/r'l'; 15 feet wa:-; ~o~nmpled in a thi("ker· !•xpo,.;nr·t· of 

materia], which dipS :i-!0 E., strikes~- l/.; 0 \\'.,all(} IJITlll'H 011 i!JP 

western side of Dakota hngkwk. ::no feet nhnyp the hnse of ti1P 
1fonison formation. 

Pidrl Olwrw·teri.sti1·s: "\ soft, gr·•·•·r1ish-gr·ay, tirw-gr·ained, 
marly clay containing a little ~";and. 

E1'0II0111i1· l'al/11'.' ":\light make ligl1t-hrowu llri("ks of nn_r 
Jdud, if Jnn·ned al•on· Cone :2. 

135. Loeatio11: F(:~- milPs west of Fountain; !Jeside the 
~tate Road. 

Oer·III"I'CIII'C: A 7-foot bed, with r; feet of o\·erbnrden, which 
•lips ,l--! 0 E., strikf's N. 1:-: :· "r., and oc<·m·s on the sonth end of the 
Dakota hogback, on the north shm·e of Little Fountain Creek. 
X(•ar the top of the Dako1 a for111ation, between walls of solid 
f-mndstone. 

F'icld Chara1·tl'ri8tir·s: "\. hard, blaek, n·ry fine-grained elay. 
Economir· l'al11e: Rhonld make good, <Team-colored soft-mnd 

and pressed ln·il'ks, and, pr·o!lably, stitf-mnd bricks and eartheu
ware, but the formt>r mny Jw laminaJed ar111 the la t1Pr· fr·agile bt'
for·e burning. 

136. Location: F(::•~ miles west of Fmmb in; lll•side the 
Rtate Road. 

Occuncul·c: .\ li-foot bed, with (i fe<•t of onrbm·dPn, whid1 
dips 44° E., Rtrikes X. t:-:·' \r .. an<l ot·<·m·R at the southe1·11 entl 
of the Dakota hogbaek, on the uorthern shore of Little Ponntain 
Creek. Xear the top of the Dakota formation, and abo\·e Xo. 1:J:i. 

FitJld Clwrnr·tcri8fir·.~: Hard, dark-gray, medium conrse
grained shales and elnys. 

Economit• raluc: A spll"!Hli<l tire-t·lay of llllllKllally 'high 
plasticity and cohesion. 
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137. /o~watirm: 8% miles wel't of Fountain; beside the 
State Road. 

Occurrrnce: A 40-foot exposure of material, with 4 feet of 
overburden, which dips 18° easterly, strikes N. 18° E., and ocf·m·s 
at the south end of the Dakota hogback on the northern side of 
Little Fountain Creek. 50 feet above the base of the GranernR 
formation. 

Field Chctracteristics: Hard, gray, medium-fine- to mellimn
coarse-grained shaleR, containing a 6-inch seam of fine whiJ1· 
l'la~' near the top. 

Economir Faluc: Should make fair, pink soft-mud, awl, 
posRibly, stiff-mud bricks, with rather high absorption. 

138. Location: 8J;~ miles west of Fountain on tile nm·thel'll 
side of Htate Road. 200 feet from Little Fountain ()reek. 

Occitrrcnce: .\ 55-foot exposure of material, with 4 feet of 
oyerburden, which dips 40"' eastt'rly, strikes N. 18° \V., and o(•t·m·s 
on a bank at the side of the road aboye the creek. 100 feet aboye 
the base of the Graneros formation. 

Field Characteristics: Hard, gTay to yellow, fine-grainPI! 
shales containing streaks of Yf'l'Y purt>, light-colored clay at in
tervals. 

Econoinic Value: Probably worthlt>sR, a!' the bricks are ,-ery 
soft and the absorption iR rather high. 

139. Location: xy::! miles west of Fountain on the northern 
side of State Road. 200 feet from Little Fountain Creek. 

Occw'l"f'III'C: A 30-foot exposure of material, with ::: feet of 
overburden,_ which dips 18° easterl.v, strikes N. 18° \V., and 
occurs on the west-ern side, at the south end of the Xiobrm·a hog
back. 50 feet below the top of the Carlile formation. 

l' il'lcl Olw mctrristit·s: Hard, black, brown and gu1y, medium 
fine-grained shales and days, containing a little 1'an1l and some 
f'm·bonate of lime, and iron concretions. 

Economic Fal11c: Should make good, red building bricks of 
all kinds, but the stiff-mnd bricks may be laminated. 

140. Localirm: 4 miles west of Fonntain; V::! mile l'nutheast 
of Townsend's ranch. 

Occurrence: A 15-foot exposure of material, with S feet of 
overburden, which dips 5° easterly, has an indeterminate strike, 
and occurs in the bank of a dry creek. At the top of the Pierre 
formation. 
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Field Clwracteri:s/.ics: Medium-llard, yellow to dark-gray, 
medium fine-grained, sandy shales, containing 1·arbonate of lime 
and iron concretions and some ~ypsm11. 

].,'conoJJiic l'aluc: ~J,ould n1ake fine, ]>ink soft-mud bricks, 
and, pr.obably, stiff-mud Lrieb which may be l:Hninated. 

141. /,ocatiou: 1;:4, mile \Yest of Fountain; 100 feet from a 
public road; on Stephen's ranch. 

Occun·encc: A 12-foot exposure of material, with 4 feet of 
overburden, which dips :::·) easterly, has an indeterminate strike, 
and is exposed on the hank of Fountain Creek. 

Field Characteristics: Medium-soft, brown, fine-grained, 
sandy shales and clays, containing gypsum, espedall,v nf'ar the 
bottom of the exposure. 

Economic ralue .· Should make good, red pressed bricks, and 
grogging may yield good soft-mud bricks and earthenware. 

142. Locatio11.· 5 miles south of Colorado Springs and 1 
mile east of the foothills; on John J. Cun's ranch. 

Occurrence: A 1-foot bed, with 2 feet of overburden, on the 
south side of an east-west valley; near the Star ranch. 

Field Characteristics: A medium-ha1·d, drab, fine-grained, 
sandy clay, containing much gypsum. 

Economic Value.· Should make good, red pressed bricks and, 
if grogged, other building-bricks and earthenware, but these must 
be burned to Cone 05, and vitrify and fuse at Cone 03. 

143. Location.· 5 miles south of town; % of a mile east of 
the foothills; on John Y. Curr's ranch. 

Occurrence.· An 8-foot exposure of material, with 3-6 feet of 
overburden, on the side of a ditch wa~hed. out by a cloudburst. 

Field Characteristics.· Medium-soft, dra ];), medium fine
grained, sandy clay containing gypsum. 

Econontic Value.· Should make good, red pressed bricks and, 
if grogged, other building-bricks and earthenware. 

144. Location.· Nineteenth Street and Manitou Boulevard, 
Colorado Springs. Schleshinger Bros.' brick-yard. 

Occurrence: 50 feet was sampled of a thi,cker exposure of 
material, with 6 inches to 8 feet of overburden, which dips 8° N., 
has an indeterminate strike, and occurs in a pit at the western 
end of a ridge. 50 feet below the top of the Pierre formation. 

Field Characteristics.· Medium-hard, gray to brown, fine
grained, sandy shales and clays with some concretions. 

(7) 
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Rconomic Vul~tc: Should make good, red soft-mud and 
pressed bricks and, probably, earthenware and stiff-mud bricks, 
but the last mny be laminated. 

145. Location: South Fifth and Broadway Street", Colo
rado City; at the Ben Bte"·er Brick Company's yard. 

Occuncncc: 20 feet wa:-: samplrd of a much thicker exposure 
of material, with 6 inches to 10 feet of overburden, which dips 78° 
easterl;r, strikes N. 1 °· vV., and occurs. in a cut on the northern 
side of a knoll. 

Field Ghamctl-ristics: Hard, gray, black and brown, fine
grained, sandy shales and clays. 

Economic Yaluc: Should make fine, red pressed bricks and, 
possibly, if gTogged, soft- and stiff-mud bricks and earthenw:ue. 

146. Lor·atiou: South Fifth and Broadway Streets, Colo
rado City; at the Ben Brewer Brick Company's yard. 

Occuncncc: 30 feet of mate1·ial below Sample No. 145. 

Field Ghamcteristics: Hard, bluish-black, medium-fine to 
fine-grained shale and clay. 

Economic Value: Should make fair, red soft-mud bricks and, 
possibly, stiff-mud and pressed bricks, but the former may be 
laminated, and the latter will have high absorption. 

147. Location: At Calhan. Exact locality and other data 
unknown, as sample was furnished hy the Standard Fire Brick 
Company of Pueblo. 

Economic Value: A first-class fire-clay, and will make good, 
brown prfssed bricks if burned to Cone 1. It might make flashed 
bricks, but the color is unpromising. 

148. Location: At Calhan. Exact locality and other data 
unknown, as sample was furnised by the Standard Fire Brick 
Company of Pueblo. 

Economic Value: First-class fire-clay. 

149. Location: Colorado Springs. Pressed Briek and Fire 
Brick Company's yard. 

Occurrence: 18 feet was sampled of a much thi(·ker exposure 
of material which dips 6fl 0 easterly, has an indeterlllinate strike, 
and occurs on the southern side of a knoll. At the top of the 
Pierre formation. 

Field Ghamoteristics:. Medium-hard, gray to black, medium 
fine-grained, sandy shales and clays, which contain bacculite fos
sils and other impurities. 
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Econornio Value: Said to be the best clay at the plant, but 
is hsed only when it is weathered, as it is too hard to plow when 
fresh. Should make good, red pressed bricks, and soft- and stiff
nmd bricks if grogged. 

150. Location: Colorado Springs Pressed Brick and Fire 
Brick Company's yard. 

Occurrence: 45 feet of material above Sample No. 14!1. At 
the base of the Fox Hills formation. 
. Field Charucteristics: Medium-hard, ~-ellow, fine-grained, 

sandy shales and elays eontaining concretions. 
Econ.omic Value: This material is commonly used at the 

plant for red pressed bricks. Should make good, red pressed 
bricks, and, possibly, soft- and stiff-mud bricks and earthenware 
if grogged. 

151. Location: Colorado Springs Pressed Brick and Fire 
Brick Company's yard. 

Occtl1Tence and Field Characteristics: Same as No. 149, but 
this sample is from a different part of the pit and is said by the 
manager .to differ from No. 149. 

Econornic Value: Should make good, red pressed bricks and, 
probably, soft- and stiff-mud bricks and earthenware if grogged. 
It differs from No. 149· in being more plastic and possessing 1 per 
cent lower air shrinkage and a lower tensile strength. 

152. Locettion: 200 yards west of the Standard Mill at 
Colorado City, in the pit owned by Mr. ::\forrison. 

Occurrence: 60 feet of material, with l foot of overburden, 
which dips 86° easterly, strikes N. l o IV., and occurs on the east 
ern side of the Dakota hogback. 150 feet aboYe the base of the 
Gtaneros formation. 

Field Characteristics: A medium-hard, dark-gray to black, 
medium fine-grained shale. 

Economic Value: Should make fair, pink soft-mud or 
pressed bricks and, probably, stiff-mud bricks which may be 
lamina ted. 

153. L{Jaation: 300 yards northwest of the Standard Mill 
at Colorado City, in the pit owned by Mr . .:\Iorrison. 

Occurrence: 20 feet of material, "·ith 1-:2 feet of overburden, 
which dips 86° easterly, strikes N. 1 o IV., and occurs in the east
ern side of the Dakota hogback. 100 feet above the base of the 
Graneros formation. 

Field Characteristics: Hal'd, dark-gray to black, medium 
fine-grained shales. 
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Economic Yaluc: Should make fair, flesh-colored soft-mud 
and pressed bricks, and, probably, stiff-mud bricks and earthen
ware, but the former may be laminated. 

154. Locntion 1: 300 yards northwe~t of the Standard Mill 
at Colorado City, in the pit owned by Mr. Morrison. 

Occurrence: 15 feet of material, with 3 feet of overburden) 
which dips 86° E., strikes N. 1 o '.V.,- and occurs on the eastern 
side of the Dakota hogback. It is about 60 feet above the base 
of the Graneros formation, and is separated from No. 153 by sand 
and shale-beds. 

Field Chamctcristics: Medium-soft to hard, brown, gray 
and black, fine to medium fine-grained, sandy shales, containing 
sandy, brown, bituminous streaks, and 3 feet of soft sandstone in 
the center . 

. Economic l'alue: Should make fine, cream-colored soft-mud 
and pressed bricks; also, probably, laminated stiff-mud bricks and, 
possibly, paving-bricks. 

155. Location: 300 ~-ards nortlnyest of the Standard Mill 
at Colorado City, in the pit owned by Mr. Morrison. 

Occurrence: Hi-foot bed, with 3 feet of overbuqlen, which 
dips 86° K, strikes N. 1 o IV., and occurs in the eastern side of the 
Dakota hogback west of No. 154. At the base of the Graneros 
formation. 

Field Clwmcteristics: Medium-hard, brown, gray, yellow, 
and black, medium fine-grained, sandy shales, containing thin 
seams of hard sandstone_ 

Econo111ic l'ulue: Should make good, red pressed brick;; and, 
possibly, if grogged, soft- and stiff-mud hrir·ks and earthenware. 

156. Location: JOO y;uds northwest of the Standard ~Jill 

at Colorado Cit;>. 
Occtlrl'eiii'C: A HI-foot bed, with 3 feet of overburden, which 

dips 86° E., strikes N. 1 o '.Y., and occurs near the top of the west
ern slope of the Dakota hogback and underlies hard i'mndstone. 
May be of Lower Dakota age. 

Field Cha?-acteristir·s: Roft to medium-hard, gray to blade 
fine-grained shale_ 

Economic Yal11c,· .-\.fine fire-clay. 
157. Localion: JOO :mrds north,yest of the Standard Mill 

at Colorado City. 
Occurrence: A 30-foot bed, with 2 feet of overburden, which 

rlips 86° E., strikes X 1 o '.Y., and occurs 35 feet he low the top of 
the western slope of the Dakota hogback_ 
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Field Characteristics: ~Iedium-hard, gray, medium fine
grained, san,dy shale. 

Economic Value: Should make good, red presi-ied brick, or 
other kinds of building-bricks and earthemntre if burned to 
Cone 01. 

158. Locatlou: 1,4 mile west of Balanced Rock in the Gar
den of the Gods, on the western side of Black Canon_ 

Occnrrcnce: .\. 2-foot bed, with 3-8 feet of overburden, which 
dips 12° southerly, strikes N_ 80° IV., and occurs nn a ridge be
tween Black Canon and a. small l'anon to the wef't. ?\fear the 
base of the Fountain formation. 

Field Chara,cteristir:s: Medhm1-soft, red and green, medium 
fine-grained shales. 

Economic Val11e: \Vas onc·e used by the Van Briggle" Pot
tery Company at Colorado Springs. Should make fine, flesh
colored soft-mud and pressed bricks and, probably, paving, flashed, 
and stiff-mud bricks, hut the last may be laminated. 

159. Loccdiou: :1 miles west of Edgerton; 150 feet east of a 
road running through a field. 

Occnrre;;we: 141!z feet of horizontal material, with 15 feet 
of overburden, which nt·curs on the nmthern side of a sharp ridge 
just above some coal. Probably of Laramie age. 

Field Clw.mctcristics: Soft, light-gray, fine-grained shales 
and days, part of which are sandy. J 1 ~ feet from the bottom 
occurs a 4-foot layer of sandstone, \\·hich is not included in the 
sample. 

Economic Value: Should make fine, cream-l"olored soft-mud 
bricks, and proba.bl~· paving, flashed, and pressed bricks and 
earthenware. but the last two will be fragile before burning. 

160_ Locatiou: 11~ mile we:-;t of Edgerton :-;iding, and 400 
yards west of the D. & R. G. R. R. 

Occurrence: .. \. 3-foot, horizontal bed, with 10 feet of over
burden, exposed in an abandoned pit in the side of a ridge. 

Field Glwractcristics: Hard, gra~·. eoarse-grained clay con
taining quartz pebbl0s. 

Economic: Va.l11r': Should make first-clns:-;, n·1·am-colored to 
white soft-mud and pressed bl"i1·ks, Yitl"ified and nnvitrified floor 
tiles,' wall tiles, and, possibly, pndng-bricks. 

161. Location: Vz mile north of Pike View, near Edgerton. 
Occtwrence: A 6-foot, nearly horizontal bed, with 1 foot of 

overburden, in the side of a small arroya beside the public road; 
400 feet a hove the roa I. 
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Field Characteristir:s: ~Tedium-soft, gray, medium fine
grained, sandy clay. 

Economic Val~te: Probably worthless. 

162. Location: % of a mile north of Pike View; on the bank 
of Monument Creek, near a bridge; 300 feet east of the D. & R. 

G. R. R. 

Occttrrence: A 7-foot, horizontal bed, with 2 feet of over
burden, exposed on the bank of a creek; 400 feet above the coal. 

Field Characteristics: Medium-soft, yellow and gray, medium 
coarse-grained, sandy clay with half-inr·h Reams of limestone every 
2 or 3 feet. 

Economic Valne: Probably worthless. 

163. Location: % of a mile north of Pike View; on the 
bank of Monument Creek; 300 feet north of a bridge on a publil· 
road; 300 fe€t east of the D. & R. G. R. R. 

Occttrrence: 15 feet was sampled of a thicker exposure of 
nearly horizontal material, with 2-3 feet of overburden, which 
seems to overlie No. 162. 

Field Characteristics: Soft, blue-gray, purple and yellow, 
fine to coarse-grained, sandy clays. 

Econmnic Val~te: Probably worthless. 

164. Location: 1,4 of a mile north of Edgerton siding; 300 
yards west of D. & R. G. R. R.; in an old coal-pit. 

Occttrrence: 5 feet was sampled of horizontal material on 
the eastern side of a ridge. 

Field Characteristics: Hard, gray to pinkish-gray, medium 
coarse-grained clays. At the top of the Dawson formation. 

Economic Value: A valuable, cream- or white-burning clay, 
which may be used for a wide variety of products, as shown in 
Table No. 1. 

165. Location: ~ mile north of Edgerton siding; 300 yards 
west of D. & R. G. R. R.; in an old coal-pit. 

Occurrence: 5 feet was sampled below No. 164. 

Field Characteristics: Hard, gray and red, medium coarse
grained, sandy clays. 

Economic Yalue: Very similar to No. 164, but burns pink 
and is not quite so refractory. 
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166. Location: 1;4 mile north of Edgerton :-:iding; 300 yard:-; 
west of D. & R. G. H. n.; in an old ('<Jal-pit. 

OccurrCI/c·c: 3 feet ·was sampled abov(' :Xo. 164. 

Field Characteristics: Hard, gray, coar:-;e-grained clay con· 
taining quartz pebbles. 

Reonomie raluc: Very similar to No. 164, but a somewhat 
lower tensile strength tends to lessen its usefulness slightly. 

167. Location:· 21/2 miles east of Edgerton siding; 150 
yards east of a road through a field. 

Occurrence: A 4 foot, horizontal bed, with no to 36 feet of 
oyerlmrden, on the north side of a knoll. Just above the coal. 

Field OharacteTistics: A medium-soft, dark-gray, fine· 
gntined, sandy clay. 

Bconom ic raluc: Should make fine; cream building-bricks, 
vihified and unYitrified tloor tiles, wall tiles, and, probably, earth· 
en ware and paving-bricks. 

168. Location: 3 miles southeast of Calhan. 

Ocr-urrcncc: 8 feet was sampled of horizontal material, with 
:w feet of overburden, on the northern side of a ridge. 

Field Chamcte·l'istics: A hard, Yed and gray, medium coarse
grained, sandy clay. 

Economic Y alue: Should make first-class, light flesh-tinted 
pressed bricks, earthenware, terra-cotta, stoneware, and re· 
hactory goods, and, probably, hollow structural I\laterials. 

169. Loeation: % of a mile southwest of Calhan. 

Occurrence: 5 feet was sampled of horizontal material, with 
10 feet of overburden, which occurs on the southern side of a 
o:mall knoll. 

Field Ohamcteristics: A hard, light-brown, fine-gratned, 
sandy clay. 

Econo111ic l'alue: Very similar to No. 168, but will burn red, 
will probably not answer for hollow structmal material, and the 
quality of the terra-cotta i~ doubtful, even if grogged, due to the 
7~;~ air shrinkage. 

170. Location: 1 mile south of Calhan. 

OccwTcnce: 4 feet was sampled of horizontal material, with 
10-28 feet of overburden, on the northern side of a ridge; in a 
cut. 
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fi'idd. Clwml'ir'l'istir·s: .\ ha1·~1. gJ·ayish-reu, finP-graineu, 
sandy cia~-. 

Ecouomic l'olur·: Should make good, vitrified floor tiles and 

fine red pressed bricks if burned to Cone G. May answer for 
paving-bricks. 

171. Locutio11: 1 mile sontheast of Calhan on Joe Bigsb,Y's 
homestead. 

Occurrc'il cc: 9 feet was sampled of horizontal material, with 
10-25 feet of overbmden, on the northern side of a long ridge. 

Field Charactaistic.s: Hard; grayish-red, fine-grained clay 
containing a little sand. 

Economic Value: Shonlu make fine vitrified floor tiles, re
fractory goods, wall tiles, and white earthenware; also, probabl,Y, 
terra-cotta, hollmv structural materials, and drain tiles. ·will 
answer for yery attractive rn·('Ssed bricks, but these will have rel
atinly high absorption. 

172. Lo('({fio!l: ~1!:2 miles southeast of Calhan; in a prospect 
hole. 

Occurrnice: t: feet was sampled of horizontal material, with 
8 feet of overburden, on a prominent knoll. 

Field Chamct.cristics: Hard, gray, brown and red, fine

grained, sandy clay. 

Economic t'aluc: One of the most valuable clays tested, and 
may be used for a variety of products, a:-; shown on Table No. 1. 

173. Location: 3 miles east of Calhan. 

Occurrence: G feet of horizontal material, with 10 feet of 
overburden, on the side of a knoll. 

Field Glzaractcristi1·s: . \ hard, white, brown and red, fine

gtained, sandy clay. 

Economic Value: Should make fine, nearly white pressed 

bricks, vitrified and unvitrified floor tiles, wall tiles, and re
fractory materials. This clay is shipped to the Standard Fire 
Brick Company at Pueblo, but is not identical with either No. 

147 or No. 148. 
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Fremont County 

fJI'ulo.rJ.II of tlw Co1111 ty.-The geology of this eotm ly i:-; n·ry 
t·ompliC'ated and could hard!~ he Ret forth in detail without the 
nid of n geologiC'al map. It may hP Rnid. hmw,·er, that the east
l'l'n one-third, with the exC'eption of the extreme northeaRt corner, 

"' ·~ 
3. 
E 
" '" if. 

·~-

"' 5 .... 
0 
00 
>:1 

~ ~· E-< 
7; " " ;:, .s 
0 2 (.) 

c; 
E-< 2 z 

? 0 
"" ii "' IZ1 0. 
~ "' ~ "' 5 

bJJ 
>:1 
·~ 
0 

.s::: 
00 

~ 
.:::: 
.2 
·~ 

w 



202 CL~YS OF E~~TEUX COLORADO 

is underlain by all the sediments described in Part III, Chapter 
I, as well as some of greater age. Rocks of Morrison to Niobrara 
age also oceur in a relatiwl.Y nanmy north-south zone. six or seven 
miles long, south of Parkdale station. .-\ similar zone, including 
beds of Pierre age, extends in a north,Yesterly direction for five 
or six miles from the same point. 

174. Location: Beaver; 300 yards north of the railroad. 
Occurrence: 1G feet was sampled of horizontal material on 

the side of a slope, 50 feet below the top of the Carlile formation. 
Field Characteristics: Medium-hard, dark-gray, fine-grained 

shales. 
EcoJIOJnic ralue: Probably \YOrthless. 
175. _Location: 3 miles southwest of Canon City. 
OccmTr·ncc: .'\ bed of unstated thickness, which dips 4:3° 

southeasterly, strikes N. 35° E., and occurs on the southwestern 
side of the Dakota hogback. :!0 to 40 feet below the top of the 
Dakota formation. May be of Purgatory age. 

Field Chantcfcristics: A hard, dark-gray, medium coarse
grained clay. 

Economic rnlue: First-class fire-day. This is f1·om the so
called "Diamond Vein," owned by the Diamond Fire Brick Com
pany. 

176. This seems to be hu111 exactly the same locality as 
No. 175, and probably under- or overlies that sample. It differs 
from Ko. 175 in being black in color and somewhat sandy. 

177. Location: 3 miles south of Canon City, on the prop
erty of the Diamond Fire Brick Company. 

Occur··rcnce: A bed of unstated thickness, which dips 43° 
southeaster!.'·· strikfs ~- 35° E., and occm·s on the southwestern 
side of the Dakota hogback, below No. 17fi. 100 feet below the 
top of the Morrison formation. 

Field Characteristics: A hard, Yery light-gray, medium 
coarse-grained, sandy clay. 

Economic rnluc: May make buff pr·essed bricks, but these 
will be fragile before burning. 

178. Location: 3 miles \\'(•s1 of Florence. 11~ mile west of 
the Arkansas RiYer. 

OcCIIJ'J'cuce: .-\ 4-foot horizontal bed, with 3 feet of over
burden, on the southern side of an arroya; just below a coal
seam. '!\fay be of Carlile age. 

Field CharactcJ•isUcs: A medium-soH, gray and yellow, me
dium fine-grained, sandy clay containing bituminous materiaL 
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}<}('0/IUIIlic raluc: ~ltould !llake good, pink ]'l'l'f;f;l'U bricks. 
179. Location: FlorencP; 100 yards north of the ~\rkam::tf< 

River and Vs mile from the town bridge. 
Occ1rrrcnce: 20 feet "·as sampled of nearly horizontal ma· 

terial, with 2-3 feet of overburden, which occurs on the steep bank 
on the northern side of the roa(l. 100 feet below the top of the 
Carlile formation. 

Field Characteristics: Medium-hard, gray, coarse-grained, 
sandy clay, containing many gypsum seams and some concretions. 

Economic V"alue: Should make fair, somewhat soft, red soft· 
mud bricks and, possibly, stiff-mud and pressed bricks. 

180. Location: 2 miles southeast of Parkdale station. 
Occurrence: 8 feet was sampled of material, with 6-10 feet 

of overburden, which dips 30° \iT~, has an indeterminate strike, 
and occurs in an abandoned tunnel on the eastern side of the Da
kota hogback. 40 feet below the top of the Morrison formation. 

Field Clwracterist"ics: Hard, light-gray, medium fine-grained 
day. 

Eeonomic Yalue: Should make .good, pink building and 
flashed br-icks, terra-cotta, hollow structural materials, conduits, 
and Yitrified floor tiles; also, possibly, vitrified bricks and un
vitrified floor tiles . 

181. Probably from tile same locality as ~ os. 175 and 176, 
and overlies one or: both of these samples. .-\!though field blanks 
state enoneously that the sample is from near Parkdale, it is on 
property owned by the Adamant Fire Brick Company of Canon 
City, and differs from Nos. 175 and 176 onl~- in being pinkish
gray in color. 

182.. Loccttion: 5 miles southeast of Parkdale station; near 
the road, in a prospect hole. 

Oecnrrcnce: 5 feet was sampled of horizontal material, with 
2 feet of overburden, on a low knoll. At the base of the G,raneros 
formation. 

Field Characteristics: :Medium-hard, brown, black and gray, 
fine-grained shales with thin interbedded sandstone seams. 

Econo1nic Value: May possibly be used for a variety of 
products, as shown on Table No. 1, but will probably answer best 
for pink pressed and soft-mud bricks, earthenware, and paving· 
bricks. 

183. Location: 5 miles southeast of Parkdale station; near 
the road. 
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Occurrence: ::W feet wa~ sampled of material, with 3 feet of 
overburden, which dips 70° N., strikes N. 87° W., and occurs on 
the side of a knoll above the dry bed of a stream. 300 feet below 
.the top of the Morrison formation. 

Field Chamcte1·istics: Hard, greenish-gray, medium coarse· 
grained, sandy shales and marly clays. 

Economic Yalue: Should make good, buff soft-mud bricks 
and earthenware, and also, possibly, other building-bricks and 
paving-bricks, but the pressed bricks will have rather high ab
sorption. 

184. Locatio·n: 5 miles southeast of Parkdale station. 
OcetttTencc: An 8-foot bed with no to 20 feet of overburden, 

which dips 70° northerly, strikes 87° W., and'occurs on the south 
side of the Dakota hogback. At the base of the Purgatory 
formation. 

Field Chamctcri8tics: Hard, black, medium fine-grained, 
saJHly ela;r. 

Economic l'aluc: ..:\. fir;;t-('lass fire-clay. 
185. Location: 100 yards north of the Prison quarry at 

Canon City. 
Occurrence: 15 feet was sampled of material, with 20 feet 

of overburden, which dips 66° E., strikes N. 30° W., and occurs 
on the western side of the Niobrara hogback. 20 feet below the 
top of the Carlile formation. 

Field Clwm!'tcristics: Medium-hard to hard, gray to brown, 
medium fine-grained shal<'R. 

Er·oHomic Yalue: ~hould make good, red pressed bricks and, 
vossibly, other nui<:'ties of brid's if grogged. 

186. Location: 100 yards north of the Prison quarry at 
Canon City; at side of a tunnel for a water main through the 
Dakota hogback. 

Occurrence: 50-foot (•xposure of material, with 1-2 feet of 
overburden, which dips 66° easterly, strikes N. 30° W., and occurs 
on the eastern side of the Dakota hogback. 

Field Clwracterristics: Medium-hard, black and brown, fine 
to medium fine-grained shales. 

Ec.onomic Yalue: Shonld make first-elasR, red pressed and 
"oft-mud bricks. 

187. Location: 1 mile northeast of Canon City; on the 
proper(,- of the ('au'on RI·i('k and Tile Company. 

OccuNCII<·~": A f-i-ll-font bed of surface adobe. 
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Field Characteristics: Soft, yellowish-grl'ly, fine-grained 
adobe. 

Ec.onatnic Yalue: Should make fine, pink soft-mud and 
pressed bricks, earthenware,· terra-cotta, hollow structural ma
terials and drain tiles; also, possibly, conduits. 

188. Location: 5 miles nortlj.west of Florence; near Oil 
nreek. 

Occurrtmce: 25 feet was sampled of material, with 2 feet of 
overburden, that occurs in a round knoll. At the top of the Car
lile formation. 

Field Characteristics: Medium-hard, brown to black, fine
grained shales. 

Econo~nic Value: Should make fine, pink pressed and, pos
sibly, soft-mud bricks. The latter would be somewhat fragile be
fore burning. 

189. Location: 3;~ miles north of Florence; 300 yards east 
of the F. & C. C. R. R. 

Occurrence: 25 feet was sampled of material, with 2 feet of 
overburden, which occurs on the side of a wide north-and-south 
valley. May be of Carlile age. 

Field Characteristics: Medium-soft, brown to gray, fine
grained shales and clays, containing narrow seams of sandstone. 

Economic Value.· Should make fine, pink pressed face-bricks. 
190. Loccttion: 5 miles northeast of Canon City, on the 

property of the Canon Brick and Tile Company; near Menzie's 
ranch. 

OccurrcHcc.· A 11-foot bed which dips 12° S., strikes N. 40° 
W., and occurs on the eastern slope of the Dakota hogback. May 

·be of Dakota age. 
Field Characteristics: A hard, black, medium coarse-grained 

clay. 
Economic Valtte.· This clay cracks so badly on drying that 

it is probably worthless. Grogging hardly seems possible, since 
the plasticity and cohesion are already very low; but if the crac-k
ing ean be remedied, it will make a first-rate fire-clay. 

191. Location.· Oro Junta; 5 miles north of Florence; 100 
feet from the F. & C. C. R. R. 

Occurrence.· 8 feet was sampled of. material, with 2 feet 
of overburden, which dips 9° southwesterly, strikes N. 65° W., 
and occurs on the southern side of the Dakota hogback, near 
the base. At the base of the Graneros formation. 
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Field Characteristics: .\ medium-hard, gra;r and yellow, fine 
grained shale, containing an excessive amount of gypsum. 

Economic Value: Should make fine, pink pressed face-bricks, 
soft-mud bricks, and, possibly, paving-bricks. 

192. Location: 51fs miles north of Florence; 150 feet west 
of the F. & C. C. R. R. 

OccurrcHcc: A 3-foot bed, with 27 feet of sandstone over
burden, which dips go southwesterly, strikes N. 65° w·., and oc
curs on the western side of a g11lly made by a stream in the Da
kota hogback. 30 feet below the top of the Dakota formation. 

Field Clwntcteristics: Hard, black, fine-grained shales a·nd 
clays. 

Economic Value: Should make good, white soft-mud and 
pressed bricks, and Yitrified and unvitrified floor tiles. 

193. Location: · 51fs miles north of Florenf'e; 150 feet wes1 
of the F. & C. C. R. R. 

Occurrence: A 21/2 -foot bed that dips go southwesterly, 
strikes N. 65° ·w., and occurs on the western side of a gully made 
by a stream in the Dakota hoghnck. 75 feet below the top of the 
Dakota formation. 

Field Chamcteristics: Hard, dark-gray to black, fine-grained, 
sandy shale. It contains a 6-inch seam of yery hard, sandy clay 
that is said to be fire-clay. AJl was sampled together. 

Economic ralue: Should make good, white pressed and soft· 
mud bricks, and \'itrified and unvitrified floor tiles; also, probably, 
earthenware. 

194. Locatio11: 5% miles north of Florence, in a cut on th•· 
F. & C. C. R. R. 

Occurrence: 25 to 30 feet was sampled of material, with 2 
feet of overburden, that dips !:! 0 southwesterly and strikes N. 65° 
W. 150 feet below the top of the- Morrison formation. 

Field Ohanwter·istics: A hard, bluish-gray, fine-grained, 
sandy marl. 

Econ.o111 ic Vctlne: P1·obably worthless. 
195. Location: I miles nortlrwest of Floren•·e and 100 

yards east of the F. & C. C. R. R. 
Occun·cHcc: 35 feet was sampled of material that dips 47c 

southeasterly and strikes N. 65° E. May be of Carlile age. 
Field Characteristics: Medium-soft, gray to black, medium 

fine-grained shales, containing numerous concretions. 
Economic Value: Probably worthless. 
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196. Lo('(Jtiuu: 8 111iles northwest of Florence. 
Occurrence: 7 ft·et was sampled of material that dips 12c 

southerly, ~:trikes N. 45° \V., and occurs in a north-south gully 
utade by a strPam in the Dakoia hogback. ~00 feet below the top 
of the Dakota formation. 

Pield 0/wracte·Pi.stics: "\ hard, dark-gray, medium coarse
grained, sandy clay. 

FJe.OIIOJJiiG ral/11'." Probably good for nothing but grog. 

Garfield County 

(Jeolouy of the Oounty.-The geology of this county is alto
gvtlter too complicated to be presented without the aid of a geo
logical map. 

197.. Location: 5 miles west of Wheeler station; 18 miles 
south of Glenwood S1•rings, on the C. M. R. R. 

Occurrcner: A 3-foot horizontal bed which is said by Mr. C. 
H. Harris, who furnished the sample, to be interbedded with 
"laYa." 

Field Clutnu·teristics: A soft, red, fine-grained clay. 
Economic Value: Should make odd-colored, brownish-red 

pressed bricks, and, also, probably, soft-mud bricks if slightly 
grogged. 

198. Locatio11: On the C. H. Harris ranch near Wheeler 
station; 18 miles south of Glenwood Springs, on the C. M. R. R.; 
900 feet north of the house. 

OccurrCJtcc: 50 feet was sampled at the base of an exposure 
of 200 or more feet, of material which dips 25° northerly, strikes 
S. 30° IY., and occurs 300 feet above the bottom of a steep hill
side. The sample was taken on the floor of a 75-foot tunnel. The 
beds are probably of Flaming Gorge age, but differ in color from 
rocks of this horizon seen elsewhere. 

Field Characteristics: Soft, cream to yellow and brown, fine
grained shales that are slightly sandy and calcareous. 

Econo1rdc Vnluc: Probably worthle!iis, although Mr .. Harris 
reports that the American Clay Machinery Company, of Bucyruf'. 
Ohio, pronounces this to be a fire-clay, with no shrinkage when 
burned to Cone :2 aftn· being d1·y-pressed. The statement rela
tive to the shrinkage w:lf' found to be correct. and, when burnet'! 
to this temperature, t!te clay certainly resembles fire-clay, hut it 
fuses rather suddenly :1t Cone 5. 
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GARFIELD COUNTY 

Sl<etch map showing the approximate locations of the beds sampled 
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199. This sample is !rom the same locality as No. 198 an1l 
is similar to that material, but is from a 2-foot non-sandy bed at 
the mouth of the tunnel. 

200. Tlti,; ~.ample is from the same locality as No. 198 and 
is 'similar to that sample, but is non-sandy, and was taken from 
a point 100 feet higher up the hill than No. 198. 

201. This sample is from the same locality as No. 198 and 
is simi Jar to that sample, but was taken from a point 6 feet above 
~o. ~Oil and is brown in color. It differs from the three preced
ing ,;:llnples in that it should make good, flesh-colored pressed 
bricks and unvitrified floor tiles. 

202. This sample is from the same locality as No. 198 and 
is similar to that :;:ample, but was taken from a point 50 feet 
above No. 200. 

203. Lonttion: On the C. H. Harris ranch near Wheeler 
station; 18 miles south of Glenwood Springs, on the C. M. R. R 
Vs of :1 mile northeast of the house; in a tunnel. 

Occwrrence: 20 feet was sampled of a much thicker expo
:;:ure of material which dips 25° northerly, strikes south 30° W., 
and o1·cnrs at the breast of a 25-foot tunnel, 400 feet up the hill
side. 

Field Characteristics: Soft, gray, fine-grained shales and 
days of the same age as the preceding five samples. 

ECIJ/I()JIIiC ralue: Should make good, buff pressed bricks 
and unvitrified floor tileR. 

204. This sample iR from the same loeality as No. ~03 and 
is similar to that sampll', but was taken at the mouth of thr tun 
nel. The color varies from brown to yellow and gray, nnd tile 
texture varies from H'I·y fine to medium coarse. 

205. This f"llll]Jle is from the same locality as No. 203, but 
was taken half-way to I l1e breast of the tunnel, and the color is 
brown. It alPo differs from the two preceding samples in that it 
should 111ake good soft-mud bricks and earthenware, as well as 
pressed bricks and unvitrified floor tiles. 

206. Loca.tion: Glenwood Pressed Brick and Plaster Com
pany's plant at Cattle Creek; 7 miles south of Glenwood Springs. 
on tbe D. & R. G. R. R. 

Occun·eucc: .-\ 15-foot bed which dips 67° northeasterly. 
strikes N. 45° \Y .. nnd occurs on the Ri1lt> of a hill 100 feet ahoyr• 
the bottom of the miley. 

Field Clw rneteristif'.~: A medium-hard. gray to brown. me
dium-fine, finely gritty shale. 
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Econornic Value: It is claimed that the pressed bricks burn 
unevenly and slake quickly, and the tests indicate that not only 
is a high temperature (Cone 5) necessary in burning these bricks, 
but the point of fusion is Cone 8; so great cnre must be used in 
burning. Also, the burned product has a high absorption and 
would not do for face-brick~. although of a rather attrn•·tiye white 
or cream color. 

207. LO('(ftiOJI: n len wood l't·e~:-Pil Briek and Plaster Com
pany's plant at CnHlP Cr{'ek; 7 miles :-;onth of Glenwood Springs. 
on the D. & R. G. R. R. 

Occurrence: .\ 4-foot bed which dips 70° northeasterly. 
strikes S. 60° E., and occurs 100 feet above tl1e bottom of the val
ley and 500 feet east of No. ~Ofi. 

F·ield Clwracte-ristics: A medium-hard, gray, medium fine
grained, finely gritty shale. 

Economic Yal11r:: Si11Jilar to No. 206, except that the ma
terial is easier to burn, the absm-ption is higher, and the cohesion 
is stronger. 

208. Location: Glenwood Pressed Brick and Plaster Com
pany's plant at Cattle Creek; 7 miles south of Glenwood Springs, 
on the D. & R. G. R. R. 

OccurrC11er·: .\ 4-foot bed \Yld(·h dips 35° northeasterly, 
strikes S. 60° E., and o•·curs on the side of a hill 100 feet above 
the bottom of the ntlley and 800 feet east of No. 206. 

Field Glzamcteristics: Medium-hard, white. medium fine
grained, sandy shale. 

Economic Yalur·: Similar to No. ~07. but the (·ohesion is 
weaker. 

209. Location: 11;4 miles above the mouth of Cattle Creek; 
7 miles south of Glenwood Springs, on the D. & R. G. R. R. 

Occurrence: A 15-foot bed which dips 35° northerly, strikes 
S. 75° E., and occurs on the side of a hill 300 feet above the bot
tom of the Yalley. 

Field ClwracterisUcs: A medinm-h;IJ'(l, ln·ight-I·ed, fine
g-rained shale. 

Economic Yalue: May make brownish-red pre~~l'll bricks. 
but the unburned ware will he fragile, and there is apt to he con
siderable loss, due to over- and underhurning of a portion of the 
product. 

210. Lo('(/fioJI: 11~ miles above the month of Cattle Creek; 
7 miles south of Glenwood Springs, on the D. & R. G. R. R. 

Occurrence: Adjoining No. 209 on the east. 
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PicZd Charuclcristil'.~: A hard to medium-soft, grayish-green 
to l'l'll, fine-grain<>d shale, wllich is 111ore or less micareous and 
srllistose. 

Economic Value: This should make dark-buff pressed bricks, 
without the unfavorable qualities of the preceding four samples, 
but with thdr high absorption. 

211. Loeation: I. T. Buckle's Brick Ya1·d; 1 mile north of 
Rifle. 

Occurlnlcc: 15 feet was sampled of material, with 4 feet 
of overburden, that dips 5° westerly, strikes south 30° W., and 
occurs in the side of a small gulch. · 

Field Chametcristics: A medium-soft, purplish, medium 
coarse-grained, gritty, shaly marl. 

E1·onomic Value: Should make first-class, pink soft-mud or 
pressed bricks and, probably, stiff-mud bricks. The material is 
now mixed with No. 2e, but would make a better product by 
itself. 

212. Location: I. T. Buckle's Brick Yard; 1 mile north of 
Rifle. 

Occurrence: 15 feet was sampled of material occurring on 
the side of a small gulch. 

Field Characteristics: A soft, brown, sandy soil. 
Economic Valne: Should make soft, sandy, pink bri1·ks. Is 

now used to grog No. 211, but this seems unnecessary. 
213. Location: New Castle; 1% miles from the railroad 

and 500 feet beyond the Cement Mill on the road up the gulch. 
Occurrence: A 3-foot bed, with 6 inches of overburden, that 

dips 45° southerly, strikes S. 60° E., and occurs on the hillside 
near the bottom of the gulch just below the road. This bed is of 
Benton age. 

Field Chamcteristics: A soft, buff-colored, Yery fine-grained 
clay. 

Economic Value: Should make first-class, light-brown 
pressed and, possibly, soft-mud bricks if carefully burned. The 
latter would require grogging, however. It is claimed that good 
pottery has been made from this clay, but it shows no indication 
that it is adapted to the manufacture of a good quality of such 
ware. 

214. Location: New Castle; 1% miles from the railroad 
and 500 feet beyond the Cement Mill on the road up the gulch. 

Occu1Tence: A 10-foot bed adjoining No. 213 to the north. 
Field Characteristics: A hard, black, fine-grained clay. 
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Econo1nic Value: :-:lhould make good, dark flesh-colored soft
mud bricks and, possibly, pressed bricks, but the latter will be 
fragile before burning. 

215. Location: New Castle; 1112 miles from the railroad; 
directly behind the Cement Mill on the road. 

Occurrence: 5 feet was sampled of material that dirJs 70° 
southerly, strikes east and west, and occurs on the side of a hill. 
This material is of Pierre age. 

Field Clwmcteristics: Soft, brown, fine-grained, slightly 
gritty shales. 

Economic Value: Should make good, buff earthenware, 
terra-cotta, and, possibly, hollow structural rna terials and drain 
tiles. 

216. Location:· Glenwood Springs; in a brick-yard just 
south of town. 

Occurrence: A 4-foot exposure of horizontal material occur
ring on the surface of a flat Yalley. 

Field Clwmdel'istics: Soft, brown, medium coarse-grained, 
sandy soil. 

Economic Value: This material is worthless. 

Grand County 

Geology of the County.-The geology of Grand County is too 
complicated. to be presented without the aid of a geological map. 

217. Location: Hot Sulphur Springs; on the south bank of 
-the Grand River; in the town. . 

Occurrence: A 6-foot exposure of material, with 4 feet of 
overburden, that dips 40° N., strikes N. 70° 'IV., and occurs 5 feet 
above the water on the river bank. This bed is of Benton age and 
lies about 100 feet above the base of the Mancos formation. 

Field Characteristics: . A soft, black, very fine-grained shale 
with white, plastic streaks. 

Economic Value: Should make good, light-red pressed 
brirks. 

218. Location: Hot Sulphur Springs; 2 miles north of 
town; opposite the Roundhouse; on the western end of the south
ern slope of a low hill between high sedimentary and high igneous 
hills. 

Occurrence: Hundreds of feet are exposed, and were sampled 
at intervals, of material that dips 70° northeasterly, strikes N. 
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GH.AND COUNTY 

Sketch map showing the approximate locations of the beds sampled 

55° W., and was sampled 100 feet or more above the base of the 
hill. This material is of Benton age and is 500 feet above the 
base of the Mancos formation. 

Field Ghamcteristics: Medium-hard, black, yrr;v fine-grained 
shales. 

Econo,rnic Value: Probably worthless, due to high absorp
tion and low tensile strength. 

219. Location: Hot Sulphur Springs; :l;! mile northeast of 
No. 218. 

Occurrence: Hundreds of feet are exposed, and were sampled 
at intervals, of material which dips 35° northeasterly, strikes N. 
55° W., and occurs under a capping of sandstone. This material 
is of Pierre age, and occurs 800 feet above the black Benton 

shales . 
. Field Glwmcteristics: Soft, brownish-gray, fine-grained 

shales which are more or less gritty. 
Economic Value: Should make good, red pressed bricks. 
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Gunnison County 

Ucoloyy of the Cu1ulty.-'l'hc geology of this county is too 
eomplex to be presented without the aid of a geological map. 

220. Loeation: Gunnison; 2lj:; miles east of town; on land 
mYned by F. '\Y. J-l;nper. 

GUNNISON COUNTY 

Sketch map showing the approximate locations of the beds sampled 

Occurrence: A 6-foot exposure of a bed said to be 8-10 feet 
thick, underlying 10 feet of sandstone, which dips 5° northerly, 
strikes east-west, and occmR at the top of a 250-foot hogback. 

Field Characteristics: A hard, dark-gray and dark-brown, 
very fine-grained clay. 

Economic raluc: It is claimed that this material has been 
tested and was prononnced a fire-clay, but it fuses at Cone 8~ It 
is probably worthless except for yery light-colored pressed bl"icks 
which will be fragile before burning. 
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221. Locatio11: (lunnisnn; 2% m i IPR em;t of town; on land 
owned by F. W. Harper. 

Occurrcnec: 5 feet was sampled of a much thicker exposure 
of material which dips 5° norther)y, stl'ikes east--west, and or·cnrs 
a short distance below No. :220. 

Field C'll-rlmr·trTistics: Very hard. browuish-1·c,J, very fine
gt-ained clay. 

Ecol/1!111 ic l"aluc: 1\Iay make red pn~~sed brick:-:, but they 
will be fragile before burning-. Should be tested for paving and 
flashed bricks. 

222. Location: Gunnison; 2% miles east of town; on land 
owned by F. W. Harper. 

Occur-rcucc: 100 feet or more of material which dips 5° 
northerly, strikes east-west, and occurs 100 feet down the hill 
from No. 221. 

Field Cl1arar-teristics: Soft, light-green, very fine-grained, 
marly clay. 

Econo11tic l' al1te: Should make fair, buff pressed bricks and, 
possibly, soft-mud bricks and earthenware if grogged with Nos. 
220 and 221. This should yield a good product if carefully 
burned. 

223. Location: Gunnison; on tl;le Normal School grounds 
Occurrence: · 3 feet was sampled of horizontal material occur

ring on the surface of a gently sloping hill. 
Field Characte-risti-cs: Soft, brown, coarse-grained, gritty 

soil. 
Economic Value: Bricks made from this material were used 

in the interior work;. of the new Normal School, and this seems to 
be all that they are good for, since the absorption is too high and 
they are much too soft for first-class face-bricks. 

Huerfano County 

Oeology of tlu r'uu11ty.-Althongh the geology of this county 
is much too c-ompli,·nted to be completely presented without the 
aid of a geological map, it may be sairl that the far-eastern corner 
of the county is largely covered by rocks of Dakota age, \\-hile the 
canon of the Cuchara River cuts down below the ~r orrison for
mation. To the westward, zones of Graneros, Greenhorn, Carlile, 
Timpas, and Apishapa age border the Dakota areas and have gen
eral northwesterly-southeasterly strikes. These are followed to 
the west hy a thiek zone of Montana material. \Yhich turns at 
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right angles to the westward 10 miles north of Walsenburg-sit
uated near the westem edge of this zone. Northwest of this Mon
tana zone O('cnr relatively thin strips of all ages from Apishapa 
to Morrison, while west of Walsenburg are extensive deposits of 

· l'ocks of Raton age. 
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224. Lucrttio11: .-H \ralsenburg; one block north of the D. 
& R. G. R. R. depot. 

Occurrence: A 5-foot exposure in a pit. 
Field Characteristics: Soft, sandy soil. 
Economic Value: Should make fair, red soft-mud brick:-; 

,yjth 15_1 or more ab>1orption. 
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225. Loca.tion: "'a]~('llhm·~; Ilf':Jr the Korth \Valsenhnrg 
school; % mile north of the riyer. 

Ocaurrence and Field Chamcterislic8 unstated. 
Eaonmnic Value: Should make fine, 1·ed soft-mud bricks and, 

probably, pressed bricks and earthenware. 
226. Location: Wa h;enburg; north of the dyke north of 

town. 
Occurrence and Field Characteristics unstated. 
Economic Value: Should make good soft-mud bri,·ks and, 

probably, stiff-mud bricks, earthenware, terra-cotta, hollow struc
tural materials, and drain tiles. Some grogging may be neerled, 
and this may seriously decrease the plnstieit~-. 

227. Location1: 3 miles northeast of Cuchara Junction, on 
the most northerly of three hills capped with Niobrara material. 

Occurrence: A 35-foot bed whieh dips 5° southwe-sterly. 
strikes N. 45° W., and occurs part way up the slope of a butte. 
Near the center of the Carlile formation. 

Field Chara.cteristicg: Medium-hard, hrownish-bla•·k, fine
grained shales. 

Economic Value: Should make fine, flesh-tinted soft-mud. 
pressed, and flashed brieks. and, possibly, stiff-mud bricks, earth

. en ware, terra-cotta, hollow structural materials, conduits, and 
paving-bricks; but grogging will be necessary in the cases of Rome 
of these, and this may seriously tlenea~e the plasticity. 

228. Location: fi miles northeast of Cuchara Junetion, 
near Cuchara Creek, in an arro;va entering the r-reek from the 
southeast; just at the beginning of the rock-·walled canon. 

Occurrence: A 2-foot bed below 10-50 feet of sandstone 
which dips 10° southwesterly, strikes N. 45° W., and occurR in 
the bank of an arroya. May be of Dakota age. 

Field Characteristics: Very hard, bluish-gra~·- t·oarsf'ly 
granular clay. 

Economic Value: Should make fine, almost white pressed 
bricks, earthenware, and Rockingham ware; also, probably, terra
cotta, hollow structural materials, conduits, and flashed bricks, 
but for some of these it must be grogged. 

229. Location: 3 miles west and a· little south of Apache 
station, on the northeastern point of a hill just southwest of 
Bradford Lake. 

Ocaurrence: 5 feet was sampled of nearly horizontal ma
terial beneath 10-15 feet of lava. Near the base of the Pierre for
mation. 
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F·ield Cll(lraclcri.sties: Very bard, gray to black, fine-grained 
shales, containing more or less grit. 

Economic rulue: Probably worthless, although it might 
make red pressed ln·ieks which would Le yery fragile before 
bnming. 

230. Location: 3 miles west and a little south of ,\pache 
station, on the northeastern point of a hill just southwest of 
Bradford Lake. 

Occurrence: An exposure of 40 feet or more of nearly hori
zontal material below No. 229. 

Field Characte1·istics: Medium-hard, brownish-gray, fine
grained shales, containing more or less grit. 

Economic Falne: Should make good, pink soft-mud and 
pressed bricks, earthenware, terra:cotta, hollow structural ma
terials, conduits, vitrified and unvitrified floor tiles, and, probably, 
stiff-mud and paving-brieks. 

231. Location: Somewhat 0\-er 6 miles northeast of Cu
chara Junction, in the canon near J. G. Abercrombie's north line. 

Occnrrence: ,\n 8-foot bed which dips 10C southwesterly, 
strikes N. 45° W., and occurs near the bottom of the canon. 

Field Characteristics: ~fedium-hard, dark-gray with white 
streaks, fine-grained shale in thin beds, interbedded with some
what thicker sandy layers. 

Eco11o111ic Falne: Should make good, pink soft-mud and 
pressed bricks, earthenware, hollow structural materials, and un
vitrified' floor tiles, and, probably, terra-r-otta and conduits if 
slightly grogged. 

232. Loca.tion: 6 miles northeast of Cuebara .Junetion; % 
mile northwest of the beginning of tlw rork-walled · ('nchara 
Canon. 

Occurrence: A. :3-6-foot bed, wit~ about 1 foot of overburden, 
whi('h dips 15° southwesterly, strikes :N. 45° iV., and occurs in 
several arroyas in slopes r·apped with Dakota :-;andstone. 

Field Clwroctcristics: Very hard. hlark, coarsely granular 
dny. 

Economic Falue: Tltis is one of the most valuable clays 
located, and is well adapted for n wide Yal'iety of uses, as shown 
on Table No. 1. 

233. Locati.on: 6 miles northeast of Cuehara Junction; % 
mile northwest of the beginning of. the rod.:-\Yalled Cuchara 
Canon. 
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Ocewrrcnce: :20-foot bed, with 3-4 feet of O\'Cthurden, which 
dips 10° southwestcJ·ly, si rikes N. 4ri'' W., and occurs in the low 
mound on th~ slope of the Dakot:t -ca pp<•d hill. .\ t the l1ase of the 
Graneros formation. 

Pir-ld Oharactwristics: Medium-hard, black, fine-grained 
shales. 

Economic Value: Shonld make good, yellowish soft-mud, 
paving, and flashed bri('ks, and, posRihly, stiff-mud and pressed 
brickR, terra-cotta, hOIIO\\' Rtructm·a] mateJ·ials, Conduits, and 
sewer pipes. 

234. Location: Ahont 9 llliles due east of the mouth of 
Apache Creek, where Cuchara Creek turns to the north. 

Occurrence: "\ 3~f:l-foot, nearly horizontal bed, which oecurs 
high in the weRtern wall of the Cuchara Rh·er canon. Base of 
the shaly zone. .\.t the top of the Purgatory formation. 

Field Characteristics: "\ medium-hard, black, fine-grained 
shale containing several white, plastic streaks. 

Economic \"aluc: Should make nearly white soft-mud and 
pressed bricks, earthenware, vitrified and unvitrified floor tiles 
and wall tiles, and, possibly, stiff-mud bricks and terra-cotta. 

235. Location,: About 9 miles due east of the mouth of 
.\paehe Creek, where Cuchant Creek turns to the north. 

Occurrence: Several plastic streaks, 2-6 inches wide, men
tioned as forming part of No. :2:34. 

Field Characteristics: Very soft, white, very fine-grained 
clay. 

Ecmw1nic Value: Should make fine, white pressed bricks, 
earthenware, vitrified and unvitrified floor tiles, stoneware, wall 
tiles, and refractory wares; and may be elassifiecl as a fair ball
clay. 

236. Locution: About 9 miles due east of the mouth of 
Apache Creek, where Cncham Ct·eek turns to the north. 

Occurrence: 10-foot bed overlying.No. 234. 
Field Ch((.racteristics: Medium-hard, brownish-gray, sandy 

shale, containing thin streaks of sandstone. 
Econom:ic Value: Should make flesh-tinted soft-mud bricks. 
237. Location: 7 miles northeast of Cuchara Junction; 

about a mile down Cuchara Canon from the first rock walls; near 
the. site of a proposed dam for a big resenoir. 

Occurrence: :23-30-foot exposure of material whieh dips 10° 
southwesterly, strikes N. 45° W., and is exposed in an excavation 
at the base of the canon wall to determine the nature of the ma-
trrial on which the dam would rest. · 
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Field Characteristics: Medium-hard to very hard, green and 
red, fine-grained, alternating marls and l'landstones in 2-foot beds .. 

Economic Value: Should make pink s.oft-mud bricks if 
burned to Cone 01. 

238. Location: 7 miles northeast of Cuchara Junction; 
about a mile down Cuchara Canon from the first rock walls; near 
the site of a proposed dam for a big reservoir. 

Occurrence: A 2-6-foot bed which dips H) 0 southwesterly, 
strikes N. 45° W., and occurs just below the shaly zone; at the 
top of the Purgatory formation. 

Field Chamcteristics: Very hard, white, fine-grained clay. 
Economic Value: First -class fire-clay. 
239. Location: 7 miles northeast of Cuchara Junction; 

about a mile down Cuchara Canon from the first rock walls; near 
the site of a proposed dam for a big reservoir. 

Occurrence: An 8-foot bed which dips loa· southwesterly, 
strikes N. 45° W., and occurs part way up the canon wall under 
an overhanging ledge of sandstone. 

Field Chamcteristics: A very hard, grayish-green, somewhat 
gritty clay. 

Economic Value: May make fair, pink soft-mnd bricks, but 
these will be fragile before burning. 

240. Location: 5 miles northwest of St. Mary in an outlier 
of Dakota rock west of the main hogback. 

Occun·ence 5-foot bed which dips 25° easterly, strikes N. 
10° E., and is exposed in the walls of the canon cut into the hog
back. At the top of the Purgatory formation. 

Field Characteristics: l\Iedium-hard, gray to black, fine
grained, thin-bedded clay with. gritty streaks. 

Economic Value: Should make fine, flesh-colored pressed and 
flashed bricks, earthenware, vitrified and unvitrified floor tiles, 
and; pro~ably, terra-cotta, hollow struCtural materials, conduits, 
paving-bricks, unvitrified roofing-tiles, and sewer pipes; but most 
of these are apt to be fragile before burning. 

241. Locatio·n: 5 miles northwest of St. Mary in an outlier 
of Dakota rock west of the main hogback. 

Occurrence: A 2-foot bed which dips 25° easterly, strikes N. 
10° E., and is exposed in a canon through the Dakota hogback. 
30 feet above No. 240. Near the base of the Dakota formation. 

Field Characteristics: Very hard, light-gray, fine-grained 
l"l ay and shale. 

Economic Value: First-class fire-clay. 
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242. Location: 5 miles northwest of St. Mary in an outlier 
of Dakota rock ,vest of the main hogback. 

Occurrence: A 40-foot exposure of material which dips 25° 
easterly, strikes N. 10° E., and is exposed in a canon cutting the 
Dakota hogback. Near the top of the Morrison formation. 

Field Characi:eJ•istics: Very hard, green, fine-grained, com
pact marl. 

EcoHOJitiu Value: Probably worthless. 
243. Location: },~bout 1 mile north of Apache Creek and 

west of Huerfano station; in the second notch crosing the Da
kota hogback. 

Occurrence: A 5-foot bed, with 3-4 feet of overburden, which 
dips 85° easterly, strikes N. 10° E., and is exposed on the northern 
slope of a Dakota hogback. PossiLly of Purgatory age. 

Field Characteristics: A medium-hard, iron-stained, sandy 
shale. 

Economic Value: Should make first-class, pink soft-mud and 
pressed bricks, earthenware, terr!L·COtta, and unvitrified floor 
tiles, and, probably, stiff-mud bricks, hollow structural materials, 
and drain tiles. 

244. Location: About 1 mile north of· Apache Creek and 
west of Huerfano station; in the second notch crossing the Da
kota hogback. 

Occ-urrence: A 5-foot bed, with 3-4 feet of overburden, which 
dips 85° easterly, strikes N. 10° E., and occurs 100 feet up the 
northern slope of a hogback. A short distance below No. 243. 

Field Characteristics: Medium-hard, black, fine-grained 
clays and shales, containing a white streak. 

Economic Value: Should make fi1·st-class refractory wares, 
vitrified floor tiles, and wall tiles. 

245. This sample was taken from the 6-inch white streak 
mentioned in No. 244. 

Economic Value: First-class fire-clay. 
246. Location: \Vest of Huerfano station on the eastern 

slope of Hayden Butte. 
Occurrence: A 75-80-foot exposure of material, with a slight 

easterly dip, occurring in arroyas about half-way up the side of 
the butte. 

Field Characteristics: Medium-hard, yellowish-gray, slightly 
gritty shales. 

Economic Value: Should make good, pink soft-mud bricks, 
earthenware, and terra-cotta; also, probably, stiff-mud and 
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pressed bricks, hollow structural materials, draiu tile:-;, unvitrified 
and vitrified roofing-tiles, and sewer pipes. 

247. Location: 5 miles southeast of Graneros in Huerfano 
Canon, opposite the "Bull Corral," and 1 mile southeast of the 
stone in the canon which marks the angle in the county boundary. 

Occ111Tence: "-\ 5-foot bed, with 3 feet of overburden, which 
dips 15° northerly, strikes N. 75° E., and is exposed _in several 
small arroyas. 

Field Chamcteristics: Very hard, black, coarsely granular 
clay. 

Economic Value: First-class fire-clay. 
248. LocaNon: 5 miles southeast of Graneros, in Huerfano 

Canon; about 1% miles up the Huerfano River from the stone 
in the canon which marks the angle in the county boundary. 

Occurrence: "\ lens-shaped bed, 500 or 600 feet long, with a 
maximum thickness of 3% feet, which dips 5° easterly, strikes N. 
40° E., and occurs beneath an oYerhanging bluff of sandstone on 
the northern side of the canon. · 

Field Charadf'ristics: A medium-hard, dark-gray, fine
grained shale. 

Economic Vultll': "\ first-class fire-day. 

Jefferson County 

Geology of the Connty.-The western half of the county is 
covered with pre-Cambrian crystalline rocks, while over the east
ern half occurs material of Dem·er and Arapahoe age, except at 
the extreme north, where there is a considerable exposure of 
Laramie rocks. Separating the eastern and western areas is a 
relatively narrow zone of more or less steeply upturned beds, 
which, when all are present, include all horizons from the Foun
tain to the Laramie. This zone extends in a nearly straight line 
from Platte Canon station to Eldorado Springs. 

249. Location: 51;2 miles south of Morrison. 
Ocettrrence: 1 foot was sampled of a thick exposure of ma

terial with 18 inches of overbmden, about half-way up the gentle 
slope capped with Laramie material. Near the center of the Fox 
Hills formation. 

Field Characteristics: A soft, yellow, medium fine-grained 
shale. 

Economic Vol·ue: Might make fair, red pressed bricks which 
will be fragile before burning, or soft-mud bricks after grogging. 
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JEFFERSON COUNTY 

Sketch map showing the approximate locations of the beds sampled 

250. Location: 5 miles south of Morrison. 
U1;currcnce: 15 feet was sampled of a much thicker exposure 

of material, "·ith 5 feet of overburden, which dips 40° easterly, 
strikes N. 33° W., and occurs at the eastem base of the Dakota 
hogback. 100 feet bdow th~ top of the Carlile formation. 

Field ('lwractcristics: l\Iedhm1-hard, black, fine-grained 
shale. 
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Economic Value: Probably worthless, although it might 
make an attractive, light-gray or nearly white pressed brick if 
the loss from breakage qefore burning is not too excessive. 

251. Location: South of Morrison at the edge of town. 
Occurrence: 4 feet was sampled of a much thicker exposure 

of ·material, with 5 feet of overburden, which dips 37° easterly, 
st,rikes N. 31') W., and occms in the eastern side of the Dakota 
hogback. At the base of the Graneros formation. 

Field Characteristics: A hard, black, fine-grained shale. 
Econornie Value: Probably worthless, although it might 

make an athactive, light-gray or nearly white pressed brick if the 
loss from breakage before bmning is not too excessive. l\fight 
have a wide variety of uses if mixed with a fatter clay. 

252. Location: 100 yards southeast of the Cliff House at 
Morrison; beside the public road. 

Occurrence: 6 feet was sampled of a thitker exposure of rna· 
terial, with 6 feet of cemented overburden, which dips 43° east
erly, strikes N. 18° W., and occurs on the western side of the 
Dakota hogback. 100 feet below the top of the Morrison forma
tion. 

Field Characteristics: ~Tedium-hard, gray; red, and yellow, 
fine-grained, sand;r shaleE. 

Economic Value: Should make good, pink soft-mud bricks. 
253. Location: 200 Y<U'ds north of Bear Creek at Morrison. 
Occurrence: 6 feet was sampled of a thicker expof;ure of ma 

terial which dips 49° easterly, shikes N. '18° W., and occurs iif 

the eastern side of a small Lykins ridge, 10 feet above the 
"crinkled limestone." 

Field Chamcteristics: Medium-soft, red, medium fine
grained, sandy shales, containing streaks of limestone. 

Economic Value: Should make extra-fine, pink soft-mud and 
pressed bricks if burned to Cone 2; also earthenware and, prob
ably, stiff-mud bricks and terra-cotta. 

254. Location: Southeast of Morrison, on an irrigation 
ditch at the northern end of the Dakota hogbaek; south of Bear 
Creek. 

Occurrflnce: 5 feet was sampled of a thicker exposure of 
material, with 6 feet of overburden, which dips 37° northeasterly 
and strikes N. 35° IY. 

Field Characteristics: A. mediuh1-soft, black. fine-grained 
shale containing a 3-inch bed of cr_,·f;talline gypsum. 
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Economie Vnluc: Should make good, pink >'uft-mud and 
pressed bricks, earthenware, tena-cotta, vitrified and unvitrifiecl 
floor tiles, and, probably, stiff-mud bricks, hollow ~-:tructural mate
rials, conduits, vitrified and unvitrified roofing- tiles, and sewer 
pipes. 

255. Location: 211~ miles E>ast of 2\lonison, on a bluff on 
the southern shore of Bear ('reek. 

Occtt1TCIICC: 20 feet wa>' sampled of a thicker Pxposnn~ of 
material, with 2-3 feet of overburden, whieh clips 80° westerly, 
strikes N. 78° ,V., and occurs near the top of the bluff. Near thr 
top of the Pierre formation. 

F·ield Chantctcristir·s: Medium-hard, gray, medium fine
gi·ainecl, sandy shales. 

Econorrvic 1'alnr: M~'Y make pink building-brickf', but those 
made by the stiff- and soft-mud processes will require heayy grng
ging, and there will probably he cmJsi<lrJ·ablc loss due lo orer- and 
under burning. 

256. Loca tiun: 3 miles east of Morrison; just south of the 
C. & S. R. R., on Carbon Hill. 

Occnrrenu: A 10-foot bed, with:: feet of O\'Crhurden, wf1icl' 
dips 76° easterly, strikes N. 40° E., and o(·r·m·>' at the nortlH'rn 
base of the hill in an abandoned pit. Near the top of tlw Lara
mie formation. 

Field Characteristics: 8oft, gray, red, and yellow, medium 
fine-grained clays and shales. 

EcononLiG Value: Should make fine, yellowislt pl·<·>:sed, par
ing, and flashe(l. bricks, earthenware, and Yitrified and unvitrified 
floor tiles; also, probably, ;;oft- and stiff-mud brid{s if grogged. 

257. Location: 3 miles east of Morrison; just south of the 
C. & S. R. R., on Carbon Hill. 

Occnrrcnr·c: 15 feet was 1-'ampled of a thicker exposure of 
material, 'dth 1 foot of overburden, which dips j(;·c· easterly, 
strikes N. 40° ""·· and occurs at the northern base of the hill in 
an abandoned pit. 50 feet helo,y ~ o. 256. 

Fielcl Characte1·istirs: Soft-gray, medium fine-grained shale. 
Economic ralue: Rhould make fine, cJ·<•am-colorerl soft-mud 

and pressed bricks, earthenware, vitrified and nnvitrified floor 
tiles; also, probably, stiff-mud, paving, and flashed bri eks, stone 
ware, and ;yellow-ware. 

258. LocaUon: 3 miles east of Moni:-;on; just :;;outh of till' 
C. & S. R. R., on Carbon Hill. 

(8) 
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Occurrence: 12 feet was sampled of a thicker exposure of 
material, with 2 feet of overburden, which dips 7G 0 easterly, 
strikes N. 40° W., and occurs at the northern base of the hill in 
an abandoned pit. 100 feet below No. 257. 

Field Clwracte1'iBtics: A hard, gray, medium fine-grained 
shale. 

E('onom.ic Faluc: Should make fine, cream-colored pressed 
bricks, earthenware, vitrified and unvitrifiefl floor tiles, and, prob
ably, soft-mud, Rtiff-mud, and flashed bricks. 

259. Location: 3 miles east of Morrison: just south of the 
C. & R. R. R., on Carbon Hill. 

Occurrence: 12 feet was sampled of a thicker exposure of 
material. with 18 inches of overburden, which dips 7G 0 easterly, 
strikes N. ±0° "\Y .. and occurs at the northern base of the hill iu 
an abandoned pit. 300 fPet below No. 2r1~ and 100 fPet above thP 
coal. 

Field Clw ractcristics: A hard, gray, medium fine-grained 
shale, with sandy streah. 

Economit· r a luc: Rhonld make good, eream-colored soft
mu(l and pressed ltricks, eartlwnware, and ritrified and unvitri
fied floor til<~s; also, probably, stiff-mud and finslwd bricks, and, 
possibly, paring-bricks. 

260. Location: 5 miles south of Golden and one mile west 
of Green Mountain; in a drift off Gehman's tunnel. 

OccurrCJicc: "\ 15-foot bed which dips 45° easter!~-. strikes 
N. 27" \Y., and occm·s 150 feet below the snrface in the Dakota 
hogback. 

Field Characteristics: A hard, black, Yery fine-grained clay. 
Ec.rmomic ral11c: First-class fire-brick. 

261. Location: 31:.! miles south of Golden. 
Occurrence: "-\ 20-foot bed on the m•stern side of Dakota 

hogback. At the top of the }Iorrison formation. 
Field Charactcri8tics: A soft, red, greenish-yellow, fine

grained, sandy shale. 
EcollOIII ir; ralue: Should make fine, flesh-colored soft-mud 

an(l pressed bricks and earthenware. 

262. Location: ;jL~ miles south of Golden and y2 mile west 
of Green ~lonntain. 

Occurrence: :.?0 feet was sampled of a thicker exposure of 
,,ertical material, with 18 inches of oyerburden, which strikes N. 
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40° W., and occurs 30 feet up the northern end of the Laramie 
hogback. 50 feet above basal sandstone of the Laramie forma· 
tion. 

Field Characteristics: ~oft, light-gray and yellow, fine
grained shale, containing sandstone layers not included in the 
sample. 

Economic Value: Hhould make fine, flesh-colored soft-mud 
and pressed bricks, Parthenware, Yitrified and unvitrified floor 
tiles, and, probably, stonewm·e and Rockingham ware. 

263. Locati.on: 31j~ miles south of Golden and GOO feet west 
of the Laramie hogback. 

Ocaurrence: 1 foot was sampled of a mno:h thicker occur
rence of vertical material, with 1 foot of overburden, which strikes 
N. 40° W., and underlies soil on the southern side of a gently 
sloping knoll. No outcrops are Yisible. 500 feet below. the top 
of the Fox Hills formation. 

Field Characteristics: Medium-soft, yellowish-brown, fine
grained shale. 

Economic Vcdue: If there is not too much waste from over
and underburning, should make attractive, light-red soft-mud 
bricks if grogged; and, also, pressed bricks. 

264. Location: West of Golden. 
Occurre<lwe: 25 feet. was sampled of a thicker exposure of 

material which dips 65° westerly, strikes S. 88° E., and occurs half
way up the steep slope of a 75-foot hill. 350 feet below the top 
of the Fox Hills formation. 

Ji'ield Char·acateristic:s: l\IediunHwft, gray, fine-grained, 
sandy shales. 

Economiu Value: Should make red soft· and stiff-mud bricks 
with high absorption, and may answer for paving-bricks. 

265. Location: West of Golden. 
Occurrence: 5 feet was sampled of a thicker exposure of 

material, with 8 inches of overburden, which dips 38° westerly, 
strikes S. 88° E., and occurs half way up the side of the Laramie 
hogback. 100 feet below the top of the Fox Hills formation. 

Field Characteristics: Soft, drab, very fine-grained shales. 
Economic Value: Should make fair, dark flesh-colored soft-

and stiff-mud bricks. · 

266. Location: West of the brick-yard north of Golden. 
Occurrence: A 50-foot exposure of material, with 3 feet of 

overburden, which dips 76° easterly, strikes S. 20° E., and occurs 
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on the eastern slope of the Lyons hogback. 75 feet above the base 
of the Lykins formation. 

Field Clwmctcristics: A hard, red, medium-grained, sandy 
shale, containing greenish-white streaks. 

Ecouomc Value: Probably worthless. 
267. Local ion: West of Golden. 
Occu rrcucc: A 50-foot, nearly vertieal bed exposed in a pit. 

:-.o feet below the top of the Laramie formation. 
Picl(l Clwracteristies: Unstated, except that it is a clay con-

1aining sandy layers. 
Economic Y(tlue: Should make fine, nearly white soft-mud 

and pressed bricks and vitrified floor tiles; also, probably, stiff
mud bricks. 

268. Locat-ion: ~West of Golden. 
OccwTcn cc: A 25-foot bed in a pit in the Laramie hogback. 

100 feet below the top of the formation. 
Field Clwradcristics: Unstated, except that the clay is very 

pure. 
Economic Faluc: ~hould make good, nearl.r white soft-mud 

IJricks and, possibly, pressed bricks and' earthenware, but these 
\Yill be fragile before burning. 

269. Location: West of Golden. 
Occurrence: A 12-foot bed in a pit in thP Laramie hogback. 

200 feet below the top of the formation. 
Field Clwractcristir·s: Unstated. 
Economic htluc: Should make good, light flesh-colored soft

mud bricks and, possibly, pressed bl'i(·ks and earthenware, but 
t hc~e will be fragile befme burning. 

270. Locati()ll: \Yest of Golden. 
OcC1ti'J'CIIr'C: A 15-foot bed in a pit in the Laramie hogback. 

250 feet below the top of the formation. 
Field Chrtracteri8tics: Unstated, except that much coarse, 

('<tl'lJOnaceous material is present. 
Bcunom ir· 1 'aluc: ~hould make good, nearly white soft-mud 

bricks. 
271. Loco lion: West of Golden. 
Occurrcllcc: A 10-foot bed in a pit in the Laramie hogback; 

adjoining No. 210 on the west. 
Field Clwractcristics: Unstated. 
Econo111 ic raluc: May make gra;yish soft-mud or pressed 

l1ricks; both will bP fragile before burning. 
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272. Location: % mile north of the brick-yard; north of 
Golden. 

Occurrence: 8 feet wns smupled of a thicker exposure of ma
terial\vhich dips 65° ea~tel'ly, strikes S. 37° E., and is exposed 
in a tunnel on the eastern side of the Dakota hogback; 130 feet 
from the mouth. ~r; feet above the b:u-:e of the Graneros forma
tion. 

Field Ulwractcri8li1·s: "\. hard, black, very fine-grained shale. 
Economil' raluc: Should make good, cream-colored soft-mud 

aud pressed bricks, earthenware, and vitrified and unvitrified 
floor tiles; also, probably, stiff-mud bricks and, possibly, paving
bricks. 

273. LocMion: Near Coal Creek, on D. & N. vV. R. R. 
Occurrence: Unstated. 
Field Oharctcteristics: ~Iedium-soft, drab, very fine-grained 

clay. 
Economiu l'alue: Might make red soft-mud bricks if grogged, 

but the absorption would then be excessive. 
274. Loootion: Near Coal Creek, on D. & N. W. R R. 
OcctuTcncu: Unstated. 
Field Characteristics: Medium-soft, drab, coarse-grainedl 

sandy clay. 
Econ 0111 ic Ia luc: Should make fair, red soft-mud and pressed 

bricks and earthenware; also, probably, stiff-mud bricks. 
275. LocMion: Near Coal Creek, on b. & N. W. R. R. 
Occu 1-rcncc: Unstatfd. 
Field Clwradai8fir·s: l\ledium-hard, white, medium fine

grained c la~·. 
Eco11 0111 ic I' aluc: Should make tine, nearly white soft-mud 

and pressed bricks, earthenware, terra-cotta, hollow structural 
materials, and drain tiles. 

276. Location: Xem· t'o:ll Creek, on D. & N. W. R. R. 
Or·ciiiTCIIcr·: Unstated. 
Piehl Glwmctcristics: ~Iedium-soft, light-drab, medium 

coarse-grained, sandy shale. 
Econo1!1ic l' etlue: Should make good, red soft-mud and 

pressed bricks and earthenware; probably, also, stiff-mud bricks. 
277. Locettion: Near Coal Creek, on D. & N. W. R. R. 
Occurrence: Unstated. 
Field Ghamcteristics: Soft, cream-colored, fine-grained 

shales and clays. 
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bJc·oJtoJJI ie Value: l\fny make pink soft- and stiff-mud bricks 
and earthenwm·p if grogged. 'fhe absorption will be high, and a 
considerable proportion are apt to be over- and unrlerburned. 

278. Location: Near Coal Creek, on D. & N. \Y. R. R. 
Occurrence: Unstated. 
Field Charar-tcristirs: Medium-soft, drab, fine-grained, sandy 

shale. 
Econo111ir· l'aluc.· ..\fay make red building-bricks, but grogging 

will be required if the ~oft- or stiff-mud JH'oce:-:~ is used, and the · 
absorption will be high. There is apt, also, to be a considerable 
portion of on·1·- and underburned material. 

279. Location: Xear Coal Creek, on D. & N. \V. R. R. 
Occu rrcw·c: Unstated. 
Field Characteristics: ..\Iedium-soft, drab, fine-grained, 

sandy shale. 
Economic 1 uluc: Probabl~- worthless. 
280. Location: Near Coal Creek, on D. & N. W. R. R. 
Occurrence: Unstated. 
Field Charactedstics: Hard, drab, medium fine-gTained clay. 
Economic Value: \Yorthless. 
281. Loeation: Near Coal Cret>k, on D. & N. W. R. R. 
Occu1-rcnec: Unstated. 
Field ('JI(lractcristil·s: Hard, drab, fine-grained clay. 
Bconom ie Value: Should make good, buff pressed bricks and 

earthenware, but a considerable portion are apt to be over- and 
mHlerbmned. Hem·_, grngging might yield soft-mud bricks. 

282. /,ocafi.nn: 0Jr•;n· ('oal Creek, on I l. & N .. W. H. H. 
()('('/( I'I'CIIt'l': lTnshdPtJ. 
Fir:ld ('flo rucfcri.~t ic8: .\I edium-:-.;oft, drab, r·oarse-grained, 

:-;andy day. 

B<·UJlOIHic: T'aluc: l\lay make pink soft-mud or pressed b~icks, 
lint the former will require grogging. 

283. Location: Xear Coal Creek, on D. & X. \Y. R. R. 
Occurr(}nce: Unstated. 
Field ('JI(Imctcrisl ics: "\. hard, _\'(']]owish-drab, medium 

eoarse-grained, sandy clay. 
Economic Yalue: Probably worthless. 

284. Location: Near Coal Creek, on D. & N. W. R. R. 
Occurrmwe: Unstated. 
Field C'lzaractcristic8: Hnrd, drab, medium (•oarse-grained, 

~andy clay. 
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Economic Valtw: May make pink earthenware and soft-mud 
and pressed bric-ks, but the first two will require grogging, and 
there is apt to be a considerable portion of over- and underburned 
material. 

285. Location: Near Coal Crrrk, on D. & N. W. R. R. 
Ocettrrence: Unstated. 
Field Characteristics: Medium-soft, ch'ah. medium fine-

gTained, sandy clay. , 
Econprnic Yaluc: l'robab ly wol"thless, although it will yield 

huff pressed bricks of high absorption, and might· answer for 
soft- and stiff-mud bricks and earthenware after heavy grogging. 

286. Location: Near Coal Creek, nn D. & N. "-- R. R. 
Occurrence: Unstated. 
Field Characteristics: Medium-soft, drab, medium coarse

grained sandy clay. 
Economic Value: Should n1ake good, pink soft-mud bricks, 

and, probably, pressed and stiff-mud bricks. 
287. L.ocation: Near r~oal Creek, on D. & N. W. R. R. 
Occurrence: Unstated. 
Field Characteristics: Hard, yellowi>~h-drab, medium fine

grained, sandy clay. 
Ec01wmie Value: May make pink pressed, soft-mud, and 

l'tiff-mud bricks, but the last two will need heavy grogging. 
288. Location: Near Coal Creek, on D. & N. ,V_ R. R. 
Occun·ence: Unstated. 
Field Clutr(l.cteristics:. Soft, drab, fine-grained day. 
Econ,omic raluc: ~Iay make pink pressed, soft-mud, and 

':tiff-mud bricks, but the last two 1rill require grogging, and over
and underburning is apt to cause considerable waste. 

289. Locati-.on: Near Coal Creek, on D. & N. W. R. R. 
Occnrrcnre: Unstated. 
Field Characteristics: Roft, drab, coarse-grained, sandy clay. 
Econmnic Value: Should make good, rE'd soft-mud bricks 

and, possibly. pressed bricks. 
290. Location: Near Coal Creek, on D. & N. W. R. R. 
Occurrence: Unstated. 
Field Chamcteristics: Hard, drah. fine to coarse-grained 

sandy clays. 
Econ1omi-c· Fal1tC: May make red pressed bricks with high 

absorption, and soft- and stiff-mud bricks if heavily grogged. 
291. Location: Near Coal Creek, on D. & N. W. R. R. 
Occurrence: Unstated. 
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Field Chanrctrri8f·ies: Hard, brown, coarse-grained, sandy 
clay. 

Econouvic r aJue: Should make good, red soft-mud bl'icks 
and, possibly, stiff-mud and pressed bricks. 

292. Location: Near Coal Creek, on D. & N. W. R. R. 
Occnrrence: Unstated. 
Field CharadcrisUcs: Soft, drab, fine-grained day. 
Economic l'nlue: '\Vorthless. 
293. Locntiou: X ear Coal Creek, on D. & N. 'IY. R. R. 
Occurrrncr.: Unstated, exr·ept that it is in the Dakota hog-

back. 
Field Chunretrri.~ticR: Soft, drab, coarse to fine-gramed 

days and shales. 
Rr·ono111il' 1'1fluc: Should make good, white soft-mml hrickR 

and, possibly, Rtiff-mud and pre,.,sed brieks. 
294. Location: Xear Coal Creek, on D. & N. W. R. R. 
Occnrrr.nec: Unstated. 
Fielcl Choml'f('J'istir·s: Soft, yellowish-drab, medium-grained, 

!'andy clay. 
Econ,o·m i!' I ·a 1 11C: May make pink Roft-mud, stiff-mud, and 

pre8sed bricks, hut the fit'Ri two will require grogging, and all are 
subject to wastP due to over- and underhurning. 

295. Location: Near Coal Creek, on D. & N. \V. R. R. 
Occu·rrcnce: Unstated. 
Field Clur ractcristies: ~Iedium-hard. yP !low ish. medium 

coarse-grained, sandy Rhnle. 
Economic Value: Ma~- make a paYing-brick. 
296. !AJCfliion: In a cut on D. & N. \V. R. R., opposite Coal 

Creek canon; on the Loveland propert~-- The I'O-ealled "No. 2" 
bed. 

Occun·ellcc: .\ 60-foot exposure of material, with J feet of 
overburden, wltieh dips 8:2) easterly, strikes S. 16° E., and occurs 
in a low hogback. Immediately above the basal Laramie sand
stone. 

Field Characteristic8: Soft to medi urn-soft, light to dark
drab, yellow and brown, fine-grained elays and shales, with some 
sandy streaks. 

Economic l'aluc: Should make good, pink pressed bricks. 
It is reported that earthenware and roofing-tiles kwe been made 
from this tiny, but the air shrinkage is much too high and the 
cohesion too low to permit of the manufacture of theRe lH'odndfl 
on a large scale. 
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297. Location: In a cut on D. & N. W. R. R., opposite Coal 
Creek canon; on the Loveland property. The so-called "No. 1" 
bed. · 

Occurrence: 60 feet of material, with 4 feet of overburden. 
which dips 82° easterly, strikes S. 16° E., and occurs on the east
ern slope of a low hogback. 100 feet above the basal Laramie 
sandstone. 

Field Characteristics: Soft to medium soft, light-drab and 
,yellowish, fine-grained clays and shales. with some sandy streaks. 
Called locally "yellow clay." 

Economic rall(c: Should make fine, pink p~'essed bricks and, 
probably, soft- and stiff-mud bl'ieks if g1·nggf>rl. 

298. Location: In a cut on D. & N. \Y. R. R., opposite Coal 
Creek canon; on the Loveland property. The so-called "B" bed. 

Occll/'I'CIICC: "\ 25-foot bed, with 5 feet of overburden, which 
dips 82° easterly, strikes S. lG' E .. and ocelli'S at the eastern base 
of a low hogback. 

Field Clwractcristics: A very soft, _yellow, wr.Y sandy elay 
with drab streaks and a few plasti1·, non-sandy layers. 

Economic Val1te: Should make good, red soft-mud bricks, 
and may be used to grog the nearby elayR. 

299. Location: In a cut on D. & N. \\'. R. R., opposite Coal 
Creek eanon; on the Loveland property. 'l'he so-called "A" bed. 

Occun·cncc: A 20-foot bed, with 4 feet of overburden, which 
dips 82° easterly, strikes S. 16° E., and OI'I'Ul'S on the eastern 
slope of a low hogback. 200 feet abon· the basal Laramie sand
stone. 

Field Charaoteristics: Soft, drab and yellow, medium fine
grained, somewhat sandy clays and shale:-;. 

Economic Valne: Should make good, red pressed bricks and, 
probably, soft-mud, stiff-mud, and flashed bricks and earthenware, 
although some of these will require grogging. 

Larimer County 

Geology of the Connty.-The greater part of Larimer County 
is covered with pre-Cambrian crys·talline rocks, but a relatively 
narrow zone of more or less steeply upturned beds of from Foun
tain to Niobrara age lies from 10 to 20 miles wtst of the eastern 
boundary, while Pierre and Fox llills bed~; occur east of these. 
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A little Lanunit' and Tertiary material is exposed in the extreme 
northeastern corner, and sedimentary material also outcrops near 
the western end of the northern boundary, but this was not 
sampled. 
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300. Lucatio11: 900 feet north and 800 feet west of the 
S.E. Cor. Sec. 36, T. 4 N., R. 70 W.; southwest of Berthoud. 

Occurrence: .'. 30-foot exposure of nearly vertical material, 
\Yith 1 foot of uHrburden, which strikes N. -!IF' E., and occurs on 
a bank of a ditch cut into the eastern side of a ravine. About 
half-way behYeen the base of the Pierre formation and the Hygiene 
sandstone. 
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Field Characteristics: Medium-hard, yellowish-green, some
what _gritty shale. 

Economic Yaluc: Should make fine, red soft-mud and pressed 
bricks, earthenware, ten·a-cotta, hollow structural materials, con
duits, and unvitrified floor tiles; also, probably, stiff-mud bricks, 
drain tiles, and undtrified roofing-tiles. 

301. Location: 1,400 feet north and 700 feet west of the 
S.E. Cor. Sec. 15, T. 4 N., R. 70 W. (See No. 305.) 

302. Location: 1,500 feet north ~md 700 feet west of the 
S.E. Cor. Sec. 15, T. 4 N., R. 70 W. (See No. 305.) 

303. Locatio11.- Near the N.E. Co1·. Sec. 13, T. 4 N., R. 70 
\V.; west of Berthoud. Material of the same horizon and appear
ance is also well exposed 3 miles south in Rer. 36 along a creek, 
a ditch, and around a flat-topped hill. 

OccnJ'J'CIIt'C: _\ 40-foot bed which dips 35° easterly, strike€ 
north and south, and occurs in arroyas nt the base of a hogback. 
At the base of the Pierre formation. 

Field Characteristics: A medium-hard, black to dark-gray, 
fine-grained shale. 

Economiu Value: Should make good, red soft-mud and 
pressed -bricks and, probably, stiff-mud bricks and terra-cotta. 

304. Locatio11: 1,200 feet north and 1,100 feet west of the 
N.E. Cor. Sec. 1:3, T. 4 N., R 70 W.; west of Berthoud. The same 
horizon is also well exposed 2% miles south in the S.IY.lft Sec. 2;:;. 

Oecll/'J'CJicr·: .\ 30-foot exposure, with 4 feet of overburden, 
which dips 35°_ easterly, strikes north and south, and occurs on 
the bank of a ravine. .\.t the top of the Carlile formation. 

Field Chamctcrisiics: A medium-h:u·d, black, fine-grained 
shale. 

Economir· ·value: ~hould make good, red soft-mud, pressed, 
and flashed bricks, earthenware, and terra-cotta; also, probably, 
stiff-mud and paving-bricks; and, possibly, hollow structural 
materials and drain tiles. 

305. Locntiou: 1,200 feet north and 1,100 feet west of the. 
N.E. Cor. S!:'l'. 12_, '1'. 4 X, n. 70 W.; we:-;t. of Berthoud. 

(Nos. 301, 302, and 305 were taken from exactly the same 
horizon, and appeared so nearly identical in the field that the 
three samples were placed in one saek nnd the mixhire tested.) 
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Occurrence: A bed about 20 feet thick, with 3-5 feet of over
burden, which dips about 20° easterly, strikes nearly north and 
south, and occurs in a slight longitudinal depression in the eastern 
slope of the Dakota hogback. 

F-ield Characteristics: Medium-hard, gray, gritty clay. 
Economic Value: Should make red soft-mud bricks and 

earthenware if slightly grogged. 
306. Location: 200 feet· north and 900 feet west of the 

S.E. Cor., Sec. 29, T. 5 N., R. 69 \V.; southwest of Loveland; in 
a ,small test pit dug by ,Johnson and Carpenter, south of a ditch. 

Occurrence: An 8-foot exposure of material, with 1 foot of 
overburden, which dips ii 0 easterly, strikes N. 30° E., and occurs 
on a gentle northel"ly slope. Below the Hygiene sandstone in the 
Pierre formation. 

Field ('lto mr·terist ir·s: Soft, yellowish-green, fine-grained 
shale. 

Econo111 ic ru 1111': Should make good, pink soft-mud and 
pressed bricks, and, probably, stiff-mud bricks and earthenware, 
but grogging will be necessary for some of these, and there will 
be considerable loss clue to over- and underburning. 

307. Lonlfion: GOO feet north and 50 feet west of the S.K 
Cor. Sec. 27, T. 5 N., R. 69 W.; southwest of Loveland; just above 
the ditch from the Plaster Mill. It seems likely that the descrip, 
tion of the location 'of this sample by land subdivisions is incor
rect, for the :Monison beds hardly occur as far east as the point 
given, and ~I!-. ) ... Wild, who had this material tested, lives some 
5 miles northwest of the point on the map where this sample has 
been located. Exposures of material apparently identical with 
these are found both north and south of )>~·kins. 

Occurrcucc: .\. 20-foot exposure of material, with 1 foot of 
OYlrburden, which clips 80° westerly, strikes N. 20° \V., and occurs 
on the western slope of the Dakota ridge. In the lower part .of the 
Morrison formation. 

Field Chamcteristics: Soft, light to dark, red to blue marls 
of various textures, occurring in beds 1-4 feet thick. 

Econom ir· l"aluc: Rhould make good, flesh-colored dry
IH'essed brid;:s. Perfectly Yitrified, greenish-yellow bricks have 
been made from this clay, but these cannot be manufactured on 
a large scale, a" a large proportion would be either over- or under
burned. They are probably too brittle to be used for paving
bricks in an~- case. 
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308. Lowtion: 900 fed north and 800 feet west of the 
S.E. Cor. Sec. 25, T. 5 N., R 69 W.; south of Loveland; in two 
small ravines above the irrigation ditch. 

OccttiTcucc: .\ 10-foot exJJOSnre of material, with 1 foot or 
more of overburden, of uncertain dip and shikr·, which of·curs in 
the side of a hill 100 feet or mOl'e high. .\bout half-way between 
the Hygiene sandstone and the top of the PierrP formation. 

Ficlcl Chamcteristics: ~oft, yellowish-p;l'een, fine-grained 
shale, containing a little sand. 

Economic Yaluc: Should make p;ood, pink soft-mnd and 
pressed bricks and unvitrified floor tiles; also, possibly, stiff-mud 
bricks and earthenware. 

309. Location: Near the eastern side of ~Pc. :20, T. 3 N., R. 
68 W.; southeast of Loveland where the Big Thompson Rirer has 
cut into its south bank. 

OccuJTI'III'C: An exposure of :2011 f<"et or more of material, 
with 5 feet of overburden, which dips :2oc· eastel'ly, strikes N. :21J ~ 

W., and occurs along the bank of the river to a height of 30 feet 
above water level. 

Field Chara.cteristics: Soft, yellowish-green, fine-grained 
shale, containing a little sand. 

Economir: Yaluc: Should make good, pink soft-mud aud 
pressed bricks, and, probably, stiff-mud bl'icks and earthenware. 

310. LocCLtion: Near the middle of Re(·. :23, T. 5 N., R. 68 
W.; southeast of Loveland. 

Occurrence: A 1{)-foot exposure of nearly horizontal material, 
with 1 foot of overburden, which strikes north and south, and 
occurs on the southern banl;: of the rher. ~ol far above the 
Hygiene sandstone in the Pierre formation. 

Field ('Jutructcristics: .\soft, yellowish-gi·een, slightl.r gritty 
shale, containing a good deal of gypsUIIt. 

Econo111 ic ral,uc: Should make good, pink soft-mud and 
paving-bricks, earthenware, terra-cotta, hollow structural mate 
rials, and drain tiles; also pressed bricks with rather high absorp
tion. Mr. Grub, who was using this ela.r for the manufacture of 
dl'y-pr;essed bricks when the sample "·as tak{"ll, claims that the 
shale must be weathered in order to work satisfactorily. 

311. Location: 800 feet north and 900 feet west of the 
S.E. Cor. Sec. 24, T. 5 N., R. 70 W.: west of Ln,,eland; in a ditch 
along Dr~· Creek. 
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Occwrren(;c: A 20-foot bed with 2-3 feet of overburden, which 
dips 20° easterly, strikes north and south, and occurs near the 
top of the Dakota hogback. 

Field Characteristics: ~iedium-hard, black, fine-grained 
"hale, containing sandy streaks. 

Econornic Value: Should make good, pink soft-mud and 
pressed bricks, vitrified and umitrified floor tiles, and, probably, 
stiff-mud bricks. 

312. Location: 800 feet north and 900 feet west of the S.E. 
Cor. Sec. 24, T. 5 N., R. 70 W.; west of Loveland; in a ditch along 
Dry Creek. 

Occ·urrencc: A 20-foot bed, with 2-:3 feet of overburden, 
which dips 20° easterly, strikes north and south, and occurs west 
of No. 311 and is separated therefrom by from 1-2 feet of sand
stone. 

F·ield Clutractet·istics: Not stated. 
Economic Tlalue: Should make good, red soft-mud and 

flashed bricks; also, probably, stiff-mud, pressed, and paving
bricks. 

313. Location: 1,800 feet north and 800 feet west of the 
S.E. Cor. Sec. 16, T. 5 N., R (ifl W.; west of LoYeland and back 
of the schoolhouse. 

Occurrence: A 20-foot exposure of material, with less than 
2 feet of owrburden, which dips 35° easterly, strikes north and 
south, and is exposed in a number of ravines. Near the base of 
the Pierre formation. 

Field Characteri.~tics: ~fedium-hard, black and b"rown, fine· 
grained shales. 

Economic Value: Should make good, pink soft-mud, pressed, 
paving, and flashed bricks, and vitrified and unvitrified floor tiles; 
also, probably, stiff-mud bricks, earthenware, and terra-cotta. 
Mr. Johnson, who is interested in this property, has had a few 
bricks made. 'fhey are well vitrified, but are said to be too brittle 
for paving purposes. 

314. Loca.tion: 1,500 feet north of the S.E. Cor. Sec. 7, 
T. 5 N., R. 69 \Y.; northwest of Loveland; at the end of the track 
leading to the Plaster Mill. 

Ocmwrcnce: An 8-10-foot exposure of material which dips 
about 50° westerly, strikes N. 30° \Y., and oeeurs over the gypsum 
bed which was quarried fo,r plaster. 

Field Charaetc,-.istics: A. soft, red, fine-grained, crumpled 
shale, showing grPen ;;:pots. 
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Economic Value: Analysis shows that this elay contains 
nearly 50% of dolomite, and the tests indicate that it is probably 
worthless. 

315. Location: 100 feet north and 1,850 feet west of the 
S.E. Cor. Sec. 16, T. [) N., R. 69 W.; west of Loveland on the 
south bank of Big Thompson RiYet\ 

Ocmtrrooce: 170-foot exposure of waterial. with 5-10 feet of 
overburden, which dips 27° ea~terly, strikes N. 10° E., and is 
exposed on the river bank to a height of 20 feet abo,·e the water. 
All the Graneros and Carlile formations are represented by this 
sample. The Greenhorn limestone seems to be Jacking here. 

Field Characteristics: Soft, black and brown, fine-grained 
shales. 

Economic Value: Should make good, red soft-mud, pressed, 
paving, and flashed bril'ks, and vitrified and unvitrified floor tiles; 
also, probably, stiff-mud bricks. 

316. Locatiou: 2,000 feet north and 1,600 feet west of the 
S.E. Cor. Sec. 17, T. 5 N .. R. 6!) W.; in some ie~t pits dug below 
the plaster mill. 

Occurrooce: A 20-foot bed, with 1 foot or more of over
burden, which dips 80° westerly, strikes N. 3G" W., and occurs 
between the low Dakota and high Lyons hogbal'ks. Near the base 
of the Morrison formation. 

Field Characteristics: l\Iedium-hard, light-gray, medium 
grained, marly shales. 

Economic Value: Should make fine, flesh-colored soft-mud 
and pressed bricks, and, probably, stiff-mud bricks. Mr. Shields, 
of Loveland, had some of this clay tested, and it is reported to 
have made nice white tiles. Later it was sold as tile material to 
Fort Collins people, but the tests made in this investigation indi
cate that the absorption is too great for floor tiles and that the 
clay does not burn perfectly white, at least in an oxidizing 
atmosphere. 

317. Location: About 1,100 "feet north and 1,500 feet west 
of the S.E. Cor. Sec. 17, T. 5 N., R. 69 W.; west of Loveland where 
the vertical Dakota sandstone projects into the Big Thompson 
River on the southern bank. 

Occurrence: Two beds, each of a thickness of 4 feet, with 
1 foot of overburden, which dip 80° westerly, strike N. 35c ·w., 
and occur on the ·bank of the river, between hard layers of sand
stone. 
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Piclcl C'haructeristics: 1\ledium-hard, gray to light bluish
green, sandy, much-jointed cla~--

Econum ic 1·a luc: Should make good, pink soft-mud, pressed, 
and paving-brick;;; also, probably, stiff-mud bricks, earthenware, 
and Yitrified mul unvitrified floor tiles. 

318. Locution: About 1,100 feet north and 1,500 feet west 
of the S.E. Cor. Sec. 17, T. 5 N., R. 69 ,y_; west of Loveland where 
the vertical I lakota sandstone projects into the Big Thompson 
HiYer on the southern bank. 

Ou·iu'J'I'IU'I' and Field Clwracteristics: A 2-foot bed of "red, 
('alcnreon!' clay \Yhich lies between the t\VO beds mentioned in 
:'io. 317. 

Et·uiiOIIIic 1·uluc: ~lwuld make good, red pressed and paving 
bt·icks, and, po:-;,.ibly, vitrified and unvitrified floor tiles. 

319. L.ocutiou: .\bout 1,100 feet north and 1,500 feet west 
of the S.E. Cm·. Sec. 17, 1'. ::>X, n. G9 W.; west of Loveland where 
the \·ertical Dakota :-;andstoue projed:-; into the Big Thompson 
Hin·t· on the southern bank. 

0•·1'1/I'J'CIIcl: and Yield Charuc/1'J'i:>tics: .\n :-:-foot bed of 
:-;andy cla~- which lies below ~~~- :317 and is separated therefrom 
h_v :2 feet of sandstone. 

ECOIIIIJ/Ii(· rolllc: Should make good, flesh-coiored soft-mud 
bricks and, also, probably, pressed and stiff-mud bricks, and un
dhified floor tiles if burned to a high temperature. 

320. Lor·11tio11: fillll feet north and 400 feet \Y(:'St of the 
:S.E. Cor. Sec. 7, 1'. 5 N., R. 69 W.; along the railroad in front 
of .Jfr. ·wild's house; northwest of Loveland. 

Occu rrcncc: 50-75-foot exposure of material, with :2 feet of 
on'rburden, wllich dips 75° westerly, strikes N. 25° TV., and 
occurs at the foot of a hill capped with Dakota sandstone. 

Field l'lwractcristics: .\ medium-hard, ~-ellowish to brown
ish, calcareous shale which is quite sandy. 

Ecnnomic 1-alue: Undoubtedl,Y worthless, as the burned 
brick slakes easily. It is said that a carload of this material and 
~o. 307, in lH'OlWt·tions of two of No. 320 to one of ?\o. 307, \Vas 
tested, and it is claimed that it burned to a very light-weight, 
hard brick of Yalue for fire-proofing materiaL vVhile it is prob
ably true that the mixture would yield a very light, porous brick, 
it is certain that the deficient plasticity and tensile strength 
would prevent the manufacture of first-class ware, and that the 
unhurned mah·l'i:ll would br YPry fragile. 

file:///uluc
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321. Location: Sec. 1, T. 5 N., R. 70 "\\'.; at the eastern 
end of a reservoir dam across Buckhorn Creek. 

OccHtTcHr·c: ::l beds, aggregating about () feet, which dip 
:23" easterly, strike N. 5° ,V., and O<Tm· on the eastern side of 
the Dakota hogback. 

Field Clwracteristics: ~ledium-hard, light greenish-blue. 
~andy days. 

Economic Value: Should make fine, light-pink soft-mud and 
jll"E'S,;Pt] bricks, and, probably, paving-bricks. 

322. Loaation: Sec. 1, T. 5 N:, R. 711 W.; at the eastern 
end of a reservoir dam aeross Buckhorn ( 'l"t'ek. 

Occurrence: Two beds, aggregating· about.! feet which alter
nate with those inc-luded in No. 321. 

Field Characteristics: :Medium-lwrd, l"t'(l, sandy clays. 
Econolllic Yalnc: Should make good, pink soft-mud and 

pressed bricks, and, probably, stiff-mud and paving bricks. 
323. Location: Near the middle of the southern side of 

~<'<'. H, T. 5 N., R. 69 ,V.; in a tunnel begun years ago for irriga
tion purposes, but not ;yet cotnpleted. 

O("CIItTetu.:c: ),n 8-foot bed whieh dip~ so) westerly and 
strikes N. 30° W. 

Field Cho mcteristics: Yery hard, gray, medium fine-grained 
da.Y, containing a fe"· dark-red pateh<'s. 

Eaonom.ic raluc: Should make good flashed bricks and, 
probably, pink pressed and paving-bricks. 

324. Location: Near the middle of the southern side of 
Sec. 6, T. 5 N., R.. 69 W.; in a tunnel begun years ago for irriga
tion purposes, but not yet completed. 

Occurrence: A. 10-foot bed, with 10 feet of overburden, which 
dips 80° westerly, strikes N. 30° W., and occurs near the top of 
the western slope of the Dakota hogback. Separated from :No. 
323 by about 75 feet of sandstone. 

F'ielcl Cha-racteristics: .\.. hard, gray, medium-grained clay. 
Economic Value: Should make good, pink soft-mud, pressed, 

paving, and flashed bricks, and vitrified and unvitrified floor tiles; 
- also, probably, stiff-mud bricks. 

325. Location: Near the middle of the southern side of 
Sec. 6, T. 5 N., R. 69 ,V.; in a tunnel begun years ago for irriga
tion purposes, but not yet completed. 

Occurrence: A 15-foot bed, with 10 feet of overburden, which 
dips 80° westerly, strikes N. 30° "·., and occurs near the top of 
the western slope of the Dakota hogback, aud oYerlies 1\o. 324. 
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Field Clwmctcristics: A medium-hard, grayish-brown, sandy 
shale. 

Economic Value: Should make good, pink soft-mud and 
pressed bricks and vitrified floor tiles; also, probably, stiff-mud 
and paving-bPicks, earthenware, and unvitrified floor tiles; but 
the latter will need to be burned almost to vitrification. 

326. Loca.tion: 700 feet north and 900 feet west of the S.E. 
Cor. Sec. 36, T. 6 N., R. 70 W.; southeast of Arkins. Similar 
material i~ well exposed on Dry Creek, 4 miles south. 

Occurrence: A 30-fo'ot exposure of material, with 5 feet of 
overburden, which dips 25° easterly, strikes N. 10° W., and occurs 
in the banks of an arroya. 

F·ield Clzaracteristics: Soft, black, fine-grained shale which 
weathers to white or brown streaks. 

Ec0110111ic raluc: Should make fine, pink soft-mud, pressed, 
and flashed bricks and unvitrified floor tiles; also, probably, stiff
mud and paving-bricks, earthenware, and terra-cotta. 

327. Location: Near the middle of the western side of Sec. 
36, T. G N., R. 70 W.; southeast of Arkins. 

Occurrence: A 12-foot bed, which dips 22° easterly, strikes 
N. 20° "\V., and occurs on the western side of the Dakota hogback. 
About 25 feet below the top of the Morrison formation. 

Field Characteristics: Very hard, green, thick and thin be!fs 
of marly clay of variable textures. · 

Economi1' 17 aluc: "\Vorthless. 
328. Location: Near the S.E. Cor. Sec. 26, '1'. 6 N., R. 70 W.; 

in a dry lake-bed. 
Occu·rrencc: A :!-foot exposure of horizontal material be

tween two Dakota ridges. 
Field Characft'ristics: Soft, gray, fine-grained mud, contain

ing some pebbles. 
Economic ruluc: Probably worthless, but might be used for 

red pressed bricks if the waste due to over- and underburning is 
not too excessive. 

329. Location: About 700 feet north of the S.E. Cor. Sec. 
15, T. 5 N., R. 68 W.; along a bluff which is capped with sand
stone. 

Occurn::Hcc: .\. 10-foot exposure of material, underlying 30 
fEet of sandstone, which dips about 10° easterly and strikes N. 
30° w. 

Firld C'haractcri.~tii'N.' Medium-hard, gray, sand!- days. 
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Economic Value: Should make fair, red soft-mud, stiff-mud, 
or pressed bricks if the waste dne to over- and underburning is 
not excessive. 

330. Location: 400 feet north and 700 feet west of the 
S.E. Cor. Sec. 8, T. 6 N., R. 69 W. 

Occurrence: A G-foot bed whir·h dips about 20° easterly, 
strikes N. 10° ·w., and oceurs in a noteh cut in the outer ridge of 
the Dakota hogback. 

Field Cha.ractcri8tics: A hard, black, fine-grained shale. 
Economic Val·ue: May make good, red stiff- or soft-mud 

bricks if the waste due io over: and underburning is not excessive. 
331. Location: 1,500 feet north and 600 feet west of the 

S.E. Cor. Sec. 11, T. 6 N., R. 69 W.; in the railroad cut south 
of Fossil Creek, at the plant of the Brick Company, but the mate
rial is not there used. 

Occurrence: A. 15-foot bed, with 3 feet of overburden, which 
dips 15° easter]~-. strikes N. 10° E., and occurs on the top of a 
low hill. 

Field CharactcrisUcs: Medium-hard, .rellowish, sandy shale. 
Economic· 1'al11c: Probably worthlesR. 
332. Location: 200 feet north and .'-'00 feet west of the S.E. 

Cor. Sec. 4, '1'. 6 N., R. 69 W. ; in the Poudre Valley Pressed Brick 
Company's pit. 

Occurrence: A 60-foot bed, with 1 foot of overburden, which 
'dips 15° easterly, strikes north ;md south, and occurs in rolling 
land close to the hogbacks. 200 or 300 feet above the base of the 
Pierre formation. 

Field Character·istics: Soft, yellowish-green, fine-grained, 
slightly gritty shales. 

Economic Value: Should make good, red soft-mud and 
pressed bricks, although the latter 'will have a rather high absorp
tion. Will probably also yield stiff-mud bricks, earthenware, and 
terra-cotta, although the last will be fragile before burning. 

This material was being used, at the time the sample was 
taken, for the manufacture of salmon-colored pressed bricks, and 
the desire was expressed for a mixture which would be red-burn
ing. As the samples tested burned a good bril'k-red in the labora
tory, it seems likely that similar results can be obtained in prac-

~ tice by using a more highly oxidizing atmosphere. If this is not 
the case, it ought to be easy to find some red-burning material 
elsewhere in the Pierre formation nearby, or in the Graneros or 
Carlile formations to the west. 
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333. Location: 300 f\'et north and 900 feet west of the S.E., 
Cor. Sec. 4, T. 6 N., R. 69 W.; in an abandoned clay-pit. 

Occurrence: A 50-foot exposure of material, with I foot of 
overburden, which dips 15° easterly, strikes north and south, and 
occurs in rolling land near the hogbacks. 50 feet above the base 
of the Pierre formation. 

F·icld Chamcted:~f'ics: Mediund1ard, black and brown, fine
grained shale. 

Economic ·value: Will make red pressed bricks of rather 
high absorption, but there will be much waste, due to over- and 
underburning, and the pit was abandoned because of this unfavor
able characteristic. 

334. Location: About 800 feet north of the N.W. Cor. Sec. 
9, T. 6 N., R. 69 ,y_ 

Occurrence: 100 feet of material which dips 20° easterly, 
strikes N. 10° E., and occurs in the valley between the Niobrara 
and Dakota hogbacks. 

Field Characteristics: A medium-hard, black, fine-grained 
shale. 

Economic Value: Should make good, pink soft-mud, pressed, 
paving, and flashed bricks; also, probably, stiff-mud bricks, but 
there will be considerable loss, due to over- and underburning of 
the unvitrified bricks. 

335. Location: About 2,000 feet nol'th and 1,500 feet west 
of the S.E. Cor. Sec. G, T. 6 N., H. 69 W. 

Occun'f'nce: 15 feet of material which dips 20° easterly, 
strikes N. 10° E., and occurs half-way up the western side of the 
Dakota hogback. 

Field Charactcri8fi1·.~: Ven· hard, green, thick and thin beds 
of various textures. 

Economic ra 111c: ~hould make good, pink soft-mud and pav
ing-bricks, and, possibly, pressed and flashed bricks, but the 
former will be fragile before burning. 

336. Location: 500 feet north and 1,400 feet west of the 
S.E. Cor. Sec. 20, T. 7 N., R. 69 "'·; at forks of a stream on the 
south bank. 

Oceurrcncr: Hi feet of material wllith dips 20° easterly, 
strikes north and south, and occurs at the base of the Dakota 
hogback. 

Field Chamctcristics: ~Iedium to Yery hard, green to gray, 
thick and thin beds of various textures. 
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Economic Yuluf': ~hould make yellowish-brown soft-mud 
and pressed bricks, and, pl'ubably, stiff-mud bricks, but there is 
apt to be considerable loss due to over- and underburning. 

337. Location: N"enr Timnath, just north of the point 
where Box Elde1; Creek crosses the C. & S. Railroad. 

Occu1'1'C'IIcc: A 15-foot exposure of nearly horizontal mate
rial, with 5 feet of overburden, which occurs along the bank of 
the creek to a height of 20 feet above the water leveL 

Field Cllaracteri.~tics: Medium-hard, black, sandy shale, 
with 2 feet of yellow material at the top. 

Econo1wic Y11luc: Should make good, pink soft-mud ~nd 
pressed bricks, and, probably, stiff-mud bricks and earthenware. 

338. Location: Near.. the N.W. Cor. Sec. 15, T. 7 N., R. 
68 W.; on the southern bank of Box Elder Creek. 

Occurrence: .\ 60-foot exposure of material, with :3 feet of 
overburden, which dips 10° easterly and strikes north and south. 

Field Characteristics: A medium-hard, gray, sandy shale. 
Economic Ynlue: Should make fairly good, red soft-mud 

bricks. 

339. Locntion: 900 feet north and 400 feet ·west of the 
S.E. Cor. Sec. 7, T. 7 N., H. 69 W.; in an abandoned brick-yard. 

Occurrcnec: 100 feet of material, with 1 foot of overburden, 
which dips 30° easterly, sttikes N. 20° W., and oceurs on the 
slope below the Dakota hogback where cut by a ravine. This 
sample may contain material entirely of Carlile age. 

Field CharacteYistics: Medium-hard, black and brown, fine
grained shale. 

Econo-mic Yaluc: · Should make good, salmon-colored soft
mud, pressed, and flashed briekt->, and, probably, stiff-mud and 
paving-bricks and cal'thenware; but there will be considerable 
waste due to over- and underbuming of the unvitrified bricks. 

340. Locntiou: 1,100 feet north and 1,900 feet west of the 
S.E. Cor. Sec. 9, T. 7 N., R. 69 W.; in the basement of S. R. 
·wilson's house. 

Occurrence: .\.n 8-foot exposure of material, with 1 foot of 
overburden, of uncertain dip and strike, which probably is the 
same material exposed in the hill around which the ditch runs. 
Not far above the base of the Pierre formation. 

Field Characteristics: Soft, yellowish-green, fine-grained, 
i'lightly gritty shale. 
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Economic Value: Should make good, red soft-mud and, 
pressed bricks and earthenware; also, probably, stiff-mud bricks. 

341. Locatio11: 1,400 feet north and 700 feet west of the 
S.E. Cor. Sec. 10, T. 7 N., R 69 W.; in an old brick-yard. 

Occurrence: )._ 15-foot exposure of material, with 6 inches of 
overburden, which underlies a gentle slope. 

F-ield Characte1·istics: Soft, yellowish, sandy loess. 
Economic Value: Should make good, red soft-mud and 

pressed bricks, and, probably, stiff-mud bricks and earthenware. 
342. Location: 500 feet north and 1,900 feet west of the 

S.E. Cor. Sec. 36, T. 8 N .. H. 69 W.; in the ditch below Terry 
Lake. 

Occun·e11c-e: A 10-foot c·xposure of material underlying 
nearly level ~ountry. 

Field Characteristics: Soft, yellowish, sandy alluvium. 
Economic Value: Should make good, red soft-mud and 

pressed bricks, and, probably, stiff-mud bricks and earthenware. 
343. Location: 600 feet north and 1,000 feet west of the 

S.E. Cor. Sec. 31, T. 8 N., R. 69 vV.; near the bed of a ravine, at 
the so-called "Coal Shaft." 

Occurn•11ee: .\ 35-foot bed, with 1 foot of o\'f•rburden, which 
dips 30P easterly, strikes N. 30° E., and oc•·m·s in the bed of a 
longitudinal depression between two Dakota ridges. 

F·ield Characteristics: Medium-hard, black and brown, fine
grained, more or less sandy shales. 

Economic Value: Should make good, red soft-mud, pressed, 
paving, and flashed bricks. 

344. Location: 1,700 feet north and 300 feet west of the 
S.E. Cor. Sec. 24, T. 8 N., H. 70 W.; in a ditch. 

Ocenrrcnn·: A 7-foot bed which dips 20° northerly, strikes 
N. 60° E., and occms abo\·e a ditch encircling a Dakota hill. 

F ichl Clw ractrrist i<·s: Yer~- hard, light bluish-green, fine· 
grained c la:r. 

Economic Val11c; A first-class fire-clay. 
345. Location: 1,f-:OO feet north and ~00 feet west of the 

S.E. Cor. Sec. 24, T. 8 N., R. 70 W. 
Occurre11CC: A 60-foot bed which dips ~0° northerly, strikes 

N. 6(') 0 E., and oceurs above the upper ditch encircling a Dakota 
hill. 

Field Characteristies: A medium-hard, black, fine-grained 
shale. 
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Economic Yal-ue: ~hould make good, i:ed soft-mud and 
pressed bricks, and, probably, stiff-mud bricks and earthenware; 
but there will be loss, due to over- and underburning. 

346. Location: 100 feet north and 700 feet west of the S.E. 
Cor. Sec. 13, T. 8 N:., R. 70 W. 

Occurrence: A 60-foot bed which dips 30° easterly, strikes 
~- 2{) 0 E., and occurs above the upper ditch on a Dakota hill. 

Field Ohanrderistics: Medium-hard, black, fine-grained' 
shale. 

Econo111ic Value: Probably worthless, as it is low-grade and 
requires several hours to slake. 

347. Locntion: 500 feet north and 1,800 feet west of the 
S.E. Cor. Sec. 12, T. 8 N., R. 70 W.; in a railroad cut. 

Occurrence: 35 feet of material which dips 20° easterly, 
strikes N. 20° E., and occurs near the western base of the Dakota 
hogback. 

Viclrl Clmracteristics: Hard to soft, green and red marls and 
:-;bales of various textures, ('ontaining two 1-foot b!:'ds of line
stone, which are not included in the sample. 

!J'collolllic 17 al11c: Probably worthless. 
348. Location: Near the N.W. Cor. Se('. :J::, '1'. 9 N., H. 

US \Y.; near Wellington, on the bank of a ditch. 
Occ11rrcnce: .\. ,1-foot exposure of material, with 3 feet of 

overburden, which may be of Recent age. 
Field Olwracteristics: Soft, gray, coarse to fine-grained clay. 
Economic Vnlue: Should make good, pink pressed bricks; 

but there will be considerable loss, due to over- and underburning. 
349. Location: About 800 feet north and 1,000 feet west of 

the S.E. Cor. Sec. 30, T. 9 N., R. 69 W.; near Ingleside. 
Occw•rcncc: A 6-foot exposure 9f material which dips 15° 

easterly, strikes north and south, and outcrop~" as a: low terrace 
on the western side of the longitudinal valley between two Dakota 
ridges. 

Field Characteristics: .\. soft, light-gTay, fine-grained clay. 
Economic Value: Should make good, yellow to buff soft-mud 

and pressed bricks and earthenware; also, possibly, if grogged, 
terra-cotta, hollow structural material, and conduits. 

350. Location: About 500 feet north of the S.E. Cor. Sec. 
18, T. 9 N., R. 69 W.; about 2 miles north of Ingleside. A thicker 
exposure of .what is apparently the same bed outcrops about 1,500 
feet north and 1,500 feet west of the R.E. Cor., Rre. 8. 
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Occurrence: A 6-8-foot bed which dips 15° easterly, strike~ 
~- 10° E., and occurs in the bottom of a long depression betwee11 
two Dakota ridges. At the same horizon as No. 349. 

Field Ulwractcristics: ·" medium-hard to soft, black at the 
bast>, gray above- Yt>ry fine-grained shale and clay-the former u t 
the base, the latter above. 

Eomwmic V a lnc: Rhould make fine, flesh -colored to pink 
soft-mud and pressed bricks, earthenware, and vitrified and un
vitrified floor tilt>s; also, probably, tena-cotta, hollow structural 
material, I'Onduits, and paving-bricks. 

351. This sample was taken at the same point as Xo. 330. 
but several iron-stained lnyen; as well as streaks of gypsum, 
which were included in No 350, were discarded from this sampk. 

Econo111ir· Value: Should make fine, pink soft-mud, pressed, 
paving, and flashed bricks, eartht>nware. and vitrified and nnYitri 
fled floor tile; also, probably, terra-cotta, hollow structural ma· 
terial. conduit~<. sewer pipes, and stoneware. 

352. Locc~t·ion: 1,500 feet nOl'th and l,:JOO ft•t•l \H't-lt of tlH· 
S.E. Cor. ~e<·. 8, T. 9 N., R. 69 W.; 4 miles northwe:-;t of "'ayerl~-. 

Occurrcllcc: 30 feet was sampled of material which dips 
lG 0 easterly, strikE's N. 10° E .. and O("I'Ul"N on the western slopt> 
of the upper Dakota ridge. 

Field Clwmr·tcristi1·.~: .3ledium-lwrd, black ami brown, fine 
grained shale. 

Econo/11 ic 1' a luc: Should make fine, red soft-mud and pressed 
brieks. earthem,·are, and unvitrified floOl' tile; also, probably, 
terra-cotta, hollow structural material, conduits, and sewer pipes. 

353. UJCation.: From the Elk Horn lode, 112 miles from 
Breckenridge, Summit Count,Y. (A mistake was made in locating 
this clay on the map from which the samples were numbered. 
This accounts for the !act that it i:-; here deseribed with the 
Larimer Count,r samples.) 

Occurrence: .A ,·el'ti!·al bed over ti feet thick. 
Piehl Characteristics: Unstated. 
Economic raluc: Probably worthless. 

354. Location: Nea1· the R.W. Cor. Sec. 9, '1.'. 9 .N., R. !),-; 

W.; north of Wellington. 
Occurrence: A 50-foot exposure of matel'ial, with. 3-4 feet of 

overburden, whieh dips 5° easterly, strikes N. 30° \Y., and occur:-:: 
in the eastern bank of a creek to a height of 20 feet above thP 
water level. N !'a r the top nf the Pierre formation. 
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Field Clw ractcrisl ics: A medium-hard, bright yellowish
green, somewhat gritt,Y shale. · 

Economic ra}ue: Should lllake good, red soft-mud and 
pressed bricks and earthenware, and may answer for higher-grade 

. products if heavily grogged. 
355. Locatio11: About 500 feet north and 1,800 feet '"est of 

the S.E. Cor. Sec. 10, T. 9 N., R. 68 W.; north of Wellington. 
Occurrence: A 15-foot exposure of material, with :·l feet of 

overburden, which dips 5° easterly, strikes N. 30° "'., and is 
exposed in a diteh around a hill. May be of Fox Hills age. 

Field Clwractcri.stic8: Medium-hard, gray at base, yellowish
green above, sandy shale. 

Economic l'oluc: Rlwnld make attradin>, pink to red soft
mud bricks or pressed hl'if·ks with high absorption, which will be 
fragile before burning. 

356. Locatio11: In the N.W. 14 Sec. :J±, T. 10 N., R. 68 W. 
This is the most southern of a series of exposures extending a 
mile north along Coal Creek, and appears to be less Randy than 
the rest. 

Ocourreucc: A 50-foot exposure of material, with 3-4 feet 
overburden, whkh dips 5° Pasterly, strikes N. 30° ,V., and occurs 
on the eastern bank of Coal CrePk, to a height of 2fi feet above 
the water. 

Field Ch.aracteri.stics: Medium-hard, gray at base, yellowish
green above, sandy shale. 

Econornic l'aluc: Should make fine, red soft-mud bricks if 
burned to Cone 1. 

357. Locati-on: 1,750 feet north and 1,500 feet west of the 
S.E. Cor. Sec. 35, T. 10 N., R. 70 W.; 1 mile north of Fork's Hotel. 

Occurrence: 20 feet was sampled of material which dips 30° 
northerly, strikes N. 75° "' .. and oc1·urs near the top of the 
upper Dakota ridge. 

Piela Clwractcrist ies: Medium-hard, black and brown shales 
of various textures. 

Economic Value: Should make fine, pink soft-mud and 
pressed bricks and earthenware, and, probably, terra-cotta, hoiiow 
structural material, and conduits. 

358. Location: In the N.E. 14 Sec. 19, T. 10 N., R. 69 W. 
'rhis material is well exposed from this point northward. 

Occurrence: ;\. 30-foot exposure of material which .dips about 
35° easterly, strikes N. 35° E., and occurs on the western slope 
of a hill capped by an outlif'l' of Dakota sandstone .. 
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Field (Jhamctcristics: Medium-soft, blark, fine-grained shale, 
with some brown and gray streaks. 

Economic Value: Should make good, red soft-mud bricks if 
burned to Cone 03. 

359. J,oeatinn: On the northern Ride of Ser. 19, 'r. 10 N., · 
R. 69 w. 

Uccurrence: ~~ 60-foot exposure of material, with 5-fi feet of 
overburden, which dips '50°_ easterly, strikes N. 10° E., and occurs 
in the banks of an arroya. This sample includes all of the 
Graneros and Carlile formationR, except 20 feet at the hase. All 
these formntions seem to pinch out where they cross Box Elder 
nreek. 

P icld Ohar-acteri.stics: Medium-hard, bhwk, fine-grnined 
shales. 

Econnm ic ra lue: \Viii make rather poor, red soft-mud 
bricks. 

360. J,ueatioll: On the northern side of Se<'. 19, T. 10 N., 
H. fl9 w. 

Occu rrruce: _ \ :?0-foot hed wh il'lt dips 50° ••a:-;terly, Rtrikes 
N. 10° E., and OiTlll'S on the hanlu; of an arro,ra rntting n notch 
in a Dakota hogba•·k. This material lies directly below No. 359 
and is hard enough to make a little ridge for a few mile:-;. 

Field Clw metcristic·s: Y Pl'Y hard, bluish-gray. sandy shale. 
Econo111ic· ralue: \YorthlrsR. 

361. Lucutiuu: About 300 feet north and 1,600 feet west of 
the S.E. Cur. f-;ec. 17. T. 10 N., R. 69 W.; on Park Creek. 

Occw·rencc: ~ \ 60-foot exposure of material, with up to 5 
feet of overburden, which dips 60° easterly, strikes N. 40° E., 
and is exposed! on the wPstern kmk of the creek. At the base of 
the Pierre formation. 

Field ('lwmctrristiu:: ~ledium-hard, black and brown, fine
grained shales. 

Economic Valne: Worthless. 

362. Location: 700 feet north and 700 feet west of the S.K 
Cor. Sec. 10, T. 10 N., R. 69 W. 

Occurrence: ~\ 10-foot exposure of material, with 2 feet of 
overburden, of uncertain dip and strike, which occurs well up on 
the first hill north of Box Elder Creek. 

Field ( 'lwracteristics: Medium-hard, yellowish-green, fine
grained shale. 
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Economir· Value: Should make good, red soft-mud bricks 
and earthenware. and, possil•l.r. pressed bricks, terra-cotta, hollow 
structural material, and drain tiles. 

363. Location: "\.hon11,700 feet wr·:-d of the S.E. Cor. Sec. 
36, 'r. 11 N., R. 69 W. 

Occurrcttcc: A 50-foot exposure of material, with up to 5 
feet of overburden, of UllCI't·hdn dip and strike, which occurs 
where the creek cnts into a hluff on its eastern bank. 

Picld .Qharal'il'ri.~t ics: ~r(•dinm-hard, yellowish-green, some· 
what gritty shale. 

Economic Value: Should make good, pink soft-mud and 
pressed bricks, earthenware, and, probably, terra-cotta, hollow 
structural material, and conduits. 

364. Location: 600 feet weRt of the S.E. Cor. Sec. ::!8, T. 
11 N., R. 69 W. 

Occurrence: 15 feet of waierial which dip:; ~5° northeasterly, 
strikes N. 45° W., and is exposed in the bottom of a large ravine 
in the Dakota hogback. 

Field Chamcte1·istics: Medium-hard, red and green, coarse
grained, sandy clay, occurring in beds 3-5 feet thick. 

Economic Value: Should make good, red soft-mud bricks 
and, possibly, stiff-mud and pressed tJricks; lmt the absorption 
will be high, and there will be a tendency to crack on drying. 

365. This sample was selected ft;om the best-looking beds 
from which No. 364 was taken. The color is grayish-green. 

Economic Value: Should make good, almost white pressed 
bricks and vitrified and unvitrified floor tiles. 

366. Location: 300 feet north and 900 feet west of the S.E. 
Cor. Sec. 20, T. 11 N., R. 69 W. Material like this can be easily 
traced for 10 miles or more. 

Occurrence: A 6-foot bed which dips 15° r·asterly, strikes 
north and south, and occurs near the top of the Lower Dakota 
hogback. 

Field Chamctcristics: V t-ry hard, white, sandy clay. 
Economic Val;_te: First-class fire-clay, but the plasticity, 

cohesion, and tensile strength are so low that the material could 
hardly be molded without the addition of a fatter clay. 

367. Location: 300 feet north and 1,000 feet west of the 
S.E. Cor. Sec. 21, T. 11 N., R. 6!) W. Many good exposures of 
this material lie within a few miles south. 



252 CL.\ YS OF EAS'.rERN COLORADO 

OccurrG'IJcc: A bed 30 feet or more thick which dips 20° 
easterly, strikes north and ,south, and occurs in the longitudinal 
valley between two Dakota ridges. 

Field Clwracteristics: ·" medium-har·d, bhwk, fine-grained 
shale. 

Economic Value: ~ltould make good, red soft-mud and 
pressed brickN: Jlmbably, earthenware and terra-cotta; and, pos
sibly, hollow structural material and I"Onduii N. although the lasi 
two will be fragile before burning. 

368. Locatiou: 50{) feet north and 1,300 feet ,~·e,;t of the 
S.E. Cor. Sec. :;+, T. 11 N., R. 68 W. 

Occurrence: A 10-foot exposure of material, with 3-5 feet of 
overburden, which dips 10° easterly, strikes north and south, and 
occurs in a creek bank a few hundred paces south of a sandstone 
bluff. 

Field Ch1tractcrist ics: Soft, .'·ellowish-green, fine-grained 
shale. 

Economic l uluc: Should make fine, pink soft- and stiff-mud 
bricks, earthenware, terra-cotta, hollow structural material, and 
conduits, if heavily grogged. 

369. Location: Near the S.W. Cor. Sec. :!6, T. 11 N., R. 68 
W.; in the air-shaft of a coal prospect 

Occurrence: A 3-5-foot bed, 35 feet below the surface, which 
dips 10° easterly, and strikes north and south. This material 
forms the roof of a coal bed. It usually comes down when the 
coal is taken out, lea Ying a better roof above. 

Field Olwnu·tcri.stir·s: A soft, light-gT;~y, tine-grained clay. 
Economic ruluc: 'Vorthless. 
370. This sample wa:-; taken in the same locality as No. 369. 

From its description it appears to ha\·e L·ome from exactly the 
same point, but, as the material is described as black shale and as 
coming from a 1-foot Pxposme, it is probable that it represents 
the floor of the coal-seam. 

Economic l'al11c: 'l'he material \Yas ~o ~ancly that it could 
not be molded, and is wm·thless except for grogging other clays.· 

371. Location: About 1,500 feet north and 500 feet west of 
the S.E. Cor. Sec. 12, T. 11 N., R. 70 W.; abo~t 5 miles from the 
Wyoming line, among some pine trees; on the northwestern corner 
of Table Mountain. 

Occurrence: A 20-foot exposure of material which dips 5° 
southeasterly, strikes N. W" E., and oer·m·" just helow the heavy 
sandstone cap of Table Mountain. • 
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Field Ohamctcristics: Medium-hard. black, fine-grained 

shale. 

Economir· Valtte: Slwuld make good, pink pressed and soft
mud brieks; also, probabl;r, vitrified floor tiles and stiff-mud 
brick's. 

372. Location: About 600 feet north and 600 feet west of 
the S. E. Cor. Sec. 31, T. 13 N., H. 69 W.; about :: miles south of 
the ·wyoming line. 

Occurrence: .\. 2-foot bed which dips G0 southeasterly, strikes 
N. 30° E., and is exposed in the bottom of a gully. 

Field Chctracteristi.cs: Yery hard, white and pinkish, gritty 
clay. 

Economic Value: A first-class fire-clay, and should make 
wall tiles and vitrified and unvitrified floor tiles. It might prove 
very valuable if washed. 

373. Location: About 1,000 feet· north and 1,500 feet west 
of the S.E. Cor. Sec. 30, T. 12 N., R 69 W.; about 1% miles from 
the Wyoming line. 

Occurrence: A 15-foot or more exposure of material which 
dips 5° to 10° easterly, strikes N. 10° W., and occurs high on a 
slope capped by a remnant of Lower Dakota sandstone.' 

Field Characteristics: Medium-hard to hard, purple to green, 
fine-grained marl. 

Economic Value: Might make fair, pink soft-mud bricks, 
but the absorption will be a little high. 

374. Location: About 1,700 feet north of the S.E. Cor. Sec. 
17, T. 11 N., R. 69 W. 

Occurrence: A 70-foot exposure of material which dips 25° 
easterly, strikes N. 15° ,V., and occurs in the banks of several 
arroyas below a sharp bend in the Dakota hogback. This sample 
includes all of the Carlile and Graneros formations exposed, 
except 20 feet at the base, which seems identical with No. 360. 

Field Characteristics: A medium-hard, black and brown, 
fine-grained shale, containing two small white bands. 

Economic Value: Should make fair, brownish soft-mud and 

pressed bricks, and, probably, stiff-mud bricks. 
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Sketch map showing the approximate locations of the beds sampled 

~ 
~ 

('") 
I:" 
;.. 
>< 
00 

0 
'=: 

·t:ol 
;.. 

~ 
t:ol 
~ z 
('") 
0 
I:" 
0 
~ 
;.. 
t:;l 
0 



Las Animas County 

Geology of the Cou.nty.-Running southeasterly and north
westerly through Trinidad is a band of Pierre rocks from 2 to 10 
miles wide. This is bordered to the westward by thin outcrops 
of Fox Hills age, with extensive areas of Raton, Poison Canon, 
and Cuchara: material farther west. East of the Pierre area 
occur extensive exposures of Niobrara and Benton beds, which 
extend almost to the canon of the Purgatory River. The surface 
of the remainder of the county is mostly covered with Dakota 
rocks, except 'Ylwre the larger streams have exposed beds of 
Purgatory, Morrison, and, probably, Lykins age. There is, how
ever, some Benton material around Mesa 'de Maya, and a little 
Tertiary rock occurs on the extreme eastern boundary. 

375. Location: 300 feet nodh of Morley station. 
Occ;un·ener: A 15-foot exposure of horizontal material, with 

up to 12 feet of overburden, exposed in the bank of a stream. 
Field Characterist,ics: A hard, gray to brown, coarse-grained, 

sandy, concretionary clay, with carbonaceous streaks in the lower 
part. 

Ecouomir: Valur: 'VorthlPHK 

376. Location: 6 miles south of Trinidad and 200 feet from 
the Sa:nta Fe tracks; on the public road. Owned by the Colorado 
Fuel and Iron Company. 

Occurrence: An 8-foot exposure of horizontal material, with 
up to 1 foot of overburden, in the bank at the side of a road. 

Field Characteristics: A hard, greenish-gray, medium fine 
grained, sandy, concretionary clay. 

Econom,ic v,aluc: Should make fine, pink soft-mud and 
pressed bricks, earthenware, dtrified and unvitrified floor tiles, 
and stoneware; also, probably, padng-bricks, and, possibly, terra
cotta, hollow structural material, conduits, and sewer pipes, 
although grogging is necessary for all of these. 

377. Location: 6 miles south of Trinidad. 
Occurrence: 5 feet was sampled of a much thicker exposure 

of horizontal material in the bank at the side of a road. 
Field Characteristics: Medium-hard, black, fine-grained 

shales and clays. 
Economic Value: Should make good, red soft-mud and 

pressed bricks, and, probably, stiff-mud bricks. 
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378. Location: :] mill':-; no1;theast of San Francisco Pass. 
OcctttTence: 35 feef was sampled of a much thicker exposure 

of horizontal material in arroyas below the road. 
Field Characteristics: Medium-soft, black, medium fine· 

grained, sandy shale. 
Economic Val1te: Should make good, red soft-mud and 

pressed bricks, and, probably, stiff-mud bricks. 
379. Location: 4 miles north of Trinchera; west of the 

house on W. M. Hudson's ranch. 
Occttrrence: 20 feet was sampled of a much thicker exposure 

of horizontal material, w_ith up to 2 feet of overburden, which 
occurs in a knoll on the bank of Trinchera Creek. Near the top 
of the Carlile formation. 

Field Characteristics: Hard, gray to black, medium fine· 
grained shales and clays, containing a 4-inch seam of sandstone .. 

Economic Valne: Should make good, pink soft-nmd and 
pressed bricks, and, probably, stiff-mud bricks. 

380. Location: 11,4 miles southeast of Trinchera. 
Occurrence: 25 feet was sampled of a much thicker exposure 

of horizontal material, "·ith up to several feet of overburden, 
which occurs on the north!:'rn side of a round knoll. 

Field Characteristics: A medium-hard, blar-k, fine-grained 
shale. 

Economi<: Value: Should make good, pink soft-mud and 
pressed bricks, earthenware, terra-cotta, hollow structural mate
rial, and dtrified floor tiles; also, possibly, sewer pipes and drain 
tiles, but sawdust must be mixed with the clay, to give sufficient 
porosity, for the last. 

381. Locatio·n: 11,4 miles southeast of Trinchera. 
OccmTencr': 10 feet was sampled of a thicker exposure of 

horizontal material, with up to 6 feet of overburden, which occurs 
in the side of an arroya between two knolls. This sample repre
sents a somewhat lower horizon than No. 380. 

Field Characteristics: Jiedium-soft, brown to gray, medium 
coarse-grained, sandy shale. 

Economic ralue: Worthless. 
382. Loc(l,tion: 2 miles northwest of Trinidad. 
Occurrence: A 40-foot bed of horizontal material, with 10 

feet of ove1·burden, which occurs in the side of a wide canon 1 
mile west of the Trinidad Brick and Tile Company's plant. 500 
feet below the top of the Pien-!:' formation. 
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Fidd Olwrncteri.sti1·s: .\ haJ·d, d:11'1q~;nty, lltt>dimu fine
grained clay. 

Economi1· l'o/111'.' i41Hmld HJnkP goo1L rPtl ,;oft-mud and 
pressed bric·kR. 

383. T~occdioll: li 111iiPN nortllt>:IN1 of 'r1·inidacl. 
Occurreu('c: :!:; fert "raR Ralnplrd of tl thi(·k(-ll' <-'Xpo~ure of 

horizontal material which ot·cnJ·s in tlw ,;idt• of :m anu,Ya lwlow 
a coal mine. A hout ~F.o feet heln'" the top of thP l'ienP fot·n~:~· 

tion. 
Pidd Clwrar·/1'J'i.~ti1·s: .'llediuni-ll:ird, bi:Jt·k. lllt'dim11 fine

grained, sandy shalf', containing a -i-indt seam of RandstmH'. 
EcoiiOIItir· l'u/111': Rhonld make rat!JPr soft, d:u·k-t't>tl, ,;oft

mud bricks and, possibly, presRed hric·k!', hnt thP latte1· will hP 
ft·agile before burning. 

384. J,o1·otiou: fi llliles nortlw:1s1 of 'l'1·inida11. 
Occllt'l'enr·l': -W feet was snmpled of a thirker t•xposnre of 

horizontal material occurring about 17!0 J'Pd alHl\·e Xo. :;~:;, 

/t'·ield Chamr·f1Tistir·s: A hard, blac·k, medium t·om·se-grained, 
sandy shale. 

FJconomic ]'({/111': ~honld 111ake good, red prPss•·•l brit·ks. 

385. Lomtio11: 5 mil•·s uol'th of Trinidad. 
OceutTI'IH'I'; .\ 7]/:; foot horizontnl bed in tlw bank of ;Ill 

arroya; lj2 mile west of·.a coal mine. 
Field Cltaractcri.stir·s: .\ hau], gnty, filii' 1o t·o;n·,;p-gTained 

clay which is more or less sandy. 
Economic ralue: Should make good, 1·ed soft-mud and 

pressed bricks, and, probably, s1 iff-mnd brir·k:-;, P:nthenware, and 
terra -cotta. 

386. Locatio11: Xljar J)elhi. 
Occtu·rrnce: A 4-G-foot bed of horizontal lll:tterial whit·h 

occurs in a low bank under a sandstone capping. 
Pil'ld Characteri8ties: .-\ hard, g-ray, medium •·oar·se-grninPtl 

day. 
Economic Value: '!.'his is used for the mannfaetm·,, of fire

bricks at the plant of the La .Junta Brick and 'l'iiP f'tllllJIHny, anll 
tests prove that it is a first-l'las!' fire-day. 

387. Loc(/tion: ~ miles west of the Bloom Land awl ( 'attle 
Company's ranch-house. 

Occurrence: G feet of horizontal material nnderlyiug 1:-i-~11 

fe('t of sandstone, \Yhich oeem·r-; in the bank of Apishapn HiYer. 

(9) 
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Pielrl Clutnu·/('risfil's; .\ l!anl, gray to hlack. wedium tim'
grained, sandy elny. 

RcottOtllir· ]'alue: Hlwuld make good, red soft-mud and 
pt·r•ssf'<l l11·i<'ks, and, probably, stiff-mud hrif·ks. 

Logan County 

Unilo!J.I/ of' tlu· Co11nty.-'l'II<· Houth 1 'latl<· l{i\'PI' is bordet·<·ll 
on both sidt's by lH·<ls of Lar·amie ag1•, and their ont<·t·<ips are 
p:nticnhu·ly PxtE"nsiw' in tlw southwestern cot·npr of t)1e <·OJm1y. 
Xorth :md southeast of this L:umuie area at·e l:n·ge nrf'al'> of 
'l'el'ti:n·y mnte1·ial. 

LOGAN COUNTY 

Sketch 1nap showing the approxinutte locations of the beds Ran1pled 

388. /,o('(/1 iou: :] 111iles sontlll\'f'S1 of ~let·ino; in a railroad 
f'llt on the ri\'er bl n11'. 

()(·r·llrrcw·r·: 1:1 fel't \\':Is santpled of material. with np to :-: 
fer•t of oyerlmrden, whif'h dips ;)" northeash•t·l.'· and stTikPs :\. 
noo W. 

Fidrl ('lt<ll'lll'fr·t·isfit·s: .\ soft, gr:1y to bt·o\\·n, sanely shah•. 
E('OI/OIIIir· ral/11',' Should make attl·aeti,·e, pink pressed 

hri!'ks a n<l. p1·nha hl?, if grogged, soft· o1· stiff-mud IH·idu; and ear1'11· 
Pnware. 

389. Loeatiou: 3 llliles southwest of l\fpl'ino; in a rai!J·oa<l 
r-nt on the rin•r hlnfl'. 

Or·cl!l'l'l'il<'l': Hi fp(j "·:1s smtqJIPd of matet·iai, with np to ,.._ 
feet of m·prhnrdetl, "·hid1 dips :; nnl'tltf'nstet·ly :tiHl strike:-: :\. 
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60° W. 'l'his sample is separated from No. :J:-:s, above, by a bed 
of sandstone. 

Field Chal·aderist·i1·s: J\Iediundwrd to soft, gnty to brown, 
sandy shale. 

Econo111 ic Yo l111': ~lwnld 1unke good, IJink JH'essed, and, 
probably, if grogged, ~wft- and stiff-nmd bricks and earthenware. 

390. Vil'atiou: G mill's southeast of Hterling, on the 'main 
1mgon-road; probably in the R.E. 1;4 Sec. G. 

Oi'I'!II'I'CI/ec: "\ 15-foot bed, with :!,feet of orel'lmrden, which 
has a slight easterly dip, and occurs in an m·ea eovered with 
Hand hills. li is probably of Lanunie, but may be of Brule, age. 

Fielcl Clwractc1'istics: Medium-hard, yellow and gray, fine to 
coarse-grained shale, which is mm·e u1· less sandy. 

JiJCOJll)/1/ ir· ra ZIIC: Hhould make attmcth·e, pink preSSI'd 
hriek,;, and, probably, soft- a111l stiff-mud bridu; and eal'themnll'l' 
if grogged. 

391. 'l'his sample was taken fnnn the same exposure as 
:Xo. 390, but the yellow, sandy portions were excluded. The bricks 
appear to be no better than those obtainable fmm :X o. 390 and 
are somewhat more difficult to burn. 

392. Location: At Sterling, in an abandoned brick-y:ud, 
:.!00 pal'es eaRt of the coal trestle of the Burlington Railroad. 

OccuiTCIIt'C: A. 5-f:i-foot hed of material o•·~·mTing in the 
rirer bottom. 

Field Clw ructeristics: A soft, brown, ;;;antly clay. 
EconomJc ra.lue: This lllaterial is worthless a,; it Rtaml:<. 

but should make fine grog for No. 390. 
393. Loccttion1: On the homestead of Mr. l'an, near l'adrone. 
Occurrrnce: "\ bed of a thickness of 20 feet or mOJ'P, with 

4 feet of overburden, of -unstated dip and strike, wlJieh o•·~·m·s in 

a dr.r well on n nearly le\'el plain. 
F·icTcl Clwracte1'istics: A medium-hard, whit 1', fine-grai lll'll 

day. 
Beoii.OIIIic Value: The air shrinkage is so extremely ltigil 

(22%) that the clay is probabl~- worthless. but yery l10:1 ''Y grog 
ging might give it some ralue. It is, lHnYeYer, impossible in 
predict the nature of the ]Jroduds then obtainable. 

Mesa County 

Geology of tlte Cou11,ty.-'l'he northeastern f·orner of the 
count.'· is covered with 'fertim·y roeks, whieh are bordered to the 
!'Onthwest by Mesa Verde mntt~1·ial. 'l'hjs oceurs in the Book 
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r1liffs, whi<:h n,;P about 10 miles northeast of Grand Jundio11 
and form a ~wries of sonthwcsterl~·-fuf'ing esrarpments across the 
<·ount~- from northwest to southeasi. Southwest of the ]I rs<l 

\'erde formation o,.,-m·f.i a broad zone of Pierre beds, whieh extend 
m: far as Grand .Tnndion. Ronthwest of thi>; area lies a ('omplex 
of ro1·ks of Dakota, ".\!1-Elmo, La Plata. and greater ng". 
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394. ljocati,oll: .\bout :2 Ill ill'" so 11th of Onmd .Junction; 
on land owned by ( 'hnrles ,.,m Hnorbeke. 

Occtii'I'Cttt:l'.' A 20-foot. horizontal hed whi!'h u1·em·s on thP 
side of the hill forming the bank of the I lunni:-;on River. 

Firl!/ ('Jwrocteristics: -:\[(>ilium-bard, red, Yery fine-grained 
shale. 

Eco1t0111i1· I ·II lui·: It is n·pol't•·•l that this cL1y bas bee11 
tested and pronouneed a good brick and poti<'l'Y elay. but that 
it checks when made into Rtiff-mwl lwi1·k:-:. The te,.:ts made in thiR 
investigation indieate that it should m:1ke gllllll red pressed bricks 
and, probablj•, soft-mud lJI·icks and earthenwm·e if grogged. H 
takes a reddish-bt·owJt ghu~e at ('llllf' ::. and might be nsed for a 
rather-high-temperature slip. 

395. Lor·utio11: About 2 miles south of Grand Junction; 
on land owned by Charles \'an Honl'llekP. 

Occut'/'1'111'1': A :20-font ben of ltm·izontal material \Yhich 
occurs on the Rirle of a hill forming tltr• hank of the Gunnison 
River. 

Field Ulwractcristic8: Medium-hard, light-buff to light 
greenish-gray, medium fine to wry fine-grained shale. 

Economic T'alue: Might make b11ff presserl bricks, but the,;r• 
are apt to warp when burned. 

396. Location: About :2 miles south 11f Grand .Jundion; 
on land owned by Ch:11·les Yan Hoorbeke. 

Occi/J'I'Citr·l': .\ lwrizontal hed, 50 fp('j ut· more thiek, which 
occurs on the ~i1h• of tlw !till forming tit!~ bank of the Gunnison 
River. 

Field Clwmctcristics: .-'. medium-bard, gi·eeuish-gJ·ay, \'ery 
fine-grained shale, with sandy layei·s 1 foot thick (>\'ery 10 feet. 

Econo111ic Value: Might make y<'lluwish 1wessed bricks, if 
burned at low temperatures. 

397. Location: 1 mile soutlnn:-;1 of liraml ./nnction on tllf' 
southern llank of Redlands ditch in the N.E. 14 of the S.W. 1/1 

Sec. 22, T. 1 S., R. 1 '\Y. of the Ute Thferidian.-
OcetttTCJWe: .\ 15-foot bed, \\·ith 1-10 feet of uYerburden. 

which occurs on the side of a hill that fon11~ the hank of the 

< iunnison River. 
Field Cha,-mcte·ristics: A medium-hard. red, Yery fine-grained 

shale. 
Econo1ni~) Valu.e: Should make good, red soft-mud brick:-; 

and, possibly. pressed brickf', but these will be fragile beforP 

burning. 
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398. Location: Near the northwestern edge of Grand Junc
tion; in the brick-yard \Yhid1 was run by Clark and .\tkinson at 
thP time the sample was taken. 

Occurrence: .-"" 30-foot exposure of horizontal material whieh 
occurs on the side of a low hill. 

Field Characteristics: Roft, light-brown, coarse-grained, 
sandy !'lay. 

Bcouomir· Falul': 'l'he ln·icks made here at·e YI'J'Y soft and 
l'i1eek cnnsidernltly when burned. 'l'he tPsts made in· this imw;ti
gation indicate that the material should make good, red soft-mud 
and pressed ln·ieks and, probably, f'tiff-mud brieks. hut that a 
relatiYely high temperature is requil'ell to makE' them ltard. anrl 
an oxidizing atmosphere should be used in burning tlu.'m. 

399. Lo('((/iou: In the S.E. J4 Ret. n. T. 1 R .. R. 1 E. of the 
Ute Meridian; in the gully in whieh the wastE' watf'r from Priee 
diteh flows; IWar C:rand Junetion. 

Or·clfrrence: A 15-foot bed of hOJ·iz:onial material \Yhi1·h 
w·r·urs in the hottom of a broad ndley. 

Field Cllrtractrristir·s: .\ soft. ln·o\Yll, e~>arse-grainf'd, sandy 
day. 

Rr·r,//li/11 ir· 1-rtl Ill": Should makf' I' ail·. J'f'ii- soft-mud ht·id•s 
with t·aihf:'r high ahsorptiou. 

400. Loeatio11: :-.on f<>et r·<~si of thr· ""rellington "Theel;" 
n<'ar 0l'and .Jnndion. 

Or·l'lfi"I'CJJI'I'; :-. fePt w:tf' santplr-d of horizontal llt<lterinl at 
the h:tf'e of a :-:mall hill. 

Field f'l11rnu·tcri8fir·s: \'ery fine-gt·niiwd NhalP, containing- a 
lm·ge amonnt of gyp~mn iu the n:wk~ nf tlw shale, and somP 
fossils. 

Rr·uJrrJiu ir· l'rr ltrr·: .\I iglt t make huff Jll"E'i'SPil ln·ieks, hut 1 herr 
will br- •·•msi•l.-t·nblf' W:t'-'tP, due to 0\'Pl'- and 1mderburning. 

401. 'l'llis samplP is identieal with Xn. -J.OO, but was taken 
with the purpo:;;e of snPening ont th<> gypRnm and testing tllf• 

residue. The I"PSlllts wrrP rathPr di:;;appointing-. due possibly to 
the faet that a •·on~iderabl.- propmtion of the. gypsum pasf'<•d 
through tltP s•·J·e•·tt with the ··lay. 'l'he s!"reened produd pron'd 
to be little o1· no br-iter than the unsereened material. 

402. LocatioJJ: f-;00 1'ef:'i east of the ''"\Yelling-ton 'Vheel ;" 
near Gnmd Junction. 

Occm·rcnl·r·: .\ 10-foot horizontal bf'd on fop of a hill. 
Field ('lwnu·lr'/'i.~tics: Roft. yello"·· •·nnt·;;r--grainerl. ><andy 

day. 
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Eco110111ic llalul': 'Vorthless. 

403. Vi('ntion: Nenr Fruita: on In nil ownt>d by 0PorgP H. 
Garlitz, who furnished the samplP. 

Occurreul'l': UnHtated. 

Firld ('lwml'ieri.«tics: .\ soft, ill'll\\'n, eoarse-grained, gl'iti.r 
shale. 

81'11111111/il' 1'aluc: Shoul1l makP 1-('lllld, light-pink soft· mud 
bricks. Pr<'sHed ln·i1·ks manufaetm·e>d from this clay will lw at
traeth·e, hut the absorption will be Px•-r":-:Hin". 

404. J,rwatioll: In S.E. %Sec. 35, 'f. 2 N., R. 3 W. of the 
l;te ~fPridinn; nPaJ· Loma; on land ownPd hy Mrs. S. ('. Carpenter, 
who furnishe<l the sample. 

( )1'1'11 l'l'l'llr·r·: Unstated. 

Vielcl ( 'l1a ml'i cl'i8tic-s: A very hard, g-ray, fine-grained day. 

L'r·o11()111i1· l'aluo': Altltongh this .. Jay burnH almost white. 
and hri('klets Hl:ldP frum it are YPI'." aHrndi\'e, the material i:-; 
probabl,Y worth I PH:-;, as the absorption is about 2;-)91,, the cohesion 
is weak. and tlw tenf-'ile strength is WI'." lo\\·. 

Montrose County 

Geoloyy of the ('onnty.-'L'he only lowality Yisited in ~lontrosP 
County was the •·ity of ~fontrose itself and thP surrounding dis
tric-t. .\ numher of samples were there taken. but were lost hy 
the n1ilroad in transit to Golden. and press of other duties pre
,·enterl another trip to that part of thP statE'. It may be said that 
the only day-bearing beds within many miles of the town are 
those of the 2\Iaw·os formation. The ..it." itself is on material of 
Benton agP, but a little shale of PiPrre age is E'xposed on the top 
of a high mound west of the river, as well as f'xtensively to the 
east. Benton shales and rlays are being used hy the BueklPy 

Brir·k and 'l'ile Compan~·. on the \\'('RtPrn side of the fiunnison 
Ri\'el'. opposite the town. The brieks ehr('k somewhat and are 
a bit soft: thP c-olor Yaries from yPilow to pink. It seems likely 

that the use "f a highel' tE'mperature and a more decidedly oxidiz
ing atmosphPI'P would improw the produd, \Yhich, there is reason 
to think, should be good if thE' right methods are employed. 'fhe 
Pierre shales are identic-al, in appearanef', with ~o. 400, and are 
not likely to ha,·e any greater YnlnP. 
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Morgan County 

(}('()/uyy nf tl!l' f '!IIIli ty.-There are con:-;iderable areas under
lain with t·ocks of Laramir· age along· both the southern and 
northern boundaries of the •·onnty. and heds of tlt<' sa 111P system 
also lie nlong the easiNn hound:n·y as fm· north as the middle of 
Hauge .J-. The l'esi of 1lt•· r·ounty Is entirely underlain "·ith Fox 

Hills sl'<limr"nts. 

Sk•_'t( h map :::;huwing t h~· avproximate locations of the points sampled 

405. The location of t4is sample is uncertain, as it was sent 
til by ( '. B. Thomas, of Hoyt. 

(!l·l·lfJ'J'('/11'(': t:us1atl'r1. 
Fidd Cluu·actcrisfi1·s: Soft, light-gTay, fine-gnlined clay. 
8cli!/lllfl i1· l'(/1111': "'orthle:o;s. 
406. l~1watim1: '1~ mile west of the Burlington depot and 

just south of the track, in an abandoned brick-yard near Fort 

'II organ. 
()n'l/1'1'1'/11'1'." .\ 10-foot·IJed on a level plain. 
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Field Vluu·od1Ti8li1·.~: SoH, gl'<'<'nish-brown, sandy, J·oughly 
bedded day and sand. 

EcOIW111i1· Yal/11'.~ -~lwuld 111ake goo<l, red :-;oft-mud and, poe: 
sibly, pressed l•I·i<-kc:. bu1 the latte1· wi II he fragile before burning. 

407. L(watiou: ·west of Fort ~forgan at the "Platte Nar
rows;'' in a rayine just nor·th of th<· dalll at the hc>ad of the Platte 
and Beaver ditch. 

Occun,cnc·c: 20 feet \\·as sampled of material, with :J-± feet 
of overburden, whieh dips 5° wes1eJ-l)-, strikes N. 20° E., and 
occurs in an arroya below the ditch. 

Field Cllamcf1Tisti1·8: "\ mediuw-hard, y•·lhmish-green, 
somewhat gritty shale. 

Economic l'alue: ~hould IIJ:tke good, ftesh-1·olored p1·e~sed 

b1·irks if burned to Cone 1 or higher. 
408. Local ion: In an abandoned brick-yard south of the 

main street of Fort Morg:an. 
Ot·cwTellcc: "·\ 15-foot expoc:tll'(' of material beneath a gently 

rolling Platte RiYer flat. 
Piehl Clwmctcristic8: )._ soft, yellqwish-brown aJluyium. 

which is roughly bedded and more or less sandy. 
Economic l'alul': Should make good, red soft-nmd and 

pressed ~ricks a11d earthenwal'e, an<l. 11robably, stiff-mud bricks 
and terra-cotta. 'fh<re seems to l11• no reason for the abandon
ment of the yard. unless the clays wPJ'<> burned at too low a tem
J>PJ'attue. 

409. f~~wul io11: In au aLaudoiwd bridz-yanl, %. mile west 
of the Rugar Fador,r nea1· Fort :.\1 orga JJ. 

Oucurrencc: "\ 5-13 foot bed in the Platte HiH'r 11at. 
Fidel Clwractl'·riMics: A soft, ~-ellowish-brown, sandJ clay. 
Econo111ic ral111': Should make good, red soft-mud bricks and 

Parthenware. and pressed brick,; "'hi.-!1 will be tender before 
burning. Tht· abandonment of this ~-ard was due doubtless to the 
fact that the pricks were burned at too lo"- a temperature. 

410. Locatio11: :: miles south of Brush, in the banks of 
Beaver Creek. 'l'his ltlaterial can be traced nearly a mile north· 
""a rd. 

OccwTell u·: A ~0-foot I::'XJlOSlll'<' of l10rizontal material, be
neath 1 foot of m·l::'rburden, whi.-!1 lH'<'Ul'S in the eas,tern bank of a 
<·I>eek at the base of a hill. 

Ji'ielcl~Clwntcte·ristics: ~oft, yl'!lo\\'ish-brown clay, inter 
l~edded with sandy clays. 

Economic Volue: Probably worthless. 
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41L Thi:-; sam]Jle wa~" takeu from a bed :!-J feet thick. about 
the middle of the exposure which yielded Xo. 410. 

Fil?ld Clta rnef1Tisti1·s: Soft. yellowish-green, fine-grained 
shale. 

/i,'("(munt ;,. I ·a luc: ~hould lllake good, red soft-mud and 
pressed bricks and earthenware. 

412. Location: .-\bDut :: miles so nth of Brush, on an escarp
ment east of Bt•an·t· C'ret>k. 

Occtu'l'cnce: A GO-foot expusm·e of horizontal material, with 
1 foot of <werhnrden, which occurs near the top of the escarp
ment. 

Field I 'luu·a1·fr'l'istic.s: ~oft. gnty and .. nlluw alternately, 
fine-grained and sandy shales and shal,,- :-;andston('S, containing 
one thin bed of limestone which \YHI' not inelurled in the sample. 

ECOIIOJ/t ic r alue: \Y Ol'tldess, a:-; the temperatures of incipient 
vitrification and ,·i1rification are praf'i ieally the smue. 

413. Lo('(l/ion: About :2 ntiles smith of Brush; in an ano.\ a 
l'lose to the road on the northern side; about :20 feet north and 
700 feet west of the S.E. Cor. Sec. H. 

· 0CCIII'I'I'1H'C: • \ Hi-foot hori)'.tmta 1 bed, with 1 foot of orer-
bm·den. 

Field ( 'lt11 nwt•·ristil·8: .\ medim11-h:u·d, browuislq~reen, fine
grained shale. 

Economir· l'alu1·: .Hight lllake good, J·ed pre:-;sPd h1·ido:s and. 
po:-;sibly, soft- Hlltl s(·iti-nmd brid;:s an1l P:tl'thenwm·e; but grog 
will be requi1·ed in the eases of the lasi threP, alHl all show a 
tenden('y to crad;: ·whPB hm·ned. 

414. L!wa tirm: ln a hrit·k-yard at 1 hP easiPI'Il edge of 
I: rush. 

O<·r·tfJTI'Jir·r·: A 10-foot, horizontal bPd beneath a ·IJP<ll'l,'l' flat 
plain. 

1-'icld ('hartl!·fl'l'i8fil·s: ~oft, yellmYish-lwown. I'OUghl,r bedded, 
sandy and :-;lutly days. 

FJcuJtl!lllil' I ·alur·: ~honld make good. red soft-mud bricks, 
earthenware, and telTa-eotta, and, probabl~-. stiff-murl and pressed 
briek:-;. It is "aid that the bricks now nlannfactut·pfl a1·p rather 
poor. The defeets t'Ould douhtless he J'Pllleflied b,> bnr·ning them to 
a highe1· te111pe1·atm·e. 

415. f"o('(/fiuu: In the ~ilo PXI'Hntt·ion at the Hugar Factory 
llP<ll' Brush. 

IJcCIII'FI'Jt(·r· .\ :20-foot. ho!'izontal bed, with 1 foot of O\'t'l'-

hlll·rlen. \Yhidt tw•·un< JJP;ll' the WPsteru hnnk of Beanr ('reek. 



<'L.\Y:< OF 1-:.\:<'J'Eit:\ I'Ol.<llt.\lHl 

Fil'irl Uhum1·il'l"i8tie8: .\ son, ,Yl'ilowish-browu, snndy clay 
which i:< more or lt>SR roughly herldt>d and containR \"f'l'Y sandy 
layers. 

J~·~-~~~~oul i1· l"u l Ill': ~lwuld make good, red :-;oft-mud bricks 
and, J:o:<sibl~-, Jll'f'SRed brieks, hut the !attn· will be fragile before 
hnrning. 

416. LIJI'((tiOII: S.E. %or XR l;J_ Rt>(', 11, 'l'.:) N., R. 58 w.; 
in the south bank of a CJ'('ek; north of Fort Morgan. 

Occ·urn·Ju'l': .\ :20-foot lwd, with a :,;light t'asterly dijl, whieli 
o•·•·nrs in the bank of a crt>ek. 

Fir·ld ('lwracil'ri8tic8: A uw1linm-hard, ,rellowiRh-gl·een. fine
gTaint>d, bnt gritty :<hale. 

J.J,·ollnmi(' hil111': Rltonld makl' good, ]Jink lll'<~R:<l'<] brick~. 

417. Locution: N.W. 1;4 of ~.E. 1;,1 Sec. 11, '1'. 5 N., R. 5S 
"··; in the hank of a tribubny wlii1·h entPJ·s the creek from the 
north; north of Fort ~lurgan. 

Occtii"I'CJJGI': .-\n S-10-foot lied, with n slight easterly dip, 
beneath 111-:211 fppj of rPct>nt \\·a:o;h, \Yhi.-!1 o<Tlll'S in the hank of an 

· arroya. 

Field Chlll'lll'feristir·s: ~l<'<linlli-liarll. bluish-gl'ay, :-;:mdy shale. 

R1·ouomir· I ul111': Rhould makl' fair, pink prPssl'(1 hl'ick:-; and. 
{Jl'Obably, soft- and Rtiff-nmd brieks if grogged. 

Otero County 

Geology of tl!l' t'OIIIIf,IJ.-)Iust of the eounty i:< cuyert'd with 
r·ocks of .'\iohn11·a age, but Benton Jwr1s are l'X]H'"'~'d from La 
.Tunta eal'twar·•1. in the sonth,YPi·d<>l'lJ ~·urner of the county, and 
in a narrow zone connecting thesf' two lur·alitiPs. Rontheast of 
the last-mentimwd Benton ZOlll' is nn vxt-en:<i\·<> exposm·e of 
Dakota rol'l,:s, in whieh the Pnrgatol'y HiYer and Peeled Pine 
Creek lun·e eroded canons and eXlHJSPI1 Ptngatory aud .)Iuni~mt 
beds . .-\few slllall arPns of Tel'ti:u·_, lllnterinl O\'Pr·liP 111(• ~iobrara 

beds first mentionPrl. 

418. Lrwafi()ll: Ou the Bloolll Laud and ( 'attle Conq.wny'f< 
ranch, in the ranon of the 'l'inl)JD.s ( 'ret·k. 

UCCIII'/'1'111'1'.' A 5-foot horizontal hed exrJ(),;( (1 in a tunnel 
driven into the wall of the canon. 

F-ield ChaJ·al'fn·istir-s: A hard, gmy to blad,:, mediulll fine
grained, sandy clay. 
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OTERO COUNTY 

----+-------

Sketch map showing the·approximate locations of the beds sampled 

Er·onowil· ra/111: '1'l1is 111atel'inl '":!" formerly mined hy the 
-!3loom Land and I 'attle f'nmpa.ny :md shipperl tn Pnehlo. 'l'he 
tests made prow that i1 is a first-clasfl fire-clay. 

419. J,rwt~tion: On the Bloom Land and f'attle Company's 
ranch; % mile from the- 14anta. Fe Railroad. 

UccurJTJtl'l: An S-foot bed of horizontal material, with up 
to 3 feet of oYerlmrden, "·hieh is exposed in an abandoned tunnel 
on the side of a knoll. '\'0nr the top of the Cm·lile formation. 

Field ('ltoractcrisfi1·s: 1\fpdimn-soft, hlnck to brown, fine
gJ·ained shales and ela~x 

Rcrmom i1· r a 7111': 'l'llis mater.in I wa" formerly mined and 
shippPd to Pneblo. It should make nearly white soft-mnd and 
pressed ln·ir·ks, Yi1rified and lm,·i1rified floor tiles, wall tileR, and, 
probably, stiff-mnd brickR. 

.... 



CL,\YH Ol•' EASTEJRN COLOH.\IHJ 

420. Luculiuu: G Jl!iil'>' noi"thWP>'1 of tlw ,J. .J. J':lllcli, nn the 
public road. 

Oeeu1·re1uT: li'i feet wa>' sampled of hori;t,oulal lllalerial, 
with 2 f<~et of overburden, whir·h occm·s in the bank>' of an annya 
at the side of thP I'O:Jd. NPa1· the top of the ('arlile fmmatio11. 

Ji'ield Clw·racte·ri.~ti1·8: ~IediUJJI·>'oft, black, llll'llinlll filii' lo 
fine-grained shales and days. 

Economic· \~nltw: Should 111akl· fair, red i'l·e:-;:-wd hrir·kl'. 
421. Location: Honth of La .Tnnta; near tlw plant of La 

.Junta Brick and Tile Manufacturing Company. 
Ocr,lln!eltee: 4i'i feet was sampled of horiwntal lllaterinl, 

with up to 3 feet of oYerburden, whif'l1 (HTlll'>' in tile Rid1· of a 
knoll. Near the top of the ('arlile fol'lllation. 

Field Characteristics: ~fr>dinm-hard. g1·ay, medium fine
grained shales and rlays. 

lJ1·unum i1· l'rtlur·: 'rhis lllaterial hal' lwl'll used for the HJanu
facture of pressed bricks and tiles, and il' I'PJIOrtell lo han• bee11 
tried for sewer pil'~"~' with some sur·r·P~~-'. hut the t('>'(l' nw<lt> in1li
cate that the abHorption is too high fOl' the hP,;t gr:~dP of hl'ieh; 
aud that the air shrink_age is such that tile>' :11111 RP\Yer pipe>' are 
almost sure tu warp, :~nd will 1·eetainly be fl·agile befol'l' llllming. 
In the absence of a better grade of material, it might be used for 
making these produdi', but l':mnot liP l'Onsidered :1,.; \'C'l'.'. well 
adapted for the mannfacture of any of them. 

422. Loc·ation: About ~ mileF; north of La .Junta; above 
the public road. 

01Tili'I'I'IIIT: :w feet "'"" 1-'alllpled of lwriwutal material, 
with up to 10 feet of overburden, which iN <·xposed in a small 
arroya in the side of a knoll aboYe a ditch. ~em· the top of the 
C'arlile formation. 

Field Clwmcte1·isl ics: !\lerlinm.-hard, g1·ay, IIH'<limu-fine to 
fine-gnlined shales and elay". 

B1·onomi1· Yo l11~": Rhonld make good, J'(•d soft·umd briek,.; 
and, probabl:r, stiff-mud and presf;ed bri1·b. bnt the latte1· will 
have a rather high ahsorption. This clay RJl]'f':H·s to be in 1'\·e,·.' 
way better adapted to the manufadure nf bricks than ~o. 4~1, 
but the tensile strength is low; so there would he mneh ln~>' fl·om 
breakage if used for tiles or sewer pipes. 

423. Loca.tion: In Resenoir Park; 1,~ lllill:' from Roeky 

Ford. 
OccmTcn cc: 12 fed was sampled of horiwn tal material, with 

np to 3 feet of overburden, which ocenrs in the side of a knoll. 
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'file field ulauk,; :-:tat\:' that this ela.1 io; of Pierre age, although no 
Pierre bed:,; are shown in this lcwality ou the Colorado Geological 
Rm·vey's map of the :-:tnte. 

Field f'llltl·nctaistil'.~: ?lledinm-hai·cl, gTay to brown, medium
c·oarse, sand.1 shale. 

Ecuuomi<· 1-ulllre: \\'ol'thlei'is. 
424. LoanMon: .\t Holbrook Irrigation ''nmpany's l'eservoir 

Xo. 2; ~ miles nortl1 of Hcwky Forcl. 
Occurrr·Ju-c: ~i"'l feet was i'iaiHIJI«l of horizontal material, 

with np to 10 feet of on•I·Imrden, in a nit from the reservoir to 
the ditch. 'fhe field blanks state that this sample is from near 
the top of the Pierre formation, although no beds of Pierre age 
n1·e shown in this locality on the map of the ( 'olorado Geological 
~nn-ey. 

Field Clwi·rtctcristi<·8: .\ledim11-hard, gray to black, medium
fine to fine-gl'ained shale. 

Economic raluc: \Vol'thless, exee]Jt, perhaps, fm· drain tiles, 
whic·l1 wonld he rc1·y fragile before burning. 

Prowers County 

Gcoluyy of tltc ( 'uuul .tJ.-Exteno;irP exposm·es of Tertiary 
ltlaterial oeem· in the southem pal't of thP county, although some 
of the stremn-hedR h:wr eut through the 'l'ertiary rocks ancl exposed 

PROWERS COUNTY 

o-;l<l'!ch map showing the approximate locations of the beds sampled 
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Dakota or Bt•u1ou bed~ beneath. The greater portion of tltt· re:->i 

of the t'tnm1y is untlPelain with Benton sedi1nent,, bnt there are 
PXtt:>usin· exposures of Dakota J·oeks nronnd, :111d south of. Lamar: 
aud :\"iobra1·n ht•ds c·oyer a lnJ·g1· HJ'I':t in the IHIJ'iheastern, aud" 
small area in ilH• northwes1PJ'll, r·m·ur•1· of IJH· •·ntmty. 

425. J,rwation: ·" 111ilt>s sont-11 of L:iiJJaJ·: oil ( 'lny CJ't•l'k; 
near a schoolJJnnRe. 

01'1'1/ITI'·JII'I'." ti f1•t>l was f;lUHIJied of hOJ·i'!:outal material whi1·h 
otTnrs under a saud~tone ledge uu tlw hank of tlw erePk. ).'t>ar 
tlw top of the Dakota formation. 

f.'icld Ullaral'frTistir·s: ~Tedium-hard, gTa,r to bl:t .. k shall' and 
•·l ay. 

foJcoHOJJti1· l'al1r1·: ~honld make good, pink soft-mud brit·k~ 
and earthenware; also, lH·ohahly. stiff-mud and pressed hridu;. 
hn1 the last will haye rathe1· high ahl'm·ption. 

426. Lo('((t io11: 5lf2 mill's :;;outh of LH111:1r; Oil Clay < '1·eek. 
Ol'l'tiiTCIII'I': ~-\_ :~-foot horizontal bed which Ol'('\lri'i uruler :1 

sandstmw ledge on thP eastel'n bank of the .. reek. 
Ficlrl Olw nu·tcristics: H nnl. gray to ]JI'own, fine-gnt iuc•1l 1·l ay 

and shale. 
Eco1t0111i1: Faluc: This c·la,Y burns pink or buff, accOI·ding to 

1he temperature ust>cl, and i:-; adapted to the HJanufactm·e of a 
Yer~- wide nll'iet.Y ofprc1clnd:-;, as :-;lunYH on '!'able Xo. 1. 

427. J,o('(ftioJt: :) miles :-;outh of Lamar, on thP public road. 
Occu rrcncc: 5 feet was sampled of a much th il'ker exposure 

of horizontal 111aterial, with ll]l to :! feet of nw1·burden, which 
occurs in a shallow n~t beside the t·oad lwlow a knoll. ~ear thr 
top of the <'al'lile formation. 

Pidd Clw J'((cfcristics: ][ediuut-hanl. g1·ay to blal'k, medimu
fine to fine-grained shales. 

1-JI'OIIOut ir· T'a lnc: Yl' orthless, a:-; the prodnd w:1 ~ soft !'n·n 
after burning to Cone 10. 

428. Locatio11: % mile north of I-1 oil)-; :t ho.rP the Buffalo 
Irrigation Ditl'h; on a public· road. 

OITIIITI'IIc·c·: 5 feet waR s<tmpled of horizontal material, with 
np to 6 feet of overburden, whieh occurs on the bank of the ditch 
helow a knoll. 

Field Cltaraf'tr'ri:·dics: ~\ medium-soft, gray, medium fine
grained, sandy shale. 

Econom.ir· Yalue: Worthless, a~-; the Lm·ned product is rer~
Roft and ten11f; to slake in ''"" ter ewn after bnrning to tlw lwed
uess of steel.· 
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·Pueblo County 

(}eolO!J!J of lllf' ( 'ount y.·-Along lwth bank~-; of Fuuntai 11 

( ~I'I'Pk and .\rkam;as Riyer, north and ens\ of Pueblo, there Hl't' 
Pxtensiye eX}JOsures of Piene age, with large nreas of 'l'ertiary 
l'o('ks in the northeast t'OI'lH'l' of the eounty. Koutll and west of 
the Pierre beds i~ a wide zone of :Xioln·a1·a material,_ whirh is 
bordered with l't·latively narrow exposures of Benton age. In the 
sonthwestern corner ol' tilt· eounty all the older beds mentioned 
in this report ot·em·, and most of them are al~o present to a IIIOI't' 
limited extent in the extreme northwestern r·omer. 

PUEBLO COUNTY 

Sketch map showing the approximate location" of the beds sampled 

429. Loeatiu11: .\bout 3 mile:- wc,;1 of f;mntm~; about 14 
mile below the end of the J·ock·wnlled t"anon. 

Ot-ciii'I'I:.'III'C." .\ ~-1'11ot bed, 1dth a slight ~tllllh\Ye~-;terly diJI, 
which occurs nenr 1'lte c1·eek-l!ed in the south wall of the canon. 



t'L.\ Yl' Of•' 1•;.\~'l'ffiltN I 'OLUHA!!I > 

'J'Iti~ bell apwan; !o haYe the ful'lll of a !em;, and the quantity i~ 

pl·obahl.Y limited. The bed Rampled is the thickef:lt one in a lO-U 
foot zone of alternating elayr- and sandstone in thin Leds. 

Field Clwractcristies: ?\[Nlimn-hm·d, blaek, fine-grained ela.1. 

E<'01WIIIic Fal11c: First-class fir·e-<·lny. 

430. Lo<·utiou: "\bout 5 miles \\·est of < irmJt·ro~; near the 
111iddle of the r·nnon wher-e the nwk walls are hig·hest. 

Occurrence: "\ ~~-foot bed whieh is nearly horizontal and 
O<'l'UJ'f-1 near the creek kn·l on tl1P Rlmtheastrrn side of the canon. 
Some distance below the top of the Purgatory formation. 

Field Ghametcri.sfit·s: Ve1·y hard, light grayish-green, sand,v 
l'lny. 

FJeono111ir· Val11c: Should make good, buff preRsnl hrickR and 
,-itJ·ified and unvitrified floor tiles. 

431. Location: Something over 5 miles we:-; I of <ll'aneros; 
:1hont 14 mile north of nrnneros Creek; on the land of -:\!1·. f'ht>ster 
~f,·Dnniels. 

Oc!'urn'IIC-r-: A 20-foot bed which dips 5° northwesterly, 
sirikes X. 30° E., and is exposed in aJToyas in a gently rounded 
hill. 1'\ear the eenter of the Oraneros formation. 

Field ('ll((metcri.<:/ir·s: :\fedium-hard, blfl('k, fine-grained 
shnle. 

Econo111ic rul11c: This is reported to haye been pronouneed 
a fire-day, but it is vis<·ous at Cone 10. It is probably worthless, 
unless it should prm·e to makt' paYi11g~J.rieks. 

432. Lneutio11: About:: miles west of <lrauero:-;; in a canon 
tributary to Greenhorn Creek; about % mile east of the hill 
11·hieh deflect,: the stream at its mouth. 

Occu.rrcl!ec: "\ 6-foot bed whieh dips J:'i 0 northerly, strikeH 
X. fi0° 'IY .. and oeeurs in thr south bank of an anny:1. ~fay. be 
of Purgatory age. 

Field ('7utractcri8tir·s: Yery hard, dark-gray, !'andy shale, 
('ontaining a ±-ineh to:lly strl'ak at the base. 

FJcOillllllir· rallle: First-class fire-f'!ay. 

433. Lr)(:utin11: .\bout :J miles west of Graneros; in a eanon 
tributary to Greenhot'll Creek, and about 1 mile east of the hill 
\Yhieh defleets the stream fit its mouth. 

Occu rn'JWI': A ±-foot bed whieh dips 40° northet·ly, ~trikes 
~- GO"' \Y., and OlTIIl'l' in the bed of an mTo~·a,. ~fny he of 
Purgatory age. 
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l·'idrl f'ltrtm!'/rTistic.~: \'er,v hard, gray, somewhat sand,r 
l'iay, interlw<lded with thin Randstom' layPI'S not in!'lndPd in tlw 
snw ple. 

I'Jr·ono''' i1· l'o l111': First-c· lass fii·e-c lay. 

434. !Jwatio11: .\t the SPt'Otlll bridge north of (';tpPl''s spur 
011 tl11· old trade 

IJITII/'1'1'1/t'l'; .\ 1:!-foot expmmt·P of matel'ial. with 1-:: fePt of 
m·PI"itlll'tktl, 11·hieh !lips :!()0 northPrly, stl'ikrs )1, tiG 0 \Y., and is 
•·xposPtl nlong· an nnoya fot· 1 ~ wile 1n•st of the traek. 

Field ('liiiJ'I/cfiTi.~fil's: Medimn-hnrd. hl'0\\'11 oJ' g·rpeniRh-hhu·k. 
fitJ(>-grained ,;!tales. 

{·,'('()1/()/J/ ir· r·a /Ill': RlJould make good, }Jink soft-mud OJ' 

]'l't•s,;t>tl brieks and <·:nthenwnrP, hut the latter will be fragilt· 
hefore burning. 

435. /,1wrtfi1111: 1 mile northwest of ('aper'R spur, in an 
nnoya trilmtary to the one mentioned in Xo. 4:3·!. 

Ocr·uiTI'IIr·c: .\ 30-foot PxpnslHP of material which dips 30° 
norther]~-. sh·ikt>s )J_ fi:i 0 

\\' .. and o•..-m·,; jnRt below thP top of 
a hill. ::\••m· the top of tlJ<• ('arlil<· formation, at the horizon of 
the hngP septel'in. 

Firl1l ('71 r11 adcrist ir·s: :\[ edi um-ha nl, hlac k. fine-gm inrd 
shale. 

1-JcoJIIJJIIir· l'u/111: Rhould make good, pink Roft-Hmd and 
pressed bri<'ks an!], possibly, paYing-ln·iPks. 

436. /,111'11/iou: In the mine of the ~tandard Fire Clay ('OJII· 

pany at ( ';'P"'·',; ~p11r. 
Or'CIII'I'I'IIf'~': "\ :1-U-foot l1ed, ~W feet below the surface. 

wltieh dips ti 0 we;;te!'ly, and !"trikes X 10° E. ~ feet helow f·Jw 
top of the 1 lakota fonnation. 

l·'il'lrl f'lllln/1-tl'ristics: Medinllt-hnrd, grny. fine-grained da~· 
11i1h a ""o;tpy fe<>l.'' IYliil'lt is interbedded with several thin lwds 

of >'<llltl>'toJII'. 

1-Jr·onolllil· l'olw·: ~honld nwke fine Yitrified fioor tiles, wall 
1ile,;, a11d white pn·,;,;etl b1·ieks with rather high absorption, if 
hurnPd to !1 igh tPm lH'l':lt m·<'s. 

437. /,rwolio11: FJ·oiiJ a tumtPl in an :tnuya jnst north of 
th(• ~tanchn·tl Fire ('lay Company's mine at Caper's Spur. 

Occurn·J/1'1': .\ 1 +-foot bed whidt dip" i'l 0 >;outhei·ly, strikes 
~- (ii'i' '\Y .. and ,,..,.",." in rlw suuthPJ'Il loank of the nrroyn. Near 
the top uf the 1 lakota formation; under :i feet of sandstone. 



Field ('f111ntderisti1·s: "\ \'l'l'.l' h:IL'!l, liglti lo cl:il'i;:-gJ·ay, tine 
grained, l'lhaly !'lay. containing thin :-:awhd·on<> he!l:-: whir-It wf're 
r>xeluded from the samplP. 

Ji]('(i>I/I)J/Ii(• rollll': Rhonld lllflke fhw, \\'llii(• ]ll'('kkl'd hril'k,.;, 

\'itrifif'rl t1oor tileR, \Y:ill tileR, aJl(l. probably. ('<II'tltPn\\-ni·e. nlillmtglt 
the air Rhrinkage i:-: a little high and the tPnl'liiP l'trengih :-:onw 
what lo"· for thf' best gL·:lfle of tiH· la.,t. Thi:-; il'l lll'Ob:Ihly tlw 
sanH-' berl which yielrled Xo. JBfi. and tlll' impL·owmelll in tiH· 
p lastidi-_y and other qnn litiel' is cion htless cllw i o "·pa thering. 

438. /,1)1'/ttirw: 6 milPs eal't of (}J·auf>J·os on tlw ! '_ & ~. 

l:ailrnad. ~ample fnrnished liy E. F .. Jpwf'tt, of! 'anon ( 'ity. 
()1'1'111'1'1'111'1': .\ !l-8-fnot horizontal heel whic·h ()('('\II'k below 

IPrd ground. :30 feet l1«>low the- top of the I laked :1 formation. 
Pil'lcl f'llllmcterisfi('s: A gray, fine--grained f'ln_Y. 
1-JI'OIIOI/I.il' Value: Should makP fine. \Yltite pl'«'ki'PII hl'id;:s, 

r>arthr>nwm·(•. dtrifierl an!l nnvitrified ftooJ· tiles, wa.Jl tiles. ball
!'!a,,-. and, probably, soft- and stiff-JIIUd hrieks, whiteware, a1Hl 
poreelain, although grog il' necessary in thP r·a:-:(':-; of the last two. 

439. Loca.tion: KortlwaRt of 'fahle Mountain ancl jnst nho\·1· 

tlw old 'Vartanbee plac·e on 1Iuddy f'rf'ek; uear Rye. 
Occi/J'WIIcc: A ;1-foot bed whieh dips ::o ear-;i"el"ly. :-;ITik(•:-; 

~. ::G' \V., -and oceurs in the bank!' of the •·J·f•!'k. Po""ibly of 
Dakota age. The beds m·e here- so crumplefl that it is difficnH 
to determine the horizon. 

Field ('haraetcristics: A re1·y harfl, light-gr:Jy, soinewhat 
:-;andy •·lay. 

EcoJJOJ11i1· l"ollll': Probably wortltlP:-;"· 
440. ],1)('11/iou: Xol'iheast nf Table 1fnnntain. whPJ'e thP 

Dakota formation first rises into a hogbac·k; nem· Rye. 
01'1'111'/'CIIN~: .-\. 4-foot exposure of material thai dip:-; ::G" 

Pasterly, strikes "N. 35° ·w .. and orrurs at the foot of the P:d;:ota 
hngbal'k. 

Field Oluwacteristics: hard o·J·a" arHl nTt>f>ll finr-, ~ ~ h ' 

grained mar Is. 
Ecouom·ic Yaluc: \Vorthless. 
441. Loca.tion: About ~0 miles southweRt of PnPhlo. o11 thr 

Pastern slope of Eagle Rock, near the top. 
Occurrence: A 10-foot bed of horizonta 1 mn tPJ·ial. with 10-50 

feet of n\'erburden, whieh underlies the cap l'Oek of thP hills of 
all this region. 10-~0 feet below the top of the ('nrlile formation. 

Field (fhara!'tcriMic.~: Very hard, gmy, sandy sllnle. 



CLA \':-> OI•' EASTERN ('OLI liLIIH l 

lJr'OII0·1ni1· l'alue: May po:-::-:ihl:v makP pal'iug or flashed 
bricks. 

442. Locatiu11: About 20 miles southwest of Pueblo, on the 
eastern Rlope of Eagle Rock, about 100 feet below the highest 
point. 

OccllrJ·cur·e: A_ 35-foot exposure of horizontal material in the 
middle of the slope between Greenhorn and Niobra1·a el'icarpmr>nts. 

Fidd Cltaractrristil's: Medium-hard, black, fine-grained shale. 
Ec01w111ic 1'olue: Should make nttraetiw, flesh-tinted soft

mud or pressed bricks1 and, probably, stiff-mud bl'icks, earthen
ware, and terra-1'C1tta, althong!J the last two will he fragile befm·e 
lmrning. 

443. Locatio11: In the bank of Greenhom ('reek, just east 
of William Finlay's house; at .\bbey. 

01'1'111'/'eiii'C: A 30-foot r·xpmmre of horizontal material whieh 
o• ... nrs along the r·reek. 

Fidrl Ol1o l'(/l'tcri.~tir·8: .\. hard, bla!'k, fine-grained shale. 
EI'OII,olllir· Yal11e: ~ltonld make fine, pink soft-mud bricks if 

burned to ('olw 05 or above, hut the absorption will be a hit high. 
}[1·. Grout secured the following data from an unknown 

Rom·r·e on r·layR obtained near Abbey. HP Rtates that they m·e all 
\\-hite or light-yellow, n•ry plasti(' r·lay:-:, occurring in the bank 
of Muddy f'1·eek, just belo\Y the Greenhorn limestone: 

Xo. ·'a" hnrnf'd hard at 1,920° F., and had then shrunk 4% 
and was gra.L It did not Rhrink much after that up to 2.175°, 
when it was \Yell dtrified and began to melt. 

No. "b" was simila1· to No. "a," but could lw hrated to 2,250° 
F. before melting, and tracked in drying. 

No. "e'' vitrified below l,~:JO', hut l1ad not melted at :!,200° 
and had then shrunk only w;. It had ;1 strong efflorescent white 
coating. 

The analyses of these three samples follow: 
---- ---------- ----~-- ---,--------- -- -----~-------

SiO, Al 20 3 Fe 20 3 FeO Ti0 2 M~O CaO Na,O K 20 Moist. H,O Total 

No. "a" 62.43 22.24 2.08 0.21 0.58 1.19 0.46 0.25 1.98 2.77 6.14 100.33 
No."b" 51.59 2-±.77 0.76 0.39 0.18 3.11 1.05 0.14 1.29 8.30 9.16 100.74 
No."c" 49.29 28.85 0.6710.13 0.32;2.78 0.54.

1
0.41 2.66\5.7.5 8.79 100.19 

From the meager data fumished, ii is impossible to say for 
what purpose these clays are adapted. Nos. "a" and "b" resemble 
No. 443, so far as can l1e lr•arned from the information furnished, 
and may be no more Yalnnble; while Nn. "r'' may make paving
bricks. 
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444. Locatio//: Directly north of Eagl~ l:oo·k "II :'\Iuddy 
Creek; about 20 miles southwest of Pueblo. 

Occnrrencr: .. ~ 2-foot bed of allnvium in the bed of .\Iudd.r 
Creek. 

fi'ield Oharar·f•"risti1-.~: Hard, blne, slightly sandy, allnyiat 
.-Jay. 

JiJcouoJJtil· Falur:: 'l'his material is said to illl]Jl'ove the· qt1al
ity of sun-dried bricks greatly if mixed with tl.Je adolw, but i I 

· seems worthless for any other purpose. 
445. J~ocation: On a steep bank on the sonthern side of 

.\Inddy Creek; jnst north of Eagle Rock. 
Occurrence: A 40-foot bed of horizontal material exposed 

to a height of 40 feet above the water leYel. ..-\ t the top of the 
Graneros formation. 

fi'ield Chetnf('trrisl ir·.s: l\lt·dium-hard, black, fine-gntined 
shales, including one white bed 30 inches thick. 

Economic Valw': Probahly worthless. 
446. 'l'his sample was taken from the 30-inch white bed men

tioned under No. 445. The sa1ne bed, or one exactly similar, cau 
be seen on Greenhorn ('reek and on a tributary to Oranero:-: 
Creek. It is a soft, Yer.Y fine-grained clay, and occurs 15 feet 
aboYe the water le,·el. It shrunk so badly on drying tl.Jat the tesi 
pieces fell to pieces and none conld be burned. 

447. Location: On a bluff north of Mnddy < 't·eek, north of 
Eagle Rock; 20 miles southwest of Pueblo. 

OccuJTcncr·: .\. 35-foot eXJJOsure of horizontal material whieh 
occurs in the middle of the slope hetweeri Greenhorn and Nio
brara escarpments. 

fi'ield Cltarar·teristir·8: A medium-hard, black, fine-grained 
shale. 

Econom i(' T'a luc: Although this sample is from the same 
horizon and not far ft·om No. 442, it is probably worthless; and 
affords a splmdid illustration of the fact that a bed may vary 
widely in its properties in a short disi·;mo·t-, althongh the appeaJ·
anre remains the same. 

448. Location: On a bluff north of Mndd~· Creek, north of 

Eagle Rock; 20 miles southwest of Pueblo. 
Occ-u1-r-ence: A 50-foot exposure of horizontal material whitlt 

occurs in an arroya. At the base of the Carlile formation. 
fi'iclrl Clla rct('teristi('8: A medium-hard, gray, fine-grained 

shale. 
Economic Val'lle: Probably worthless. 
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449. J,rwotio11: About 1 mile down the ~t. Charles RiYer 
from the road past tlw "ThJ·pp-H" J·anch; about 25 mih':o; southwest 
of Pueblo. 

Ocl'/11'1'1'111''': A 10-foot horizontal bPd whir:lt o,-,.n,·:-; about 
ltn lf-way up the ><teep northern side of the canon. 

Field ('lwrru·trTistir·s: ~fedinm-hard to hard, gTay to black, 
fine-grained to gritty shales and clays. 

E('OI/OIIIir· 1'(1/uc: Rhould make good, ]Jink em·thenwaJ'P, 
terra-cotta, and, probahly, hollow strncturalmatel'ials and dr-aiu 
tilt f.:. 

450. Lrwatiou: ~\bout 1 mile down the ~t. ( 'harles Ri\'er 
f1·om the road past the "Three-R'' rand1; ahont :2:-i miles south
west of Pueblo. 

OcczuTcnr·,·: A lens-shape_d, horizontal bed, with n maximuw 
thickness of:: feet, which ,,..,.m·s !War the bottom of thP snuthei·n 
8ide of the canon. 

Picld ('llamr·tcri8tir·s: A \'ei'Y hard, light-bhiP, finP-grained, 
eompact day. 

EC0/10//Ii(' ralllr'; Fil'><i-da"s fire-day. 

451. Thi:-; samplP i;-; fl-o111 tlte san1e horizon a;; :\o. 449, hut 
<·ou1es from a better ("XJIOSm·c a ;-;lwrt dist:mee hom thP point fir,;i 
Hampled. It ditfe1·:-; quit1• 1·emm·kably from .Ko. HD, ,;inn• it slake,; 
f·mnparati,·ely easil~-. haR n tensile strength of !1:: pounds, and 
has a low absorption; while Xo. Hn does not slake at all, has a 
tensile stn·ugth of 14 I pounolR, and has a high absorption. 

EnJIIOIII ir· l·a lltr·: Rltonld make good buff to brown soft-mud 
and Jll't'Ssed bricks. em·thenware, and nnYitrified ftom· tiles; also, 
probably, Rtiff-mnd bricks :11111 tena-cotta. 

452. Lrwafion: ::mill's south of Beulah: where the road up 
Routh ('rt>Pk reaf·hes the top of the hill. 

Occul'l"l'llr·r·: A :2-foot exposure of material of nncertain dip 
and strike. )fay be a RI'Cent deposit. 

Field ('hamctcristies: A soft, .n•llowish-green, Yery fine
grained clay, containing some grayel. 

Econom ;,. rnluc: ~hould make good, pink ~oft-mnd nntl 
pressed bril'ks, earthenware, and nnvitrified ftooJ· tiles: alRo, prob
ably, stiff-mnd brick~'. 

453. J,rwotiun: :J,4 mill' wPstward np the arroya from the 
fork in the road west of the "Three-H" ranch; about 25 miles 
southwest of Pneblo. 
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UtTIIITf'llt't'.' A 1:!-foot expo~nre of uwte1·ial of um·et·taiu t.lip 
aud strike "·hieh o<·<·m·~ in the uorthe1·n hank of the deep raYine 
north of tht> road. 

Fidd Clirlnlr'fcrisfit·8: .\ JIIP<linm-hard, hlnek, fiTw-gT:Iitwd 
~hale. 

]'),·unulll ;,. l'allll': Khould 111:1kP good, red pre~~t'tl Ll'ick~ aml 
nn\'itrified tloor tiles; also, probably. ~oft- and stiff-Hind brid.:s if 
heavily gTogged. 

454. lAI(·atioll: Ahout 4 miles southear-;t of BPnlah and I~ 

Iuile southea:-;t of the "'l'hrFe-R" t·:mrh-lwnse. 
01'1'111'1'('111-e: .\ :_W-foot be1l, with :: feet of oH'l'lHirdeu, which 

dip~ about :!O•) southerly, shik<"~ <Jiiont X. 10 ·. E., and n,·,·m·" in 
an arroyn in a Xioln·am-eapJwll hill. 

Fil'ld ('l!amdcl'isfit·s: ~fPilimu-hal'(l, hlal'k and g'l':t,\, fine to 
eoarse-grained slinlef'. 

J)I'OI/OIIIi,· l'al!lc: Khonld make good, piuk soft-mud and 
pressed bridu; and QHI·1lwmnu·,·. 

455. J.ol'lltioll: .\hout-! mil1·~ l'onth of ~an l'nrlos and 
within ~ ~ lllile east of the railroad. 

01'1'111'1'1'111''': .\ :!0-foot bed, with up to:! fPet of owrbm·den, 
which dips G·) easterly, strikes al11mt nm·th and south. and occur~ 
in some small arroyas that run west from the firPenhm·11 liuw
stone whieh eaps the first rise. 

Field ('hrll'lll'iNistic.~: .\ medinm-hnrd, blaek, fine-grainPd 
~hale. 

EcOIIOII!il· r(/ll/1'.' .\fight make paving-brid;:~. 

456. Locatiou: lV=' miles due sonthweRt fmm the month of 
G·reenhorn ('reek. 

Oci·III'J'CJ/1'1'.' A_ 30-foot exposure, with l-J feet of overburden, 
which dips lOC' we:-;terly, strikes X. :20° E., nnd oecurs in the bed 
of a small arroya. At the I'Pnter of the 1 'arlile formation. 

Pield Cllal'lll'teristir·s: .\. nwdium-hard, black, fine-grainPd 
:-;hale. 

Eco11omic f'aluc: ~honld make good, pink soft-mud, pt·e:-;:-;ed, 
and flashed bricks, and Yitrified floor tiles; alRn, possibl~·. paving
bricks. 

457. Location: l\ ortheast of Beulah; near the point \Yherc 
the two roads meet at (ialbreth I 'red.:: about 14 mile above Kear
ney's house. 

Occurnmce: An ·"·10-foot bed whic·h dips 5" nort!JP:lsterly, 
,;trikes X. :1w· l\'., and i~ expo~ed iu the l':lnon wall. 
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Field ('/1Uradcristir·8: \'ery hard, l>lui~lt-gray, tiue-grained 
r·lay, with a ~andy lay1 1· in the middle. 

Economic Value: Should make fine, white JH'essed l>rieks (if 
burned to Cone Sl, unvitrified and Yitrified floor tiles, wall tileH, 
ball-elay, refractory ware, and, probably, whiteware and porcelain. 

458. /J)('otioll: About t; miles northeast of Beulah, on Roek 
Creek. 

Occwn·III'C: .\ U-foot exposure of material \Yhieh dips· aoout 
5° easterly, strikes about X 10° W., and is exposed at the fnl'(' 
of a tunnel 150 feet long. 

Field Olwnrdr·ristir·s: .\ yery hard, light bluish-gray, fine
grained elay. 

Econom ir· Yalw·: First-c·lass fire-elay, and might . .Yield other 
high-grade products if washed. 

459. Lrwatio11: About 14 mile northeast of the point where 
No. 457 was obtained. 

Occurrcnr·c: A 35-foot exposure of waterial whidt dip~ :i · 

nol'theastedy, ~i 1·ikcs N. 20° 11r., and oeeurs near the top of a hill. 
~ear the tenter of the ('a rlile formation. 

Field Clwr·or·/('l'istir·s: .\ medium-harrl, blaek, fine-grained 
shale. 

Econo111ir· l'ul1u·: .\light make paring-brieks. 
460. Lo('(ttio11: .\hunt 14 mile northea~t of the point where 

~o. 457 was obtaineu. 
Occwrn·Jir·r·: .\ ~G-foot PXJIOSUI'E' of material, with 4 feet of 

m·erburden, wltidt uips 5·- northeasterly, strikes~- ~nc· '"··and i:-; 
Pxposed in an aiToya on the hillside below Xu. -!:i!l. ~ear th(_• 
renter of the t ;mnero~ formation. 

F icld f 'lllli'(il'l eristir·s: .\ medimu-hal'd, ulaek, fine-grained 
shale. 

R t'OJIOIII ic !'a lu c: ~hould make fine, pink soft-mud and 
pressed britks, lmYitrified tloor tiles, and, probably, earthenware. 
It might ~-ield otlH'l' produets if heal'ily grogged. 

461. l~rJ<·<tf iuu: 5 miles west of Pueblo, and 300 yards soutl1 
of the D. & R. U. R. R. 

Occu I'I'CIIr·c: ~5 feet was sam]Jled of a much thicker exposure 
tlf nearly horizontal material, with up to 13 feet of oYerburden. 
which occur~ on a high bank abO\-e the 1·aihoad grade. .\ t the top 
of the Carlile formation. 

Field Clutm<·fl·ri.,ti<·.s: .\ft>tlium-lun·d, gt·a,\', meflimll fine
gntined shale. 



i'L.\YR Ol~ F1ASTIDRN COLO!t.\IJII 

Ef'oltOIIIi(' I'alul': Bricklets made from lhi;; day had a fine 
appearance, bnt the absorption was so gJ·Pat that tlw material is 
probably worthkss. 

462. Locatiou: :: nlilrl' wPst of Pueblo, and :200 .nmls fl'ont 
the "\.rlwnsas Hi\·e1·. 

OrTIIITf'llr·r·: 10 feet wa;; sampled of a thicker exposure of 

nearly horizontal matPJ·ial, with np to li feet of overburden, which 
is exposed in a railroad cut .. \I· tht· ba~<P of the GranPros forma· 
tion. 

Pield Chrtmdf'ristir·8: A hnrd, gl'a,l. t·oaJ·;;p.grained, sandy 
shale. 

EcOIIOIIIil' ralue: 'l'his Illatel'inl W:l:-> so s:lllll,l lhat it would 
not retain its shaJJe aftPr molding and t·ould 1wl he teslt•d further. 

463. Lor·ation: 1 mile <·ast of I:Ps~j'mel' .Junr·tion; ll<'lll' 

Pueblo. 
Occurreul'e: A ~·fo<Ji exposnre of horizontal utaterial', with 

about 1 foot of oYerhnrden, whi1·h is t>xpost>•l in ilw sidt• of a small 
draw at the foot of a knoll. 

Field ('7/(/l'lfl'frTi.~lil's: ~oft, gl'<l,l to yello"·· finl'·gl'ained !'halt> 
and clay. 

Economi1· F(/ll/c: Should make gnml, red soft.nmrl hl'id;:s and 
earthenware, and, probabl.Y. stilf·mnd and p:t Ying·l11'id;:;;. 

464. Lrwo.fio11: 11.~ mill's east of Bessenw1· .Tundion; near 
Pueblo. 

Occurrence: .-\. 3-foot exposure of l10rizmtial HtatPrial, witlt 
about 1 foot of onrbnrden, neeurring near the 1 op of a knoll. 

Field Chantcfel'ist i r·s: A sofi. g-rny to Y<' 11 o"·. medium fine· 
g-rained, sandy clay. 

Economie ru luc: ~hould make n•1·y fine ;;oft·mnd hrieks a n•l 
earthenware; also, proh:1 bly, pressed, yitrified, and flashed brif·l.::-;, 
but the pressed bricks will haw rath<r high nbsm·ptioJJ. 

465. Location1: lj:! mile west of Boone. 
Occurrence: .\. 1~·15·foot bed of ltmizontal mate1·ial, wiih 

up to fi feet of overburden, whieh nr·r·m·l' in a lo\\· knoll. 
F-ield Chamcteristir·s: .\ medinm·hard. g1·:t.Y to lwown, ntl'· 

•lium coarse-grained clay. 
Economic l·aluc: ~honld mak<> good, rrd soft·nmd anrl 

pressed bricks and earthenware, and if.: used for the manufadnre 
of such bricks at the plant of the La .fnnta Rrif'k and 'rile ~fnnn· 
facturing Company. 

466. Locatinn: % mile ";est of the yard of the Rnmmit 
Pressed Brick and Tile Company. in l'nebln. 
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Ucclll'/'1''111'1': Lul'iated. 
l•'idd Clwrodf'ri8tics: l'HI'tated. 
NN1110mi<· T'al111': 'l'he data on tests made on thiR sample, 

f'Xt·\'pt the dtPIIJintl ::mal_n<iR. ''"e1·e IoRi, hut ii iR known that the 
lllaterial i:-; n:-:t•tl for the mnnnfneture of red ]II'PSSt'tl brir·k:-;. 

467. Locntiou: "\t the ~-arcl of the Rnmmit Prr>sst>d Brir·k 
and 'l'ile Company, at Puehlo. 

(hTIII'I'I'JIIT: T_'u:;;tatf'd. 
Pidd ('li<ll'ar-leri.sfii·S: T'nRtaied. 
Et•OJ/01/Iil· rall!l': "\Hhough thiR day is used for the lltanll

fal'i nre of pink lil''~'~'l'll ln·il·kR. the nh:;;orption iR too high fo1· thr> 
hc·!'lt grade of thiR Jn·odnct. 

468. LONifion: "\t tlw yanl of the ~nm1uit Ht·id' and 'file 
( ~ompany, at Pueblo. 

01'1'lll'rt'1U'I': T'n:-:iaied. 
J.'i1'ld ('/ianu·il'l'i.~lil·s: l'n:-:tnted. 
RI-(11/IJJIIil· 1 111111': Ii i:-: l'!aillled tlt<Ji thiR malel'ial burnR 

white and that gn1y tinb are mndP IJy the addition of manganese· 
oxide. It iR :tiRo clniuted that thl' hl'ick:-: are bnrned to a tempera
ture between 2,:20W' and :J,::O(F F. 'rhe tPRts made on thP sample 
Rhow that the material burns light pink in an oxidizing atmos
phrJ·<·. hn:-; Y<'l'." high abRorption, bnt mak1·:-: good looking 
bl'il'],:-;, aurl fn:-:e:;; at r·mw ::. Ill' at :2,17-in F. 

469. /.<wation: "\t the vlant of the }d'lliC' Bt·it·k \Vorks, 1 
mile nol'ih of the ;,-.;mnmit P1·es:o;ed Briek and 'l'ile f'OIIIJillll,Y':-; yard. 

UrT/II'J'I'llcc: Unstntrd. 
Fidd ('lilll'(fr·ll'l'i81il·.~: · T'u:-:tnted. 
J·J~·ouolllil· l'11l111·: ;,-.;110uld mnkP good, red soft-mud aud 

pressed brieks, eariltenwa1·e. and nm·itrified floor tileR. 
470. /,lwl/tion: .\t the plant of the Colorado Brick and 

'l'ile Compnll_,-, on thf' eastPrn hank of Fonntain CJ'I'I'k, G milt>:-; 
nmth of Pneblo. 

(ki'III'J'<'I/1'1': l~nstatt>d. 

Pil'/rl ('lwmcf1'1'isfi1·8: l'u:-:i'ated. 
nr•IJJIOntil' ralul': Rhonld make fine, red ]ll'I'RRed brkks. 
471. J.or-ntion: 10 mile:;; nol'theast of FloJ·<·ncl'. 
01'1'//I'I'I'J/1'1': "\ lG-foot bed which dips :J 0 southwesterly, 

si 1·ik<•:-: ~. lii"i 0 \Y., and or·,·nn; below the Xiobrara escarpment. 
-iO feet belo\Y the top of the Carlile formation. 

F ilerl ( 'llo mr·l rTistir·.~: A mC'dium-hard, black and brown; 
finr-gu1ined Rhale. 
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8r·u1UIIIt i1· l·a /ttl': ~hould lllake good, pink vressed brieks 
and um·itrified tl.o01· tile:-;. 

472. Locatio//: 10 111ile:-; uort he;~;;t of Flol'l~n,·l·. 

I kr·tt I'I'CIICI': :3U-feet was sa111pled of a mu('h thickn exposnl'e 
of material whieh dips::'· southwesterly, strikes ~- (i:J- "T·, and 
ocem·s below ~o. -l-71. I:J feet from the to11 of the ( 'al'lile fonna· 
t ion. 

Field Clut mctrTi.~tics: ~oft, ye llowish-hrown, fine-grained 
shale, containing a large amount of gypsmn. 

Bcouo111ir· ]'alt((': I'roh<tbly worthless. 
473. Lontlio11: ::\em· ?llyl'tlc. ~ample \nt:-; obtained from 

E. F .. Jewett, of (';~non C'ity. 
Ocr·tii'I"Cill'l': _ \ 3-:-:-foot l!erl uf horizontal material. :!0 ::o 

feet below the to]J of tlte J)akot a formation. 
Fif'/1/ ClHu·rtl·teristics: _\ hard, light-gray, fine-graiiwJ cla,r. 
Bconomir· l'alJtr·: This is an exeepiionally fine·fii·e-r·lny, as 

the test-eoue is in tin•· eondition at ( 'une :w. It \Hinld also 
answer as mined for \ntll tiles and-white JH·essed bricks. lmt is nol 
now used hrntnse of its distan<'l' fl-om the railroad. 

474. Lo('((tiri/1: fi mileR sont!t of Qninby's I'HIH:h; 1 lllil•· 
north of the l'Ps<>noir. 

Ucr'lll'l'cncc :. :.?:J feet was sn1npled uf a mnr·h thieker •·xposure 
of IiwtPJ·ial \Yhir·h has a slight <'aslel'l,r dip and o(·•·nJ·s at tlw 
western base of the ::\ iol ll':JI'<t esnu·pmeu t. .JO feet below the top 

of the ( 'm·lile fmuwt·ion. 
Field ('ll(fl'(ll·f,Tidil·.~: .\ llledin111-suft, gray, fine-grained 

shale. 
1~\·oJIOIIIic Yalltl'.' 'rorthless. 
475. /,ul'lrtion: (i llliles south of (~ninby's J·mwh; 1 mile 

Hodh of tl1e I'PserYoii·. 
UC'I'I/1'1'1'111'1'.' ::o fel't \\'HI' s:tllljih'd of a mud1 thid-:er t•xpo:-;m·e 

of material ,insl belO\Y Xo. n-L (i;j fppj belmY the top of the 
( 'arlile formation. 

1-'il'/1/ ('lianu·t,·l·isfi,·.~: · .'lledinln-hard, black aud gmy. fine
gi·ained shales and da,rR. 

E1'01111111i1· I'Hl/11'.' l-\honld make good, piuk press1 •1 brieks 
and unYitrified tlo())' tiles. 

476. Lor·1dio11: 5 miles south of Quinby's ranch; % mile 
from the Pueblo road. 

Ocr·urreu('e: -Hl feet \\·as sampled of a much thicker eXJJOsm·e 
of nearly horizontal mat< l'ial m·•·mTing at llw base of a I'OU;;d 
lmttP. ::\ear the top of the Pierre formation, 
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Field C'ha mdcristicli: :\[edium-hard, gray, medium coar!!le
grained shale. 

Economir· Yaluc: ·worthless. 
477. Lor·at iuu: 5 miles soutli of Quinby's ranch; 1~ mile 

from the Pueblo road. 
Occurrellcc: 35 feet "as sampled of a much thicker exposure 

of nearly horizoutal material occurring on the east side of a 
round butte aboYe Xo. -!IIi. .\.t the base of the Fox Hills forma
tion. 

Ficlrl 1 'lwn/l·fr'!'i~;ticl!: .\. medium-hard, yellow, medium 
coarse-grained sandy shale. 

Economi1· l"oluc: vVorthless. 
478. l-rwldio11: % mile down the ~t. Charles River from 

the road p:11-:t tlie "'L'hrPP-R" ranch; about 2·5 miles southwest of 
Pueblo. 

OccurrCHcr·: A 12-foot, nearly horizontal bed which occurs 
just aboYP the \Yater !eye] on the south side of the canon. About 
:iO feet bl'low i lie top of the D~1kota formation. 

Fielcl ('ltnmcteristics: Rather hard, black. fine-grained 
days in beds ~-li inches thick, containing· sandy streaks. · 

Eeonomi1· l'al111': \Yorthless. 

Routt County 

Geology of the Oounty.-'L'he geology of Houtt County is too 
c·omplieated tu he p1·e~ented without the aid of a geological map. 

479. Loeatiou: e miles west of Steamboat Springs on 
Tt"uut <~reek; :;.1. of a mile a IJuye it~-< junction with Bear River, 
and on the we"tern side of ~nddle 3Iuuntain. 

Occurn·ll('(': A 5-foot lwd which dips 5° southeasterly, strikes 
~- 60° \V., and cwcurs at the base of the bluff ahoYe the stream and 
IJelow a G-inch sandstone layer. 

Field Chamctrristies: A soft, blue, coarse-grained, shaly 
r·lny. 

J.)(·uno111ir· I ·alue: \Vorthless. 
480. Lum tion: n miles west of Steamboat S]Jrings on 

Bear Ril't'J·: ~:.: mile above its junction with Trout Creek, and on 
the eastern "ide of Saddle :\fountain. 

Occurrence: A 50-foot exposure of material which dips 5° 
southeasterly, strikes R. 60'' \Y., and occurs 100 feet above the 
1:iver, in a bluff. 

Piehl Cl/11 radr-ri.st ir·.s: A medium-hard, light-gray, fine
g-rainerl c-Ja.Y. containing· more or less gritty material, 
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ROU'l'T COUNTY 

Sketch map ~howing the approximate locations of the beds sampled 

BNmoJnic Value: Should make good, red pressed bricks with 
rather high absorption. 

481. Loootion: 114, miles northwest of Steamboat Springs; 
em the Harvey Woolery ranch. 

Occurrence: c\ 100-foot <'Xposure of material which dips 7° 
westerly, strikes north and south, and occurs at the top of a 
bluff on the western side of Bear River. In the lower or Benton 
division of the Mancos formation. 

Field Characteristics: A hard, gray, fine-grained shale, con
j·aining several sandstone streaks at the base. 
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f<J,.,JJIOII!ir· l'uluc: It i:-; reported that test~ luwe been made 
on this <'lay and that good light flesh-tinted pressed brick:-; were 
made f1·on1 it, but tlw abs1wption iR altogetlwr too high for a good 
grade of f:H·e-IH'i ekl'. 

482. 'rlli:-; R:llllJIIe i:-; frou1 th,. sau1e lo .. ality as No. 4~1. but 
in<'ludes only thP lower half of the exposm·e. The product is YPry 
similar to that obtainPd fnnu :\'o. 481, but the absorption an<l the 
temperatmes of yiiTificatiou and Yiscosity :ue higher. 

483. IAwuliuJJ: 11~ miles :-;onth of ~team boat ~lll"ings: o11 
lhe hank of Rear Rin-1·, beside the railroa1l. 

U<TIIJ'I'<'IIt'r: .\ 4-foot exposm·e of horizontal nllnYium. 
Fidd f'l111mr·teristics: .\ soft, light-blne, eones<•-gJ·:liJlPtl. 

Rtmdy day. 
CI'IIJ/11111 i•· l·u luc: Although onlinary rPd brick,; han· hel'n 

Juade of thi:-; lllaterinl. they are too ,;oft nnfl Rlake too l':tsily to 
han• :Illy Yal.ue fo1· t'af'ing Jllll'lJOSes. 

484. Vwulio11: On tlw saddle of ihe bluff a .. ro:-;~ the rail
J'oad 1 r:wk, :-;outh of the ~tt-amboat Cabin Hotel at ~temuboat 

~~n·ings. 

(),.,.111'1'<'11<''': .\11 expo:-;ure of 100 feet or lllOre of materi::d 
\\·hich dip,; ~;-;·· W!'SiPJ'ly. stJ·ikes ~- 20° E .. and occurs near the 
lop of a :-:teep bluff. In ihe lower of Benton !livisioJl of the 
~lan•·o,; fol'!ll:liion. 

l•'idd ('llllrrll'to·ist i•·s: \cet·y hard, dat·k-gray. finr-gmined 
,;hales. 

FJ,·ulllilltil· l'ul11e: \\'orthless. 

Saguache County 

(/eoloyy ul flu ( 'u1111ty.~.c\Jthough the g('ology of the eounty 
i:-: too eonlpli•·a1P<11o !11• presented without the aid of a geologi('al 
111:1p, it <':Ill h<' :-;airl that ~;m Lni,; Valley i:-; hu-gely underlain hy 
'l'ertiary d<']JOsits. 

485. /"'~~'"I ion: On the IJaket· ran .-It; near )loffat. 
01'1'11 ITI'I/1'<': This sample was tak<'ll from a 11,~-foot Pxpo:-;ure 

of horizontal Jll<lierial, with (i feet of on•rhnnlen, which p1·obably 
!'xleJul:-; below the water len·l, whic-h lies abonf 1~:: feet below ilw 
surfaeP. It may be Tertiary nge. 

Field Oltaml'teristics: f-'oft, gnty. fine-gmined shale and 
r·lay. 
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Sedgwick County 

Oeology of tlic Uouniy.-Sedgwick ('onuty i" entirely under

lain with 'l'ertiary sediments, which are principally of Arik:neP 

or Ogallala age, but there is a band of Brule material along tl1P 
Ronth Platte Riwr iu the western half of tlu_. eonuiy. 

SEDGWICK C<lU:\"T~' 

Sl.;:etch tnap showing the approximate locations of the bPtls san1ple<l 

486. /,1wotio11: :: mil"" \Yest of .Jnlel'hnrg :m<l south of the 

riYer. 

OccurreHce: .\ 12-foot exposm·e, ('ontnining two beds of 

horizontal material whif·h or·em· in "''H'I':I I "eattc~1·ecl hmnm•wks 
on a hill. 

Jr'ield (.'Jutral'lt·l·i.~t i<·8: .\ledin111-hnrd, ,.!J,wolaiP-<·oloJ·( <1, fine

grained clay. 

L'r·0/10111 i1· rulttl': :.\[ ig!J 1 II lake good, 1'1'<1 lH'essed bricks, but 

the absorption will he a bit high. . \ much he!tt't' product than 
that obtained from Xo. J.':\7, hut r·onld not J.., nsed for soft-muu 

bricks under any condition. 

487. lAwation: In the bri<·k-yard ~t .Julesburg. 

OccurJY'JIC·t": .A 10-foot l1flfl of hcn·i~ontal 111aterial, \vith •) 

feet of overburden. 

Field Cltomct('l'i8fir·s: ~oft. h1·ownish gm~·. sandy and gr:w

elly, roughly bedded alluvium. 

L'1·onOIItir· rolttt·: 8honld make good, red soft-mud Jn·ir·ks if 

burned to Cone 03 or a boY<'. .\fr. ( tl'nnt lll'sl'l'ilws the prodnei a;-; 

poor, which is doubtless· due to tlw fad that the IJJ·i•·ks ;np mHleJ·

burned. 
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Washington County 

Geology of the County.-The greater part of Washington 
County is underlain with Arikaree and Ogalalla material, but 
this is bordered by a narrow band of Brule rocks to the westward, 
and extensive exposures of Laramie flge orrur :;;till farther weRt. 

\\' .\SHINGTON COUNTY 
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Sketch map showing the approximate locations of the beds sampled 

488. Location: In the brick-yard between the railroad and 
the Fair Grounds at Akron. 

OccnrnYnpe: A 10-12-foot exposure of material in a slight 
ravine. 

Field Characteristics: Soft, brownish, sandy clay which may 
be loess. 

Economic Value: Should make fair, sandy, red soft-mud 
and, pr~bably, stiff-mud bricks if burned to Cone 1. Mr. Grout 
described the product as poor, whieh is doubtless due to under
burning. 

(10) 



290 ( 'L\ YS Ole EASTERN COLORADO 

489. Location: S.W. ~ Sec. 23, T. 3 N., B. 53 W.; north· 
west of Akron. 

Occurrence: A 10-foot bed of horizontal material which 
occurs in a northerly-facing bluff at the top of the hill south of 
the gap through which the road passes. May be of Arikaree age. 

Fiellj Characteristics: A medium-hard, white, chalky clay. 
Econ.omic Value: Worthless. 

490. Location: S.W. ~ Sec. 25, T. 3 N., R. 53 W.; in the 
so-called Fuller's Earth Mine; northwest of Akron. 

OccurYence: A 10-foot exposure of horizontal material oc
curring near the bottom of a steep slope. May be of Arikaree age. 

Field Chamcteristics: A medium-hard, tough, Yery light 
brownish -gray, fine-grained, gritty clay. 

Economic Value: Worthless for clay products. 

491. Locatio11: S.W. 14 Sec. 23, T. 3 N., R. 53 W.; north
west of Akron. 

Occurrcn,cc: A 40-foot exposure of horizontal material occur
ring in a bare chalky spot on the northern slope of the hill. May 
be of Arikaree age. 

Fielcl Oharacteri8tic8: Medium-hard, tough, cream-colored, 
chalky material. 

Ea.onomic Falue: It is reported that this is a fire-clay, but 
it fuses at Cone :1 and is ,-alueless. 

492. Location: Near the S.E. Cor. Sec. 19, T. 3 N., R. 52 
W.; northwest of Akron. 

Occurrence: A 6-foot exposure of horizontal material occur
ring in a gulch just below the cap rock of a mesa. May be of 
Arikaree age. 

Field Characteristics: Medium-grained, tough, very light
brownish, chalky material. 

Eo.ononl'ic Falue: Worthless for clay products. 

Weld County 

Geology of the Cow11t:1J.-The greater part of the county is 
underlain with rocks of Laramie age, but there are extensive 
occurrences of Fox Hills sediments on both banks of the South 
Platte River and its \Yestern tributaries. 'l'here is also a large 
area of Arapahoe material near the center of the southern bound
ary, while the northern boundary is covered with beds of Brule, 
Arikaree, or Ogalalla age. 
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493. Locntion: In the eoal prospect about a mile southeast 
of Erie. 

Oc01.trren1ce: The bed was not seen, but was reported by the 
foreman to be 10 feet thick and to occur 200 feet below the 
surface. 

Field Oharncte1·istics: A hard, light-gray, fine-grained, clay. 
Economic Vnlue: Should make good flashed bricks, and 

might answer for paving-bricks. 
494. Location: In the Lehigh Mine south of Erie. 
Occurrence: A 3-5-foot bed which dips 5° southeasterly, 

strikes N. 45° E., and occurs 120 feet below the surface. Above 
the second coal-seam. 

Fielcl Ohnmcter,istics: A medium-hard, gray, fine-grained 
day. 
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Eoono1nic Val-ue: :'\light make red earthenware if grogged, 
and should be tested for paving and flashed bricks. 

495. This is the same material as No. 494, but is taken from 
a dump which is mostly made up of this rlay in a weathered 
condition. 

Economic Yal"c: Should make good, red soft-mud bricks 
and, probably,,paving and flashed bricks. An odd feature of this 
clay is that the plasticity is lower when weathered than when 
fresh. 

496. Locatiou_· In the Lf'high Mine south of Erie. 
Occurrence: .A .J-foot exposure of material which dips 5° 

southeasterly, strikes N. 45° E., and is exposed in the steep banks 
of two arroyas east of the creek. 

Field Uluwactcrist ics: )Jedium-hard, light-gray, gritty shale. 
Economic Valnc: Should make good, buff soft-mud and 

pressed bricks, earthenware, an.d unvitrified floor tiles; also, pos
sibly, terra-cotta, hollow structm·almaterials, conduits, and drain 
tiles, if grogging will reduce the tendency to crack in drying. 
The bricks should lw hnrned to ('one 03 to obtain a lower ab
sorption. 

497. Lucatiun: On the first railroad cut on the Union 
Pacific nOl'th of Erie :md east of the creek. 

Oocwrrcucc: A 4-foot bed which dips 15° northeasterly, has 
a nuiable strike, and forms the roof of a small coal seam. 

Field Clwractcl'i8fics: A medium-hard, gray, fine-grained 
shale. 

Econ.o111ic l'alur;; 'Yorthless. 
498. Location: t-l.W.% Sec. 2, 'r. 1 N., R. 61 W. 
Ooom·rencc: This sample is from a churn-drill hole sunk in 

prospecting for coal, and comes from a depth of 63 feet. 
Economic Value: Probably worthless, but could be made 

into yellowish pressed IJrieks with rather high absorption. 
499. Location: S.W. 1;4 Sec. 2, T. 1 N., R. 61 W. 
Occurrence: This sample is from a churn-drill hole sunk in 

prospecting for coal, and comes from a depth of Ti feet. 
Economic Val·ue: Should make fine, red pressed bricks and 

unvitrified floor tiles. 
500. Location: S.W. % Sec. 2, T. 1 N., R. 61 W. 
Occ'urrcucc: This sample is from a churn-drill hole sunk in 

prospecting for coal, and comes from a depth of SO feet. 
Economic Vnluc: Should make fine, red pressed bricks and 

unvitrified floor tiles. 
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501. Location: S.W.% Sec. 2, T. 1 N., R. 61 W. 
Occurrence: This sample is from a churn-drill hole sunk in 

prospecting for coal, and comes from a depth of 92 feet. 
Economic Value: Should make fine pink pressed brieks and 

unvitrified floor tiles. 
502. Location: S.W. 1;4 Sec. 2, T. 1 N., R. 61 W. 
Occurrence: This sample is fl'Orn a churn-drill hole sunk in 

prospecting for coal, and com0s from a depth of 98 feet. 
Economic Value: 'Vorthless. 
503. Locatio11: S.W. 1;:4, Sec. 2, T. 1 N., R 61 W. 
Ocettrrence: This sample is from a churn-drill hole sunk in 

prospecting for coal, and comes from a depth of 100 feet. 
Econorwic V nlue: Worthless. 
504. Location: In the Berthoud Brick and 'l'ile Company's 

yard; about 1,000 feet north and 1,900 feet west of the S.E. Cor. 
Sec. 19, T. 4 N., R. 68 W. 

Occurrence: A 20-foot bed of uncertain dip and strike occur
ring in a gentle slope north of the river. 

Field Charaoteristics: Medium-hard, yellowish-green with 
gray below, fine-grained, thick-bedded shale. 

Ec;onomic Vnlue: Should make attractive, pink soft-mud and 
pressed bricks, earthenware, and, probably, stiff-mud bricks, hol
low structural materials, conduits, and drain tiles, provided grog
ging does· not reduce the plasticity too much. 

505. Location: 10 miles southwest of Greeley; along the 
railroad. 

Occurrence: A 12-foot exposure of nearly horizontal mate
rial, with 1 foot or more of overburden, which occurs iri the banks 
of the first arroya which crosses the railroad south of Greeley. 

Field Characteristics: A medium-hard, gray to yellow, some
what gritty shale. 

Economic Value: Should make attractive, pink soft-mud 
bricks. 

506. Locution: 1,200 feet n01·th and 1,300 feet west of the 
S.E. Cor. Sec. 30, T. 5 N., R. 66 W.; at a coal prospect about 10 
miles southwest of Greeley. 

Occurrence: A 10-foot exposure of nearly horizontal mate
rial, with 1 foot or more of overburden, which occurs on the side 
of a hill. About 30 feet above a coal-seam. 

Field Chamcteristics: A medium-hard, bluish-gray when 
weathered and yellowish when fresh, fine-grained, somewhat gritty 
shale. 
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liJconontic Vnluc: Should make good, pink soft-mud bricks 
and earthenware, and, possibly, stiff-mud bricks. 

507. LocMion: In the Black Prince Coal Mine, about 11 
miles southeast of Greeley. From the western of the two shafts 
working when the sample was taken. 

Occun·ence: A 5-foot bed which dips 5° southerly, strikes 
east and west, and occurs 15 feet below the surface. 

Field Clwmcteristics .· A soft, yellowish, sandy shale. 
Economic Vnlne: Should make good, red pressed bricks. 
508. Location: In the Black Prince Coal Mine, about 11 

miles southeast of Greeley. From the western of the two shafts 
working when the sample was taken. 

OccurTence: An 8-foot bed which dips 5° southerly, strikes 
east and west, and occurs 38 feet below the surface and just below 
the higher coal-seam exposed in the shaft. . 

Field Chamcterist·ics: A medium-hard, gray, fine-grained 
clay. 

Econo111ic Value: Should make good, pink soft-mud and 
pressed bricks, and, probably, stiff-mud bricks, but there will be 
considerable loss, due to over- and underburning. 

509. Locntion: In the Black Prince Coal Mine, about 11 
miles southeast of Greeley. From the western of the two shafts 
working when the sample was taken. 

Occurrc11CC: ;\. 5-8-foot bed which dips 5° southerly, strikes 
east and west, and ocn1rs 75 feet below the surface. .Just above 
the lower coal-seam. 

Field Characteristic.~: . \ soft, black, fine-grained shale. 
Bconomic Value: Rhould make attractive, buff soft-mud and 

fiashed brid:s, and, JIOH!'ibly, paving-bricks, but the absorption 
will be rather high. 

510. Locntion: In the Black Prince Coal Mine, about 11 
miles southeast of Greeley. From the eastern of the two shafts 
working when the sample was taken. 

OcC1.Lrrence: A bed of uncertain thickness which dips slightly 
southeasterly, strikes northeasterly, and occurs 65 feet below the 
surface, beneath the middle of the three coal-seams found in the 
shaft. 

Field Characteristics: Medium-hard, gray and white, sandy 
material of variable texture. · 

Economic Value: Should make good, buff soft-mud, pressed, 
and paving-bricks, earthenware, and ,-itrified floor tiles; also, 
probably, flashed bricks. 
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511. Location: BOO feet north and 1,000 feet west of the 
!3.E. Cor. Sec. 25, T. 5 N., R. 66 W.; south of Greel~y. 

Occnncncc: A 4-foot bed, with 5-6 feet of overburden, which 
occurs in railroad cuts in a low hill north of the South Platte 
River. 

Field Clta mcteristics: Soft, yellowish, sandy clay. 
Economic Value: Should make fine, pink soft-mud bricks 

and, probably, stiff-mud bricks ana earthenware. 
512. Location: 1,150 feet north and 1,300 feet west of the 

S.E. Cor. Sec. 20, T. 5 N., R. 65 W.; near Evans. 
Occurrence: A 10-foot exposure of material, with about 1 

foot of overburden, which occurs in the fir~>t large ditch north of 
Evans; on a hill above the Platte River. 

Field Clw,racteristics: A soft, yellowish, sandy clay. 
Economic Value: Should make red soft-mud and pressed 

bricks and earthenware, and, possibly, stiff-mud bricks; but there 
is apt to be considerable loss, due to over- and underburning. 

513. Location: 300 feet north and 1,400 feet west of the 
S.E. Cor. Sec. 35, T. 6 N., R. 67 W.; west of Greeley. 

Oc&nrrence: A 40-foot exposure of material, with 1 foot of 
overburden, which has a slight southeasterly dip and occurs on 
a bluff just south of the Cache la: Poudre River. 

Field Characterifl.tics: Soft, gray and yellow, gritty shale, 
alternating with sandstone layers. 

Economic Value: Probably 'rorthless, although it might be 
used to make red pressed bricks, which would be fragile before 
burning. 

514. Location: 1,700 feet north and 1,300 feet west of the 
S.E. Cor. Sec. 1, T. 5 N., R. 67 W.; west of Greeley. 

Occurrence: A 6-foot bed, with a slight easterly dip, which 
occurs under a sandstone ledge at the head of a ravine. 

Field Characteristics: Soft to medium-hard, dark-gray, fine· 
grained shale. 

Economic Value: Should make good, red pressed bricks and, 
probably, soft-mud bricks, although the latter will be fragile before 
burning. 

515. Location: 1,750 feet north and 1,300 feet west of the 
S.E. Cor., Sec. 1, T. 5 N., R. 67 W. 

Occurrence: A 20-foot bed which has a slight southeasterly 
dip, and occurs under a lt>vel sandstone bed at the lwrul of a 
ravine, south of the river. 
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Field Characteristics: Soft, gray, gritty shale with sandy 
layers. 

Economic Value: Should make fine, pink pressed bricks. 
516. Location: 900 feet north and 600 feet west of the 

S.E. Cor. Sec. 11, T. 5 N., R. 66 W. 
Occurrence: A 10-foot horizontal bed, with 1 foot of over

burden, which occurs in an arroya below the reservoir. 
Field Clwracte1·istics: A soft, yellowish, sandy, roughly 

bedded clay. 
Economic. Value: Might make yellowish-white, soft-mud 

bricks if burned to Cone 02. 
517. Location: Greeley Brick Yard. 
OccuJTence: A.n 8-foot bed, with 10 feet of overburden. 
Field Characteristics: Roft, yellowish, sandy, roughly bedded 

sands and clays. 
Economic Value: Should make good, pink soft-mud bricks, 

and might answer for· pressed bricks, but these will be fragile 
before burning. 

518. Location: Greeley Brick Yard. 
Occun·ence: A 20-foot exposure of horizontal material, in

cluding the beds sampled separately as No. 517. 
Field Characteristics: Soft, yellowish, sandy, roughly bedded 

sands and clay. 
Economic Yalne: Should make good, pink soft-mud bricks 

and earthenware. 
519. Location: N.E. % of the N.E. 1,4 Sec. 11, T. 5 N., 

R. 65 W.; on land owned by Mr. Bethge, who furnished the sample. 
Occurrence: A 40-foot bed, with a thin overburden, which 

occurs at the water's edge in the bank of the Poudre River. 
Field Characteristics: Medium-hard, yellowish, sandy clay. 
Economic Value: Might make red, soft:mud bricks if burned 

to Cone 3, but there will be considerable waste, due to over- and 
underburning. 

520. Location: 600 feet north and 400 feet west of the 
S.E. Cor. Sec. 6, T. 5 N., R. 64 W.; east of Greeley. 

Occurrence: A 5-foot exposure of material, with up to 2 feet 
of overburden, which has an uncertain dip and strike, and occur!'\ 
in a ditcb along Lone Tree Creek. 

Field Characteristics: "\.soft, light bluish-gray, fine-grained 
clay. 

Economic Value: \Yorthless. 
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521. Location: "\ little over n mile northwest of Grover; 
along the railroad. 

Occurrence: c\ 10-foot horizontal bed in IllOl'P calcareous 
matPJ·ial that ocenn-1 in the first isolated hill enst of the railroad. 

Ficlll Clwnu·tcristics: ~Iedium-hard, tough, eream-~·olored, 

ehalky material. 
Econo111ic Yaluc: \\'orthless for day product:-;. 
522. Location: 1 mile north of Grover. 
Occurrence: Three 5-foot beds of horizontal material that 

occur below a bluff in the third hill east of the railroad. These 
beds alternate with material like No. 521. 

Field Characteristics: Medium-hard, brown and green, very 
fine-grained clays. 

Economic Yaluc: \Vorthless. 
523. Location: 7 or 8 miles due east of Grover. 
Oocurrence: 'l'hree beds, each 5-10 feet thick, of horizontal 

material .. which oe('ur near the base of a high yedical bluff. 
These beds alternate 'dth material like No. 521. 

Field Clwracteristics: Very hard, chocolate-brown, fine
grained clay. 

Ec.onomic ru lue: Should make fine, pink soft-mud and 
pressed bricks, and, probably. stiff-mud bricks and earthenware. 
Might also be used as a brown slip. 

Yuma County 

Geology of the County.-Yuma County is entirely underlain 
with beds of Arikaree or Ogalalla age, except where the Arikaree 
and Republican Rivers have exposed narrow zones of Pierre rocks. 

524. Location: Kear the S.W. Cor. Sec. 9, T. 1 N., R. 44 
W.; on the property of ::\Ir. Funk; west of Wray. 

Occurrence: A lO-foot bed of horizontal material, with 10 
feet of overburden, that occurs in the bluff along the southern 
side of the river. Just below the zone of "pipey f•oncretions" in 
the Arikaree formation. 

}!,ield Characteristics: Soft. yer~- light-brownish, finel,v-gritt.Y 
,-olcanic ash. 

Economic Yaluc: 'l'hif:' material has been mined and shipped 
east for the manufacture of polishing-powdel'. It is said to yield 
red bricks, with much shrinkage, but the tests made show that 
the absorption is excessive and that the material is worthless for 
clay products. 
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YUMA COUNTY 

Sketch map showing the approximate locations of the beds sampled 

525. Lourtion: Sec. 32, T. 2 N., R. 44 W.; west of Wray. 
This material is exposed for about a mile along a creek. 

Occurrence: A 10-foot bed of horizontal material, with up 
to 10 feet of sandy overburden, which occurs where the creek cuts 
into its banks. 

Field Gharacterist'ics: Soft, dark-gray, sandy clay. 
Econom'ic Value: Worthless unless blended with highly 

plastic material. Its vitrifying properties are first-class, and a 
blend may yield paving-bricks. 

526. Location: On the side of Flirtation Peak nearest 
Wray. 

Occurrence: A 15-foot exposure of horizontal material oc
curring on the side of a high bluff. 

Field Characteristics: Medium-hard, yellow, somewliat gritty 
shale. 
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Economic Value: Should, make attractive, pink pressed 
bricks. 

527. Location: Brick Company's yard; south of Wray. 
Occur1·ence: An 8-10-foot bed of horizontal material, with 

± feet of overburden, which occurs in a slight ravine on a mesa. 
Field Characteristics: _\ medium-hard, brownish to gray, 

somewhat gritty clay. 
Economic Value: Should make good, red soft-mud all(1 

pressed bricks, but the latter will have rather high absorption. 
528. Location: Brick Company's yard; south of Wray. 
Occurre/l(·c: An 8-foot bed of horizontal material, with 3 feet 

of overburden, which occurs in a slight ravine on a high mesa. 
Field Characteristics: Soft, yellowish-brown, sandy clay. 
Economic Value: Should make good, red soft-mud bricks 

and earthenware~ and, probably,, pressed bricks, hollow structural 
materials, and drain tiles; but the first will have a rather high 
absorption, and the last two will be fragile before burning. This 
clay is mixed with No. 527 and used for the manufacture of soft
mud and dry-pressed bricks. 



PART IV 
A Tabulation of Geological Horizons and 

Economic Possibilities 

CHAPTER I 

EXPLANATION OF THE TABLE 

Geological Horizon.-The geological horizon or age of each 
of the samples is usually indicated on the table that follows. In 
some cases it was impossible to determine this with any degree 
of certainty in the brief period that could be allotted to such work 

' in the field; and, then, an interrogation mark replaces an abbre
viated geological period name such as is ordinarily given. 

Where an abbreviated period name is followed by an interro
gation mark, it should be understood that the period given is 
probably, but not certainly, correct. In all such cases the bed 
is certain to lie very close to t.he horizon indicated, if not of 
exactly the age given. In many cases little attempt to differ
entiate between Lower Dakota or Purgatory and Dakota beds 
was made in the field, or, at least, shown on the blanks; and the 
same is true of the Graneros and Cnrlile shales. It was often 
possible to locate such samples ,yjth certainty from other data: 
contained on the· blanks, but in other cases the horizon indicated 
it little more than a guess. · 

The following abbreviations of the names of the various 
geological periods ha,·e been used: 

Ar = Arapahoe 
Ark = Arikaree 
Br =Brule 
Ca =Carlile 
Da =Dakota 
Daw=Dawson 
F.G. =Flaming Gorge 

F.H.=Fox Hills 
Fo =Fountain 
Gr =Graneros 
La =Laramie 
L.D.=Lower Dakota 
Ly =Lykins 
Ma =Mancos 

Mo =Morrison 
Ni =Niobrara 
Pi =Pierre 
Pu =Purgatory 
Ra=Raton 
Re =Recent 
Tr =Trinidad 
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Economic Possibilities.-When the tests indicate that a given 
sample of clay is practically sure to make a high-grade product 
of any kind, this is indicated by an X mark in the proper column. 
In such cases no grogging, washing, blending, or unusual care in 
handling the green ware is required; but the possibility of burning 
troubles is not considered, as these may usually be eliminated by 
proper manipulations. 

A I mark means either that grogging may be needed or that 
the clay is not otherwise so well adapted to the purpose indicated 
as are those samples marked with the X mark. In many easel!! 
the deficiency is of such a nature as to lead to more or less 
loss through breakage of the green ware; but in other instances 
grogging_ may reduce the plnstirity, or the air shrinkage may 
be such as to make some warping or cracking possible in full
sized pieces. There are other features that may explain the use 
of the I mark instead of the X, but those given should suffice to 
give an idea of its meaning. All clays so marked should be con
sidered promising, however-much better than some in use for the 
purpose indicated; while those samples marked with an X should 
be classified as possessing unusual merit. 

When no marks appear after the number of a sample, it does 
not necessarily mean that the sample is utterly worthless, although 
this is true in many such cases. There are a number of brick 
and tile plants making fairly satisfactory products out of clays 
whose numbers are followed by blanks on the table, but in such 
cases the products cannot be considered first-class in every respect. 
The bricks may be too porous-some of the pressed bricks made in 
the state absorb over 20 per cent of water; the tiles may warp 
or crack to some extent; or there may be a large loss in handling, 
due to the tenderness of the green ware. It is quite possible, how
ever, that there may be no better raw material in the neighbor
hood, and freight rates may be such as to prohibit the use of 
products manufactured elsewhere. Under such conditions a 
poorer grade of clay may have as much value as a much better 
grade situated where there is more competition. Anyone can 
readily determine the economic possibilities of any sample for 
himself by referring to the data given in Part I, Chapters V and 
\ri; and Part Y. 
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53 Mo ... X X I I 
54 Pi ..... X X I I .... 
55 Pi .. X I I I X 
56 Pi. ... I I 
57 Gr .... I I 
.j8 lg .... X X I I 
59 lg .. " .. X X X 
60 lg. X X X 
61 ;llo I I X X 
62 Pi .. X " I I 
63 Gr .... X I X X X I X 
04 Mo .. X " I I 
65 Pi .... X " I I 
66 Pi ... X X I I 
67 Pi ........ X I I :r 68 Gr? ... X .. I I I 
69 ;llo? ...... X X i X X 
70 L.D.?. x .. I I I I 
71 Da? .... X I I I 
73 L.D ... X .. 
73 L.D .... X 
74 L.D .. X X X X I I I 
75 Pi ....... X X X I 
76 Pi. ...... X X X I 
77 Pi ........ X X X I X I 
78 Pi .......... X X X I X I I 
79 Mo. 
so Ca ... X X X X 
81 L.D ... X . . I . . 

82 L.D ... X X X X I x ... 
83 Gr ... . . i . . . . I . . 
~4 Ca ......... X I X X I ::1:: 85 ? ...... 0 •••• I I ):: 
86 ? ........... I .. ·r 87 Mo? ........ X I X X X I I ·xi:: .... 
88 Mo? ........ x .. 
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99 Pu ......... .. . . I . . x .. 
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X .. .. .. .. .. 
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410 Re? ........ 
411 Re? ........ X X X X 
412 F.H .... 
413 F.H ... I I X X I 
414 Re? .... X I I I X X 
415 Re? .... X 
416 F.H ... X X 
417 F.H ... I I X X 
418 Pu ..... X 
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431 Gr ...... 
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433 Da? ....... X .. 
434 Gr ....... X .. X X 
435 Ca ........ X X X 
436 Da ......... I I X X .. 
437 Da ......... X X I X X 
438 Da ......... I I X X X X X X I X 
439 Mo? ........ 
440 Mo. 
441 Ca ... I I 
442 Ca .... X I X X I I 
443 Gr ..... I ·r 444 Re ...... .... 
445 Gr ..... 
446 Gr ......... 
447 Ca ......... 
448 Ca ......... .. I .. ''!' 449 Da ......... X X X XI/ 

I .. .. . . I . . 450 Pu ......... .... X 
451 Da .... X I X X X I X 
452 Mo? ....... X I X X X X 
453 Gr ......... I' I X X X 
454 Ca .. • ....... X .. X X X 
455 Gr ......... 
456 Ca ......... X X X X X 
457 Da? ........ X X X X .. X I I X X .. 
458 Da ......... x .. 
459 Ca ........ ''I'' 
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I 

Soft-Mu~ Br~c~s ·--II x-x: xxx: - · XX: XX - - - -
x: : XXX: X 

-
X: X X: : X: xxx-: x x: x: xxx: XX: : X 
X: X X: : X: XXX: X x: x: xxx: XX: X -- -- -- · " " " " .. " .. .. . " Semi-Dry Pressed Bricks 
x: : X: X: - X - x: : X X X • • • • • • • • • • • • 1 Earthenware 

~~~~~~--~~~~~~--~~~~~~~~~~~~~~~~~~~~~~:-~~~~~~~~~~~~-! Terra-Cotta 
· · · · ·· · · Hollow Blocks, etc. 

Conduits 
Drain Tile 

x-: X X- - · · · -- I Vitrified Bricks 
- X X - Fresco and Flashed Bricks -X: 

X : : Vitrified Floor Tile 
X X X X X X X: X I!J:n~itrifi.:_d Floor_!i_le _____ 

1 

X 

x: 

__________ :_ Unvitrified Roofing-Tile 

· Vitrified Roofing-Tile 
Sewer Pipe 

Stoneware 

Yellow-Ware 
Rockingham Ware 

Wall Tile 
White-Ware 

Porcelain 
Ball-Clay 
Refractory Ware (Fire-Clay) 

Slip-Clay 

~ 
> 
tt1 
t-< 
tz:j 

...... 
I 
0 
0 
::l 
c+ 
;::;· 
.,:: 
ct> 

"" 

f-' 
t.:> 

(j 
t-< p. 
>1 
rn 
0 
"l 

tel 
> rn 

'"" t;l ., 
z 
(j 
0 s ., 
> 
0 
0 
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·-<> • • • • • • • • Geological Horizon , 

XX: x: ~xx- X X I Soft-Mud Bricks 

Stiff-Mud Bricks 

X X 

XX X : ~-Dry-Pressed Bricks I '-' 

I 

t"< 
XX ~ Semi-Dry Pressed Bricks > 

>< 
X~ Earthenware >-:3 00 

Terra Cotta > 0 ttl 
Hollow Blocks, etc. t"' "" 
Conduits 

t.".J l:'l 
;... 

--x x: 
~-x x: 

Drain Tile 
...... 00 

I 8 
Vitrified Bricks l:'l 

I 
0 ;:::! 

Fresco and Flashed Bricks 
0 z :::1 

Unvitrified Floor Tile---~ ;::. 
'-' >" 0 

Vitrified Floor Tile I "' I ro r 
Unvitrified Roofing-Tile "' 0 

il 
;:::! 

Vitrified Roofing-Tile ;... 
t:l 

Sewer Pipe 0 
I 

-: 

X 

Stoneware ~[ 
Yellow-Ware 
Rockingham Ware 

Wall Tile 
White-Ware 

Porcelain 
',I Ball-Clay 

Refractory Ware (Fire-Clay) :I 
Slip-Clay ~~ 

,..... 
~.; 



PART V 
Tabulations of the Results of the Laboratory 

Tests 

CHAPTER I 

EXPLANATION OF THE TABLES 
Table II.-The terms used on this table are all defined in 

Chapter II of Part I, and the manner of making the tests is 
described in Chapter IV of the same part. A dotted line, only, 
under the column headed "Visible Impurities" means that no such 
substances are present; while the same symbol under the "Slakes" 
column indicates that the sample was earthy and the sack con
tained no pieces of sufficient size to test for slaking. The same 
symbol is also used under the columns headed "% of Fire 
Shrinkage," "% of Absorption," and "Color," when the sample 
did not vitrify appreciably before fusion. 

The statements concerning burning troubles are based only 
on the difficulties encountered in burning the small test-pieces. 
It is likely that slower heating would, in many cases, give satis
factory results, even when possible or probable burning troubles 
are indicated. On the other hand, some gypsiferous clays that 
gave no trouble in the laboratory are apt to be bothersome when 
larger pieces are burned, and no consideration was given to the 
probability of waste, due to the fact that the temperatures of 
incipient vitrification and vitrification were separated by but a 
few cones. 

Interrogation marks indicate either that, for various reasons, 
the tests were not made, or that the data were mislaid or acci
dentally destroyed. 

The following abbreviations are used: 

Alk =Alkali 
Cal =Calcite or calcareous material 
Carbon= Carbonaceous material 
Cons =Considerably 
Fos =Fossils, usually calcareous 
Gyp =Gypsum 

Hr =Hour 
Hrs =Hours 
Lim =Limonite 
M =Minute or minutes 
Sid =Siderite 
Sl =Slightly 
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Table Iii.-A dotted line indicates that none of the substance 
indicated was detected, or that no test for it was made. "Tr." 
means either that a very small amount of the substance indicated 
is present, or that it was determined qualitatively but not quanti
tatively. The rational analyses were computed according to the 
method described on page lS. 



~ s 
~I COUNTY 

_!j_ _________ --
' 

Adams 
Adams 

Sand 
Alk. Sand. 

TABLE II 
,------;-

Strong 39.1 No 
Adams. 

1 ~~::: .. ·.·.···· 
Sand. 

Poor .. 
Fine. 
Yery fine. 

Fine .. 
Fine .. 

I 
Weak. 24.3 No 

·[Strong.. 41.6 NN
0

o ~ 
Strong .. . 50.7 .. , 
Strong.... 10.4 No ............. [ 

Adams .. 
Bent .. 
BenL. 
Bent .. 

1. 
. . 1-F-i-ne-. --I-S-t-ro_n_g-.-. -.. -1--39-.-0 -N-o--I------

I Sand Limonite ... 
I Sand Limonite. 

10' Bent ... 
• ••• •I Calcite Limonite ... 

--1-----

Good. Strong. 26.3 No 
1 Fair. Weak. 23.2 No 

Fine .. Strong .. . 27.4 No 
Fair ...... . Weak. 23.4 No 

11 
12 
13 
14 
15 

~:::·· ...... ·I Gyp. Cal. Limonite. Good. 

. •I' ~~:ed . 
Strong . 
Strong .. 
Weak. 

31.81 No 
25.5 No 

Bent .. 
Bent. 
Bent ... 

Limonite. 
Sand Limonite. 
Sand Gyp. Lim .. 
Limonite . . · ... 

Good .. Strong . 
Strong. 36.6 No 

Not in 20 hrs. 
Not in 20 hrs. 
Not in 20 hrs. 
35M ......... 

Not in 12 hrs. 

j 
12M .. I Good. 

-:-~-1·-~-:-~-~~-:-~.-.--·1-.. -.-. -.. -.-.-.. -.~.--.-.. -.-.-•• -.I ~i::d: •. ·. ·.·.·.I 

~~.~ I ~: 
--1----1 

34.91 No 
39.7 81. 

18 Boulder . . . . Fine ... 

19 Boulder. Coal. ·1 Good .. 

Strong ... 
Strong. 
Strong . 
Strong ... 
Strong .. 

42.4 Badly 
28.7 No 

20 Boulder . . Coal Fossil Plants. . . . Fair .. 

Sand Streaks. I Fine .... 

.. .. .. .. .. J Poor .. 
Fair ... . 

Strong . 
i Weak . 
i Weak .. 

Fair ........ 1 Weak. 

31.7 

21 
22 
23 
24 
25 

Boulder .. 
Boulder 
Boulder 
Boulder .. 
Boulder .. Fair ....... 1 Weak .. 

26.6 
29.5 
30.5 
33.7 
32.9 

26 
27 
28 
29 
30 

Boulder. 
Boulder. 
Boulder .. 
Boulder .. 
Boulder 

. . I . 

... 

Sand .. Fair. 
Fair .. 

. . . . Good. 

Weak .. 

.I Weak. 
I 

Strong .. 
Strong 
Strong .. 

I 
I 

30.1 
35.7 
28 I 
30 .. j 
39.0 I~:: 

-3-1-I·-B-o-u-ld_e_r-.--·I-C-o-a-ly-.-------~-F-i-n-e.-.--

32 Boulder.. Fine: ...... 
Strong .. 
Strong . 
Strong . 
Strong. 
Strong ... 

24.6 
41.2 
43.0 
43.8 
40.5 

33 Boulder . Fine. 
34 Boulder Good. 
35 Boulder .. Fine. 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

Boulder .... 
Boulder. 
Boulder .. 
Boulder. 
Boulder .. 

Boulder. 
Boulder. 
Boulder 
Boulder. 
Boulder. 

Sand .. 

Coaly Fossils. 

Calcite. 
Limonite. 
Sand ... 

Good. 
Good. 
Fine .. 
Fine ... 
Good .. 

Good .. 
Fine .. 
Good. 
Good. 
Fair .. 

28.4 
37.8 

Strong ..... 
Strong. 
Strong .. 
Strong . 
Strong. 

.. 130.9 

.. 36.1 

. . 41.7 
I 

Strong .... j37.4 
Strong ..... 

1 
39.7 

Weak. ·i 20.0 
Strong . 28. 2 
Weak. . .I 20.5 

No 

Sl. 
No 
No 
No 
0fo 

No 
;\fo 

No 
No 
No. 

No 
No 
No 
No 
No 

No 
No 
Sl. 

No 

No 
Badly 
No 
No 
Sl. 

Not in 12 hrs. 

20M .. 
25M. 
15M .. 

3 hr ... 
45 M .. 
Not in 12 hrs. 
Not in 12 hrs. 'I 
45 M .. 

45 M.... I 
Not in 12 hrs. I 

40M .. 
I hr. 
15M .. 

5 M .. 
45M .. 
!OM. 
!OM. 
!OM .. ·I 

i 
25M ...... "I 
45 M... .. 
20M.... ..

1 40M.. , 
15M .... 

15M ........ 1 

15M ......... / 
No .... . 
7M .. 
No ...... 



4 us 
7 74 

l1 60 
16 37 
13 136 

l1 126 
5 24 
5 28 
7 43 
1 63 

3 
03 
03 
03 
05 

05 
03 
01 
07 
3 
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Brick. 
Brick. 
Brick ......... 
Pink .. 
Buff .. 

Brick .. 
Brick .. 
Brick ... . 
White .. . 
Gray .. . 

4 

0 
·o 
1 
1 

'rABLE II 

4.1 
17.7 
13.4 
18.5 
20.2 

9.5 
13.2 
14.0 
24.0 
18.5 

! 5 
3 
3 
3 

03 

Brown. 
Brown .. .. I 3 i 
Brown ...... I 1 1 

Brick. 2 

Gray . : I 6 

I 

2 ·, 

1; I 

2 

15.2 I 

3 Brown . .. ~ I 2.8 
3 Brown.. - 4. 7 
8 Brown. 4 

1 

7 

8 
5 
8 
8 
3 

16 

--- --·1-----1----

4 Brown.. 13 'I 0 5 

_1_o_
1
_G_r_•Y_· _____ 5 ~ _1_6 

l1 
7 
5 
5 

10 

87 
251 

1371 
133 
188 

010 Reddish Brown 0 
05 Brick... 1 

010 
05 

Brick ...... . 
White .. . 

010 Brick .... 

12.4 
11.4 
21.1 
32.0 
20.6 

5 Gray. 
1 Brick .. 
5 Brick .. 

12 .......... .. 
03 Brick. 

4 1.5 
1 i 8.5 
1 12.0 

6 12.5 

8 
8 

10 
12 
8 

No No 
No No 
Probable No 
No Yes 
Probable No 

Possible No 
PoBBible No 
No No 
No No 
No No 

No No 
No Yes 

No I ~~ Possible Yes 
----,--

No 

10 132 
5 93 

010 Yellow. 
03 

1 
01 
3 

Light Pink .. 
Pink .. 

0 20.6 
0 
4 
1 
6 

19.0 
2.0 

17.3 
5.0 

3 Brown........ 0 I 10 8 No I No 
3 Pink... . .. 1 3 ! 6

1 

8 No No 
3 55 5 Brown ...... 1 6 , 4 10 No No 

11 176 
9 141 

Flesh .. 
Flesh ... 

5 Brown ........ ' I 1 5 1 12 No Yes 

--- ---1-----1----
7 197 
3 136 

12 78 

03 
1 

010 
010 
010 

Light Brown. 
Pink ....... 

0 16.4 
2 3. 9 

Yellow. 2 19.6 

: :::: . . . . : :1----;-11 :: -:-:-•• -ib_l_e_ -:-: 

~ 1 ~~~~: ~ 
101i J; 

1

~ ~:ssibic ~:s 
: :~~c~n .. ~~l :~ ~ ~~~~~ -~-~----~-~ ~::::.:. I ~ !~ ~ 10 68 

8 86 

-8 --75- --0-10-]--P-ink-. -. ---1----;--l~ 
1 Brown....... 4 10 9 8 No No 

9 95 05 Pink.. I 21 
9 136 01 White ... 

24.4 
18.3 
13.9 

5 Brown.. I 5 9 8 Possible No 
5 White. . 6 0 12 Possible Yes 

11 165 1 Flesh.. . . . . . 1 8 Gray.. 3 3.5 12 Probable No 
12 142 010 Buff ... 15.0 3 Brown.. 0 5 12 No Yes 

-9 _1_72_ --0-10-I·-P-ink-.-.. -.-.-.. -.-.1-o I~ _5_1_G_r_a_y __ ---l--2---2-.6- -1-2 

11 207 010 Buff..... .. . . 0 23.6 1 Brown... 6 11.8 8 
11 193 010 White.. 2124.8 3 Gray . . .. . . 6 18.4 10 
11 147 010 Pink.. 4 36.0 1 Light Brown 4 21.2 10 
10 156 010 Yellow. 0 10.7 3 Gray. ... 5 I 4.5 10 
------1------1-- --1-----1-----

l1 190 
11 170 
8 154 

11 104 
8 91 

010 
010 

01 
01 

010 

Brick ... 
Brick .. 
Buff .. 
Brown .. 
Pink .. 

0 124 2 1 Brown.. .. 2 ]12. 0 5 
0 25.7 1 1 Brick. ... 3 I 8.0 5 

i 1 212 5 Buff... 5 i 10.0 12 
i I 15.1 3 Brown.. 2 I 10.0 10 

5 22.2 5 Gray. . .. _10 '1_6.7 12 
------1------1----

5 131 
4 200 
5 87 
9 146 
4 19 

3 
3 

07 
05 
03 

Brick .. 
Brick .. 
Light Brown. 
Pink ..... 
Brick .. 

3 4.9 8 Gray. 7 ·1 6.5 12 
1 l1.9 8 Brown. . ... 5 5.0 10 
0 21.0 031 Light Brown.. 0 18.0 3 
2 10.2 3 Gray . .. .. 3 I . 5 16 
1 11.8 5 Gray . .'. 1 9.0 16 

No No 
No No 
No No 
No No 
No No 

No No 
No No 
Possible , No 
No Yes 
No No 

No No 
No No 
No Yes 
No No 
No 1 Yes 
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TABLE II-Continued 

.8 u ~ ~ z COUNTY ~ ~~ ~" i:l=.~~ .:1 
~:~ o.s: 5~] .Sl ~& "ill 

~ 
"gj 

" ~] ~~ ~ .. jl ~ ;!!! ~ 00 ~~ ~0 ~.,£~ 

46 Boulder ..... Limonite ........ ·: Fair ... Strong 26.8 No 1 hr .. 20M. 
47 Boulder. Limonite .. Fair .. Strong .... 29.4 Sl. 
48 Boulder ... Mica Quartz .. Fair .. Strong . 29.4 Sl. 
49 Boulder .. Limonite ... Fair .. Strong . 23.9 No 15M ... 
50 Boulder .... ... Faa. Gyp. Lim. Cal.. Good ... Strong .... 27.1 No 5M. 

51 Boulder ..... .................. Fair . Weak. 21.4 No No ....... 
52 Boulder ....... Limonite ............ Good Strong. 25.9 No Not in 24 hrs. 
53 Boulder ....... Calcite ............ Fair .. Weak. 29.4 No 4 hrs .... 
54 Boulder .. ... Calcite ...... Fair ... Strong ..... 24.2 No 35M .... 
55 Boulder ..... .. Sand ........ Good ... Strong ..... 24.4 No 1M .... 

56 Boulder ....... Rock ...... Fair ....... Strong .... 20.1 No 1M .. 
57 Boulder ...... Limonite .. Good ...... Strong .... 30.5 No 1M ..... 
58 Boulder ....... Limonite ...... Fair ... Strong .. 25.7 No No .......... 
59 Boulder. ............... Fine ..... Strong .... 26.5 No No .......... 
60 Boulder ....... ....... ················· Fine ..... Strong .... 26.3 No No .. 

61 Boulder Sand Calcite .. Good .. Strong 22.4 No 1 hr .. 
62 Boulder Limonite .... Poor .. Weak ... 21.2 No 1 hr ... 
63 Boulder Limonite ........ Good .... Strong ..... 27.1 No 5M ... 
64 Boulder ....... Calcite Sand ...... Poor ... Weak ...... 17.8 No No ... 
65 Boulder ...... . . . . . . . . . . . . . . . . . . . . . . . . Fair ....... Weak ...... 23.5 No No ....... 

66 Boulder. Limonite ......... Fair ....... Strong ..... 23.1 No 20M ...... 
67 Boulder .. Alk. Cal .......... Fair ........ Weak .... 24.4 No 40M .... 
68 Boulder. Lim. Gyp ... Poor ...... Weak .... 26.9 No 5M .......... 
69 Boulder Fair ........ Strong ..... 36.6 No 3M .......... 
70 Boulder .. Sand ... Good Weak ...... 23.0 No No ... 

71 Boulder Sand ........ Good .. Weak. 23.4 No 
72 Boulder. Sand Streak ...... Fair .... Weak. 25.2 No 
73 Boulder Sand ................... Poor ...... Weak ...... 18.7 No 
74 Larimer ..... Fine ........ Strong ..... 29.7 No 5M ....... 
75 Boulder ....... Limonite ........... Good .... Strong ..... 25.7 No 17M ......... 

76 Boulder ...... Limonite .......... Good ....... Strong ..... 19.2 No 17M ......... 
77 Boulder ..... Sand .......... Good ....... Strong .... 23.1 No 17M ......... 
78 Boulder ... Sand Streaks .... Good ....... Strong .... 27.5 No 15M ......... 
79 Boulder. ................. Fair ........ Weak .... 22.2 No Not in 8 hrs. 
80 Boulder Alk. Lim .... Good Strong .... 21.2 No 15M ......... 

81 Boulder ....... Sand .... Good. Weak .. 16.9 No 55 M ......... 
82 Boulder ....... Sand .... Fair ....... Strong .... 19.7 No 1 hr .......... 
83 Boulder ...... Pyrite Good ....... Strong .. 20.2 No 10 hrs ......... 
84 Boulder ... Limonite ....... Good ....... Strong ..... 17.4 No Mter lOhrs ... 
85 Costilla ..... Fair ........ Very strong 45.6 Sl. 2M .......... 

86 Custer .. ··············· Good ....... Strong .... 36.5 No Not in 24 hrs .. 
87 Custer .. Roots .............. Fine ....... Strong . 32.38 No 3M .......... 
88 Custer .... Roots .. Poor ....... Weak .... 25.0 No 12M ......... 
89 Custer ..... 1 Fair ........ Strong ..... 24.97 No 50M ......... ······.······ 
90 Custer ......... Roots ................ Fine ........ Strong ..... 28.26 No ············ 
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120 
117 
117 
123 
132 

2 84.5 
5 96 
7 110 
5 •103 
7 135 

~ 1:~ I 
2 58 
0 58 
1 51 

05 
05 
05 
07 

010 

5 
03 
05 
01 
05 

Pink .......... . 
Buff .......... . 
Buff ........ . 
Pink ..... . 
Pink ....... . 

White. 
Brick .. 
Flesh .... 
Pink .. 
Buff ...... 

051 Pink .. 
05 Pink ..... 
05 White .. 
05 White .. 
01 White .. 

TABLE II-Continued 

5 
4 
4 
1 
1 

0 
5 
0 
1 
1 

14.7 
10.8 
17.9 
14.0 
15.0 

1.3 
17.4 
22.4 
12.0 
15.3 

1 18.0 
1 15.5 

1 15.6 

3 Brown. 
03 Gray .. . 
01 Brown ... . 
01 Dark Gray . 
03 Brick .... 

6 
7 
8 
4 
8 

3.4 
3.0 
7.0 
8.0 
1.5 

Possible 
No 
Possible 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 

--1------:1-- -- - ------
8 
3 
1 
3 
3 

Grayish White 2 
Brown . . . . . 7 
Brick........ 4 
Brown ........ 8 
Brown ....... 2 

1.0 
5.0 

11.0 
1.1 
4.3 

20 
8 
8 
8 
5 

No 
Probable 
No 
No 
No 

No 
No 
No 
No 
Yes 

--1-----1- -- -- ------
01 

3 
5 
5 
5 

Buff ... 
Brown ..... . 

2 

4 
White........ 3 
White .. 5 
White ....... 5 

16.0 3 No Yes 
5.0 12 No Yes 
7.0 10 Possible Yes 
5.0 10 Probable No 
5.0 10 No No 

~ ~~:~ I 
--1-----1-- --1-----1-- -- - ----

47. 

91 
135 
51 
80 

1 
05 
05 
03 
05 

Buff ... 
Brick.. .. . . 
Pink ........ . 
Flesh ......... . 
Brick .... 

0 
0 
0 
0 
0 

5.8 
6. 7 

12.2 
11.6 
16.1 

Brown.. 0 
Brick . . . . . . . . 6 
Brown . . . 9 
White .. : 0 
Brown ........ 6 

4 
4 
6 
6 
5 

8 
5 
8 
8 
8 

No 
Possible 
Possible 
Possible 
Possible 

No 
No 
No 
No 
No 

--1-----1·--- --1-----1----- ----
3 
8 
4 
3 
6 

75 
89.5 
85 
12 
86 

05 Brick ..... , .. .. 
05 Brick ......... .. 
03 Brick .. 
03 Brick ......... . 
1 Pink .......... . 

2 13.3 
1 15.3 
4 7.4 
6 5.5 
0 9.2 

03 
01 

Brown ..... 
Brown........ 5 

5 Brown....... 6 
5 Brick........ 6 
8 YellowishBr'wn 0 

10.3 
12 
4 
4 
3.6 

3 
3 
8 

10 
12 

Possible Yea 
No No 
Probable No 
No No 
No No 

--1------1---- --1-----1---- - -----
5 
6 
3 
6 
9 

56 
91 
39 
81 

121 

03 
1 
1 

03 
010 

Flesh .......... . 
Brick ........ .. 
Yellow ........ . 
Pink ......... . 
Light Brick .... . 

0 
0 
0 
4 
1 

10.8 
3.9 

13.2 
11.6 
10.0 

5 
5 
8 
3 

03 

Brick. 
Brown . . . 3 
Gray.. 0 
Brown ........ 6 
Brown...... 6 

6 
1.2 
4.7 
5 
4.3 

8 
8 

18 
8 
3 

Probable 
No 
No 
No 
No 

No 
No 
No 
No 
No 

------1------1------1-----1---------
9 132 
5 102 
6 108 
3 50 
4 76 

07 
010 
05 

010 
010 

Light Brick .... . 
Pink ........ .. 
Brick ...... .. 
Light Buff ..... . 
Brick ......... . 

1 14.7 
1 14.1 

2 13.9 

03 
01 
01 
03 
03 

Brown ....... . 
Brown ....... . 
Brown . ..... . 
Buff ....... .. 
Brown ........ 

9 5 3 No Yes 
6 4. 6 3 No No 
3 7.2 3 No No 
9.2 1 3 No No 
7 7. 9 5 No No 

0 119.2 
0 15.6 

--- ---1------1-- --1----1--- --
3 63 010 Brick ........ . 
3 44 03 White ....... .. 
3 41.5 05 Buff ........ . 
4 73 010 Light Brick ... . 

14 56 03 Brick .. 

2 42.5 08 Light Buff .. 
8 144 05 Pink .......... . 

6 61 010 Brick ...... .. 
6 102 010 Buff ....... _ .. . 
9 202 010 Buff ........... . 

(11) 

1 16.6 03 Brown .. .. .. . 1 11.1 5 -No 
0 7 ? ?. " .. " ..... ? ? ? ? 
5 9.8 03 Brown.. 5 8 5 No 
0 16.8 3 Brick ........ 2 13.7 5 No 
6 14.3 01 Gray ........ 6 5.8 5 No 

7 18 
1 10.6 
0 16 
0 14.9 
0 11.4 

05 Gray ........ 14 
5 Brick... . . . .. 8 
3 Brown........ 3 
8 Gray......... 3 

. 3 Brown........ 2 

4.1 3 
.9 8 

11.5 8 
4.35 12 

10.9 8 

No 
No 
No 
No 
No 

No 

I~~ 
No 
No 

No 
No 
No 
No 
No 



91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
112 
113 
114 
115 

116 
117 
118 
119 
120 

121 
122 
123 
124 
125 
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COUNTY 

Custer. Roots .. 
Custer... Roots ..... 
Custer. Lim. Cal. Root• .. . 
Custer .. , . . . . . . Lim ............... . 
Custer .... Calcite ............. . 

Custer. . . . . . . . . Lim. Root. .... 
Custer. . . . . . . . Limonite .. 
Custer ...... .. 
Custer .. : ..... . 
Douglas ...... . 

Douglas....... Siderite ...... . 
Douglas ...... . 

Douglas... . ·1 Limonite ....... . 
Douglas. . . . Gyp. Lim ...... . 
Douglas.. . ........................ . 

Douglas. 
Douglas. 
Douglas. 
Douglas. 
Douglas ... 

Do~Iglns. 

Douglas. 
Douglas. 
Douglas. 
Douglas. 

Douglas .. 
Douglas. 
Douglas. 
Douglas. 
Douglas. 

Douglas. 
Douglas. 
Douglas. 
El Paso ...... .. 
El Paso ...... .. 

Limonite ......... . 
Limonite .. 

Limonite ..... . 

Limonite ..... . 
Calcite .... . 

Gypsum .. 

Gypsum. . .1 
Limonite.. I 
Limonite .............. ·1 
Limonite ........ : ...... · ..... . 
Limonite .......... . 

Limonite.. .... .. . . . . . I 
Gypsum ............... . 

. . . . . I 
Wash. Gyp ... . 
Limonite ....... . 

.8 

Fair ........ Weak. 30.57 No 
Good....... Strong 37.5 No 
Good....... Strong 48.2 Badly 
Fair ........ Weak ...... 36.3 No 
Fine....... Strong..... 36.0 No 

Fair ........ . 
Fine ...... . 
Fine ...... . 
Poor ...... . 
Fine ...... . 

Good ..... .. 
Good ...... . 
Fine .... . 
Good ...... . 
Fine ...... . 

Weak ...... 30.5 
Strong .. .. . 28. 8 
Strong .. .. . 47.9 
Weak.. .

1

22.8 
Strong . . . 21. 6 

Strong .. .. 31.4 
Strong .. .. 38 . 0 
Strong .. .. . 31.4 
Strong .. .. . 54. 6 
Strong . . 25.8 

Good. . . . . . . Strong 38.9 
28.1 
35.5 
33.5 
33.3 

Fine .. .. . . . Strong .. 
Good...... . Strong ..... 
Good.. Strong . 
Fine..... Weak. 

Fine....... Strong..... 31.4 
Poor ....... Weak.. 23.0 
Good....... Strong 42.6 
Good.. .. .. . Strong 35. 7 
Fair... Weak. 32.2 

Fair... Weak. 
Good. .. .. .. Strong 
Good ....... Weak .. 
Good.. .. .. . Strong .... 
Fair...... Weak. 

30.0 
32.5 
20.1 
31.0 
24.9 

-------1-------1·---
Fair ..... . 
Good .... . 
Good ...... . 
Fair ....... . 
Good. 

Weak. 
Strong .. .. 
Strong ... .. 
Strong ... . 
Weak ..... . 

24.6 
29.5 
29.5 
26.0 
24.6 

No 
No 
Cons. 
No 
No 

No 
No 
No 
Badly 

No 

Badly 
No 
No 
No 
No 

No 
No 
Cons. 
Cons. 
No 

No 
Sl. 
No 
No 
No 

No 
No 
No 
No 
Cons. 

126 ElPaso........ ..................... Fine.. Strong ..... 21.0 No 
127 El Paso ........ Limonite............. Good ....... Strong.... 26.3 No 
128 El Paso ........ Siderite Limonite ....... , Good ....... Weak ...... 23.2 No 
129 El Paso. Fossils Limonite......... Good....... Strong.... 24.4 No 
130 El Paso Fossils................. Poor ..... :. Weak. 28.5 No 

131 
132 
133 
134 
135 

El Pa8o........ Fossils ........... . 
E1Pa8o ...... .. 
El Paso ....... . 
El Paso ...... . 
El Paso ...... .. 

Fair........ Weak. 24.7 
Fair ........ Weak.. 23.1 
Good ........ Weak.. 25.5 
Good.. .. .. . Strong .. .. . 30. 3 
Good, , .. .. . Strong .. .. . 23. 8 

No 
No 
No 
No 
No 

1 hr 45M. 
50M ...... . 
3M ...... . 
12M ....... .. 
3M ........ .. 

3M ...... . 
12M .... . 
3M ......... . 
Not in 12 hra. 
7M .. 

2M.. I 
35M ...... .. 

35M .. . 
3M .. 
2M ..... 

Not in 1 day. 
7M .... .. 
7 .M .. . 
7M ........ . 

7M ......... 
Not in !day .. 
Not in 1 day .. 
1M ...... 
20M .. 

20M .. 
1M .. 
41!.. 
2M .. .. 
4M ...... . 

1 hr ........ .. 
Not in 8 bra .. . 
2M ........ .. 

20M ........ . 
20M ....... .. 
20M ....... .. 
Not in 8 hrs .. . 

Not in 8 hrs .. . 
6 hrs ........ .. 

20M ......... 



5 
11 
17 
9 
9 

158.5 
218 

43.5 
110.5 
169 

9 152.5 
10 97 
15 29 
I 51.5 
6 97 

11 
5 
? 

15 
~ 

a 
6 
7 
6 
6 

6 
I 

13 
12 

6 

139 
96 
93 
90 

100 

7~ 

56 
70 
53 
51 

43 
58 
18 
22 
30 
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010 
010 
010 
05 
05 

Buff ......... . 
Buff .......... ~. 
Buff ........... . 
Buff ........ .- .. . 
Gray. 

I 
I 
3 
0 
4 

17.3 
13.2 
9.3 

17.2 
22.9 

--:--------
010 Brick ......... . 
03 Buff ......... . 

010 Buff .......... .. 
8 White ........ .. 

010 Pink ......... .. 

1 13.4 
2 64.2 
1 7.8 
2 20.5 
1 11.8 

3 
3 

03 
3 
3 

.. I 4 
Brown...... 5 
Brown ... 

Brick.. 4 
Buff.......... I 
Gray. 4 

6.7110 
7.9 I 8 
5.7 8 

15.4 8 
21.1 8 

No 
No 
Possible 
No 
No 

No 
No 
No 
No 
No 

-1----1---------
Brick .. 

3 Gray ....... 
5 Light Gray ... 

26 Gray ........ . 
3 Brown ..... .. 

? ? 8 Possible 
3 20.8 8 No 
6 6.4 8 No 
6 8 30+ No 
3 7.1 20 No 

No 
No 
No 
No 
No 

--1·-----1---- --1-----1-----------
05 
05 

010 
03 
03 

07 
3 

01 
01 
01 

Brick .. 
Buff ... 1 

Pink........... 0 
Pink........... 2 

9.1 
15.5 
13.8 
13.0 
17.2 

03 
03 
10 
01 

2 

Dark Gray .. . 
Gray ........ . 
Brown ....... . 
Brown ....... . 
Brown ....... . 

2 
I 
5 
0 
4 

5.1 
13.0 
14.6 
0 
5.0 

3 
5 

16 
3 
3 

No No 
Probable No 
No No 
Possible No 
No No 

Flesh ........... I 0 

--- --1-----1----- ----
Light Buff ...... 1 0 
Brown .. . 
Brick .. .. 
Brick..... 6 
Brick ..... 

18.5 
9.5 
4.8 
4.5 
4.2 

01 
5 
3 
5 
5 

Light Buff ... . 
Gray ..... .. 
Dark Gray .. . 
Dark Gray .. . 
Dark Gray .. . 

0 
I 
7 
8 
7 

5.8 
9.3 
1.6 
2.1 
0.8 

3 
20 
24 
22 
16 

No No 
Possible No 
Probable No 
No Yes 
No No 

--!-----'--- --1-----1----------
010 

01 
010 
010 

05 

Brick ..... 
Light Buff ..... . 
Brown ... . 
Brick .. .. 
YeJiow ... . 

5 
5 
2 
0 
5 

3.7 
15.4 
14.2 
9.ll 

13.8 

Black ........ 
3 Gray . ... 10 

03 .. .. 
05 .... . 

Gray .... 

4.6 
5.7 

6.1 

18 
5 

03 
05 
16 

No 
No 
No 
No 
No 

No 
No 
No 
No 
Yes 

--- ---:------:---- --1-----1---- - ----
6 
9 
4 
8 
5 

93 
41 
61.5 

102 
65 

010 
010 

3 
05 
03 

White .... 
Brick ....... . 
White ......... . 
Flesh .......... . 
White ......... . 

14.9 5 Light Gray .. . 
15.0 05 Black ....... . 
15.2 I 20 White ....... . 
13.2 01 Yellowish White 
17.9 10 Browhisb White 

6 3. 9 
3 7.1 
5 3 
4 . 11.1 
0 12.2 

16+ No 
03 No 

30+ No 
5 No 

20. No 

No 
No 
No 
No 
Yes 

--- ---:-----:--- --1·----1- -- -- ----
010 I Light Pink .. . 7 89 

9 102 

1: I !! 
5 
5 
I 
2 
7 

42 
28 
24 
25 
34 

56 
22 
36 
55 
79 

010 Pink ...... . 
07 Buff .......... .. 

010 Buff ........... . 
010 Brick ......... . 

05 
010 

3 
10 
01 

Pink .......... . 
Dark Brick ... . 
White ......... . 
White ....... . 
White ....... . 

03 White ........ .. 
3 Grayish Brick .. 
3 Gray .......... . 

03 Brown ......... . 
03 Yellowish White 

1 
I 
I 
I 

_0 

0 
0 
3 
1 
0 

15.5 
22.8 
10.0 
11.9 
12.6 

12.4 
14.9 
20.6 
20.0 
32.9 

3 30.0 
6 2.6 
0 7.1 
5 22.5 
1 11.2 

5 Gray ....... .. 
1 White ...... .. 

01 Brown ...... .. 
2 Brown ...... .. 
3 ............ .. 

5 
01 

Gray .. 
Brick ... 

5 ............ .. 

4 
2 
3 
3 

10 White........ I 
8 Brown ........ 21 

2.6 
21.6 ' 
5.8 
5.0 

4.3 
8.7 

20.0 
2.8 

10 
3 
5 
3 
3 

20 
1 
5 

12 
10 

No No 
No Yes 
No Yes 
No No 
No No 

No 
No 
No 
No 
No 

No 
No 
No 
No 
No 

--1-----1--- -- ------
3 Brown........ 4 13.5 
3 Gray......... 6 2.6 
3 Gray......... 0 7.1 
5 Yellow....... 6 7.0 
I YellowisbWhite 2 11.1 

5 
5 
5 
8 
5 

No 
No 
No 
No 
No 

No 
No 
No 
No 
Yea 

---~------------------------~----------~------------
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~~] 

-....b "8.~ 
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~ ~!! ~~ ~0 ~~El 5 ~ 
"' 

qO 
"' 

136 El Paso. Limonite ... Fine .. Strong 25.4 No 
137 El Paso. Limonite ... Good .. Strong ..... 36.1 No 20M ..... 
138 El Paso ... Gyp. CaL Lim .. Fine .. Strong ..... 37.1 No 20M ......... 
139 El Paso. Siderite Limonite ....... Good .. Strong. 30.0 No 20M .... 
140 El Paso .. Siderite Gypsum. Good Strong .... 27.9 No 20M ....... 

141 El Paso Gypsum ... Fine ....... Strong .... 35.6 No . .......... 
142 El Paso .. Gypsum. Fine ... Strong .... 35.1 No !OM ..... 
143 El Paso. Gypsum .. Fine ... Strong ... 33.7 No 1M. 
144 El Paso ....... Siderite Gyp. Lim .. Good .. Strong ... 34.1 No 3M ..... 
145 El Paso Siderite Gyp. Lim ...... Good .. Strong .. 34.9 No 10M ... 

146 El Paso. Limonite. Good. Strong ..... 30.2 No I.~O.M.: . 147 El Paso ........ Gomj. Strong. 33.9 No 
148 El Paso ........ Fair .. Weak ..... 18.5 No . . . . . . . . . . . 
149 El Paso. Fossils Lim. Gyp .. Fair .. Strong .... 35.3 No 3M .......... 
150 El Paso. Siderite .. Good .. Strong .... 35.0 No !OM. 

!51 El Paso ... Siderite Gypsum. Good ... Strong .... 37.0 No !OM .. 
152 El Paso. Calcite Limonite .. Good. Strong .... 39.8 No 3M .... 
153 El Paso ...... Limonite .. Good. Strong .... 35.4 No 3M .......... 
!54 El Paso. Gypsum Limonite. Good. Strong .... 32.9 No !OM ......... 
!55 El Paso. Selenite Limonite .. Good. Strong ... 39.4 No 3M ...... 

!56 El Paso. Gypsum .... Good .. Strong 28.3 No 3M ...... 
157 E!Paeo. Limonite .. Good ... Strong ... 31.8 No 
!58 El Paso. .............. , Good .. Strong .. 28.4 No 25M .... 
!59 El Paso. Sand Limonite. ... Fine ... Weak ... 26.6 No 35M ......... 
160 El Paso. Quartz Pebbles ..... Fine ..... Strong ..... 28.1 No !OM ... 
-- -------
161 El Paso. Gyp. Lim ... Good ..... Strong .. 57.9 Cons. 1M .... 
162 El Paso. Lim. Cal.. Fair ....... Weak .. 43.0 Cons. !M .......... 
163 El Paso. Limonite. Fair ........ Weak ... 24.3 Cons. 1M ........ 
164 El Paso ... Fair ........ Strong. 28.8 No 20M ...... 
165 El Paso ... Fine ........ Strong .. 22.9 No 20M .... 

166 El Paso. Quartz Pebbles. Good ....... Strong .. 27.5 No !OM .... 
167 El Paso ... Gyp. Lim ... Good ....... Strong . 34.0 No 20M ..... 
168 El Paso. Limonite .. Fine ... Strong ..... 34.1 No 10M .. 
169 El Paso ...... Limonite .. ............. Fine. Strong ..... 41.2 No 25M .. 
170 El Paso Limonite .. Fine. Strong ... 36.6 No 3M .. 

171 El Paso. Limonite .. Fine. Strong 38.2 No 3M .. 
172 El Paso ... Limonite ... Fine. Strong ... 23.6 No 3M .. 
173 El Paso. Limonite .. Fine. Strong .. 37.8 No 3M .......... 
174 Fremont ....... Lim. Gyp ....... Fair ........ Weak .... 24.0 No 3.5 hrs ........ 
175 Fremont.. ..... ················· Fair ........ Weak .... 16.5 No 13M ......... 

176 Fremont ....... ....................... Fair.. ...... Weak ...... 21.2 No 13M ......... 
177 I Fremont.. ..... Gypsum ...... Poor .... Weak ..... 20.6 No Not in 16 hrs .. 
178 Fremont ...... . Bitumen Lim. Gyp .. Good ....... Strong ..... 39.8 Sl. ............. 
179 Fremont ....... Lim. Gyp ... Good ....... Strong ..... 25.2 No 35M ......... 
180 Fremont ....... Limonite ............. Good ....... Strong ..... 25.3 No 50M ......... 
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~ .,.o .c il' 

·.3@ ~1 -= :s@ -~ '0.~ @ 
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... "E~z ~~ 
~z 

i~ 
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"® ~ g -~~ ~ Q·~ -~-~8 ~ 
Q., QJ:l ~M ~ 
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9 59 05 White .. 2 15.1 10 White .... .... 8 2.0 30+ No No· 

9 72 05 Pink ..... ...... 4 15.1 3 Gray. ..... ... 5 5.0 5 No No 

9 61 07 Yellowish White 4 32.8 3 Gray ... .... 6 3.4 8 No No 
7 61 05 Brick. ......... 1 9.2 01 Dark Brown. 3 5.8 3 No No 

3 59 010 Pink ... .. ...... 0 17.0 3 Brown ........ 5 3.4 5 No No 

----· -- - -- - ---- -
11 120 010 Brick. ......... 1 13.0 1 Gray ...... ... 3 11.2 5 ·Probable No 
10 142 05 Brick ........ 2 8. 7 03 ············· ... 03 Probable No 
10 122 010 Brick .. .. ..... 1 8. 6 05 Brick .. ······ 2 5. 7 03 No No 
8 128 010 Brick ... .... 0 8.5 01 Brown. ....... 2 5.0 01 Probable No 

12 90 010 Brick .. 1 9.3 03 Brown ....... 2 5.6 01 No Yes 

- ·-;-I -- -- - ---- -
8 010 Brick ........... 0 16.0 03 Gray .... ..... 1 1 1 No No 
4 40 01 Buff .. 7 13.0 10 Buff .......... 12 2.4 30+ No Yes 
1 13 3 White .. 0 16.8 18 White ........ 3 10 30+ No Yes 

10 124 05 Brick .. .... 2 9.5 01 Brown ........ 3 5.0 01 Probable Yes 
11 94 05 Brick ........ 2 11.7 01 Brown .. 3 6.0 01 Probable No 

- -- -- -- - -----
9 85 010 Brick .. 1 7.3 01 Brown ....... 3 4 01 Probable No 
9 68 05 Pink ... ..... 2 13.5 3 Gray .. .. ... 3 4.1 5 Possible Yes 

9 86 05 Flesh. .... 3 12.3 3 Light Gray 4 6.3 12 Possible No 
8 64 03 Yellowish White 2 13.2 5 Light Gray. 3 8.8 18 No No 

12 107 01 Brick. ......... 2 9.0 3 Gray ... 4 6 8 Possible Yes 

- -- -- -- - ---- -
7 50 03 White .. 1 19.4 10 Light Brown. 3 12 30+ No No 
6 59 01 White .. ........ 2 4.8 5 Light Brown. 3 4.5 8 No No 
5 66 05 Flesh .. ... ..... 1 12.8 01 Black ........ 7 1.2 16 No Yes 
5 70 05 White. .... .... 1 13.8 8 Gray ....... 5 2 20. No No 
7 58 05 Yellowish White 0 13.3 5 Light Gray ... 3 2.5 22 No No 

- -- -- -- - ---- -
17 15 06 Buff ............ 0 !4.9 05 Black ... .. 2 6.6 03 No No 
11 7 03 ... ·········· ... .... . . . . . . 03 .... ....... .. . 03 No No 
11 18 01 ................ ... ······ 01 ........ ...... . .... 01 No No 
6 97 05 White .. .... .... 1 13.3 3 Light Brown. 5 2. 7 20 No No 
6 95 03 Pink ..... ...... 4 9.2 5 Gray. . ..... 6 1.2 12 No Yes 

- -- -- -- - ---- -
7 86 05 Whit •.... . . . . . . I 12.6 5 Gray .. ..... 4 5.5 22 No No 
8 . 93 05 White .. ... .... I 12.4 5 White. .. .... 5 2.8 14 No No 
5 103 3 Flesh .......... , 4 14.8 8 Light Brown .. 5 12 130+ No No 
7 116.5 03 Light Brick ..... 2 21.8 1 Light Brown .. 1 1 

r~i 
No Yes 

4 56 03 Brick ........... 2 21.2 8 Brown ....... 4 7.1 No No 
- -- -- ---- -

5 91 3 Light Buff ... ... 6 13.6 8 Brown .. . .. 1 1 30+ No Yes 
6 121 03 White ..... ..... 2 19.4 12 Gray ..... . ... 1 ? laa+ No No 
6 62.5 03 Light Buff ..... 3 11.4 8 Gray ........ 8 5 lao; No Yea 
3 27 3 White .... .. .... 0 35.2 5 .. ........ . ... No No 
2 62.5 01 White .... ...... 1 16.1 12 White ........ 5 9.6 30+ No Yes 

- -- -- -- -. ------
1 27 3 White .......... 1 20.2 20 White ........ 4 11 30+ No No 
2 58 05 Buff ............ 1 18.9 5 Gray .. ..... 7 2.2 10 No No 

10 29 010 Pink ........... 2 20.0 3 Brown ........ 8 7 5 No No 
5 41 05 Brick ......... .. 0 16.5 3 Brown .... , .... 6 2.3 5 Possible No 
6 114 010 Pink ........ ... 1 16.7 03 Light Gray 4 3. 7 5 No No 
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'Q,...i z 

m~ -ai~ .s 
..!l COUNTY ~-~ §~ ~ om 
~ !;;~ .3,§ 

~ ~~ ~~ 00 ~l:=il f 
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181 Fremont ....... ························ Fair .. Weal<. ..... 21.6 No Notin16hrs. 
182 Fremont ....... Siderite Lim. Gyp ......•. Fine ........ Strong ..... 27.8 No 16 hrs .. """. 
183 Fremont ....... Lim. Cal.. ..... Good ...... Strong ..... 29.9 No 40M ......... 
184 Fremont ....... ············· Good ....... Strong ..... 23.9 No 50M .... 
185 Fremont Lim. Gyp ... Good ....... Strong ..... 34.4 Cons. 13M ......... 

186 Fremont Lim. Gyp .. Fine ........ Strong ..... 25.4 No 40M ......... 
187 Fremont ....... Fine ........ Strong ..... 26.0 No 1M .......... 
188 Fremont ....... Siderite Gypsum .. Fine ........ Strong ..... 28.5 No 35M ......... 
189 Fremont ....... Siderite Gyp. Lim ... Good ....... Strong ..... 24.5. No ·············· 
190 Fremont .... , .. Limonite ............. Fair ........ Weak ...... 19.8 Badly Not in 16 hrs .. 

191 

I 
Fremont ....... Gyp. Lim ............ Fine ........ Strong ..... 31.6 No 35M ......... 

192 Fremont ....... Limonite ................ Fine ........ Strong ..... 21.3 No 6 hrs .. """" 
193 Fremont ... ... Limonite ........... Good ....... Strong ..... 26.3 No 35M ......... 
194 Fremont .... Calcite .... ············ Fair ........ Weak ...... 25.9 No Not in 1 day .. 
195 Fremont ....... Cal. Sid. Lim. Gyp ....... Fair ........ Weak ...... 27.6 No Not in 20 hrs .. 

196 Fremont .. .... Limonite ................ Good ....... Strong ..... 21.2 No Not in 24 hrs .. 
197 Garfield ....... ........................ Fine ........ Strong ..... 32.3 No 2M .......... 
198 Garfield ....... Lim. Cal.. ............ Fine ........ Strong ..... 20.6 No 7M .......... 
199 Garfield ... Lim. Cal ............... Fine ........ Strong ..... 23.9 No 12M ......... 
200 Garfield ....... Lim' Cal.. ............. Fine ........ Strong ..... 22.9 No 

201 Garfield ....... Lim. Cal ........... Fine .. ..... Strong ..... 33.1 No 10M ......... 
202 Garfield .. Lim Cal.. ........... Fine ........ Strong ..... 14.7 No 50M ......... 
203 Garfield ....... Limonite ............. " 

Fine ........ Strong ..... 31.3 No 15M ......... 
204 Garfield ....... .................... Fine ........ Strong ..... 24.2 No 15M ......... 
205 Garfield ....... . . . . . . . . . . . . . . . . . . . . . . . . Fine ........ Strong .. 22.3 No 5M .......... 

206 Garfield. Cal. Gyp ................ Good ....... Weak ... 19.5 No 55M ......... 
207 Garfield. Cal. Gyp ................. Fine ........ Strong ..... 21.3 No 
208 Garfield ....... .................. Good ....... Weak. 21.3 No 38M .... 
209 Garfield. . . . . . . ' . . . . . . . . . . . . . . . Fair ..... Weak ... 22.3 No 7M .... 
210 Garfield ...... Mica ........ .' .. Fine ........ Strong ..... 24.8 No 7 M ......... 

211 Garfield ....... . . . . . . . . . . . . . . . Good ....... Strong ..... 21.3 No 2M ..... 
212 Garfield ... ................. Fair ....... Weak ..... 23.0 No ·············· 
213 Garfield ... Roots Limonite. :. Fine ........ Strong ..... 43.9 No 7M ...... 
214 Garfield ....... ························ Fair ........ Weak ...... 20.7 No 7M ..... 
215 Garfield ....... ................. Good ....... Strong ..... 29.3 No 

216 Garfield. ························ Good ....... Strong ..... 27.3 No 
217 Grand ...... ... Limonite ................ Good ....... Strong ..... 27.3 No 20M ... 
218 Grand. Limonite ............. Good ....... Strong .... 20.7 No 
219 Grand .. Lim. Gyp ... Fine ......... Strong .... 21.5 No 20M .... 
220 Gunnison . .... Fair ... Weak ... 21.0 No 20M .. 

221 Gunnison ...... ............. ........ Poor .. Weak .. 19.5 No Not in 8hrs ... 
222 Gunnison ..... Roots ..... Fine ...... Strong .... 31.2 No ·············· 
223 Gunnison ...... Roots. Good ....... Weak ...... 20.8 No 1M .......... 
224 Huerfano ...... ....... Fair ........ Weak ...... 19.3 No 

225 Huerfano ...... Limonite ...... Good ....... Weak ...... 25.2 No .............. 
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2 19.5 03 White .. .. 0 21.5 12 White .. 2 9 30+ No No 
7 118 05 Pink ....... .. 2 '15 .5 5 Gray ........ 5 4.1 16 No No 
8 114 05 Buff ........ ... 2 13.4 03 Brown .. ...... 10 15.3 3 No No 
3 60 03 White .... ...... 2 20.1 16 White ........ 4 10 30+ No No 

11 99 07 Brick ........... 5 12.2 01 Brown ..... 7 5. 7 5 No No 
- -- -- -- - --- -

5 91 05 Brick ..... 2 17.3 3 Brown. "' ... 6 7.9 8 No No 
6 136 05 Pink .... 2 20.0 01 Brown. '" .. 7 2.4 3 No No 
7 54 05 Pink .... ..... 3 9.8 3 Brown .. 6 1.8 5 No No 
5 30 05 Pink .... ....... 1 15.2 3 Brown. ....... 3 2.2 5 POBBible No 
1 28 10 White ....... .. 0 15.0 18 White ........ 1 8 30+ No No 

- -- -- -- - ----
6 50 05 Pink ········· 3 12.6 3 Brown .. ...... 7 2 12 No No 
4 65 05 White .. .... 1 13.3 10 Gray ....... .. 10 2.5 16 No Yes 
8 77 03 White .... 4 14.1 5 Gray .... 5 5.9 16 No No 
3 37 05 Gray ..... .. 2 21.6 03 Gray ..... .... 2 21.0 3 No No 
4 16 03 Brick ........ ... 7 16.2 3 Brown ........ 14 5.4 5 No No 

- -- -- -- - ----
1 23 3 Pink ........... 0 20.0 10 Brownish Gray 1 4 20 No No 

10 91 03 Brownish Brick .. 7 12.0 3 Brown. ...... 8 3.4 5 No No 
1 16 03 White .......... 0 23.0 4 Buff .. 1 20.0 5 No Yes 
1 28 01 White .... ...... 0 31.0 3 White ... 0 30.0 5 No No 
3 20 3 White .. " ..... 0 29.0 5 .... ..... .. .. . . ... ...... 5 No No 

- -- -- -- - ----
3 33 03 Flesh ........... 3 31.0 3 Brown .... 5 4.9 5 No No 
3 24 3 White .... ...... 0 25.0 5 .............. .... ...... 5 No No 
3 32 05 Buff .... 5 15.0 3 ...... . ... ...... 3 No Yes 
2 34.5 03 Pinkish White . 3 12.0 3 Gray .. ······ 5 4 5 No No 
2 93.5 05 Buff ........... 0 21.0 3 Brown ... .... 7 3.8 5 No Yes 

- -- -- -- -- - --- -
0 29 5 White ...... .... 9 4.0 8 ........ ...... .... ······ 8 No Yes 
3 35 3 White.: .... '''' 0 33.0 8 White .. .. 9 1.4 10 No No 
0 19 3 White .......... 0 24.0 8 White .. 4 2.5 10 No No 
2 40 03 Brownish Brick .. 5 4.0 01 Brown .. 5 1.9 5 No Yes 
1 51 03 Buff ............ 1 30.0 3 Brown .... ... 1 25 5 No No 

- -- -- -- - ----
4 52 07 Pink .......... 1 14 3 Brown ...... 4 7.5 5 No Yes 
2 70 01 Pink ....... .... 5 7.7 3 Brown ..... .. 6 4.2 5 No No 

12 92 010 Brown ......... 6 9.5 3 Gray ......... 3 1.9 8 No Yes 
4 67 05 Buff ............ 0 17 01 Brown ........ 5 3.0 5 Probable No 
5 99 08 Buff ......... ... 2 22' 03 Gray .... .. 5 .3 5 No No 

- -- -- -- - ----
3 83 03 ············· ... . ..... 03 ....... ....... .... ...... 03 No No 
5 35 05 Pink ........... 4 13.2 3 Brown. ...... 9 3 10 No No 
5 30 05 Brick ........... 0 17.8 03 Brick ......... 2 18.2 5 No Yes 
5 25.5 01 Brick ........... 5 8.9 3 Gray ......... 5 2.3 5 No No 
2 31 010 Pink ........... 0 14.2 5 Light Brown. 6 0 8 No Yes 

- -- -- -- - ----
0 29.5 03 Brick .......... 0 15.2 3 Brown ........ 0 12.6 12 No No 

10 114 05 Buff ............ 6 5.8 3 Brown ........ 6 1.8 5 No No 
5 67 5 Brick ........... .... ...... 5 Brick ......... . ... ...... 5 No No 
2 95 01 Brick ........... 0 16 2 Dark Brown .. ? ? 3 No Yea 
9 133 05 Brick ... : ....... 2 14.5 03 Brown ........ 4 5.1 3 No Yes 
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226 Hueifano. Concretions . . Good. Strong .. 24.6 No 
221 Huerfano ...... Good .. Strong .... 34.4 No 2.5 hrs .. 
228 Huerfano. Sand ..... . . . . . . . . . . . . . Fine ... Strong . 21.0 No No .. 
229 Huerfano ... Calcite. Poor .. Weak. 22.2 No 35M .... 
230 Huerlano ... Gypsum .... Good ..... Strong .. 19.1 No 20M .. 

231 Hueriano. Gypsum. Fine ........ Strong. 34.5 No 2.5 hrs .. 
232 Huerfano. Fine ....... Strong .. 25.0 No 
233 Huerfano. Good ...... Strong 11.2 No 20M .... 
234 Huerlano. .................. Good., ..... Strong. 33.1 No 6 hrs .... 
235 Huerfano Fine ........ Strong. 48.3 No 

236 Huerfano. Limonite Sand. Poor ..... Weak. 28.0 No 1 hr ..... 
237 Huerfano .. Sand .. Poor .. Weak. 25.5 No !OM .... 
238 Huerlano ... Poor .. Weak. 23.4 No -Not in 18 hrs .. 
239 Hueriano .. Poor .. Weak. 21.8 No 18 hrs ... 
240 Huerfano ...... Limonite. Fine .. Strong 28.4 No Not in 18 hrs .. 

241 Huerfano. Fair ... Weak. 24.6 No 50M .... 
242 Hueriano .. Poor .. Weak. 23.1 No 8 hrs .......... 
243 Huerfano. Limonite Sand. Good. Strong . 32.1 No 20M .... 
244 Huerfano .. Good. ..... Strong ... 39.1 No 4 hrs .......... 
245 Huerfano .. ............... Good ....... Strong .. 29.6 No 35M ......... 

246 Huerfano .. Gypsum ........... Good. Strong .. 32.2 No 20M .... 
241 Huerfano. Good ..... Strong ..... 26.95 No 35M .. 
248 Huerfano ...... Gypsum ........... Fair ... Weak ... 20.7 No !OM .... 
249 Jefferson ....... Calcite ... : ... Fair ....... Weak. 36.3 No 2M .... 
250 Jefferson. Limonite Concretions Fair ........ Weak. 23.4 No 1M .... 

251 Jefferson .. Limonite ........... Poor .. Weak. 23.0 No 
252 Jefferson .. Limonite ............ Fair. Weak .. 21.0 No 1M ... 
253 Jefferson .. ··················'·· Good. Strong ..... 20.9 No 30M .... 
254 Jefferson .. Lim. Gyp ............. Good ....... Strong ..... 24.0 No 7M .. 
255 Jefferson ....... Cal. Lim ....... Good ....... Strong ..... 13.4 No 4M .......... 

256 Jefferson ....... Limonite ............... Good ....... Strong .. 29.1 No 1M .......... 
251 Jefferson ....... Limonite ................ Good ...... Strong .... 24.8 No 
258 

I 
Jefferson ...... Limonite ............... Good ....... Strong .. 26.3 No 15M ......... 

259 Jefferson ....... Limonite ............. Good ....... Strong ..... 28.0 No 30M .. , ...... 
260 Jefferson ...... .............. Fair ........ Weak ...... 11.5 No 10M ......... 

261 Jefferson ....... ············· Fine ........ Strong ..... 19.8 No 2M ......... 
202 Jefferson ....... Limonite .... Fine ... Strong ..... 21.0 No 2M .... 
263 Jefferson ...... Cal. Lim ..... Good ....... Strong .... 34.5 No ·············· 
264 Jefferson ....... Cal. Lim ..... Good Strong ..... 21.1 No 6M .......... 
265 Jefferson ....... Cal. Lim. Barite ......... Fair ....... Strong ..... 30.3 No ·············· 
266 Jefferson ....... Mica ........... Good ....... Strong ..... 20.6 No 10M. 
267 Jefferson ....... ' . ' . . . . . . . . . . . . Good ....... Strong 25.1 No 45M .... 
268 Jefferson ....... . . . . . . . . . . . . . . . Good ....... Weak. 22.4 No 2 hrs., 20M ... 
269 Jefferson ... ............... Good ....... Weak .. 25.3 No 8M .. 
270 Jefferson ....... ............... Fair ........ Weak. 22.6 No 10M ........ 
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6 124 05 Pink.. ..... .... 1 15.4 03 Brown ... " 5 8.3 3 No Yes 
7 133 05 Flesh ......... 0 12.1 1 Brick ... "''' 4 3 8 No No 
7 127 5 White ......... 1 3 10 White ... 4 1 20 No No 
3 21 03 Pink ........... 3 4.5 5 Brown ... 7 2 8 No No 
4 129 05 Pink ..•........ 0 5 5 i 03 Brick .. "' 1 5.4 8 No No 

---- -- -- - ------
6 171 05 Pink ....... 0 10.4 1 3 Brown ........ 2 6.2 8 No Yes 
4 100.5 1 White ....... " 0 4.4 10 White. ...... 1 1 30+ No No 
5 140 05 Yellowish White 0 13.1 

I 03 Buff ...... 5 7 8 No No 
5 90 03 White .. . :j 1 14.5 1 3 White .. 2 7 12 No No 
8 106 03 White. .... 9 8.6 5 White .... .... 13 6 30+ No Yes 

- --

I 

--

I 
-- - ---- -

5 64 031 Flesh.. .. ...... 0 5.8 5 Brick ...... I .6 8 No No 
5 76 03 Pink ..... 4 15.1 3 Dark Brick. " 4 5 8 No No 
1 20 8 White .... ..... 0 12.5 10 White ...... I 6 30 No No 
1 45 1 Pink .. " 1 9.6 3 Dark Brick. 1 4 12 No No 
4 82.5 03 Flesh. ..... 4 7 8 Brownish White 4 2 20 No No 

- -- - -- -- - ------
2 59.5 10 White .... ..... 0 15.5 20 White ... ... 6 4 30+ No Yes 
4 76 03 Brick. .... 1 15.2 5 Brick ....... " 2 6 8 No No 
5 123 03 Pink .... ...... 2 7.7 5 Brick.. .... 2 3. 6 10 Possible No 
3 69.5 8 White .. ...... •1 6.9 12 White ..... 3 5 30 Possible No 
0 18 10 White .. 8 8.0 16 White ..... ... 12 5 30+ No No 

- -- - -- -- - ---- -
5 193 05 Pink .... 0 21.6 3 Brick ...... " 11 10 8 Possible No 
5 74.5 03 White .... " 1 11.9 10 White ..... 4 2 30+ No No 
5 99.5 03 White .... ... 1 6.3 8 White ... .... 1 2 30+ No No 

11 126 010 Brick .. ... 1 14.0 05 Brick ..... .... 2 7.1 03 No No 
2 26 05 White .. 3 14.0 01 Dark Gray .. 3 9.1 10 No No 

- -- -- -- - ---- -
2 30 05 Yellowish White 0 21.0 8 White ..... " 4 8. 6 16 No No 
4 83 03 Pink .. .... 4 3.6 5 Dark Gray ... 4 2.5 8 No No 
4 86 03 Pink .. ........ 0 16.7 5 Brown ........ 3 7 8 No No 
4 125 05 Pink .. ..... 1 13.1 01 Dark Gray ... I 5.4 5 No No 

13 1!6 05 Pink ... 
" ... 3 8.1 03 Yellow ....... 3 6.2 01 No No 

- -- -- -- - ---- -
10 125 010 Yellow. ... 0 12.8 01 Brown .... ... 3 4.3 10 No Yes 
7 149 010 Yellow ... " ... 0 10.6 01 Brown .... 1 6. 9 12 No Yea 
9 144 010 Yellow. 0 10.0 03 Gray ......... 2 2.9 8 No Yea 
8 123.5 010 Yellow. 0 12.5 03 Gray ........ 3 4.3 10 No No 
4 45 03 White .. 5 14.0 20? White .. .... ? ? 30+ No No 

- -- -- -- - ------
3 90 05 Flesh .. 0 14.0 8 Whlte .. 4 1.6 12 No No 
7 102.5 05 Flesh. ...... 0 14.0 01 White ... 3 8.3 20 No No 

11 129 05 Brick .. I 12.0 01 Brown. .. 6 3.6 3 No No 
6 93 010 Brick ... 0 19.5 03 Brown .. 5 8 5 No No 
9 82 05 Br!ck .. .. 0 16.5 03 Brown ..... 2 12 3 No No 

- -- -- -- - ---- -
4 67 05 Pink ...... 0 22.0 01 Brown ······ 5 10 3 No No 
6 56.5 05 White ..... ... 1 13.9 01 White ... ... " 5 8. 6 12 No Yes 
4 84.5 05 Light Gray .... 0 14.2 3 Gray ......... 2 3.2 10 No Yes 
4 63 05 Flesh ...... 1.5 14.8 01 Yellowish•Br'wn 3.5 11.6 12 No Yea 
4 48.5 05 Light Gray .. 2 14.9 3 Gray ..... 8 1.8 12 No Yes 
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271 Jefferson. Good ... Weak ...... 18.4 No llhr.,45M ... 
272 Jefferson. Limonite ... Good. Strong ..... 32.3 No SM .•........ 
273 Jefferson. Limonil<l ..... Fine. 1 ........... 18.5 No 
274 Jefferson. Limonite. Good .... 1 ........... 28.0 No 
275 Jefferson. .............. Very fine ... 1 ........... 20.0 No . ............. 

276 Jefferson ....... Limonite ................ Good ....... 1 ........... 13.0 No .............. 
277 Jefferson ....... Limonite .............. Good ....... 1 ......... 18.0 No . . . . . . . . . . . . . . 
278 Jefferson ....... Limonite ............. Good ..... ? ........ 20.0 Sl. . ............. 
279 Jefferson ..... Limonite ... Fine ........ ?. 25.0 No . . . . . . . . . . . . . . 
280 Jefferson .. Limonite ....... Fine ........ 1. .. 28.0 Badly . ............. 

281 Jefferson. Limonite .... Very fine .. ·I 1 .. 31.0 Badly .............. 
282 Jefferson ....... Limonite .... Fair ........ 1.. 24.0 No .............. 
283 Jefferson ....... Limonite ...... Very fine ... 1. 26.0 Badly .............. 
284 Jefferson ....... Limonite ..... Fine ........ 1. 36.0 Badly 
285 Jefferson .. Limonil<l ..... Fine .... 1. 30.0 Badly 

286 Jefferson. Limonite ... Fair ........ 1. 22.0 No 
287 Jefferson .... Limonite .. Fair ....... 1 ..... 30.0 Badly 
288 Jefferson .... Limonil<l ... Good ....... 1 ...... 30.0 No 
289 Jefferson .... Limonite .... Very poor .. 1 ...... 26.0 No 
290 Jefferson .. ..... Limonite. Good ....... 1 ....... 21.0 Badly ············· 
291 Jefferson. ...... ........... Poor ....... 1 ....... 23.0 No 
292 Jefferson. Limonite .. . . . . . . . . . . . . . Good ....... 1 ...... 20.0 No 
293 Jefferson. Poor ....... ? ..... 22.0 No 
294 Jefferson .. Fair .... 1. 29.0 

"' I 
295 Jefferson. 1. 1 ........... ?. 1 1 1 ........ 

296 Jefferson. Lim. Aile. Fine ... Strong .. 13.4 No 45 M .... 
297 Jefferson. Lim.'Allc. Fine ... Strong. 18.2 No 30M ..... 
298 Jefferson. Lim. Alk... Fair .... Weak ... 33.8 No 
299 Jefferson. Lim. Alk.. Fine ... Strong ... 42.5 No 
300 Larimer. Good. Strong .... 27.6 No 5M .. 

301 Larimer. Limonite Sand. Fine ... Strong 22.1 No 
302 Larimer .. Limonite Sand. Fine .... Strong . 22.1 No 
303 Larimer. Good .. Strong . 29.7 No I hr ... 
304 Larimer. Good. Strong 27.7 No !OM .. 
305 Larimer .. Limonite Sand ..... Fine ... :. Strong 22.1 No 

306 Larimer. Limonite .. Good ....... Strong .... 27.2 No 5M .. 
307 Larimer. Calcite .. Good ....... Strong 19.1 No !hr., 25M .. 
308 Larimer. Gypsum. Good. Strong . 26.6 No 2M .... 
3op Larimer. Gypsum. Good .. Strong .... 30.8 

I 
No 1 hr ..... 

310 Larimer. Gypsum .. Fine ...... Strong .... 22.2 I No 4M .... 

311 Larimer. Sand .. Good .. Strong ..... -;:;-1 No 8 M ..... 
312 Larimer ... Sand ... Good. Strong 29.0 No 30M ..... 
313 Larimer. Good. Strong 24.6 I No 25M .... 
314 Larimer. Limonite .. Good .. Strong 20.0 

I 
No 5M ...... 

315 Larimer. Little Limonil<l ... Good .. Strong .. 25.9 No 5 M ......... 
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I I 
2 42 01 Gray .......... 2 10.3 3 Brown ........ ? ? 5 No Yes 
7 84 05 White ......... 1 14 3 Gray ........ 8 4.7 10 No Yes 

12.5 151.4 05 Pink.. 2 15 03 Reddish Brown 8 1 4 Probable Yes 
8 161.4 03 Brick.... .. .. . 6 7 01 Brown........ 9 1 4 No Yes 
5.5 121.9 I 03 Yellowish White 2 13 3 Gray ........ 3 7. 7 6 
---,--1------:---- ------1---- -

No Yes 

8 214.1 
9.5 231.3 

11.5 173 
7.5 212.8 

03 Brick .. 
05 Pink .. 
05 Brick .. 

5 12 4 Brown ........ ? 

04 Brick ...... .. 
10.5 ? 04 Brick .... .. 

0 16 
5 16 
6 15 
6 15 

03 
03 
03 
03 

-11- --?- ~--05-I-B-uff-.. -.-.. -.-.. -.-. ·l-0-1-;--1 03 

10 22.5 03 Brick....... 1.5 10 4 
12 ? 04 Brick.. .. .. . 1 10 03 

Light Brown. 6 ~ !j 

Dark,Brown.. 6 1 
Brown ....... 7 
Brown . . . . . . 7 

Brown.. .. 3 
Gray ........ 
Brown .... 

3 
? 

12.5 ? 05 Pink. .5 11 03 Brown .. .. ~ I ; 

5 No 
6 No 

' 3 No 
3 No 
3 No 

Yes 
Yes 
Yes 
Yes 
Yes 

5 
! 5 

No Yes 
No Yes 

I 5 No Yea 
No Yes 

_11_.5 _1_o_o ___ o3_
1

_P_ink_._· ---:l-2- __ 9 __ a ~B_r_ow_n_._._ .. _
1
_? ___ ?_ j_5 No Yes 

6.5 282.2 04 Pink. .. . .. .. 0 15 
11 115 05 Light Brick. .. 1 10 
.u 170 03 Light Brick.. 1. 5 9 

8 193 03 Brick.. .. . 0 14 
10.5 65 04 Light Brick .. .. 0 13 

4 Brown.. .. . ? ? 
01 Brown... .. .. 2 2 
01 Dark Brown. 4.5 3 
3 Brown.. 2 5 
4 Brown.. ? ? 

5 No 
5 No 
5 No 
5 No 
5 No 

Yes 
Yes 
Yes y.,, 
Yes 

--- ---1------1---- --1-----:----

1 ~ 8 280.5 
7 245 
5.5 58 

11 ? 
? ? 

03 
04 
05 
05 

? 

Brick .... 
Pink .. 
White .. 
Pink .... . 
? .... .. 

2.5 14 
3 15 
2 20 
0 13 
? ? 

4 Dark Brown. ? 
03 Reddish Brown 5 

? White ....... ? 
03 Brown ........ 5 

? ?.. . .. .. . .. .. . ? 

? 
3 
? 

No Yes 
No Yes 
No Yes 
No Yes 
? Yes 

--- ---1-----1--- --1-----1--- -- -----
12 21 
11 86 
5 65 

10 105 
4 115 

05 
010 

03 
05 
03 

Pink .......... 1 
Pink ......... . 
Brick .. 
Brick.... 0 
Brick.......... 2 

10.3 
16.3 
14.0 
13.9 
9.0 

3 
3 
5 
3 
1 

Gray.: ...... 3 
Gray ....... 3 
Gray.. ? 
Gray ......... ? 
Brown .. 4 

0 
2.9 
? 

I ? 

8 
8 

10 

I 8 I 5 

No 
No 
Possible 
No 
No 

No 
No 
No 
No 
No 

I I 

--- ---1~-------- - ----.. -.-.·1-3-~·-! ~~-~ -~-~--- --
9 124 03 Brick......... 2 10.5 3 Brown.. No 
9 124 03 Brick ....... · .... 2 10.5 3 Brown ....... 3 No 
5 97.5 03 Brick........ 2 9.7 1 Brown ....... 3 5 5 No No 
5 111.5 03 Brick......... 1 8.0 1 Brown ....... 1 4 8 No No 
9 124 03 Brick .. . .. . 2 10.5 3 Brown.. .. .. 3 4 8 No No 
--- ---1-----1--- --1-----1--- -- ----
10 
5 
9 
9 
4 

6 
6 
5 
6 
5 

79 
19 
79 
90 

117 

61 
56 
85 
56 
65 

05 Pink .... . 
05 Flesh ..... . 
05 .Pink ...... . 
05 Pink ...... . 
05 Brick ....... . 

7 
1 
0 
2 
2 

3.0 
16.4 
15.0 
13.2 
15.4 

03 
01 
01 
01 
03 

Brown ....... 7 
Buff .. .. .. .. . 1 
Gray.. . .. 5 
Brown ....... 8 
Brown ....... 3 

1.5 
13 
4.5 
3 

10 

No 
No 
No 
No 
No 

No 
Yes 
Yes 
No 
Yes 

--1·-----1---- --1-----1-- -- - -----
05 Pink .... . 
03 Pink .... . 
05 Brick .. .. 
03 White ...... .. 
05 Brick ..... . 

2 
7 
5 
2 

3 

14.6 
8.0 
4.1 

22.4 
10.3 

3 
01 
01 
3 

01 

Gray ......... 5 
Gray ......... 7 
Brown ....... 6 
Buff.. .. 4 
Brick ........ 4 

5.2 
4.1 
2.6 

10.6 
11.3 

8 
8 
8 
8 
5 

No 
No 
No 
No 
No 

No 
No 
Yes 
Yes 
No 
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316 Larimer ... Calcite ... Good ....... Strong .... :I 23.5 No I 2M ..... 
317 Larimer. Gypsum. Good ....... Strong .. 18.9 No 15M .. 
318 Larimer. Calcite Limonite .. Fair ........ Strong ..... 19.3 No 15M ...... 
319 Larimer. Sand ........ Good ..... :. Weak ..... 19.1 No 2 hrs., 40 M ... 
320 Larimer ... Calcite Sand. Good ....... Strong .... 25.0 No ........... 

321 Larimer. Sand. Fine .. ..... Strong .... 23.0- No 6M .... 
322 Larimer. Good ....... Strong .... 24.4 No 9 hrs .. 
323 Larimer. Limonite .. Good ....... Weak ... 16.4 8 M ....... 
324 Larimer. Good ....... Strong ..... 21.4 No 8 M .......... 
325 Larimer .. Sand .... Good ....... Strong ..... 28.6 No 8 M ..... 

326 Larimer .... Limonite .. . . . . . . . . . . . . Good ....... Strong .... 24.2 No 5M ... 
327 Larimer ....... Very poor .. None ....... 20.0 No 1 hr ... 
328 Larimer. Pebbles .... Fine ........ Strong .. 33.6 Sl. 6M .. 
329 Larimer. Sand ............ Fair ...... Strong ... 29.0 No 15M .... 
330 Larimer ..... Good ..... Strong .. 25.0 No 20M ..... 

331 Larimer ..... Sand Gypsum. Good .... Weak .... 26.5 No 17M ..... 
332 Larimer. Lim. Gyp .... Good .... Strong ..... 27.7 No 1 hr ....... 
333 Larimer. Limonite .. Good Strong .... 26.0 No 1 hr ......... 
334 Larimer. ················· Good ....... Strong 43.7 No 4M ...... 
335 Larimer. ···········.········· Fair ...... Weak ...... 6.4 No 6 hrs ..... 

336 Larimer .. ............... Good ..... Strong ..... 6. 7 No 6 hrs ... 
337 Larimer. Fos. Cal. Sand ... Good .. Strong ... 33.4 No 5M ..... 
338 Larimer. Sand ...... ..... Good ....... Weak ...... 27.0 No 17M ..... 
339 Larimer .... Gypsum. Good ...... Strong ..... 40.6 No 2M .. 
340 Larimer ...... Good ....... Strong. ..... 28.9 No 5M .... 

341 Larimer ..... Mica Sand .. Good ..... :. Strong ..... 20.7 No 1M ...... 
342 Larimer. Alk. Sand .. Good ....... Strong .... 20.7 No 1M ....... 
343 Larimer. Sand ........ Fine ........ Strong .. 21.5 No 4M .......... 
344 Larimer. Sand ........ Good ....... Weak ... 14.2 No 2M .......... 
345 Larimer. Sand Gyp ..... Good ....... Strong . 22.6 No 2M .......... 

346 Larimer. Sand Gyp ... .... Good ... Strong ... 21.6 No 7 hrs .. 
347 Larimer. Calcite ........ Good. Weak .... 18.9 No 5M .... 
348 

I 

Larimer ....... Various Grains. 

. I 
Good .... Strong .... 29.0 No 1M .... 

349 Larimer .... Sand .......... Fine ...... Strong ..... 32.7 No 
350 Larimer .... Lim. Gyp ..... Fine ..... Strong .... 33.5 No No .. ......... 

351 Larimer. Slight ....... Fair ........ Strong ..... 34.9 No 10M .. 
352 Larimer ... Sand ....... Fine ........ Strong ..... 34.0 No 10M .... 
353 Summit. Carbon .. Fine ........ Strong .... 27.1 No 1M ..... 
354 Larimer ... Sand ....... Very fine ... Strong .. 42.3 No 5M .... 
355 Larimer ...... Sand ........ Fair ........ Weak. 35.2 No 5M ...... 

356 Larimer. Lim. Sand ......... Fair ........ Weak. 32.6 No 5M .......... 
357 Larimer. Lim. Sand .... Fine ... L•••• Strong .... 28.1 No 5 M .......... 

• 358 Larimer .... _Limonite ............. Fair ........ Weak .... 21.6 No 5M .......... 
359 Larimer ....... ····················· Fair ........ Weak ...... 27.8 No 15M ......... 
360 Larimer ....... Lim. Sand .............. Poor ....... Weak ...... 23.5 No No ........... 
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1 

53 
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010 Flesh ...... .. 
05 Pink .......... . 
03 Brick .......... . 
05 White ........ . 
05 Pink ......... .. 

TABLE II-Continued 

2 13.9 
0 11.4 
0 11. g 
0 13.9 
2 27.5 

I!) 
0 
0 

01 Gray ..... , . 
01 Brown ...... . 
01 Brick ........ . 
5 White ....... . 
2 Buff ......... . 

5 I 7 3 
1 8 I 8 
2 9.8 1 8 
1 8.6 I 20 
9 13 I 4 

No 
No 
No 
No 
No 

333 

Yes 
Yes 
No 
No 
Yes 

-6 _7_1_ --05-I--P-ink-. -.. -. -.. -.-.. -.-.ll-1 -9-.0- -0-1-I--B-ro_w_n_ .. -. -. -.. -.l-5- ~~~ -6 _N_o __ -N-o 

6 66 05 Pink.. . . . . . . . . 1 11.0 03 Brick. ....... 5 5.1 5 No No 
3 39 05 Brick. . . . . . . . 0 12.0 1 Brown.... 2 7 , 10 No Yes 
4 50 03 Pink ........... 3 8.1 01 Brown....... 4 7 , 8 No No 
7 79 010 Pink........... 2 11.8 03 Brown........ 5 3.6 ' 5 No No 
--- ---1------1-- -- --1-----1----1-

7.9 II 5 6 114 08 Pink........... 6 6. 7 03 Brown ..... .. 
4 23 05 Brick ....... , ... 1 13.9 3 Brick ....... .. 

3 71 05 Brick........... 2 17.4 03 Brick ....... .. 

~ 1 I : 
5.6 . 3 

10 5 

No 
No 
Probable 
No 
No 

No 
No 
No 
No 
Yes 

1! :; 5I ~: !:~k ... ::::::::. ~ !:~ ~~I~;~:~·::::::: 
--1-----1-----:-----1----------

2 33 01 Brick.......... 1 19.2 3 Dark Brown. 2 16 j 

5 83 010 Brick........... 0 17.2 03 Brick.. .. .. .. 3 11 
5 
3 
5 

10 
5 

No 
No 
No 
No 
No 

No 
Ye.• 
No 
Yes 
No 

3 44 05 Brick........... 3 14.9 03 Brick. . . . . .. . 4 6 
6 73 05 Pink........... 4 14.0 03 Brown.. .. . . 7 4 
3 73 05 Pink........... 0 16.0 01 Brown . . . . . .. 2 10 
--- ---1------1-- -- --1-----1-- -- - ----

7 54 
7 88 
6 75 
9 136 
8 113 

05 
03 
05 
05 

010 

Buff ..... 
Pink ........ · .. . 
Pink .......... . 
Brick .......... . 
Pink ......... .. 

2 
0 
0 
5 
0 

11.0 
20.0 
18.6 
7.6 

14.9 

03 Light Brown .. 
5 Brown ....... . 

01 Brown ...... .. 
03 
03 

Brown ..... . 
Brown .. 

2 8 
6. 4 

3 5 
8 1 
5 1 

No 
No 
No 
No 
No 

No 
No 
No 
No 
No 

-- ---lc--~-1--- --1-----1----------

2 77 I 4 82 
6 58 
2 40 
6 98 

01 
05 
05 
01 
05 

Brick .......... : 
Brick .......... . 
Pink ........ . 
White .... 
Brick ..... . 

5 4.2 
0 13.9 
2 12.0 
0 11.0 
4 6.4 

3 Brown.. 7 3 5 No No 
01 Brown.. 2 7 5 No No 
01 Brown.... I 4 8.5 8 No No 

~~ :~~: ·. · ... •1 ~ -~-~ 3~ -~-~--- ~~ 
4 48 05 Pink...... .. 3 15.0 03 Brown.. . .I 5 i 8 .\ 1

1 
No I No 

3 49 05 Pink.. 1 16.0 01 Gray ......... I 41' 7 II 5 No No 
11 61 05 Pink...... 1 12.1 01 Brown.... ~ 

1 

7 : 5 Probable No 

--- ----1------1-- --

7 156 05 Buff.... .. . 2 9.9 5 Gray..... a 
1 

1 8 No No 

_6 _1_1_3 ___ o_3+F_l_es_h_. _· ._. _· ._. _· ._._
1 

__ a __ 1_a_.1 ___ s_
1 

__ L_ig_h_t_B_ro_w_n_._ 1~-5-~~ ~ _N_o ___ ~ 

6 121 
6 102 
2 35 
9 172 
7 135 

03 
03 
01 
03 
05 

Pink ...... . 
Brick ... . 
Brick .......... . 
Brick .......... . 
Brick .......... . 

6 11.2 
5 12.3 
2 19.1 
3 8.6 
0 17.1 

--- ---1-----1----
4 78 
6 111• 
5 51 
5 51 
1 50 

05 
03 
03 
03 
1 

Brick .. , ....... . 
Pink .......... . 
Brick .......... . 
Brick .......... . 
Pink ......... .. 

0 24.0 
6 10.9 
2 14.9 
2 14.5 
0 25.0 

71 7 
5 Brown...... 5 3 
2 Brown.... ? ? 

5 YellowishBr'wn 18 
10 

_1_
1

_B_r_o_w_n_ .. _ .. _._ .. _' 
1

_6_ ~ ~ 

No 
Poseible 
No 
No 
No 

No 
No 
Yes 
No 
No 

1 Brown... . . 8 6 I 3 

3 Brown........ 6 1 :' 5 No 
5 Brick....... 6 2 I 8 

No 

3 Gray.......... 4 12 ~- 8 
3 Brown ........ 4 8 8 
3 Gray......... 0 25 10 

Probable No 
Probable No 
Probable 
No 

No 
No 
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361 Larimer ....... Limonite .............. Very poor .. Weak ...... 23.8 No 3 hrs .......... 
362 Larimer ....... ························ Fine ........ Strong .... 36.7 No . . . . . . . . . . . . . . 
363 Larimer ....... Sand ................... Fine ........ Strong .... 34.5 No !OM ......... 
364 Larimer ....... Sand ........ Good ....... Strong .... 29.4 Sl. . ............. 
365 Larimer ....... Sand ................... Good ..•.... Strong ..... 19.1 No 5 hrs .......... 

366 Larimer ....... Sand .......... Very poor .. None ....... 19.8 No No ........... 
367 Larimer ....... ··············· Fine ........ Strong ..... 28.6 No I hr .......... 
368 Larimer ....... ............ Fine ........ Strong. .... 42.5 No . . . . . . . . . . . . . . 
369 Larimer. ············ Fine ........ Strong. .... 54.5 No 15M .. 
370 Larimer ....... Sand Coal .... None ....... None ....... 15M ......... 

371 Larimer .... Good ....... Strong ..... 21.0 No 

!""'"""'" 372 Larimer ... ·················· Good ....... Strong ..... 19.9 No 40M ......... 
373 Larimer ....... . . . . . . . . . . . . . . . . . . . . ' . Fair ........ Weak ...... 21.9 No . . . . . . . . . . . . . . 
374 

I 
Larimer ....... Concretions Sand ...... Good ....... Strong ..... 29.3 No .............. 

375 Las Animas .... Bitumen Gypsum ... Poor ....... Weak ...... 23.7 No Not in 1 day .. 

376 Las Animas .... Limonite .......... Fine ........ Strong .. 26.2 No Not in 24 bra .. 
377 Las Animas .... Siderite Limonite ... Good ....... Strong .. 24.2 No 35M ......... 
378 Las Animas .... Limonite ............ Good ....... Strong .. 22.6 No Not in 1 day .. 
379 Las Animas .... Siderite Lim: Gyp ....... Good ....... Strong .... 18.4 No ·············· 
380 Las Animas .... Limonite ................ Fine ........ Strong 29.7 No 35M ......... 

381 Las Animas .. .. Gyp. Cal. Lim .. Good .. ., .. Strong .. 26.1 No 35M ...... 
382 Las Animas .... Siderite Gypsum .... Fine ........ Strong . 19.5 No 35M ......... 
383 Las Animas .... Sand Siderite ....... Fair ........ Weak. 21.8 No 35M ..... 
384 Las Animas ... Siderite Lim. Gyp .... Good ... Strong 22.5 No 
385 Las Animas .... Sid.Lim ........... Good ....... Strong 22.1 No 

386 Las Animas .... Good ....... Strong 17.8 No Not in 24 hrs .. 
387 Las Animas .... Limonite .. Good ...... : Strong .. ... 30.5 No 15M ......... 
388 Logan ......... Sand ...... Fine ........ Strong ..... 39.0 No 5M .......... 
389 Logan ..... Sand ....... Fine ........ l Strong 40.5 No 5M .... 
390 Logan ... Sand ............ Fine ........ ~ Strong .... 42.4 No 

391 Logan. Fine ........ I Strong ..... 1 41.2 I No 
392 Logan .... Sand .... Fair ........ Weak ...... 27.7 No 
393 Logan .... Calcareous . ......... Very nne ... Strong ..... 

32.591 No 5M .......... 
394 Mesa ...... None .............. Good ....... Strong ..... 33.3 No 38M ......... 
395 Mesa ... : ...... None ............ Good ....... Strong ..... 42.6 Sl. • 3 hrs .......... 

396 Mesa .......... None ............. Good ... Strong .... 25.5 Badly 3 bra .... 00 00 .. 

397 Mesa .......... None .......... Fair ... Weak .. 23.8 No 12M ...... 
398 Mesa ..... .................. Good .. Strong .. 19.1 No 15M ......... 
399 Mesa ......... None .... Fair ........ Weak ... 18.7 No 1M .... 
400 Mesa ......... Gyp. Fos .... Fair ........ Strong ..... 20.7 No No .......... 

401 

I 
Mesa ... Gyp. Fos ....... PractiCally t he same as N 0 400. 

402 Mesa ...... None ........... Fair. ...... Weak ...... 20.4 No . . . . . . . . . . . . . . 
403 

I 
Mesa .... Gypsum ........... Fine ........ Strong ..... 26.4 No 15M ......... 

404 Mesa ..... Limonite ...... Good ....... Weak ...... 22.9 No Not in 10 hrs .. 
405 Morgan ........ Calcite ................. Good ....... Strong ..... 29.78 No 3M ........... 



50 
,37 
111 

73 
58 

05 
03 
03 
03 
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Brick .... . 
Brick .. . 
Pink .. . 
Brick .......... . 
White ......... . 

0 
1 
3 
0 
0 

23.8 I 
12.0 
8.9 

11.0 
9.0 

2 

0 
4 

18 
12 
5 
8 
3 

8 
5 
5 
8 

18 

Possible 
Probable 
No 
Probable 
No 
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No 
No 
No 
No 
No 

------1-----:----------1----------
13 
85.5 

230 
151 

12 
03 

010 
03 

White ......... . 0 
1 
0 
7 

15.0 20 1 White ...... .. 30+' No No 
No 
No 
No 
No 

5 
12 
18 

Brick .......... . 13.6 I 3 1
. Brown .... . 8 No 

Pink ......... .. 12 7 03 I Brown .... . 
Buff ......... .. 15.0 II 31 Brown .. 

Too s andy t!o be moulded. 

-3~--;- Light Brick .... ·1 
3 43 1 White..... .. . 

1 ~~:-5-I Gray .... . 
1 14.8 , 8 White .. .. 

·I ~ 1~ I ~ 
--;--s-~~ 
I ~ ~ J(o: 3 69 07 Pink.... .. . 0 

4 59 03 Brown.:....... 2 
1 35 I 03 Light Brown .. 

---1--1-----1--
7 128 
2 50 

05 
07 

Pink ...... 
Brick ........ . 

16.8 1 Gray .... .. 
144 
15.7 

9.2 
17.0 

3

1 

Brown .... . 
3 Brown .... . 

2 7 1 8 
. . 3 11.1 I 5 

__ I_ 
I 

5 Brown........ 5 1.8116 
01 Brown.. . .. . . 5 4.3 5 

64 05 Brick.......... 2· 14.1 3 Brown... 6 2.3 ,. 5 
66 05 Pink........... 4 11.3 3 Brown.. .... . 7 2.1 I 5 

5 137 010 Pink....... 0 · 13.1 01 Brownish Gray 3 8.0 3 

-5 ~ 010 Pink... 2 1!8.9 01 Brown ....... 7 1.8 I ·3 

No 
Possible 

-No-~~ 
No No 
No No 
Possible No 
Possible 

No 
Possible 
No 
Probable 
Possible 

No 

No 

No 
No 
No 
No 
No 

No 

1

---1-------1---- --1------1---- 1,-

4 68 010 Brick. 1 13.8 ·f o3 Brown... .. . a 2 2 5

1 

No No 
4 54 05 Dark Brick.... 2 14.8 3 Brown. .. .. .. 5 .6 5 Possible No 
2 35 05 DarkBrick.. 1 14.6 

1 
3 Brown ....... 5 11 5 Possible No 

_a _8_4 ___ o_3_
1
_B_n_·c_k_._ .. _ .. _._ .. _._

1
_4_ 14.21_a_

1

_B_r_o_wn_ .. _ .. _._ .. _.
1

_8_ 59 _5, No No 

0 40 3 Pinkish White. 0 15.3 10 Pinkish White 3 8 I ? No No 
4 56 07 Brick....... 4 12.1 03 Brown........ 8 3 5 No Yes 

12 128.5 03 Pink....... 0 8 2

1 

5 Brown..... 5 1.6 8 No No 
12 144 03 Pink........... 0 25 8 5 Brown........ 6 7.5 8 Probable No 
11 140 I 07 Pink.. 0 9 4 1 Brown... .... 5 2.5 3 Possible Yes 

~ 138.5 -;-1!-P-i-nk---.. ----l--2- 4 5 -~-I-B-r_o_w_n-.. -.. -.-.. -.l-3- --2-
1 

-3~ 

1
-Pr~-:-ob_a_b-le- -N-o 

3 51 3 Gray.... 3 8 I 5 Gray. .. .. .. . 3 4.8 No 
22 213 010 Pink... 0 22 03 Brick.... .. . 2 7. 7 1 No 

~! ~~95 o~~ ::~~::.. : :!.:I o! ::::::·:::I : ~! .' ~I ~: ~~ 
-2-1 -2-2-.5 _0_10_1_Y_e_ll_o_w_ .. -.-.. -.-. -l-3- --9-.2- -0-5 -Brown ........ , a -2-.8-.-3 _N_o ____ Y-es 

4 51 010 Dark Brick. 3 15.8 3 Brown........ 4 ~·21 5
3 

NN
0

o No 
4 53 01 Brick.... 3 13.5 2 i Light Brown.. 3 " No 

56 05 Light Brick. 0 13.2 3 Gray ....... ·I 5 3.51' 8 No No 

__ s_J_ 03 Buff..... 4 13.0 _o_J_
1
_._ .. _·_· ___ ._.

1
I __ ~ ~ _N_o ___ N_o 

79 
73 

1 . 35 
3 I 10s 

03 
07 
3 

Light Brick .... . 
Light Pink .... . 
White .. .. 
White .. .. 

1 -:-11 3 Light Gray.. 9 
1
3
4

_
6

115
5 0 17.211 1 White........ 0 

1 21.6 I 5 White....... 1 12.8 · S 
0 40.3 j 5 White.. 0 30.2 i 8 

No 
Possible 
No 
No 

No 
No 
No 
No 

---------
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1 ~~ ~ 
z J ~~ 

~-~ 
~~» .01 

1 
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~ ~ :E"' ~~ il..d c:~~ 
~Jl li'- lj'O 

~.BP:: e ~ "' ~"" ~0 0 

406 Morgan ....... Sand ........ Fair ........ Weak ...... 24.1 No 5M .......... 
407 Morgan ....... Very fine ... Strong .... 37.9 No 5M .... : ..... 
408 Morgan ... Sand ..... Good ....... Strong ..... 34.0 No 10M ......... 
409 Morgan ........ Sand ... Good ....... Weak ...... 21.4 No 5 M .....•.... 
410 Morgan ........ Sand ...... Very fine ... Strong .... 48.3 No 5M .......... 

411 Morgan ........ Fine ........ Strong ..... 27.9 No . . . . . . . . . . . . . . 
412 Morgan. Cal. Sand ... Very fine ... Strong ..... 36.4 No .............. 
413 Morgan. Alkali ... Fine. Strong ..... 41.6 No 10M ...... 
414 Morgan. Sand. Good. Strong ..... 26.3 No 10M ...... 
415 Morgan . Sand. Fair .. Weak ...... 22.4 No 

416 Morgan Sand .. Very fine ... Strong ..... 50.5 No 10M ........ 
417 Morgan. Sand .. Very fine ... Strong ..... 39.5 No 10M ........ 
418 Otero ... Limonite Bitumen. Good. Strong ..... 17.5 No Not in 24 bra .. 
419 Otero .. Limonil<> Gypsum . Good. Strong ..... 17.2 No 15M. 
420 Otero. Limonite. Fine .. Strong .... 38.2 No 25M .. 

421 Otero ......... Gyp. Lim ... Good ....... Strong 31.5 No 15M .. 
422 Otero ... Gyp. Lim ..... Good ....... Strong. 28.2 No 
423 Otero ... Cal. Lim ..... Fine ........ Strong 29.9 No 15M ... 
424 Otero .. Gyp. Lim .... Fine Strong 27.0 No 1 hr ... 
425 Prowers. Sand Cal. Gyp .. Good ....... Strong ... 24.5 No 

426 Prowers. Sand Limonite .. Fine. Strong .... 23.6 No 
427 Prowers. Lim. Gyp ... Fair .. Weak. 25.5 No Not in 12 hrs .. 
428 Prowers. Sand Lim ... Fair. Weak ...... 30.4 No Not in 12 bra .. 
429 Plleblo. Sand .. Poor ..... Weak ...... 17.9 No Not in 18 bra .. 
430 Pueblo .. Sand .... Fine ...... Strong ... 24.0 No 3 hrs .. 

431 Pueblo. Gypsum ... Fine .. Strong ..... 31.3 No 10M ..... 
432 Pueblo. Sand Poor .. Weak ...... 33 3 No 2 hrs .. 
433 Pueblo. Carbon. Poor .. Weak ... 17.8 No No. 
434 Pueblo. GypslliD .... Fine .... Strong . 32.8 No 5 M. 
435 Pueblo. Cal. Gyp .... Fine ..... Strong . 35.6 No . . . . . . . . . . . . . . 
436 Pueblo .... Gyp. Sand. Good ..... Strong .. 24.0 No 10M ... 
437 Pueblo. Sand. Fine ... Strong . 26.3 No 10M ... 
438 Pueblo. Fine .. .... Strong .. 23.0 No 1M .. 
439 Pueblo .... Sand. Poor ..... Weak. 23.0 No 2 hrs ...... 
440 Pueblo .. Poor .. Weak. 21.9 No 5 hrs .......... 

441 Pueblo. Sand. Fair .. Weak. 30.7 No 1 hr .. 
442 Pueblo ... Gypsum .. Good ... Strong .. 32.2 No 
443 Pueblo ... Gypsum .. Fair .. Weak. 26.0 No 5 M ... 
444 Pueblo .... Sand. Fine .... Strong. 32.8 No 
445 Pueblo ... Gypsum .. ............ Good ..... Strong .. 54.7 No Not in 1 day. 

446 Pueblo .... Gypsum Pyrite .. Fine ........ Strong ... 73.6 No 5M .... 
447 Pueblo ... Gypsum .... Good ....... Strong . 31.0 No 1 hr .. 
448 Pueblo. Cal. Gyp .. Good .•..... Strong 32.0 No 10M .. 
449 Pueblo. Lim. Sand .. Good ....... Strong 31.0 No No .. 
450 Pueblo. Limonite .. Poor ... Weak. 26.3 No No ..... 



3 79 
11 41 

6 129 
3 116 

15 42 

8 
11 
11 
5 
2 

96.5 
23 

124 
147 
126 

13 68 
13 99 
5 43.5 
4 60.5 

13 53.5 

10 86 
5 54 
8 72 
6 77 
4 76 

CLAYS OF EASTERN COLORADO 

TABLE II-Continued 

337 

03 Brick ........ .. 
01 Brick ......... .. 
03 Brick .......... . 
3 Brick .......... . 

05 Brick .......... . 

05 
03 
03 
05 
05 

Brick .. .. 
Pink .... .. 
Brick .. .. 
Brick .... .. 
Brick ......... . 

0 2 
1 12.7 
0 6.1 
2 5.4 
0 25.9 

12 
14.3 
9.9 

15.1 
11.1 

~: ~:k .. ·.·-~:::::1 ~ ~! ~ 
03 White.......... 2 12.5 

0~~ White .......... [ ~ 13.4 ::: E I : ,_i_i_i_ 

05 Pink ........... [ 2 25.8 
05 Pink .......... . 0 13.7 

5 Brown ...... .. 2 7 
3 Brown ...... .. 5 6. 7 
5 Brown .... . 2 1 
5 Brown ...... .. 2 4 

03 Brick ........ . 2 25 

8 
8 
8 
8 
1 

No 
No 
No 
No 
No 

No 
Yes 
No 
No 
No 

--'-----1--- -- ------
2 

03 
I 
3 
3 

Brown ....... . 
Gray ........ . 
Brick ....... . 
Brown ....... . 
Brown ....... . 

I 
0 
2 
8 
2 

8 
13 
4.8 
3.8 
3.5 

Possible No 
No No 
Probable No 
No No 
No No 

--'-----!- -- -- ------
1 I Brown ... . 
3 Brown .... .. 

10 White ...... . 
5 Yellowish White 
3 Brown ....... . 

01 Brown ...... .. 
01 Brown ....... . 
1 Brown ...... .. 

01 Brown ...... .. 
8 Brick .... : ... . 

5.7 
6. 7 
7 
7.3 
2.5 

9.6 
6 
9.8 

12 
9 

3 No No 
5 Probable No 

30+ No No 
16 No No 
8 Pos.-ible No 

5 No Yes 
5 No No 
3 No No 
I No No 

12 No No 
--- ---1------1---- --1-----!-- -- - ----

4 
5 
7 
3 
4 

135 
159 
146 

61 

03 
10 
4 
I 
I 

Pink .......... . 0 13.7 
0 16.0 
4 "". 
I 2.9 

3 
12 
8 

10 
8 

Brown ........ 2 7.3 
0 11.1 

8 "". 

10 No Yes 
No 
No 

'No 

No 

White .... Brown .. 
Brown ... 
White .. 
Gray ... 

14 No 
Light Buff .. . 12 No 
White .... . 2 I 30+ No 

73 Light Buff .. . 2 3.0 3 0 14 No 
--- ---1----~-1---- --1-----1-- -- - ----

10 90 03 Pink. 3 27.0 I Brick.. 3 13 10 
0 27 10 White .......... 0 30.0 20 White ...... 5 8 30 
3 41 I White.. 0 14.5 12 White ........ 0 8 30 
8 76 010 Pink.......... 2 13.2 3 Brown ........ 2 7 8 
5 61 010 Pink.. .. .. .. . . I 13 .I 1 Brick.. .. .. .. . 3 4 8 
--- 1---i-!---1--1-

5 52 

1 

010 I Pink ......... I 0 I 18.3 8 Yellowish White 1 6. 7 20 
9 79 010 Pink ........ 1 0 14.1 8 Gray ......... 2 3.7 20 
9 180 010 .White ......... 3 15.0 5 White ...... 9 0 12 
3 67 03 Buff.. .. .. I 16.5 01 Gray ......... 1 10 1 
2 42 07 Brick.. .. ... 0 21.0 8 Brown ...... 3 10 10 

---- ---1------1-·- -- -~-----1---- -
3 25 
3 80 
5 111 
7 59 
7 57 

05 
010 
05 
05 

010 

Pink .. 
Pink .. 
Pink .. 
Buff .. 
Light Brick .. 

0 17.3 10 I Grayish Brown 
3 12.2 3 Brick ... 
0 
0 
I 

18.1 
28.4 
27.6 

Brown ... 
Gray .. 
Brown ... 

0 8.8 18 
3 5 8 
4 14 3 
4 22 8 
I 12 8 

No No 
No No 
No No 
Possible No 
No No 
___ I_ 

No I No 
No No 
No No 
Possible No 
No No 

Possible No 
Probable No 
No No 
No No 

No 1 Yes 
--- ---1------1-- -- --1-----1---- - ----

! 22 
7 
7 
5 
4 

27 
59 
53 

147 I 
31 

Fell to 
05 

010 
05 
8 

pieces on heating. 
Flesh ......... .. 
Light Brick. 
Pink. 
White ... 

.. I I 
I I 

22.2 
25.5 
26.8 
16.0 

03 
I 
3 

20 

Buff .. 
Brick .. 
Brick ... 
White .. 

19 
8 

12 
s 

I 
3 
8 

30 

No 
No 
No 
No 

No 
No 
No 
No 
No 
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451 Pueblo. Sand. Good ....... Strong 30.3 No 40M ..... 
452 Pueblo. Sand. Good ....... Strong .. 36.4 No 10M ......... 
453 Pueblo. Good .. Strong ..... 44.2 No 10M ......... 
454 Pueblo .. Calcite .......... Fine .. , ..... Strong ..... 37.7 No 5 M .......... 
455 Pueblo ... Gypsum .. Fine ........ Strong ... 31.3 No 5M .......... 

456 Pueblo. Fine ........ Strong ... 34.6 No 5M .... 
457 Pueblo. Sand .... Fine ........ Strong ..... 25.5 No 35M ..... 
458 Pueblo. Fossil Wood. Fair ........ Weak ...... 22.7 No 25M ......... 
459 Pueblo. Gypsum .... Good ....... Strong .... ·. 35.4 No 20M ......... 
460 Pueblo. Gypsum .... Fine ........ Strong ..... 36.0 No 10M ......... 

461 Pueblo. Lim. Gyp ...... Fair ........ Weak ...... 22.3 No Not in 8 hrs ... 
462 Pueblo. Gyp ...... Very poor .. Very weak. Testp ieces cr umble in fingers 
463 Pueblo. Lim. Gyp ... Good. Strong. 27.8 No 2M .... 
464 Pueblo. Limonite .... Fine. Strong ..... 27.0 

f No 
2M .. 

465 Pueblo. Gyp. Lim ... Fine .. Strong ..... 28.0 No 

466 Pueblo. 1 ...... ?. 1. 1 
467 Pueblo. Gypsum .. Fine .. Strong .... 25.5 No 
468 Pueblo ... Gypsum ... Good .. Strong ..... 22.1 No 
469 Poeblo ... Fine. Strong 26.3 No 
470 PueClo. Gypsum ... Fine ....... Strong ..... 2.3 .4 No 

471 Pueblo. Limonite ..... Good. Strong ..... 31.9 No 35M ..... 
4<2 Pueblo. Lim. Gyp ... Good. Strong ..... 31.2 No 35M ...... 
473 Pueblo. Good. Strong ..... 20.9 No 1M .. 
474 Pueblo. Lim. Gyp. Calcite .. Fine .. Strong 35.3 No 10M .. 
475 Pueblo. Lim. Gyp. Calcite .. Good .. Strong .. 29.3 No !OM .. 

476 Pueblo ...... Gypsum Barite .. Good .. Strong 24.9 No 10M .... 
477 Pueblo ........ Calcite. Good Weak. 23.0 No 10M ......... 
478 Pueblo. Sand .. Poor .. Weak. 34.4 No No ........... 
479 Routt ...... None .. Good.. Strong 22.0 No Not in 7 hrs ... 

480 Routt ..... None ....... Fine .... Strong. 19.7 No Not in 7hrs ... 
481 Routt ... Sand ...... Fair ... Weak. 20.5 No Not in 7 hrs .. 
482 Routt ..... Sand .. Fair .. Weak. 18.6 No Not in 7 hrs ... 
483 Routt ..... Roots Pebbles. Fine ... ... Strong. 23.3 No 
484 Routt ... Lim. Sand. Poor. Weak .... 18.1 No Not in 7 hrs ... 

-----
485 Saguache ...... Roots Mica .. Fine ...... Strong . 28.5 No 5 M .. 
486 Sedgwick .. Fine ... Strong .... 63.6 Badly 
487 Sedgwick ...... Poor .. Weak. 21 4 No 5 M .. 
488 Washington .... Sand. Good ... Strong. 29.6 No 
489 Washington .... Poor .. Weak .. 36 5 No 40M ...... 

490 Washington .... Fair .. Weak. 48.6 No 5M .......... 
491 Washington .... Calcite .. Good ... Strong .... 41.4 No 20M .. 
492 Washington ... Good. Strong. 56.3 No 25M .... 
493 Weld ..... Fine .. Strong 42.3 Very 

Badly 25M ..... 
494 Weld .... Good .. Strong. 46.6 Sl. 5M .. 
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9 192 

13 223.5 

6 64 
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03 Brick .... .. 
03 Pink .......... . 
03 Brick .......... . 

010 Pink .......... . 
010 Light Brick ... . 

TABLE II-Continued 

2 5.9 
7 4.9 
7 8.3 
2 12.7 
3 23.8 

3 Brick .. 
5 Brick. .. .. .. .. 10 
5 Brick......... 7 
1 Light Brick... 4 

03 Brick......... 5 

5 
4 
9 
8 

15 

8 
8 
8 
8 
8 
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No No 
Possible No 
Probable No 
Possible No 
Possible No 

8 92 I 

----------1----------1-----------
62 I 010 Light Brick... 2 12.4 1 Brick......... 2 6 8 No I No 9 

6 
2 
8 
9 

100 8 White ....... 2 5.0 16 White ........ 4 3 30 No No 
61.5 08 White.. .. .. .. . 2 26.8 22 White....... 3 8 30 No No 

132 I 05 Pink ........... 1 28.2 03 Gray ......... 5 13 8 No INo 
190 05 Pink ........... 1 8.1 5 Brick .... .' .... 7 7 8 Possible No 

-2 _4_8_ --0-10-I·-P-ink-.-.• -.-.. -.-.. -l-1 -2-7-.4- --2-J-Y-el-lo-WIS-.-h-Whi-.te-:--6---;-- -3- -N-0--~~ 

No 
7 110 010 Brick ........... 2 16.3 03 Brown ........ 5 .6 5 No No 
9 91 010 Brick ...... :... 1 15.0 03 Brown ........ 6 7.4 5 No No 
8 93 05 Brick ........... 3 11.0 01 Brown ........ 6 .5 3 No No 

--1-----:-1--- --1-----1-- -- - -----

! i 7~.5 o~ ~i~.·.·::::::::. /5 1~.8 o~ ~;~;::::::::: ~ 1! 

~ ~1~; I 0~~ ~~:~.Pi~.'.'.'.':: 125 ~~:: ~~ y~~~::=~i~el ! 2a5 

? 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 6 42 05 Brick.......... 2 12.6 03 Dark Gray .. ·I 5 4.4 

~~ ;~ I 0~~ ~::: :::: ::. ; ;;:: -:f :~;n ..... ·.·::: : 

1

1 2! 7 -;- ~~sible ~:s 
~ i ::·51 ~~ ;:te.::::::.. ~ ;;:~ ~~ ~r~:~::::::: : 1~.4 30:- ~~ ~~ 
6l 35 05 Pink ........... 1 13.4 01 Brick ......... 2 8.6 3 No No 

-3~---;;- 3 Gray . . .. .. 1 -;-;;- -3 Gray.... .. .. . 1 -2-3-. 6- --5 _N_o __ -N-o 

3. 38 2 Gray........ 2 12.0 3 Gray ......... 3 5.0 5 No No 
4 [ 137 03 LightBrick..... 1 19.6 2 Brick ......... 1 · 12.0 8 No No 
2 I 13 03 Pink ........... 1 20.4 3 Brown ........ 811.8 5 No No 

-2 ~~~ 05 Brick. .. .. .. .. . 0 ~~ 3 Brown.. .. . .. 8 1.8 5 Probable Yes 
2

1

1 28 03

1 

Flesh ........... 0 23.0 2 White ........ , 2

1

12 5 No No 
2 26 03 White .......... 0 34.8 5 White ....... 11 18 0 8 I No Yes 

-
~ -10 5--1- Brick........... .... 3 BWhri:k ......... 

1

.... ...... 5 1 No No 
10 01 Pink.......... 2 ~ 10 tle ........ l 3 14.5 16 1 No No 

2 47 
20 20 
2 45 
1 68 
2 16 

8 81 
2 18 
6 24 

10 90 
8 126 

01 Brownish White 
010 Brick ......... .. 
03 Dark Pink ..... . 
1 Brick .......... . 

07 Brick .. 

05 Brick ......... . 
05 Pink ........ . 

010 Pink ......... .. 

010 Pink .......... . 
010 Pink .......... . 

8 11.9 
0 17.1 
2 12.0 
2 10.4 
4 17.5 

4 36.6 
3 28.4 
4 53.3 

2 22.0 
0 35.0 

1 Brown........ ? ? 3 No No 
1 Brown ........ 3 7.6 8 No No 
3 Gray ........ 4 7.9 8 No No 
5 Dark Brown.. 9 3.0 S No No 

I Brown ........ ! 6.9 ~~~ ~~ 

01 Brown ........ • 9 36.0 8 No No 
1 Buff... ...' 7 14.0 3 No No 

03 Pink ......... 118 29.0 3 No No 

1 1· Light Brown.. 2 12.0 8 No No 
3 Brown ........ l 3 9.0 12 No Yes 
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Table II-Concluded 
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~~ j; -" 
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495 Weld ....... Sand ... . . . . . . . . . . . . . . Fair ....... Weak ...... 36.1 Badly . . . . . . . . . . . . . . 
496 Weld ........ ··················· Fine ..... Strong ..... 37.4 Badly .............. 
497 Weld. ·············· Good ....... Strong ..... 43.4 Badly 5M .......... 
49S Weld ...... ··················· Fine ........ Strong ..... 59.3 Badly 5M .......... 
499 Weld .. ··················· Fine ........ Strong ..... 43.0 No 10M ......... 

500 Weld .. Fine ........ Strong ..... 46.2 Badly 5M .......... 
501 Weld .. Fine ........ Strong ..... 39.3 Badly 10M ......... 
502 Weld .......... Fine ........ Strong ... .. 54.4 Very 

Badly 5M .......... 
503 Weld .. Good ....... Weak ..... 29.9 Badly .............. 
504 Weld .... Gypsum ....... Good ....... Strong ..... 39.7 No ············· 
505 Weld .......... Sand ....... Fair ........ Weak ...... 30.3 No 20M .... 
506 Weld ...... Limonite ..... Good ....... Strong ..... 31.4 No 35M. 
507 Weld ... Sand ....... Good ..... :. Strong ..... 37.7 No SM ......... 
50S Weld ... ················· Good ....... Strong ..... 36.9 No 10M ......... 

509 Weld ... . . . . . . . . . . . . Good ....... Strong .. ... 23.6 No 20M ......... 
510 Weld ... Sand .... Fine ........ Strong ..... 32.0 No 35M ......... 
511 Weld .. Alk. Sand ....... Good ....... Strong ..... 25.6 No ? ............. 
512 Weld. Cal. Sand ............... Good ....... Strong ..... 27.3 No 3M .......... 
513 Weld Cal. Sand .......... Fair ....... Weak ... 30.6 No No 

514 Weld ... Sand ......... Fair .. Weak. 36.S No SM .... 
515 Weld .. Sand .... Good ... Strong ..... 33.S No SM .... 
516 Weld Sand Alk .. Fair ... Weak. 22.1 No SM .... 
517 Weld .. Sand ...... Good ....... Weak ...... 30.1 No 3M .. 
51S Weld .... Sand Cal. ..... Good Weak .... 25.2 No 

519 Weld ...... Sand Cal.. .. Fair. Weak ..... 27.0 No 3M ...... 
520 Weld. Limonite .. Good Strong ..... 30.1 No 3M ... 
521 Weld ... Calcareous . ..... Fair ........ Weak ...... 3S.9 No 15M .... 
522 Weld Calcite ... Good ....... Strong .... 53.S No 
523 Weld .... Calcite ... Gqod ....... Strong ..... 33.7 No 40M ........ 

524 Yuma .... Poor., ..... Weak .. 60.3 No 1 hr ..... 
525 Yuma .... Peat Poor ....... Weak. 26.2 No 5M ..... 
526 Yuma Fine ........ Strong . 43.6 Badly 10M .... 
527 Yuma ....... Alkali ..... Good ........ Weak ..... 37.2 No 15M ...... 
52S Yuma ........ Calcite .... Fine .. Strong ..... 2S.5 No 5 M ..... 
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!l I j 
i j i j 

~J 
]~ -~ 

_., §~ -o:S <o§ ~ 
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. ., ..,z .... 
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8 130 05 Pink .. .... ..... 2 12.6 5 Brown. . ..... 5 2.0 1 
12 No No 

7 156 010 Pink .... ....... 0 19.4 3 Light Brown. 3 14.0 8 Possible No 
10 73 010 Pink ....... '''' 0 26.4 5 Gray ......... 5 12.0 8 Probahle No 
12 26 010 Yellow. ........ 2 20.4 5 Gray ......... 2 7.0 8 Probable No 
12 50 010 Brick ......... ,. 0 10.8 5 Gray ......... 2 3.0 8 No No 

- -- -- -- - ---- -
11 77 010 Brick .... · ...... I 12.5 5 Gray ........ I 5.0 8 Possible No 
11 125 05 Pink ... ...... 0 11.8 3 Gray ......... I 20.0 8 Possible No 

10 25 010 Buff. ... ...... 0 36.8 I Gray ..... .. 2 24.0 8 Probable No 
6 37 I Light Brown .... 0 21.5 5 Gray .... ... 2 12.0 8 No No 
8 155 03 Pink. ..... .... 1 10.8 I Brown .. .. . 6 5.0 5 No Yes 

- -- -- -- - ---- -
8 120 07 Pink .. I 13.3 01 Brick .... I 11.0 3 No No 
9 100 05 Pink .. I 15.7 02 Brick .. .... 1 14.0 3 No No 

12 52 010 Brick. .. ... 0 11.9 03 Gray ..... .. . 1 9.4 5 No No 
8 60 05 Pink ... ...... 2 10.3 03 Dark Gray ... 3 12.6 3 No No 

- -- -- -- -
I 
---- -

9 59 05 Buff ...... ..... 3 15 03 Gray ...... .. . 3 15.8 8 No No 
7 102 03 Light Buff ... ... 3 11.6 01 Gray ....... 5 6.0 8 No No 
8 80 07 Pink .... .. .... 1 13.2 03 Brick ........ I 12.2 3 No No 
6 89 07 Brick ..... ..... 2 10 05 Gray ..... . ... 5 7.0 03 No No 
6 26 05 Brick .... ...... 1 15.7 01 Gray ......... 3 3.0 8 No No 

---- -- -- - ------
9 49 07 Brick .. ...... 1 9. 7 01 Gray ..... .... 4 3.0 2 No No 
6 39 05 Pink .. 2 12.5 01 Gray .... ..... 4 6.0 3 No No 
3 56 03 Buff ............ 1 16.5 I Gray .. ...... 14 2.5 3 No No 
6 147 05 Pink ... ... 1 11.5 01 Dark Gray. 4 5.4 I No No 
2 83 03 Brick . . . . . . . ' . . 2 14.5 4 Gray .... .... 3 1.5 5 No No 

- -- -- -- - -----
5 89 3 Brick. .. ...... 3 15.4 i 5 Dark Gray .. 5 1.9 8 No No 
6 62 05 Pink .... ... 0 21.8 01 Gray ..... ... 9 10.0 3 No No 
3 46 05 Brick ...... 3 25.6 03 Brown ... ... 7 15.7 4 No No 

17 86 05 Brick ..... 3 30.7 I o~ Brown ... 3 12.8 I No No 
7 72 05 I Pink ... ,,,,. 4 13.2 Brown .... ... 10 2.0 3 No No 

---- -- - ---- -
I 7 03 Pink .... 6 33.6 5 Gray .. ...... 20 13.0 10 No No 
I 28 3 Gray ..... .. ... I 11.1 8 Gray ... . .... 2 7.0 16 No No 
9 18 010 Brick ....... 2 13.7 1 Brown .. ... 5 2.4 3 No No 
4 112 07 Brick .... 0 17.2 I Gray ..... 6 8 5 No No 
6 96 07 Brick .... .... I 18.4 1 Brick ......... 3 12 5 Possible No 



Ultimate Analysis (In percentages) 
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I 11 I 

.,.o I -s c3 
I 

""" c3 
I 

0 0 
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0 .. I 0 o; 
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4 65.40 16.91 2.69 1. 65 ,, I ,., .32 7.36 
12 62.20 14.19 2.6 5.28 None .63 .34 13.34 
15 57.76 18.65 3.75 2.80 . 29 2 75 Tr. 9.68 
19 65.97 16.02 4.28 1.46 1.47 I SO .18 8.13 
22 69.16 19.82 1.53 .99 Tr. I. 98 Tr. 6.58 
28 62.23 17.65 2.35 .82 .62 1 :38 .07 12.13 
30 62.54 19.53 3.32 .82 .82 1.53 Tr. 9.08 
39 57.73 21.24 4.01 .81 1.21 1.87 .:Jl 10.4.5 
43 48.09 14.23 3.88 12.23 1.97 2.10 .10 14.93 
45 74.67 14.54 1.66 .65 .63 1.59 .15 . 5.50 
46 58.97 19.27 5.58 .57 I. 10 I. 01 .21 11.16 
47 54.30 !.5.02 9.48 4.08 !2.86 2.64 .43 9.11 
48 72.89 16.87 .18 1.06 .81 2.24 2.80 1.89 
49 63.92 15.90 4.10 2.53 2.26 .25 2.23 6. 79 
so· 60.31 15.76 5.69 2.20 2.21 2.63 .7S 7. 72 
55 66.31 13.69 4.41 2.28 1. 58 2.22 1.19 6.40 
56 61.38 15.80 5.50 2.53 2.55 1.82 1.05 7.87 
57 61.05 20.18 3.47 1.14 1.14 2 18 Tr. 9.09 
58 72.50 17.11 .74 .84 .20 3 73 .26 3.01 
66 61.30 15.03 4.67 2.45 2.23 3 54 .18 9.62 
76 62.55 16.00 5.55 2.04 1.90 2.79 Tr. 7.33 

109 58.86 24.64 4.11 .24 .74 3.03 Tr. 8.50 
115 63.00 21.76 2.29 .16 . 81 I. 51 Tr . 9.57 
120 64.73 19.36 2.19 .81 1.97 4~ Tr. 10.42 
122 72.35 14.64 2.16 .81 1.01 2.94 Tr. 6.04 
123 67.04 17.60 2.05 1.48 ' .98 .ui .22 5.32 
135 62.14 24.30 1.15 1.32 1.45 1.11 I Tr. 6.39 
145 58.18 14.42 6.63 3.13 4.89 2.29 I .31 6.53 
147 56.91 29.04 3.92 1.90 2.64 .62 1 .23 4.20 
148 84.60 9.50 .27 .. 1.0 07 ' .50 3.88 

TABLE III 

-- ---

~ 

~ -;; ·s 0 c3 +> 
0 ::g 0 rn E-< 

3.42 ••••\•• Tr. 99.15 
1.71 ...... Tr. 100.35 
3.52 ..... Tr. 99.30 

.22 ······ ...... 99.53 

.60 .... Tr. 100.65 
1.60 ...... ...... 99.45 
1.66 ...... 99.30 
2. 74 Tr. 100.37 
1.00 ... Tr. 98.53 

. 70 ... 100.09 
2.08 ...... ... 99.94 
1.68 Tr. 99.60 

.28 ...... ..... 99.02 
1.52 .... . ..... 99.50 
1.94 Tr. 99.24 
1.68 .. .... . . . . . . 99.76 
1.85 Tr. 100.29 
1. 76 Tr. 100.01 

.82 ..... 99.19 

.77 Tr. 99.79 
1.36 .... Tr. 99.52 

.45 ..... ...... 100.57 
1. 57 .... Tr. 100.67 

.37 ...... ······ 100.33 

.29 ····· Tr. 100.24 
2.99 ...... Tr. 98.29 
2.80 Tr. 100.66 
3.50 ...... 99.88 

.70 ...... 100.16 

.09 ...... ..... 100.52 

Rational Analysis (In percentages) 

I 

I 

I I 

I 

... " s .. +> 

" ·a -~ .B +> fil' I " 
I 

'E 0 ... 0 

I 
"' .. "0 s -;; "' .. " OJ >, 0 

~ 0 I I"< ;:1 I 0 c.? E-< 

37.40 40.66 11.01 3.16 ...... 5.08 97.31 
32.60 42.75 6.08 3.02 ...... 16.30' 100.75 
39.10 2~.65 16.50 4.45 ..... 11.70 100.40 
34.90 41.74 12.18 5.00 2.62 ...... 96.44 
44.50 41.32 11.75 1.76 ...... 3.05 102.38 

38.10 I 35.23 18.83 2.75 1.47 ...... 96.38 
45.01 . 35.39 9.05 3.87 1.47 ..' 94.79 
47.30 26.67 23 .1\l 4.18 ...... 2 50 93.84 
29.85 25.58 13.27 4.53 ...... 37.80 111.03 1 

31.90 52.90 10.75 1.99 1.16 98.80 
45.10 32.94 7.68 6.53 1.02 ... 93.27 
28.83 18.20 19.22 11.08 ····· 12.58 99.91 
24.80 36.41 37.00 .21 1. 90 100.32 
30.10 36.01 20:38 4.80 4.53 95.82 
29.35 32.01 21.67 6.68 ...... 6.77 96.48 
23.55 39.86 23.22 5.16 4.08 ... 95.87 
30.60 33.99 19.65 6.43 .... 7.80 97.87 
45.10 31.70 12.90 4.06 ...... 3 51 97.27 
32.38 40.59 24.31 .83 1.50 ...... 99.61 
27.60 33.70 22.32 5.47 ······ 7 55 96.69 
32.80 36.53 16.50 6.50 .... 6.28 98.61 
53.80 22.30 17.75 4.80 .43 . ..... 99.08 
50.80 33.55 8.87 2.69 ...... .62 96.53 
47.50 40.58 2.95 2.58 1.45 .. 95.06 
28.80 47.90 17.20 2.58 ...... 2.47 98.95 
42.00 43.78 5.5 2.34 . ..... 3.39 99.01 
58.70 30.65 6.53 1.40 ...... 4.07 101.35 
28.80 34.20 16.15 7. 72 . ... 9.95 96.92 
69.20 18.65 7. 78 4.58 3.40 . ... 103.61 
20.70 71.29 4.66 .30 . ..... .. . 96.95 
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149 59.34 10.91 9.14 2.63 3.08 2.12 .59 7.76 3.05 ...... 1.28 99.90 19.25 38.80 17.59 10.6 ...... 8.00 94.24 
152 59.66 17.33 3.66 1.47 2.03 1.70 .25 9.15 3.11 .. .. .. .82 99.18 37.70 33.83 12.60 3.63 ...... 4.62 92.38 
156 66.00 10.94 2.51 2.80 2.45 1.47 Tr. 8.95 3.78 1.14 100.04 23.30 49.45 8.86 2.93 ...... 8.62 93.16 
158 56.92 24.16 4.34 .49 1.92 3.48 2.10 5.39 .57 .. .. .. .. .. . . 99.37 42.80 22.38 38.50 5.03 .89 ...... 109.60 
165 59.50 25.41 2.29 .65 1.65 3.13 Tr. 6.43 1.57 ............ 100.63 55.70 21.65 18.30 2.69 1.16 ...... 99.50 
169 59.02 24.59 5.76 .39 .. .. .. .67 Tr. 9.37 .70 ............ 100.50 60.20 28.22 4.25 6.83 1.20 ...... 101.20 
171 56.50 29.10 3.29 . 60 Tr. . 25 Tr. 9.81 . 70 . . . . . . Tr. 100.25 72.80 21.54 1.48 3. 86 . . . . . . 1. 07 100.75 
173 52.39 31.91 1.84 .99 ...... Tr. Tr. 11.34 .87 .. .. .. . . .. .. 99.34 80.70 14.70 ....... 2.22 3.05 ...... 100.67 
175 72.56 17.86 1.14 .49 .90 Tr. .73 6.83 .57 ...... Tr. 101.08 42.30 48.65 6.18 1.40 .. . . . . .89 99.42 
192 63.14 23.46 .69 .49 .12 .38 .23 11.13 .74 ...... Tr. 100.38 42.80 24.91 24.45 .88 ...... 1.54 94.58 
203 48.80 35.70 5.20 1.05 Tr. <E--- 10. 25--~ ............ 101.00 . . . . . . . . . . . . . . . . . . ....................... . 
205 61.08 13.15 3.20 5.59 3.86 3.54 .62 9.39 1.20 ...... Tr. 101.63 16.90 33.96 26.71 3.75 17.25 98.57 
206 65.44 7.46 1.14 5.76 7.30 1.45 Tr. 11.02 .32 ...... '.42 100.21 14.90 52.80 8.86 1.41 ...... 17.80 95.77 
209 52.57 17.80 6.85 4.77 3.95 5.22 .15 8.59 .95 ...... Tr. 100.85 30.00 17.83 35.27 8.07 ...... 14.80 105.97 
211 71.02 14.06 5.94 1.26 2.47 .65 .79 3.89 1.32 ...... Tr. 101.40 32.00 49.57 10.90 6.90 ...... 4.00 103.37 
213 52.63 23.15 1.60 3.62 2.75 4.13 Tr. 8.82 4.41 ............ 100.91 47.00 14.50 24.80 1.87 6.45 ...... 94.62 
218 60.81 16.22 3.88 2.64 .47 2.20 .85 9.38 1.37 .... .. .. .. .. 97.82 31.40 32.82 20.26 4.57 4.83 ...... 93.88 
220 50.60 35.59 .91 .32 1.18 .47 Tr. 10.07 1.86 ............ 101.00 88.50 6.27 1 2.96 1.05 .53 ...... 99.31 
224 66.42 21.19 2.98 2.35 1.03 2,83 1.83 5.15 .................. 100.80 38.20 17.20 32.28 3.49 4.20 ...... 95.37 
225 61.69 19.55 3.65 1.25 2.32 2.40 1.04 9.50 2.34 ............ 101.40 38.30 28.47 23.04 4.33 2.24 ...... 96.38 
226 60.91 18.77 4.39 1.36 3.24 2.19 1.05 7.16 1.40 ............ 100.47 37.00 29.02 21.93 5.15 2.50 ...... 95.60 
231 67.09 17.67 2.88 2.20 Tr. 1.85 Tr. 7.22 1.44 ...... .20 100.51 39.70 41.48 10.98 3.39 ...... 6.78 102.33 
235 50.93 32.79 1.46 .66 Tr. Tr. Tr. 11.28 1.32 ...... Tr. 98.44 83.00 13.20 ..... 1.75 ...... 1.25 99.20 
241 61.39 25.97 1.33 1.35 .. .. .. .46 .46 9.77 .46 ............ 100.73 62.50 30.16 6.62 1.64 ...... 2.50 103.42 
256 70.67 15.70 3.65 .76 .87 1.30 Tr. 5.91 1.09 ...... Tr. 99.95 36.20 '49.09 7.68 4.98 ...... 2.34 100.29 
257 75.07 13.93 1.37 1.13 1.56 1.45 Tr. 5.84 1.39 ...... Tr. 101.74 31.22 54.65 9.46 1.64 ...... 3.40 100.35 
258 72.16 15.58 1.37 1.06 1.01 1.22 .63 5.20 1.67 ...... Tr. 99.90 33.GO 48.·10 12.20 1.64 ...... 3.40 99.24 
267 71.44 18.72 1. 38 . 41 . 56 . 11 . 037 6. 15 . 55 .. .. .. . .. .. . 99.39 46.80 48.90 1. 00 1. 62 . 72 .. .. .. 99. 13 
268 73.32 13.26 3.54 .51 .49 .29 .35 6.54 . 72 .. .. .. .. .. .. 99.02 35.40 55.57 24.69 4.14 .91 ...... 100.71 
269 66.46 18.49 3.26 .41 Tr. .28 Tr. '9.00 .61 .. .. .. .. .. .. 98.51 46.10 43.86 1.66 3.82 .72 ...... 96.16 
270 66.45 21.65 1. 65 . 57 . 78 . 11 1. 13 7. 63 . t\1 .. .. .. .. .. .. 100. 58 49.70 35.90 10.83 1. 99 1. 02 . .. .. . 99.44 
271 70.86 13.93 5.92 .65 .91 .44 .47 7.08 .25 ............ 100.51 32.60 51.44 6.61 6.93 1.16 .... 98.74 
272 63.29 20.93 2.42 1.05 .97 1.65 Tr. 8. 76 . 76 ...... Tr. 99.83 48.40 34.48 9. 75 2.82 ...... 3.08 98.53 
273 60.66 19.84 3.26 2.15 1.00 3.16 .18 8.80 .80 . ... .. .. .. .. 99.85 40.50 28.54 20.68 3.86 3.94 ...... 97.52 
274 63.05 13.83 3.42 3.83 1.00 2.61 ...... 11.60 1.40 ............ 100.74 27.70 40.20 15.40 3.98 6.80 .. .. .. 94.08 
275 73.17 16.63 .62 1.45 Tr. 1.50 .23 6.07 1.90 .......... 100.42 37.00 49.07 8.65 .70 2.68 ...... 98.10 

---·---

1 Some of the lime should have been calculated to calcite. 
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TABLE III-Concluded 

Ultimate Analysis (In percentages) 
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276 65.17 16.73 3.07 4.64 .90 1.80 .27 I G.52 1.42 ...... .. .... 100.52 
277 66.50 19.52 2.33 .91 Tr. 2.66 .181 u. 79 1.90 ...... Tr. 100.79 
278 60.79 16.88 3.12 3. 73 1.00 2.05 .54 10.50 1.87 ······ ...... 100.48 
279 53.17 17.36 2. 74 3.22 3.65 2.31 .28 13.39 1.85 .. .... .. .. .. 97.97 
280 (i4. 86 20.00 2.55 1.95 2.30 3.02 .24 5.01 2.37 .. .... . .... 102.30 
281 65.77 12.69 3.16 1.14 .95 2. 79 2.19 7.18 3.39 .. .... ...... 99.26 
282 73.23 13.98 2.12 1.83 .80 1.07 .18 5.95 1. 75 ··-·· .... 100.91 
283 66.53 17.18 3.62 1.50 1.45 2.16 .15 6. 73 1.65 ...... .. .... 100.97 
284 63.61 17.43 3.37 2.11 ...... .98 .05 8.88 3.17 . ..... .. .... 99.60 
285 69.05 14.78 2. 72 2.93 .72 .42 .18 7.20 2.14 ...... .... .. 100.1-! 
286 73.61 13.56 2.44 1.39 .38 1.09 .36 5.65 1.90 ...... ... 100.38 
287 63.69 16.20 3.90 2. 77 1.15 2. 73 ······ 7.11 3.04 ...... ······ 100.59 
288 68.02 13.90 3.65 2.28 .90 1.52 .28 8. 73 .49 ...... Tr. 99.77 
289 71.69 10.89 2.91 2.93 1.03 1. 78 .23 6.27 1.36 ·····- ······ 100.09 
290 69.48 12.44 4.56 2.11 .61 1.36 .30 7.49 I. 61 ...... .. .... 99.96 
291 71.30 13.56 4.39 .98 .82 1.24 .19 6.44 1.46 ...... .. .... 100.38 
292 64.66 18.96 4.44 1.22 1.26 .12 .27 8.62 .65 ...... ...... 100.20 
293 51.23 33.26 .54 .91 ...... .17 .31 13.14 .53 ...... . .... 100.09 
294 66.03 16.50 4.10 1.30 .91 .40 .18 7.99 1.85 ...... ...... 99.26 
295 63.14 15.21 3.39 3.20 2.61 2. 70 .78 7.32 .84 ·····- ... 99.19 
310 63.48 13.16 4.44 5.22 .53 1.63 .93 7.43 1.83 .... .. Tr. 98.65 
313 58.77 18.33 6.37 1.95 .91 3.13 .46 8. 71 2.02 ... .. Tr. 100.65 
314 34.92 9. 73 4.21 10.00 15.10 1.22 .62 19.82 2.52 ...... .... 99.50 
316 60.36 14.82 1.38 7. 74 1.29 .61 .20 11.24 1.95 ...... ...... 99.58 
317 74.25 11.48 1.02 5.05 .78 1.97 Tr. 4.43 . 97 ...... ...... 99.95 
320 24.85 8.41 . 79 32.68 1.06 1.22 Tr. 30.04 .55 ...... Tr. 99.60 
323 74.90 12.07 4.08 . 73 .65 2.46 Tr. 3. 74 .83 ..... ...... 99.46 
330 61.49 15.51 3.59 3.74 2.35 2.87 Tr. 9.43 .86 ...... ...... 99.84 
332 60.01 14.45 3.75 5.29 1.41 3.15 Tr. 10.36 1.27 ·····- .43 100.12 
334 59.36 18.40 5.20 .98 1.23 2.03 Tr. 10.42 1.57 Tr. 99.19 

II Rational Analysis (In percentages) 
" 

" ~ s ·a " " " ~ ;; 
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24.80 45.05 13.28 3.63 8.24 ...... 
41.00 36.04 17.7812.69 ...... 2. 78 

35.10 33.44 16.64 3.63 6.62 ······ 
36.50 25.63 16.28 3.16 5.73 ...... 
41.40 32.71 19.94 3. 04 3.49 ...... 
35.30 35.20 18.56 3. 74 1.97 ...... 
31.80 53.41 7. 70 2.46 3.22 ...... 
34.30 41.18 14.34 4.20 2.68 ...... 
41.00 40.28 6.34 3.98 3.76 ...... 
35.60 49.77 4.09 3.16 5.18 ...... 
29.90 53.37 9.58 2.93 2.50 ...... 
33.60 37.65 16.20 4.57 5.02 ...... 
29.80 46.85 11.40 4.27 ...... 7.08 
21.60 53.38 12.63 3.41 5.24 ...... 
26.50 50.16 10.62 5.38 3.77 ...... 
30.10 51.40 8.97 5.15 1. 75 ·- .... 
46.51 40.92 3.00 ~.27 2.18 
82.40 10.35 2. 73 .63 1.63 ... 
39.70 44.82 4.90 4.82 2.32 ...... 
27.78 35.35 22.62 3.98 5.72 ...... 
25.00 40.19 17.53 5.20 ...... 16.01 
35,80 27.34 22.40 7.45 ...... 6.00 
18.65 17.94 12.49 4.93 49.43 1 ...... 
35.00 40.55 5.30 1.61 13.85 .. 
23.70 55.70 11.60 1.19 ······ 15.50 
17.90 11.81 7.22 .92 58.49 -····-
23.80 59.25 14.50 4.78 1.30 ...... 
31.30 35.90 16.95 4.20 ...... 11.50 
28.00 34.82 18.60 4.49 ...... 16.30 
39.50 31 01 15.40 6.08 ... .. 3.02 

------
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95.36 
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353 61.91 18.00 5.01 4.24 1.49 1.40 2.54 3.60 .35 .... 
387 59.47 21.26 3.59 1.65 Tr. 2.00 Tr. 9.45 2.87 ···-
390 59.97 21.52 4.38 4.13 Tr. 2.22 .58 9.21 .85 .... 
394 65.02 20.25 3.20 1.15 2.64 1.29 .45 4. 78 2.44 ······ 
396 63.44 16.28 4.51 .82 1.38 2.12 1.02 3.85 5.69 ...... 
407 65.34 14.56 3.69 2.87 . 59 2.31 .53 8.03 .89 ...... 
421 63.67 17.20 3.85 ,99 Tr. 2.45 .78 8.01 2.08 ...... 
426 74.49 16.37 1.63 .66 .21 1.40 Tr. 5.00 .40 ...... 
445 50.35 16.47 2.68 7.42 Tr. 1.55 .44 16.62 1.81 ...... 
466 58.85 15.56 3.20 4.30 3.00 3.25 Tr. 6.90 2.09 ...... 
467 50.36 19.38 2.17 7.95 1.50 2.88 .15 14.32 .60 .... 
468 38.30 13.90 2.66 17.36 2.46 2.05 .24 21.95 . 75 ... 
469 58.83 18.77 3.48 3.11 2.14 2.50 .97 9.00 1.49 ...... 
470 56.05 28.84 1.91 ...... 1.00 3. 73 .08 7.96 .99 ······ 
471 63.15 21.48 2.12 1.22 .31 3.16 .12 7.80 1.90 ...... 
480 68.40 13.93 2.62 2.87 .44 .89 .94 7.74 .36 ...... 
482 35.10 11.48 1.87 21.61 .68 1.72 .42 25.18 .27 ...... 
494 59.08 20.53 3.62 .66 ...... 1.51 .23 11.39 2.08 . ..... 
504 62.00 15.50 4.30 2.18 .44 2.81 .62 7.42 2.00 ...... 

'Dolomite. 

100.13 1 31.50 27.25 7.60 ... 
100.29 48.40 29.39 11.84 4.20 

Tr. 100.86 45.80 25.69 47.97 2.15 
101.22 45.50 35.76 11.94 3.74 

... 99.17 30.10 34.52 22.35 5.38 
.Tr . 98.81 28.50 40.25 18.14 4.33 
Tr. 99.03 33.20 37.95 21.56 4.45 
Tr. 100.16 37.60 51.65 8.30 1.87 
1.60 98,.94 35.60 25.30 12.80 3.14 
2.82 99.70 30.18 30.10 19.55 3.74 

. .. 97.81 40.45 19.55 18.47 2.58 
2.27 101.94 26.00 4.35 14.34 3.11 
Tr. 100.35 36.60 26.55 23.05 4.09 
...... 100.66 62.20 13.23 27.78 2.22 
Tr. 101.26 45.30 29.31 19.77 2.48 

...... 98.19 28.80 46.21 12.94 3.40 
.32 98.65 22.80 15.69 13.80 2.22 

Tr. 99.10 46.80 30.22 10.83 6.45 

·····- 97.27 28.90 34.24 21.86 5.03 

. ... 5.86 
3.40 ...... 

...... 12.93 
2.15 ...... 
2.52 ...... 
...... 8.94 
...... 3.08 
...... 2.16 
...... 22.80 
... . 13.25 

···-·· 24.50 
... 53.80 

. .... 9.55 

. ..... ...... 

. ..... 3.7:3 
5.20 ····· 
...... 66.50 
. ..... 2.04 
...... 6. 78 

102.04 
97.23 

104.54 
99.09 
94.87 
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105.55 
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Absorption, Manner of Decreasing a High 
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Absorption, Measurement of. . . . . . . . . . . 43 
Adams County, Clays and Shales of. . . 153 
Adams County, Geology of. . . . 153 
Adams County, Map of............... 153 
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Adulterant for Food and Candy, Proper-
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Air Shrinkage, Cause of. . . 27 
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Alkalies, Influence on the Properties of 
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Apishapa Formation, Character of the 
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Apishapa Formation, Clays and Shales of 114 
Apishapa Formation, Topography of. . . . 114 
Arapahoe Formation, Age of ........... 121 
Arapahoe Formation, Character of the 

Rocks of ....................... 119, 141 
Arapahoe Formation, Clays and Shales of 

............................... 119, 141 
Arapahoe Formation, Topography of .119, 141 
Argillite Defined.............. 105 
Arikaree Formation, Age of. . . . . . . . . . . . 121 
Arikaree Formation, Character of the 

Rocks of. ......................... 1-H 
Arikaree Formation, Clays and Shales of. 144 
Arikaree Formation, Topography of. . . 144 
Arkose Defined. . . . . . . . . . . . . . . . . . . . . . . 123 
Assay Furnace, Thermal Capacity of 

Artificial Coal-Gas-Burning. . . . . . . . . . 36 
Assay Furnace, Thermal Capacity of Coal-

Burning....... 35 
.\ssay Furnace, Thermal Capacity of Gas-

alene-Burning.......... 36 
Baculites Described.. . . 115 
Badito Formation (see Fountain Forma-

tion) 
Ballast Clay, Properties of. . 89 
Ballast, Manufacture of. . . 89 
Ball Clay Defined. . . . 76 
Ball Clay, Properties of. . . . . . . . . 76 
Bent County, Clays and Shales of. 155 
Bent County, Geology of. . . . . . . . 155 
Bent County, Map of .................. 155 
Benton Formation (see Graneros, Green-

horn, and Carlile Formations) 
Biotite, Characteristics of. . . . . . . . . . . 15 
Bituminous Material, Influence on the 

Properties of Clays of. . . 54 
Blau-gas Described.............. . . 36 

Page 
Boulder County, Clays and Shales of .... 158 
Boulder County, Geology of. . . . . . . . . . . 158 
Boulder County, Map of ............... 158 
Brick (see Soft Mud, Stiff Mud, Pressed, 

Enameled, and Vitrified) 
Brule Formation, Age of. . . . . . . . . . . . . . . 121 
Brule Formation, Character of the Rock 

of.......................... 143 
Brule Formation, Clays and Shales of. . . . 144 
Brule Formation, Topography of. . . . . . . 143 
Burning Tests Described. . . . . . . . . . . . . . 32 
Calcite, Characteristics of. . . . . . . . . . . . . 16 
Carbonaceous Matter in Clay, Nature of 16 
Carbonaceous Matter, Influence on the 

Properties of Clays of. . . . . . . . . . . . . . . 54 
Caflile Formation, Age of. . . . 121 
Carlile Formation, Character of the Rocks 

of. ............................. 112, 135 
Carlile Formation, Clays and Shales.of.112, 136 
Carlile Formation, Topography of ... 112, 135 
Castle Rock Formation, Age of ......... 121 
Castle Rock Formation, Character of the 

Rocks of ........ , . . . . . . . . . . . . . . . 143 
Castle Rock Formation, Clays and Shales 

of........................... 143 
Castle Rock Formation, Topography of .. 143 
Cement (Portland) Clay, Properties of. . . 90 
Cc ment (Portland) Defined. . . . . . . . . . . . 89 
China Clay, Properties of. . . . . . . . . . . . 76 
China Defined........ . . . . . . . . . . . . . . . . 76 

Chugwater Formation (see Lykins For-
mation) 

Clay Base Defined. . . . 14 
Clay, Chemical Composition of. . . . . 17 
Clay Defined............ 13 
Clay, Mineralogical Composition of. . . . . 13 
Clay, Origin of. . . . . . . . . . . . . . . . . . . . . . . 20 
Clay Substance Defined. . . . . . . . . . . . . . . 14 
Coaly Material, Influence on the Proper-

ties of Clays of. . . . . . . . . . . . . . 54 
,Cohesion Defined... . . . . . . . . . . . . . . . . . 2S 
Cohesion, Method of Testing or Measur-

ing.............. 26 
Colorado, County Map of. . . 150 
Color Scale for Measuring Temperature. . 32 
Colors of Burned Clays ..... : . . . . . . . . . . 41 
Colors of Burned Clays, Improvement of 42 
Conduit Clay, Properties of. . 88 
Conduits Defined.... . . . . . . . . . . . . . . . . . 88 
Conglomerate Defined ................. 104 
Costilla County, Clays and Shales of .... 176 
Costilla County, Geology of. . . . . . . . . . . . 176 
Costilla County, Map of .............. 176 
Crack on Drying, Estimation of Tend-

ency to............................ 29 
Crack on Drying, Manner of Decreasing 

Tendency to. . . . . . . . . . . . . . . . . . . . . . . . 29 
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of................................. 40 
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tion) 
Crinkled Limestone or Sandstone De-

38 
39 

scribed... . . 126 
Custer County, Clays and Shales of. . 177 
Custer County, Geology of. . 177 
Custer County, Map of. . 177 
Dakota Formation, Age of. 121 
Dakota Formation, Character of the 

Rock of. ..... , ............. 108, 133, 147 
Dakota Formation, Clays and Shales 

of ............................. 108, 134 
Dakota Formation, Topography of .. 108, 134 
Dawson Formation, Age of. . . . . . . . . 121 
Dawson Formation, Character of the 

Rock of. .. . .. .. .. .. 142 
Dawson Formation, Clays and Shales of. 143 
Dawson Formation, Topography of. . 142 
Delta County, Geology of. . 179 
Denver Formation, Age of. . 121 
Denver Formation, Character of the 

Rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . 141 
Denver Formation, Clays and Shales of. 142 
Denver Formation, Topography of. . 142 
Desert Varnish Described. . . 108 
Deville Furnace, Construction of. . . 40 
Douglas County, Clays and Shales of. 181 
Douglas County, Geology of... . . . 181 
Douglas County, Map of.. . . 181 
Drain Tile Clay, Properties of. . 77 
Drain Tiles Defined. . . . . . . . . 76 
Dyke Defined....... 103 
Earthenware Clay, Properties of. 72 
EarthenWare Defined. . . . . . . 72 
El Paso County, Clays and Shales of. . 188 
El Paso County, Geology of. . 187 
El Paso County, Map of. 188 
Enameled Brick Clay, Prupertics of. 88 
Enameled Bricks Defined. 88 
Encaustic Tiles Defined. . 86 
Face Tiles Defined. . . . . 86 
Fault Defined...... 103 
Fayence Clay, Properties of. . 7 4 
Fayence.Defined.......... 74 
Feldspars, Characteristics of. . . 14 
Fire Clay Defined. . . . 82 
Fire Clay, Properties of. . . 82 
Fire-Proofing Defined. . 79 
Fire Shrinkage, Manner of Decreasing a 

High .............. ·.............. 42 
Fire Shrinkage, Measurement of. . . 42 
Flaming Gorge Formation, Age of. . . . . 145 
Flaming Gorge Formation, Described. , . 146 
Flashed Brick Clay, Properties of. . . . . 72 
Flashed Bricks Defined. . . . . . 71 
Floor Tile Clay, Properties of. 86 
I•'loor Tiles Defined. . . . . . . . 86 
Fountain Formation, Age of.. 121 

Page 
Fountain Fonnation, Character of the 

Rocks of. ...................... 104, 122 
Fountain Formation, Clays and Shales 

of ............................. 105, 123 
Fountain Formation, Topography of .104, 123 
Fox Hills Formation, Age of ........... 121 
Fox Hills Formation, Character of the 

Rocks of.. . . . . . . . . . . . . . . . . . . . . . . . . . 138 
Fox Hills Formation, Clays and Shales of 139 
Fox Hills Formation, Topography of. . . . 139 
Fremont County, Clays and Shales of. . . 202 
Fremont County, Geology of... . . . . . . 201 
Fremont County, Map of. ............. 201 
Fresco Brick Clay, Properties of. .... -. . . 72 
Fresco Bricks Defined . . . . . . . . 71 
Fucoids Described. . . . . . . . . . . . . . . . . . . . 116 
Fullers' Earth Defined. . . . . . . . . . . . . . . . 90 
Fullers' Earth, Properties of. . . . . . . . . . . 90 
Furnaces Used, Kinds of.. . . . . . . . . . . . . 35 
Fusibility as Affected by the Presence of 

Many Different Minerals. . . . . . . . . . . . 55 
Fusibility, Chemical Ingredients that 

Affect the. . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Fusibility, Relationship Between Physi-

cal Condition and.. . . . . . . . . . . . . . . . . . 56 
Fusion Points of Various. Substances.... 32 
Garfield County, Clays and Shales of .... 207 
Garfield County, Map of .............. 208 
Glaze (Hard) Defined. . . . . . . . . . . . . . . . 76 
Glaze (Soft) Defined.. . . . . . . . . . . . . . . 75 
Grand County, Clays and Shales of. . . 212 
Grand County, Map of.. . . . 213 
Granerous Formation, Age of. . . . 121 
Granerous Formation, Character of the 

Rocks of......... . . . . ..... 109, 134 
Granerous Formation, Clays and Shales 

of. ............................ 110, 135 
Granerous Formation, Topography of. 110, 134 
Greenhorn Formation, Age of. . . . . . . . 121 
Greenhorn Formation, Character of the 

Rocks of ....................... 111, 135 
Greenhorn Formation, Clays and Shales 

of.. ........................... 112, 135 
Greenhorn Formation, Topography of .111, 135 
Grog Defined................ 42 
Grogging Defined. . . . . . . . . . . . . . . . . 27 
Gumbo Defined....................... 89 
Gunnison County, Clays and Shales of ... 214 
Gunnison County, Map of ............. 214 
Gypsum Defined...................... 16 
Hard Glaze Defined . . . . . . . . . . . . . . . . . . 76 
Hardness, Terms Used to Indicate Vari-

ous Degrees of. . . . . . . . . . . . . . . . . . . . . 59 
Hard-Pan Defined........... 89 
Hogback Defined ..................... 103 
Hollow Bricks and Blocks Defined...... 79 
Hollow Structural Materials Defined . . . . 78 
Hollow Structural Material Clay, Prop-

ertiesof. ............................ 79 
Huerfano County, Clays and Shales of ... 215 
Huerfano County, Geology of. 215 
Huerfano County, Map of... 215 
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Hygiene Sandstone Described .. 
Incipient Vitrification Defined .. 
Incipient Vitrification, Recognition of. 

Page 
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Ingleside Formation, Age of ........... . 
Ingleside Formation, Character of the 

Rocks of. ...... . 
Ingleside Formation, Clays and Shales of 
Ingleside Formation, Topography of .. 
J nlaid Tiles Defined .... 
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45 

121 

124 
124 
124 
86 

Interlocking Roofing Tiles Defined. . . . . . 80 
Interlocking Roofing Tiles, Special Tests 

for...... . . . . . . . . . . . 181 
Iron, Fluxing Action of. . . . 50 
Iron, Influence on Air and Fire Shrink-

age of Compounds of. . . 50 
Iron, Influence on the Properties of Clays 

of Compounds of. . . . . . . . . . . . . . . 50 
Iron in Burned Clays, Coloring Effects of 47 
Iron in Unburned Clays, Coloring Effects 

of................................. 48 
Iron, Physical Condition of Products Re
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Compounds of.. . . . . . . . . . . . . . . . . . . . . 4.~ 

Iron Sulphide, Effect of the Presence of. . 49 
Jefferson County, Clays and Shales of. .. 323 
Jefferson County, Geology of ........... 222 
Jefferson County, Map of.. 223 
Kaolin Defined............. . .. 14, 21 
Kaolinite, Characteristics of. . . 13 
Kaolinite, Composition of. ........... 13, 17 
Kaolinite Defined....... . . . . . . . . . . . . 14 
Laboratory Tests, Procedure Followed in 

Making........ G1 
Laramie Formation, Age of. . . ..... 11 7, 121 
Laramie Formation, Character of the 

Rocks of............. 117, 139, 148 
Laramie Formation, Clays aud Shales 

of ............................. 118, 140 
Laramie Formation, Topography of .. 118, 140 
Larimer County, Clays and Shales of. 234 
Larimer County, Geology of. . . . . . . . . . . 233 
Larimer County, Map of.. . . . 234 
Las Animas County, Clays and Shales of 255 
Las Animas County, Geology of. 255 
Las Animas County, Map of. . . . 254 
Lewis Formation, Age of. . . . . . . . 145 
Lewis Formation Described...... H7 
Lime, Influence on the Properties of Clays 

of Compounds of. . . . . . 51 
Limonite, Characteristics of.. . . . . . L5 
Limonite, Increase in Air and Fire Shrink-

age Resulting from the Presence of. . 50 
Logan County, Clays and Shales of. . . 258 
Logan County, Geology of ............. 258 
Logan County, :\lap of.... 258 
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Lower Dakota Formation, Character of 
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Lower Dakota Formation, Clays and 
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Lower Dakota Formation, Topography of 132 
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Lyons Formation, Character of the Rocks 
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Lyons Formation, Clays and Shales of. . . 125 
Lyons Formation, Topography of ....... 125 

l\1agnesia, Influence on the P1operLies of 
Cluys of Compounds of. . . . . . . . . . . . 52 

Majolica C'lay, Properties of. . . 74 
Majolica Defined............... 74 
Mancos Formation, Age of. . . . . . 145 
:\iancos Formation Described ........... 147 
::\!anganese, Influence on the Properti0s 

of Clays of Compounds of. 53 
Marl Defined........ 16 
McElmo Formation, Age of.... 145 
McElmo Formation Described...... 146 
Medical Plasters, Properties of Clay 

Used as. . . . . ....... :. . . . . . . . . . 91 

i\Iekcr Furnace, Hints to be Observed 
in Operating..... . . . . . . . . . . . . . . . . . . 36 

Meker Furnace, Thermal Capacity of. . . 36 
Mesa County, Clays and Shales of. . . . . . 261 
Mesa County, Geology of. . . . . . 259 
Mesa County, Map of........... 260 
:'\iesa Verde Formation, Age of.. . . 145 
Mesa Verde Formation Desctibed. . . . . . . 117 
Micas, Characteristics of . . . 15 
Moisture Defined.. . . . . . . . . . . . . . 53 
Moisture, Influence on the Properties of 

Clays of....... 53 

Montrose County, Geology of .......... 263 
Monument Creek Formation (see Daw-
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