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ADMINISTRATIVE REPORT 

Tile office of rllnte Geologist was ('reatetl by ad of the Ter­
ritorial Legislature in 181~, and the Go\-el·llor of the stcde "·as 
authorized "to appoint, by and with the addce of the Senate, a 
State Geologist ·* * -x- to hold office for a period of two yean.:." 
'!'his seems to shu\\· an e:nly upp1·ec·iation of the needs of the state, 
lmt another dause of the same a(-t re:Hlf-: as follows: "Xo com­
pensation for sen-ic-e!'. nor for auy expense whatever, shall lw 
paid h~- the state to or for said State Geologist." 

So far as the aYailable ret"ords sltu\\', the first State (}Polo­
gist \\·as ,J_ .\lden Smith, "·lin was aplJOinted in 11'1-L The la\\· 
pmYided tlwt the Geologist should hold offic-e until his S\l('(·essOl­
was appointed. This may :wcount for eert a in in-Pgnlarities in 
the date:- of appointments. In 181'1 J\'h-. Smith was again l"ltosen. 
From that date until thr or-ganization of the rltate tkologi~"al 

rluney. in Hl07, the :1ppointments were as follows: 1:~1'::, Ernest 
LeN eye Foster, of <ieorgetmYn; 188;), .J .. Alden Smith. Dem·rr; 
1887, Fred G. Bulkley, Leadville; 18-'-'9, 18~l1, 1893, Grcn·gr E. 
Kedzie, Ouray; L'-:D5, 1891, 1899, Thomas .\. Rickard, Dt·m·er; 
1901, 1903, ,John W. Finch, Vidor; 1906, B. _\_ Langridge, Boul­
der . 

. \s will be seen by the aboYe list, some very able men haw 
filled the office of State <irologist, but the failure of the state 
to Jn·o,·ide funds for the \\'Ork prevented them feom doing much 
work. Three or four brief reports were published, but these are 
long since out of print. 

The Sixte€nth General .\ssembly of Colorado enacted a law 
creating a State neologic-al rlnn-ry. and appropriating $:>,000 per 
annum for c-arrying on the \York outlined in tlw ad. 'l'he Advi­
sor~- Board of the Survey met in May, 1 DOl. and instruc-ted the 
State Geologist to begin work. TTnfortunatPl~- the Sunr·~- appro­
priation was placed in thr fiftl1 c-la!':-. and, as a result, the funds 
were not aYailable until .\pril, 1908. Howe,·e1·, a field party \\':ls 

formeil, an outfit RPl"Ul"l,(l, anrl work was begun ear-l_Y in .Tum', 
1907. Tlw R1:1te Geologist paid bills and expense ac-c-ounts to 
the amount of $1,200.00, and hentme personally responsible for 
$1,300.00 more. These adH'l"SP c-onditions, and the necessar~· re-
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duetion of the field force, made it impossible to complete an~, of 
the field work undertaken, and consequently impossible to pre­
pare tlle repol"ts and mapR. "\fte1· the field sem:on dosed, tlle 
members of the Department of Geology at the rn;n'rsity under­
took other work, such as the preparation of the bibliography of 
the geologi1·al literature of the state, and the eolledion and ar­
rangement of data for the revision of the geologin1l map. But 
as there '"as no mone~, available it "·as impossible to push the 
work as desired. During tlle season of 1908 the field work out 
lined below was completed, and the reports an· contained in the 
p1·esent volume. 

FIELD WORK. 

1. "\n area of 110 SI[Uare miles about Hal111s Peak, Routt 
t·otmty, has been mapped on a S('::tle of onP inch to the mile. 0 

The Boulder I 'ounty Tungsten Field, 90 squm·p miles, llas been 
mapped on a s1·ale of one inch to the mile. ::. The Redimentary 
formations flanking the foothills haye been stndied and mapped 
from the iVyoming line southward for T5 miles, to connect up 
with detailed work done b~- the F. R. Geologicn l Smwy further 
south, and complete the strip acroRs the state. This work was 
done to determine the age of the formations preparatory to pub­
lishing the geolog-il-al map. and as a basis for a study of tlw el'n­
nomit· deposits, snch as clayR. cement materials an1l building 
stones. -!. 'fhe Jfontezuma area in Summit I'Ounty. ~:! mileR, 
has been mapped in detail, both topographically and geologically. 

ROI'K A:\'D ~[JNER,\L A:\ALYSE8, ASSAYS AND DETERl\1Il'\.\TIO:-.:S. 

In connec·tion with the fielrl work of the Rurvey about 50 
eomplete ehemil'al analyRes and assayR and upwardR of 100 other 
determinations haye been made. 'l'l!P Rtate 8m'YI',Y will not do 
work whit·li should go to priYnte chemists and assayers, but only 
that demanded b~, its own reports. 

TOPOGRAPHIC MAP OF COLORADO. 

The Ila~·den RmYPY of the Territories, completed in l~T~. 

made a topographie ma1J of about two-thirds of the state. 'l'lte 
King Snney of the Fortieth Parallel included a narrow siTip 
about two-thirds of the wa.Y across the northern border of till' 
state. Of the area not covered by these two surveys, on·1· om• 
half has been mapped in detail by the present U. S. Geolog-ieal 
Surn·y. The other half has been mapped in less detail. Tlw 
present U. R. Geological RmTe~- has also mapperl, in gl'l'<tter 
detail, a eonsiderable portion of tile area covered by tlle eal'!icr 
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suneys. The maps uf the t•al'lier snnl'.' s <lie antila!Jle to but a 
very small numlH'r of peoplP, and those of tlw present sut'\"ey 
m·e contained in a bout no separate shPei s. 

The 1--ltate Geologienl Rurn'y has cmnpih·d a topogntphic map 
of the state on a seale of one iiH·h to eight Ill i lPf', combining, :-;o 
far as the s•·a le would permit, the results of the:-;t' y;uious sur 
veys, and ineluding all the geographieal details nsnall_Y found in 
a complete staiP map. This map will be used <If' a ba:-w fo1· tlt{· 
re\"ised geologieal map. and for maps showing the v:nious min­
eral deposiis, 1vate1· resources and other l'<·onomic features of the 
state. The map is almost J'Patly for the eng1·aver. 

GEOLOniC.\L :II.\P OF THE c;·r.\TE. 

'l'he only geological map I'O\'eJ·ing the state 1s a small oHe. 
on a seale of twehe miles to the inl'h, published by the Hayden 
1--luney in 1 SID and 1881. This is '"''l'Y general and Yery int·OHl­
plete. The larger Hayden A.tlas t'o\-Pl'S only t\yo Jhirds of thr· 
state. A vast amount of detailed geologit·al work lias been done 
in Colorado during the last thirty _, PaJ·s. and has modified, in 
many important ways, the l'(l\ldusions reaehed b~ thP ll;~_nlPH 

geologists in their hurried survey. The result,; of the la tel' wot·k 
are pnblished in perhaps forty separate maps, many of which ;n·•· 
not easily available. 

The Rtatr> Geologieal Surwy is •·ompili11g a map. on the sallll' 
scale as the topographic map, whic-h shall bring together, so fm· 
as the s•·ale will permit, the results of all geologica 1 \YOI'k dnlll' 
in this state up to the present time. The drafting is probably 
three-fourths done, and the- explanatory sketch of the gpolngy. 
to aecompany the map, is also "-ell under way. 

SPECL\L :\L\PS, 

.-\ map slw\Ying the yarions metallife1·ons depm:its of the 
state i:--: approaelting completion. ,\uothPJ' sl"'"·ing the lo(·ation 
of the eoal fields is ready for the draftsman. 

BIBLIOGit.U'I-IY OF THE GEOLor;!C.\L LITERATURE OF COLOR.\lJ(J, 

This work is well under \Yay. and already eontains OYPl' :-i,OOO 
··laRsified entries, togethel' with rPiPre-n('e lettPJ's indicating tlw 
important libraries of the state. in which the book, artiele •n· re­
port may be found. 

SFR\'EY LIBR.\HL 

A librar_, of OYPt' fiOO yolnmeR of ret·ent geologieal literature 
has been assPtlll.Jled at a total (·o,;i not excl'r·tlillg $10.00 (ten dol­
lars), all of wllich \Yas spent fo1· freight and expense. 
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COLLECTI0!\:0. 

In connection with the field work of the ~tate Sunry c·mu 
plete collections of nll'k and mineral specimens ltaye been made> 
to illustrat<> the geolng,1 of the areas mapped. 

CORRESPONDEi\CID. 

In tl1e t,,-o years since the organil\ation of the Sune.r the 
~tate ( ;eologi:-;t has receiYed and answered oyer 1,:200 letters bem·­
iug on tlw ge11logy and mineral resource,; of the :-;tate. ( J1·e1· half 
uf these came from outside C'olumtltJ. Inquirie,.; for l'<Ue metals 
and other rare geologit·al products came fr;om England, Fram·e. 
tleJ·man~-, Belgium, Ita l~· and ('a nada. 

"\ rough dassification of the t·onesponden('e i:-; a:-; follows: 
1. Requests for· geologi .. al map:-:. report:-; and other liter·a­

ttne bearing on the mineral resoun·es of the state, ~:\G. :2. Iu­
qui r·i1·,; altt~nt metallic mineral ilPpn:-;its, mines, et('., :27:'.. 3. Re­
•ttH•st:-; f11r determination of mineral:-; and rocks, 1:1!1. -!. Inqui· 
r·it•,; about non-metalli1· pr·oducts. and ollter geolugi•·al fads, 540. 
This last group t'O\'Pl'l'tl a Yer·y "·idt• nmge 11f subject,;, sueh as 
l'nal, oil, natural g:1:-:. asphalt aml bitumen: fireclay, pottery and 
ehina day, kaolin, ltl'id;: and tile t·l:1.1·, shalt• and .. Jay for cement. 
fuller:-:' earth: fador.Y and lll:mufa..tnring ,;it•·:-: near to •·"a!, wa­
ter, raw materials and transportation: linH·:-:ttJne (for flux, sugar 
refining, t'C'Juent, lime) ; building stones of nuion:-: kinds, marble 
and •m~·x: road material:-:, gypsmn. glass sand, building sand: 
pl:I•·eJ· deposits and black sands; mineral wat•·J·:-:. medicinal ela."" 
and muds; artesian water·s, artesian pos:-:ibilitiPs, well poss\bili­
tiPR, rendering alkaline and saline waters n~ahle; stream flow. 
water rights. rP:-:Pl'\'tJir· RitPs; soda and potash snits, brine springs 
and rock Ralt; mica. abrasi\'PR, and numerous otlw1· g-eologi(·al 
pr·oducts. 

OTHErt WOfti-i: 1'0:\DI E:'\CED. 

A report on the dist1·ilmtion, qualities and Yalue of th(• l'lays 
of the state. (Prof. 0. M. Butler, Rchool of l\IinPs). 'l'he hnild­
ing stones and mm·bles of Colnl':Idn. (R. D. G1•orge and Mr .• \. 
P. Poorman). ( 'ernPnt material:-;, limestone anfl gypsum. (Tii­
r·e•·tion of R. D. ( ieorgeJ. DeRI'l'ipth·e geology of the state in 
two bulletins: 1. GPnPr·;Jl gPnlogy: ~- Eeonomic geoln!!_y. (R. 

D. Geoq.>;l' and T'rtJfPSStJl. ('n1 11·fnnl.) 

TilE t'OS'I' OJ•' TIIE \\'IJJ:E:. 

The Rt:l1e Rm·,·p_,. Ita:-: lind the SPl'l'i•·t·s of the pr·oft•RstJr:-: 11f 
geology and other )'l'llfe:-;:-:m·:-: in the ~bte Cni\'l'l'sity and the 
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:-;chool of :\lines, at an ~werag(• ;·ost of !;t:J.OO per day and expenses. 
Yery valuabh· senicPs lw\·e been rendered l>y ad\'<l!H'e(l and gra•l­

uate students of both institutions nt no cost to the state ex<"<'pt 
field expenses. 

'l'he University has gratuitously provided of!ice I'OOlll, field 
and laboratory instrumenil', the use of library, laboratories, col­
lections and other f;wilities for earr·,ying on the work. By thus 

employing her equi]Jment in the seni•·e of the state. she is recog­
nizing her right and duty to enter a broader field of usefulness 
than that usuall~- assignPd to ednl'ationa I instil ul ions. 

l'L.\.N:-; FUH 'l'HE FU'l'UHE. 

C'O·OPERA'l'W\: \VITI-I '1'1-IE U. S. GEOLOUICAL SURVEY. 

'l'he Federal :-;unt·y is \\'i I ling to co-oper·;1 te with the Stall' 
Suney in topogr·nphi<" mapping. 'l'lte h•t'lll~'< m·p: 'l'he state pays 

one-half, and the Feder·al ( lovernment p;1ys one-half. 'l'he dtoil'e 
of the areas to !Je mapped is left to the stall'. 'l'hese terms an· 
very liberal, and there is no slate in tl1e Union to whieh a l'Om­

plete and dda i led topogr·aphic map would be of grea iet· senil'P 
than to Colorado. Jt is a prime Itece,;,;ily in the dewlopment of 
the wate!· resourl'es of the state, both for ]JOwer and inigation 
purpose; it is neec1P<1 in ra ihva.r instrud ion, the dPvelopmeu t 
of the miner·al resom·l·es, and in Illauy other ways. 

Sl'El'IAL BULLETIJ'\~ 

Un the various miner·al r·efiomTes of the state, :mch as: Gold 
and silve1·, da.v,;, cement 111<11\'I'ial,;, coal, lead and zinl', etc. 

FII-;LV \\'UltK. 

The nw ppiug of promi,;ing mineml r·pgions not yet studied 
in detail. 

SL'liOOL Bl'LLE'l'I\:S. 

Tit(• ~nn-ey t·an l'ender the stall' 110 greater· ;;t•ni('<' than the 
pt·f•paration of lmlletins wltirh shall giYP the youth of 1lw ;;tate 
an ntTllt'ate and ;·mnpleJe know le<lg<' of het· \·ast 1niner·al J·e­
som·l·<·R. The lmlletiu,; should l'O\'er snd1 stndie,; :1,;: tl1e physi 
<·al gPngr·aplty, thf' geology. the mining inlln;;Jries and tlw natural 
J·esom·(·f's of the stat<>. 
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EDCC'.~TIO);AL COLLECTIO:-IS OF ;\ll:\'ERALS AND ROCKS. 

The Survey hopes to eolled and present to each of the High 
Schools a set of minerals and ro(·ks which shall represent the 
mineral wealth of the state, and illustrate the bulletins mentioned 
aboYe. 

( 'olorado State (ieological Rmw;v. 
l~niYersity of ('oloraflo, 

Boulder, ( 'olorado, ~lay 1, 1909. 
R. 1>. GEORGE, 

State GP.ologist. 
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INTRODUCTORY. 

HISTORICAL. 

Hilbnerite, and probably wolframite have Leen known in the 
San Juan fur on'r twenty _rear::-;, anll seheelite wa,; long ago re­
ported from Chaffee and 1-\mnmit counties. A number of mines of 
the San .Juan b.ave produced a few tons of tungsten concentrates, 
mainly as a by-product, but no Yigorous developmeut of the 
hiibnerite deposits b.as been attempted. In 1870 Sam P. Conger, 
tile veteran prospector, db:covered the Cari liou :\line and a few 
month~-> later the Boulder County :\1 im·. 'l'he CarilJuu camp Le­
came very actin·, and both miner·~-> anll pro~->pectms soon became 
familiar with the b.eavy dark mineral which occurred as float in 
the district. It was called Ly various names, such as: ''heavy 
iron," "b.ematite," ··Linck iron," "barren silver·,'' and others. 
Man~· assays were made, but its true character was not lli~->coveretl 
until Conger's partner, \Y. H. \Yanamaker, returned from Ari· 
zona, where he had seen the tung,;ten or·e fr·um the Dragoon 
1\'Iuuntains. They kept the identity of the fpr·lH'r·itt· a f;{'tTd, and 
started negotiations to secure possession l1y lease or othenvi,;e 
of a part of tht> Boulder County ranch for the purpose of mining 
the pl:wer tungsten ore and developing the veins. ( 'onger secureu 
the lease in August, 1900, and l1y the end of the year had taken 
out about 40 tons of high-grade ore. This "·as handlt·<l by the 
Rtate Ch·e 1-\ampling Company, Denver, and half of it netted about 
$1.60 per unit. The other half was sold to .Jlr. :\!orris Jones, 
representing the Great 'Vestern Exploration and Reduction Com­
pany. at $60.00 per ton, or $1.00 per unit. Mr·. 'l'. R. \Valterneyer 
was associated with Conger and Wanamaker, and concentmted 
their ore. 

For 1901 a production of 65 tons, running 65 per cent. tung­
stic oxide, is reported. This was sold at about $3.35 per unit. In 
1903 the market 1vas extremely dull and much difficulty was ex­
perienced in ,;elling the concentrates. But considerable pros­
pecting wn,; in progress and some development was done. The 
year 1903 \Yas yer·.y fayornble for the tungsten producer, and rapid 
development marked the histiii'.Y of the Boulder County area. 
From that time until nearly the end of l!lOT development was re:1 
sonably stead,,·. But the financial <lepression put a check upoiL 
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progress, from which the recovery is not even yet complete. Much 
exploratory and development work has been going on during th~ 
last few months, and the J'PHl' Hl09 promi"'!'S considerable 
actiYity. 

The field work waR begun in the summer of 1 !HIT and com­
pleted in the summe1· of 1!1118. 

ACK:'\0\YLEDCDlE:'-JTS. 

The writers take this oppol'tunity of thanking all the owner:-;, 
operators and managers of mines and mills for their assistance, 
which has cont1·ibuted much to the value of this report. Tltey 
would like to mention a few who were called upon more freely 
than were the others, and \\·ho were always ready to assist: }II·. 
C. F. Lake, }lr. ~Ionis .]uue:-;, }lr. H. F. Watts, Mr. Wm. Loacll, 
Mr. Henr~- E. \Yood, J\Ir. Y. C-l-. Hills. 

The greater pa1-t of the chemi('al work was done at the Uni­
versity of Colo1·aclo under the direction of Dr. J. B. Ekeley. 

It would be impo"'"'iblc to acknowledge in tlte text of this 
repOl't all the sum·c·c·"' from which facts haye been drawn. The 
literntm·e of tungsten is extremely fragmentm·_y ancl unsatisfac­
tory, and many, lJerhaps the majority, of the references in the 
bibliography at the end of this report are to articles mnging in 
length from four or fiye lines to a page. Many more references 
could haYe been added, but the greater number would have Leen 
to matter outside the J!ll!']lose of this report. 

LOC.\TION. 

The principal part of the tungsten district lies in the south­
eastern quarter of Boulder County, but some promising discov­
eries have been made in the northem pm-t of Gilpin county. It 
is covered by the northem six miles of the Black Hawk, the 
southern hYo miles of the Boulder, and the northeastern corner 
of the Central City topographic maps of the li. ~- Geological Sur­
yey. Anotbe1· small area, not yet produ('ing, lies chiefly east of 
\Yard in the Boulder quadrangle. The principal places in the 
district are Nederland, Cardinal, Phoenixville, Rollinsville, Sugar· 
loaf and }1agnolia. The Dem·e1·, Boulder and ""estern, formerly 
The Colorado and Northwestern railway (operated by the Colo­
rado and Southern) runs from Boulder into the tungsten field, 
and has stations at Sugarloaf, Tungsten and Cardinal. The 
DenYer, Xorthwestern & Pacific, (The Moffat Road), ltas a 
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station at Rollinsville. "\.. daily stage runs from Boulder to 
X ederland, eighteen miles. 

TOPUGlt"\l'HY. 

The area is a l'<llt of a broad eastward-slo}Jing U}Jland belt 
extending from the ridges of U}Jturned sedimentary rocks at the 
western border of the Great Plains, west"·:nd to the steeper 
slopes of the Front Range. This belt is an old erosion plain, now 
deeply dissected by a series of eastward flowing streams and their 
tributaries occu}Jyiug cailuu-like vallL'.Y" from which w:my gulch":-; 
cut back well toward the diddes. The principal streams of the 
area are Notth Boulder, .Jliddle Boulder, South Boulder and 
Beaver Creeks. "\.. fe\Y outstanding points snch as Sugarloaf and 
Bald mountain, and those near Rollinsville, are erosion remnants 
of the earlier period of do\vucutting, wllich was approaching 
base level befOl'e the post-Laramie uplift, which increased the 
vigor of the streams nnd ,·aused them to cut their deep narrow 
valleys in the resistant metamorphic rocks. 

The transition from the western border of the plains to the 
eastern border of the UlJlaml belt is abrupt. \\'i1hin a mile the 
difference of elevatiull ma.r be as great as :2,000 feet, wltile the 
average elevation of the u pla!J(l a bon~ the western bot·d<'l' of the 
plains is about ~,:JIJU feet. 'l'his gt·eater L'len<tion is due to two 
causes: a. differential U]Jlift at the close of the Cretaceous, by 
which the foothills and mountain area was raise<l Jnore than the 
plains region, and b. differential emsion-the more rapid lower­
ing of the surface of the plains by the et·osion of the less resistant 
sediment:n·y rocks of the plains. 

CLIMATE A:\"lJ YE<JETA'l'IO~. 

The elima te is that chamctcristic of the foothills. On the 
eastern border the annual rainfall (including snow) is about lG 
inches, while that of the western border is somewhat greater. 
Vegetation is nowhere ver,v abundant, though dense growths of 
evergreens cover many of the favorahly situ a ie1l slopes. The 
timber is seldom large. 
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CHAP'l'ER I.-GENERAL GEOLOGY. 

INTRODUCTION. 

The area is wholly within the pre-Cambrian llelt, calleu, 
in a broad way, the Front Range. 'J'he nean·st sedimentary 
rocks, except n·t·c·ut stn·;1m and lake tlq1o~its, are three mil1·~ 
to the east. The mo::;t important rock i~ granite, generally more 
or less gneissoid. J'\ext in importaw·e i~ a granitic gu,·i:-;s fre­
quently grading into quartz-mica-schi:-;t and mica schist. While 
the atec1S occupit>d by thc·:-;t• two unit:-; an>, in a large \Ya~-. well 
defined, there are numerous bodies of gneiss within the granite', 
and numetous bodies of gnmi te within the gneiss. In a numbet· 
of places there is no well-deJined contact line l1d ween the two. 
but a band or zone in which the two rocks are mingled, and in 
which there is frequently a gradual transition from one type to 
the other. 

Cutting the gneissoid granite and the gneiss are granite in­
tmsions in the form of dikes and inegul;u· bodil'S. In the 
western and northern parts nre many dikes ranging in composi­
tion from acidic porphp·ies to latites, andesites, diabase and 
basalt. 

'J'he two main tn,es of country roek mentioned abovl' art' 
themselves complex bodies, consisting, in each cast', of a pri 
mary formation and many intruded rrock masses. The ratio 
of the intruded rocks to the primm·y l'Ocln; varies from placP 
to place, but for the whole region it is large. The intrusion:-; 
vary in age, and 1·onsequently in the degree of change which 
they have undergone. The oldest, having passed through many 
of the metamorphic processes to which the containing forma­
tion has been subjected, bear a .-ery elose .resemblance to it, 
and, in places, are with the greatest difficulty distinguished 
from it. The latest intrusions, on the other hand, probably 
date from the last great mountain-making disturbance, and 
consequently show comparatively slight metamorphism. Apart 
from the dike rol'l;.s, h11WeYer, there is but littll:' stridly non­
metamorphic rock within the area. The beginnings of meta­
morphism are shown in the development of an indistinct llirec­
tional structure, and in the partial assembling of the mica into 
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bunches and ill-defined planes. 'l'hese alterations of the intruded 
1·or-k are, as a rule, much more pronounced in the gneiss than 
in the granite. 

THE GRANITE Ai'o!D THE GNEIS::lOID GRANITE. 

So far a>: the tungsten distt·ic-t is concerned, this is by far 
the most important rock, both in area occupied and in its rela­
tion to the ores. 

Li l110logi•·al dl(f md cr: \ \'ith in the ;m·a mapp('tl as granite 
there are n·ry wide lithological n:u-iations. From the pre­
Yniling type-a slightly gnei:-;soid granite-there arc transi­

tions, on the one hand, to a perfectly massiYl' granite 
:-:!towing no e1·idew·p of din~r-tional ;;trncture or segrpgation of 
the minerals, and, on the other hand, to a rock in which the 
>:Pg,regation of the mica, in particulm·, is very pronounced, and 
in which a diredional structme is very noticeable. In certain 
part~ of the m·ea there ~l'l'lll>: to hn n· been a poorly defined 
blocking of the rock in immense masse~ bounded Ly pronounced 
jointing zones or minor faultings. In the various mountain­
making disturbances these masses acted as units somewhat a:,; 
would the block:,; of a pavement if it Wl'l"e thrown into undula 
tions. As a .result of these monments of adjustment along the 
zones of weakue~:-;, the rocks on both siue~ of the zone, on the 
outt:'r borde1·s of the masses, have been rendcn·d gneissoid, or, 
in places, almost schistose. In other places the rock has been 
sheeted and sheared. The degree of change and the distance 
from the zone of mon·ment to \Yhit"h the rock is affected would 
be roughly proportional to the magnitnue of the force. 

Tl1c 111incrul cUJJIJIUSitiun: The rock is an ordinary biotite 
granite, with occasional hornbleude cry:-;tals. The feldspar is 
mainly orthoclase, and in the distinctly gTani tic part of the 
rock is the most important constituent. "\s the gneissoid char­
acter bt·eomes promineut, the relatiYe importance of the min­
erals changes, and quartz becomes increasingly important. A 

few granite masses, probably intrusions, show a porphyritic tex­
tme in which the feldspars reach from nnl·-half inch to an inch 
in length. 'fhe quartz i~ in inl'g ulnr grains and varies in 
amount, but in the massiYe granitl' makes up probably about 
twenty per cent. of the rock. The biotite of the fresh rock is 
in tabular crystals twice or thn·t• timt·~ a:-; broad as thiek, and 
forms perhaps eight per cent. of the rock. 
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Weatltcriny: The rate of weathering depends quite largely 
upon the structme and textm·e of the rock. The more dis· 
tindly gnei,;:-wid form,; weather mo:,:t ntpidly, and the massive 
granite h·a:,:t n1pidly. 'l'lJi>' fact expn·ssPs itself in the topo· 
graphy. In mauy pl<HTs the more mas:,:in· granite forms rather 
prominent knolls and ho,;:ws, and a large pL·rcentage of the 
boulder·s of decay arc gTaui te. Occasionally, where the meta· 
morphism hn:-: J"(•Jldl·red the rock unusually rich in quadz, the 
gneir:s is quite a:-; resistant as the granite. In the weathering 
of the g·Ht·i:-:suid fonus, the mic:t Sl'gregated in bunches and min­
ute len.-;t•s and inPgular, discontinuous planes is the fir:,:t min· 
Pra.l to yield. It form:-; a rusty gTC't'll chloritic mineral which 
is n~ry ,;oft, inela:-;t it· and bri H le. 'l'he \Yeakening along these 
lJlanes e<t Ill'<'>' nr,,· n11Jid granular disint(~gration of the rock. 
Thi:,: i,; ,;till mot'L' marhd in the sheeted and closely jointed 
t·ocks. 'l'he mar::-:in· form shows a tendency to weather into 
l'Ounded Loulde.n:, kuoh,; and pt·oiuiw·tJCL'i'i lJy tht· ,;low and uni­
form IJeudmtion of the· agencit':-; of weathering. The coarse 
gTained rock weathers mot·c· mpidly than the fine grained. 

Origin: The intrusive charactt'r of a large part, possibly all 
of the gt·anite' and gnei:-;soitl granite, is evident from the field 
t·elations. ~lllall botlit·s of hornblende-mica-:-;('hist and horn­
blende-schist of a tlal'l;:-gray to almost black color, and rather low 
rlnartz content art· quite numerous, and wtTe evidently torn 
ft·om an older formation through which the granite found its 
way to the :ml'fntT. The contact with the gneiss is, in places, 
charactn;sticall,,· an H·uptiYe contact. Blocks of gneiss were 
caught up and "lll'l'tJHnded by the g,ranite, and ann,; and dike­
like bod iPs of gnl!li 1l:' pendra tc· the gneiss, fol.lowi11g and filling 
fissm·t·s fonue(1 at the time of the inhusiou. In a few places 
traces of cont:t ct metamorphism are notin·a 1 de in tlle deYelop­
ment of gm·nets and other minl:'ntls. In other place,; there are 
veiulets and stringt·t·s of n·t·y fine grained rock resulting from 
the rapid cooling of the molten granite in (·ontaet with the cold 
rock into which it was intruded. 

G:\'EISS. 

This ro('k is older than the granite, and, judging by the great 
degree of metamorphism it has undergone as compared with tlll' 
gt·a nite, it is very much older. It lies mainly in the western and 
northwestern parts of the tungsten field. Within the gneiss area, 
rockr: nf all structures rna~, be found, from massive granite to a 
perfectly laminated schist, but the prevailing type is tb(' gneiss. 
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The typical rock has the general composition of a biotite granite. 
but the propol"tio11 of the different minerals y;wi•·s widely, paJ·­
ticularl,Y ;H·J·o~s the strike of the strudnre. In places the rock 
can scarcely be distinguished from the granite, eithet· in compo­
sition or s!ntcture, while in others the proportion of feldspar 
has greatly decrea:,;ed, and that of the quartz has correspondingly 
illct·eased. Othet· a1·eas will show <1uartz and biotite, almost tv 
the exclusion of feldspar. This ruck frequently shows an ad­
nmced gneissoid, ot· even a schistose stn1cture. \ \'hile such tran­
sitions to the schist are l1y no means rare, the schist is usually 
in narrow bands which soun give way to the gneiss. Small areas 
of hornblende-gneiss-schist also o<:cur. Attempts were made tv 
map the schists, but it was found impossible to represent thew 
satisfactorily on a map of the scale here used. 

Structural fcatwres: In many places, as, for example, on the 
south side of Boulder Creek at ~ederland, and on the north side 
of Beaver Creek, the dip and strike of the gneissoid structure arc 
regular and well defined over considerable areas. But there is 
no general uniformity or agreement of dip and strike for thl' 
region as a whole. Areas which are apparently continuous shO\\' 
wide diversity of dip and strike. This discordance may be due 
to movements of rotation and tilting during mountain-making 
disturbances or at the time of the great granite intrusions of 
the eastern side of the field. 'Vest of the tungsten area tmvar(l 
the range there seems to be a greater regularity of dip and strike. 

Origin: No absolute proof of the origin of the gneiss can be 
offered, but the following facts are in keeping with the view that 
it is derived from sediments. The bt·oader bands of the gneiss 
differ widely in composition. One may be almost entirely mica 
and quartz whilP its contact neighbor may be a granite except 
for structure. .\gain, " g1·anitic balld may lie against one in 
which quartz nw.r equal all other minerals together. Another 
Land may show a considerable development of fibrolite while ih: 
contact neighbor may show none. These differences of mineral 
composition suggest such differences of original composition as 
may be found in successive strata of a sedimentary series. The 
regularity of the dip and strike of the gneissoid lamination sug­
gests stratification. The fact that a few miles west on the slopes 
of Arapahoe Peaks there is a strong band of fine quartzite con­
forming in dip and strike to the structure of the gneiss in which 
it occurs, suggests a sedimentary origin for the containing rock 
which is lithologically and structurally similar to the gneiss of 
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the tungsten field. Again, alJout two miles to the east of the 
field on South Boulder and Coal Creeks, there is a great quartzik 
and schist series lJelow the Paleozoic sediments, and in contact 
with the granite-gnei~s series. The schists associated \dth the 
quartzite are so related to it that it is hardly possible to doubt 
their sedimentary origin. On both sides of the area we have 
metamorphic rocks derived from sediments. Between these lies 
the great granite and gneissoid-granite series which is in eruptin· 
contact with the quartzite on the east and the gneiss containing 
the quartzite to the west. The general relations are consistent 
with the thought of a great metamorphic-sedimentary group in­
truded by a yast wedge of granite which has widely separated 
the two parts of the series. A great series of quartzites, quartz­
mica schists and mica schists similar to that of Coal Creek is 
cut hy the canyon of the Big Thompson River in Larimer County. 

Fli'\I<>GRAINED GRANITE. 

"\Yithin the granite area, a fine-gmined biotite granite occurs 
in numerous masses, of which the largest exposure is shown on 
the map, about a mile northt•ast of Nederland. The same rock 
oecurs near by in JtWs:-;es often but a few feet across, and in con­
siderable amount bet\Yeen .:\lagnolia and South Boulder Creek. 

The rock is distinctl.Y gneissoid, and where it occurs on the 
border of the ancient gneiss there is generally no well-defined 
•·ont;wt between the two, owing to the fact that they have under­
gone a high degTee of metamorphism which has developed pro­
nounced directional structure in both. Specimens taken from 
mines usually sho\Y the mica to be leached out and the feldspar 
more or· less kaolinized. In this state the roek might at first 
glance be taken for aplite. The fine-grained variety is cut by 
pegmatite dikes usually narrower than those cutting the coarser 
granite. This rock will be further deseribed in connection with 
the ore bodies. 

PEGl\IATITE. 

Pegmatite, both eoar·se and fine, is wry abundant throughout 
the tungsten field. The relations of the dikes (and veins) to the 
country rock indicate two modes of origin. There are some 
dikes which haye been formed in much the same manner as dikes 
are generally for·med-by the filling of fissures with molten oe, 
at least, highly plastic rock. ·whether the mass was in a state 
of aqueo-igneous fusion (or in Jt1ineral :-;olution), \Yater· playing 
an important role, is not easily determiHPll. ( 'ertnin it is that 
in places the mnss had suftif·ient density to pluck off and hold 
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suspended large blocks of the ('nuntry t"<)('k, and that the country 
rock itself was solid enough to break "·ith ~harp angular outlines 
and retain its form even when surrounded by the pegmatite mass. 
That son1e of these dikes are contemporaneous with the solidifica­
tion of the containing rocks seems very improbable. Erosion has 
removed a n·r~- considerable thickness from the surface of the 
country, and the parts of the dikes now exposed must have been 
formed at no small depth. But these plucked-off masses of coun­
try rock are found in the deeper workings of the mines. At the 
same time there is rarely any evidence of contact metamorphism 
between the blocks and the containing pegmatite or the country 
rock and the pegmatite_ Occasionally the pegmatite dikes are 
bordered by a few inches of country rock containing little or no 
dark mineral, and consequently of lighter color than that :1. 

little further from the contact. This difference in composition 
is probably due to subsequent solution and replacement rather 
than to contact metamorphism. Textural variation ho111 tlH· 
wall tmvard the center of the dikes is noticeable. The dikes han· 
well-d!c'fined wall~ and generally regular com·~•·s. 

There are other vein~. or irregular bodies, of pegmatite, 
tno~tly of finer texture, but still noticeably •·oar~er than the 
containing rock, which have had an entirely different origin. 
1'he.r are the result of a process of solution and rccrys­
tallization of the country rock along seams and fracture lines. 
1'hese bodies never have well-defined boundaries, but show a grad­
ual transition to the texture and mineral composition of the coun­
try rock. The pegmatization frequently follows branching anJ 
rebranching fractures and penetrates the country rock irregularly 
on the two sides of the fractures, not infrequently resulting in the 
alteration of two-thirds of the rock volume. This type of pegma­
tite is particularly common in association with the ore bodies. 
and does not appear to be abundant elsewhere, although it may 
he found in parts of the field away from known ore bodies. 

The coan'e and fine pegmatites occurring in dike form at·c 
younger than the containing rocks, and though they do not belong 
to the latest period of movement and igneous activity, have suf­
fered but little crushing. Three distinct periods of faulting hav0 
left their records in many of the dikes with which the ores are 
associated. The movements do not appear to have been great. In 
some instances the faulting· and its accompanying phenomena fol­
low one wall of the dike, while in others movement has occurred 
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on both sides, and in a few the crushing antl movement h;we iu­
voh·ed the "·hole dike. Rarel,Y do the crushing and brect"iatiou 
extend far into the country rock. Occasionally, however, the 
fault breccia contains much countr·y rock. Both tension and 
t·ompr·ession movements haYe occurred, and the brecciation is 
probably more largely due to the latter than to the former. 

'rhe topographic effect of the pegmatite bodies is readily ob­
:-;ena ble in both gneiss and granite, where it frequently forms 
ridges or knobs on account of its greater resistance to weathering. 
Occasionall)·, however, the course of a pegmatite body may be 
known only ll_Y the debris on the surface. 'Yhile the greater 
part of this type of pegmatite occurs in dikes, inegular, lenticu­
lar, and plug-like bodies are quite common. These forms do not 
Rhow such definite boundaries as do the dikes. 

J/ i J/Cm l r·OJJI]JOSit ion: In the order of their important·(>, the 
mineralR of the regular pegmatite bodies arc: 2'\Iicrocline, Ol"tho­
cla:-;L', 1possillly alhit.,). quartz, biotite antl museoyite. In some 
dih;-; and pm·t;-; of dikes thr feldspnr may form almm;t the entirP. 
mns:;;, while in other places quartz iR the dominant mineral. Black 
mica i:;; r·:uely important-srldom reaching one per cent. of the 
volumt• of the rock. :!\fuscr)\"ite is remarkably irregular in its gen­
eral di;-;trilmtion. In certain :;;mall :-:edions of a few dikes it may 
form fr-om fin• to ten per cent. of the rock and be uniformly di:-; 
tribnil'd. In other <"ases it is more or less segregated near tht~ 

walls of the tlil,es. In bn• pegmatite dikes to the north of the 
tung:;;it'll m·t·;i mnRt·oyite iR locally developed and segregated to 
such au extent that two or more miea prospects have been located 
on them. In mnny dikes quartz is much more abundant in tlw 
middll' nnP tliinl than in the outer parts. "\ few ;-;how distinet 
banding, thtmph it iR rarely Ro well defined as that often found 
in n·in Rtrncture. 

'rhe c-euiT:ll k111tl is gPnerall.'· f[Uar·tz, and masses rangin~' 
from two or· i l11·ce to h·ent~·-fiye feet in dimueter are found. lll 
the:;;e •·a;-;eR the dike locally reRPmbles :1 strong quartz vein. 
Graphic: granite occurs sparingly. 

~mall acid granite win~, ranging in width fron1 a fraction 
of an inch to a fe"· inches, are <·on1mon in both the gneissoiJ 
granite and the grwi;.::;;. They ar-e compocctl of feldspar and qu:nh 
with o•·•·a:;;ionall.'· a meager ;-;prinkling nf bintit<'. and ],~;-;s <·nnl­
monly Jlm,;<·oyite. Their composition and their r·<>lation to the 
containing roc-ks indic-ate an origin ~imilar· to that of the pegma­
tites. 
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Rare mine1·als and mineral:,; in whose formation heated 
vapors and gas!·s pht~· an important part are characteristic of 
many pegmatite occm'l'<'H•·es. But they are notably absent from 
the Boulder pegmatites. Orps of tin, antimony, molybdenum aml 
tungsten are also looke!l fm· in pegmatites. But in this region, 
with the possible exception of a yery occasional tounnaline crys­
tal, and the doubtful occurrence of fluorite, the tungsten ore:; 
tH'CUl' alone. 

INTRUSIVE RO!'KS. 

B.> R. D. Crawford. 

'l'he intrusive rocks are almust entire]_,. confined to intenne­
diate and basic tY!JPS. ExcPpting the pegmatite and aplite, rock 
of high acidity is found in o11l,\· one dike, probably in small quan­
tity, and as a differentiation product. .\ndesites predominate, 
but thei1· near J·elntiyes, the latites and tlaciics, on the one hand, 
and basic rocks on the other, are well repJ·pscnted. The dikes 
an· gC'neral l.Y u;n·J·o\\·; perhaps the majority are less than 20 
feet \dde, and a few less than :; feet. They can usually be fol­
lowed by their outcrops without diffif·nlt,Y, lmt are often greatly 
weathered. 

'rhe general trend of the dikes in the producti ,-e tungsten 
arpa is east and west. In the Yicinity uf the old Boulder County 
Mine and southward the,,- are most numerous, but 111any of these 
are nanow and pinch out a shol't distance west of the boundary 
of the map. From Bald l\lountain northward the dikes widen 
greatly, and trend nearly no1·th and south. 

Fil'ld relations furnish but littl•· C'Yidew·•" of the relatin· agP 
of the different dikes. Nince tlw diabase' is cut h:· a latite dike, 
perhaps an offset of the Rng:nloaf dike, it is older than the lat­
ter rock. The limbmgite a1:r:ears io cut the diabase. but the ex­
posure at the intersection of till' two dikes is not yery distinct . 
. \II the intrusive dikes are .'·ounger than the pegmatite. )l'o 
other· field obscnation:-; made help to detennin!' the succession. 
A light gray kaolinized •like rod;:, probably the felsite 1ksu·ibed 
below, occm·s in tiH• Reddi .. k .\line. but does not l'Pach the sur­
face. The dike cuis the gnmite, hut \ns intruded prior to the 
drposition of till' ore. 

In addition io tlw dikP ]'()!'];:s desnilJf'll below, boulders of 
11wnzonite o•·•·m· on the steep slo11P:-; of Eltlor·a .\Iuuntnin near the 
wPst border of the m·ea. 'l'hese blocks may not be far from 
tlwit· original position, but it is possible that they ha,·e fallen 
from the moraines aboYe. 
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Andesites. 

Hornulcwlc andesite: In the dikes with a general east-west 
trend in the vicinity of Nederland, and a:-; far Past as Bald Moun­
tain, the andesite is fairly uniform in textnre and mineral com­
position. It is commonly medium to light gt·<ly, usuall.r with a 
greenish tinge. It is seldom found quite fresh or dark in color. 
Although the phenocrysts are generally small, the rock is in­
,·ariably porphyritie, with the larger nystals not infrequently 
about equal in amount to the ground-mass. Feldspar pheno­
cry,;t,; m·e greatly in extess of hornblende phenocrysts, and are 
I'OIIttnonly 1 to;; mm. in diameter, though an oc('asional crystal 
may reach 5 or 6 mm. Ordinarily the hornblendes are less than 
1 nnn. in thickness, with a length of :2 to ± mm. 

Thin ,;eetions show that the phenocrystic feldspars are 
mainly andesine, but laln·adorite mny sometimes be present. The 
hornblende is the common green ,-;uiet~· with strong pleochroism. 
Tlte felty gronndma:-;s is com1tosed largely of poorly individual­
ized feldspm- laths, with interstitial feld,;lt;n· and grains of mag­
netite. "-\. few tiakPs of biotite are present in occasional speei­
mt'n,;. 'rhese minerals, together with minute cTystals of apatite 
enl'lo,;ed in thl' pheno<T~·sts and groundmass, are the only pri­
mar.r i'Olll'tituents no"· fleterminable. Kaolin, eakite, dlloritl'. 
epidote, qu;utz and iron oxidP,; ;nt• present in rariable amounts 
as alteration Jn·oducts. 

The hornblende andesite tlike,; "·ith a nortlnnu·d trend, in 
the ricinity of Bald and Rugarloaf mountains, differ from those 
described chiefly in color and in the quantity of biotite. These 
andesites range from very dark to Yer.r light gn·y. but the green­
ish rast su common in tlw dikt·s de:-;cribed abure is usually lack­
ing. Hornblende is here, also, the principal ferromagnesian con­
:--:titnent, hut biotite ret·y frequently is present in crystals often 
rounded b~- re-solution. PhenocT_,-stie orthoclase appears in 
sm:1ll amount. 

Glassy lwrllblcilllc andesite: 'l'his is a dense black rock, 
basaltic in appearance, with numerous hornblende phenocry:-;i:-; 
and less numerous feldspars. ·weathering makes the phenocrysts 
conspicuous, and brings out the fluxional arrangement of the 
hornblendes, which are commonly under fi or 7 mm. in length. 

Tinder the microscope the feldspar phenocrysts proyp to be 
largely labradorite. The hornblende is brownish-green, and re­
Rembles the bmmlti1· type. It occurs also in microseopic ct·ystals 
in the ground mass with a few minute octahedrons of magnetite. 



'l'he ~~·omHl JtJai'B \':tJ·i ~"~-' in ditfeJ·(>ll t ~'ltecimens f1·om glassy l u 
microl·J·ystallinc. In tltl' latter tlt('J'(' are multitude!' of lath­
shajw(l feldsl'<ll' microlites and gl'aim; uf magnetite in a ~la~sy 

ltasl'. .\linult> a1wtill' r·J·yRtals <11'1' l'''l'~ent in ltulh the gla~~.Y and 
Jllicn wJ·ysblline \'a J·iPl il·~ . 

. IIi('(/ awle.sitc: This \'ariety is llark to Lruwnislt-gl'<\Y, with 
textm·e H'l',Y similar tu the holocrystalline hornblende andesites, 
Lut Liutilt>, instead of an acces:-;Ul·y, is the most aLundant fenu­
magnesiau constituent. lt occurs in slliny flakes, commonly un­
der 1 uutl. in diaweie1·. Prismatic n,rstals of what appears lo 
haw Leen hornblende :n·e now completely replaced by secondary 
minentls~calcite, kaolin and iron ores. Under the microscorJe 
the felty gronndmas:-; dues not diifPl' materially from the others 
descriued. The felds11<ll' phenocr.n,;ts al'e nearly all vlagioclase, 
but the ruek is a close relative of the latite of Sugarloaf .\Ioun­
tain. In the ;-;lt!n·t dike west of Fal'e\\'Pll Gulc-h nugite occurs in 
considemble amount. 

P!JJ'().f'CJIC aHdc.sitc: The1·e ;n·e two distinct varieties of rock 
designated un the mav as p_noxene andesite: 11) 'l'hat of the 
dike crossing the railJ·oad on the south ;-;]oJ'e of Hald .\Iountain; 
(2) that of the dikes in the vicinity of Deaver Creek. 

The Bald Mountain type is rather dark gl'(•y, and carries a 
few small pyroxenes and fewer feldspm· phenu(·J·y;-;t:-; in a felsiti(· 
groundma;-;;-;. But few phenoCJ'y;-;IK uf either mineral have a 
length of ~ 1mn. Under the mino;-;(·upe multitudp;-; of lath-shaped 
feldspar with fluxional anangemeut :tl'P seen. Though not many 
:we 5 mm. long, they are almost all twinned after the albite or 
the Cal'lr-;bad law, or both. Extinr-lion angle:-; (\\·ith a maximum 
of :W 0 ) indicate andesine-laln·adoritl·. The fe\Y phenonysts may 
be somewhat more :t~'i•l, but all an• ]il<tgioda;-;(•. 'l'lle pyroxene 
phenocrysts, and many Hlllaller cJ·ystals and fonnless grains, are 
f'Olorle;-;;-; augite, but the large pl·opor-tion of smal I idiomorphil: 
ci·ystals of pyroxene \dth parallel extinction suggests the pl·e;-;­
ew·p of an or-thOl'hombi(· Yal'iet~'- Mao<,. small magnetite crystals 
and a few apatites are present. Xl·:tJ·!y or quite all the intersti­
tial h:tr-;(• is anisotropic aml apparently largely feldspar. 

In the freshest expo:-;mes of tlw (likes in the vicinity of 
Beaver C1·eek, Jtroyisionally called p_noxene :nH1Psite, the sur­
faces of joint blocks are generall.v reddish, but the interior is 
greenish-gra.''· The mo;-;1 strikin~ feature is the g-J·Pat abundance 
of fp]dspar phenOCl',\'Rts with about onP-twentieth as many pheno­
crystR of aug-ite. Phenocrysts of these' two minerals compose 



:IJllll'OXilllatPI,I" !Jalf tJH• J"Ot'k. 'J'!Jt• ft'lfh:p:ll'k :JI'!:' ('Oill!llOlll)' :_! to J 
mm. in 1lian1eU•t·, hlni,;h-gnty i11 .. oiOJ·, ant! n,;nally \Yithont llteg­

:t,;t·opit· ,;I ri:l!'. Th!' :tngitP t·t·yslals :II'(' 1 to-! 111111. i11 thid;:twR>~. 

lu thin ,;t'<'l ion thP fPI<lK]IHl'l'hello•·t·y>~t,; an• ,;t't'll to lw Jll:tgio­

•·\a,;t•, iu lat·gt• pm·t l:tbnHlot·ite, bnt :tpp:u·Pntly rauging ft·om 

:twlekim· to !Jyto,ynite. The :tngite iN ]!Hie green to •·olol'less, and 

i,; fretlUPlltly dtltn·iti;w!l. ( llidne ot·t·nrK :tk :m a•·•·t•,;,;m·.'· in small 

bnt well-fot·mpr] t'l',l"kt:tl,;, nsn:tlly kl'l']ll'lltillizerl. ~e1·pcntine is 

aiNo "'·attered thronghuut the gt·onu<lnla"" i11 l'OIINidentblt• 

:llllount. Htont :q:atit!:' ('ry,;t:iiN :ll'l' not r:n·t•. "lagnetite •T_r,;tal,; 

art· fairly t·oniiHOn. The Jtli<'ron·,,·Ntalline gTomHlma"" i,; .. om­

posPtl almost Pntirel.'· of fel<l>~p:u· in lath foru1,; null irTegnlar 

gTainK. The llli<Tolitl's m·" often ont·l' t\Yinued, and lltan,Y :tre 

<lonlJtless plagio..Jas<'. In sonlt' KIIP<'illlt'lls they appPal· to h:tYE' 

111Hlt'J'I!,'OilP l'PI'I'_\'St:l ]) i JI;:J Ji I ll1. 

Feldspa1· probably •·oHIJimws .'-'11 ]1!:'1' ('('lit. to !J() lJt'l' l.'enL of 

the 1·• w k \\'liidt is a ppa rent ly the a ph ani ti<· P<Jni nllent of :mol'tho­

silt•. It llt<l,Y ht• •·ousi<lPt'Ptl a tn111sition form ,.]oRely I'Platt•<l to 

th•· h:ts:ilts. \\'hen lll:l1t·I·ial is fonntl snfli('iently fresh to war­

t·:mt lllinnte ,;iiHly. :1 111o1·•· <lPtailt>d <lesniption \Yill IH· gin'n. 

Felsite. 

Tlw fe I site is bl n ish -gra,Y in t hP lt·as I \\'P:l the red <'X posm·p,.;, 

lml m<liwn ily it is :tlnwNt whitP tlll'<mgh kaolinizatimt. Dlack 

m· grePnish p1·i,;u1atit· phen<H'l'.'·,:t,; of !Jonthi!:'IHlP o1· its all<'l':l­

liou pro1lnds !'au ]J<' NPPII in the ]p,.;s w<·a I lt<·t·etl \':trit·ht•s, 

bt•<·mn ing \'l'IO'. uotit'!':t hie \\·hen I he Nnl'fa<·e of the ro .. k is 

\\'d. .\ ff:'\\' phPllO!'I',\'Ntk of ft'lclspat Ol' ~ llllll. in di:tlliPtPI' 

t·an lw Sl'<'ll in the ft·psh<'I' SJ"'''illwuc<, l111t :tl'<' cOJil]Jl<·tPly re­

pla<·<·d hy kaolin iu ll11· mo1·•· al1t·l·<·<l nwk. 
!11 thi11 st•l'\ ion c<ottlt' of the fPid;;pm·N 1·l't:tiu ll'<lt'I'N of poly­

;;yHtlwtil' twillllillg-, hut IIIOI'I' ft·t·qn<'ntl.Y a tral'e of ( 'al'lshad 

t\\'inuing·. \\'lil'iht'l' ot· uot ail W<'I'L' plagioda,.;" it is impossible 

I o l"ay. Tilt· lwn!lil!'ll!ll' has los I <IIIItmd t·ompl<•(p]y itR primary 

<·llaral'i<'I'. Tl11· gronu<lnt:t"" is •·oHtpost•tl l;ng·t·ly of inegnlar 

gTain;.; and latll-c;hap<·<l f•·l<h:pm· minolit•·s. w.ilh eonRidel'able 

lJOrnhl•·'l<i<· and ~•·•·onda1·y lll<t1•·J·i:ll. Tlw minolit•·s of ft'ldspa1· 

:tl'<' oftt•u ow·<· t\\ imH·tl. Till' rod;: is prohahly an<l•·sit!', hut Hilll't' 

it i,; die< I iitdly <liff<·t·<•ut in tt•xtural l'lt:lt'<ll'in frn111 tlH' olhPl' 

<IIH}n.;ij f'S in t]JI• Jisl rid, <trtd !'illt'l' tlWl'l' is lllli!'!J lllll'Pl'tainty 

as to tlH· min<•1·al <·ou1positiou, it "''<'llts lwst to retaiu the tiPI<l 

1<'1'lll "ft·lc<itt·." 
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Dacite. 

The d:wit<·. m· qn;u·tz muli-si It•, ~~ n·1·.r similar in l'oloJ· :tiHl 

tPxtm·e to I lt1• hm·Hhl<•JHI<· aml1·~i1P~ i11 I ltP Yi1·inity of Xedt•J·· 

land. 

half tile l'Otk. '1'111' hioti tt· i~ 

mHl biotitP 

abnml:mt 

mak•· np 

in ~;]tilly 

nsnally ahont 1 111111. in tlianwt<·J·, or lto:-;s. Th,· tlll:ti<l'·'l ''."'' can 

<Jl'il'l'( an Ol'l':t~iOIJ<I] !tot·llll!P!Hl<• 1'1',\'S[:tJ. .\ ft•\\ IJllal'lz ])lJeuo­

l'r,n;t:-; 1 to :2 mnt. ill <liam1·ter ,.:111 lw s<·<'ll. Th<'~- an· ILJOI'I' ~>Yitlen! 

m the \\E':Jthei·<·d nwk, whil'h is ollt<·nri.,,. sin1il:1r t·o tlw 
\YeailH·J·<·<l anclesitt·. 

In thin :-;edion~ l}ll<ll'lz plwno,·J·,,·sh :ti'l'llllllH'I'OII~. illl·m·ialll.Y 

m l'Olllule<l form~ I'esnl! ing from re-solution. The biotite of11'11 

sbrny~ il1e dwracteri:-;t i1· h1·x:q.!,·oJt:tl on Cline. Tlw f<'llb]lal' phellll· 

<·l·,,·sis :tn• plagi<)('las<·. \\'hat hm; lH'<'II said :11111\'l' in n•gm·1l 

10 the ili'I'I'SNUl')' ancl C'I'I'OJJ(l:try lllilll''i'<IIS :llld fp}jy gTIIIllllhll:t:-lS 

of the ]J()]on·~·stalliJit• hO!'IIblend<· :J)](lt•:-;iil' appli1•s to thi~ rod' 

praditally without llltHliticahon. 

'l'lu· Y<'l'Y c;]wr1 !lib· Il<·:n· the road, about <1 ipWI'il'l' of a mile 

souilwa~t of th1• ol<l Boulder ( 'onnty mint', app:ll'l'll i ly •·<~ni•··,; 

mnch JJJoJ'I' hol'nbll'IHll· tlwu the otltl'l' d:witl' <likl's. H 1s ]J:Idly 

nltt•I·ed and llO minns!'O]Jil' detl'l'lllillai ion,; \\'<'1'<' lii:Hlt•. 

Latite. 

LatitP o,·,·m·~ in f:u· gn'a1•·1· anJoHHt llot f:n· nol'tlt of this 

1·<·gion. Tlw ~tJ·oug•·.-;f 1liJ..:e ill ih<' :11'1';1 lliHJIIH'll p:1""''" through 

Rugarloaf .:\Ionutaiu, wlH·1·e it J'<'<II'he,; a "·i,ltlt "r plrltaps 

GO ft>Pt or liJou·. au<l has l1Pen ill l:u·gt· measm·p n·:-:JHlliC'ilJl,. 

fu1· tlJ,. deYelopuwut of ih<· I~~':tk. I'll<' l'<)('k frolll !his <likl' \\':t·,, 

ontP d!'suilwd as <Jud•·c;ii,·, 1 lint ill:lsllllldl :1c; it •·oJJt:tiiJC' a largt· 

:tlltolllll of ortlw<·las•· :111<1 pa~:-;~·~ iu1o a tr:wh,,·ie towanl !lw 

wn·tlH·:t.-.:1, it Sl'l'IJJ~-< bl'c;t io l'llllsi<h·r it 1:11 it<· On·oug·Jwnt tit<· I'll· 

1 in· IC'llg·i!J of thl' <like. The l'hPuli•·:ll :mal,Ysis" iH<1il'a1<·s it-; 
lr:tthyti .. dunad<•J·, or po~ition inl<'l"llll'lliatp lll't \\'1'1'11 aiHl<·:-<ite 

awl tr:11·hyte. 

'r]Jp l'lll'k I'O!I1HiliS llllllll'l'll\lN jilll'!IOI'l'_YC'l,; 11f f!'lllNjl':ll' <IIHJ 

!Jiotiil', ]<•:-;:-; almlld:mt Jl.ITOXI'lil' alld !JoJ·li]Jli'lll]l', <Ill<] :\ fl'\Y l'l'_Yel· 

ials of titanitP. l•\·lds]l:tJ·, in w!Jill'. :-<olltl'tillli'S glassy nys!als 

usually l<'"" than :2 mm. in <1i:ll1Jd<'l', is h_,. far i lw lllost impm·­

tant phPHOl'I'Y~I i .. miiwi·al. Hiotit1· tlak•·~ an· ('OJIIJIIII!lly l<·~c; 

IHogarty, Barry, I'r()t't·(·,ling-~ of thv l'1duradu SL·il.:'ntitic S1ll'iety, Yol. 

YI., Pl'- rr:>1~;j. 

"lhiil., j), 1'1. 
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than 1 111111. in dianwtn. 'l'he hornblemle and p_noxen\" pcism,-; 
an~ usually not more than :l mm. long. 

Tit" microscope shows the ratio of plagiodase to orthoclase 
tu he about :.! to 1, and the plagioclase to lw largely andesine. 
'l'he biotill' i,; often in pel"fect n_ndal:-;, g·t·nt·t·ally with a bonlt"t· 
suggesting t·t·-solution. 

P.n-oxene ranks next io biotite in amount. ll is pale gT('en, 
\H·akly pleochroic, and has the t"Xlinction angle of augite. 'l'he 
lwmblende i:-; the common gn'l'll variety with strong pleoehro 
is111. Almost innu-ia lily the crystals show a re-solution border. 
Titanite appear::; a,; a constant accer-;:-;ory in idiomorphic crystals. 
The feltJ· gronndma:-:;.; i:-; •.·nmpo:-;ed of l'om·ly individualized feld­
spar microlites with intl'rstitial •gwrtz and po:-;:-;ibly feldspar, 
bt',;idl·s numerous gn1ins of magtwtite and much secot!llary cal­
cite·. 'l'he quartz is probaLl,r chief!_,. secondat·y. 'J'he feldspar 
mit·t·nlitt·s at·e often once twinned, and haYe parallel t'Xtinetion. 
Practically all of tht· original c·utJ,.,tituents show mud1 altera­
tion. 

The dike, ahuut a mile ea"t of Rollinsville, is pt·orisionally 
mapped as latilt· until freshet· material than that ut prPKl'llt 
av;tilable f"t· <'xamination may bP found. In the freshest ex­
l"'sm·t·r-; ob,;en•·tl the rock ii-i gTPenish ot· reddish, with feldspar 
phennny:-;t :-; in only moderate numhet·r-;, and fewer augite nys­
tal:-;. l'ndn thl' mi •Toscope magtwt ite, chlmite and calcite ap­
pear in tlw g-ronndmass, which 1-it'('lllS to be composed largely 
of t'et·J·_,·sta llized Ol' ,;et·ondat,,- feldspar. 'l'he phenocrysts are 
b<tdl.'· alt(·J·t·d, bnt aft·"· aiJpt'm· to be ottho(·lase. 

Latite Porphyry. 

'l'lw loug- P<li-il-\\"f'r-;t dike pa,;sing through tilt' high poiniK 
uorth of I:(• a n·t· and :-;uuili Boulde1· t-r!'eki-i and \Yiniget· 

Gulc-h is uf intl't·ei-it chi(·fly becau;;e of the Y<u-iety that it 

presems. lt can usually Le tnwed only by means of surface 
boulders. Xot 0111~ good exposure occur:-;, and the few shallow 
prospect holes do not uncoyer the full width of the dike. "\ 1 
though distinct gradations probably exist, tht~t·l· is 1w opp01· 
tunity to obsene them in the field, an•l lWJlt't' for purpoRes of 
deKcription it seems best to consider the characteriRtit· Yatieties 
separately. Along the line of the dike, boulders of two or 
three varieties are usually found, and their disposition gives 
no clue to the arrangement of the different kinds of rock in 
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place, but it is possible that "I'Ventl intrusioni'l have follmnil the 

same line of weakness. 

The variety "'hid1 perhaps oecHrs in grent""t abundance, 
ranges from a rock composed almo"t <·utin·ly of feldspar pheno­

l'l'ysts 1 to :2 mm. in dianwtt•r, with pradically no gTnm11lma""· to 
a phase in whieh part of the phPnocT~·sts reach 8 m 10 nun. 
in diallll't<·J·, while the gl'onndrnass makes up about two-thirds 
of the roek. The f1·e:-:hest specimens are IJluish-gray in color, 
and, in addition to th<· lustl'ous feldspars, contain m:my small 
patches of kaolin and iron oxides replacing hornblende. Mor<· 
weatlwi'Pd sper·imenl' are pinkish white and white, c-ontaining 
numerous fl-esh feldspars, and show many small 1·a vi ties from 

\vllir·h some mineral ha" been dissolYed. 

Under the microscope the feldspars are seen to be both 

orthoelmw and acid plagioclase, with llu· latter in I'X4'4'"s in part 

of the J'lwk and again almost disaplH':tring from "olll4' speeimen" 
with much groundma!'s, \Ylu·n the roc·k l~<·l·nJJJ<'" :1 typic;tl 
tmchyi<'. In the pha"<' "l1ich i" nearly d(•void of grnumlmass, 
the two kinds of feldspar "how <·xamples of perthiti4· inter­
gTnwth. and a number of tlw orthoelases enclos<· plagi1wla"e in 
poikilii i1· manner. In some sections small nystah: of hiotite an· 
present and the sanw mineral, in aggregat"s of millHiP tlakes, 
occasionally replaces sonw primary 4·onstituent. 'rhe ground­
mass is composed larg<·l~· of small grains of um-:t i'iail'<l fpl<l"par 
and a littlP quartz, the latter in large part S4'4'0IH1ary. 

Another phase 4·ontains phenocrysts of sanidine up to Fi 
mm. in ditnueter, with a multitude of smaller· feldspar cry,;tals, 
tlw majol'it,r of which are vlagiodast·. Zin·ou and apatite are 
lll'esent <1K inclul'ions. Hornblende and its alte1·ation producb 
oecur ilK in the Yaril'ty de:-:n·ib<·d ahon·. 

"\ qunrlz-beariug latii<' pmpl1~T,Y 111ay lw 4'0nsidl•red io 1'4']'­
l'f'"l'llt .t inn1c;it ion tu"-anl tlH· J·IJ~·olite por·plt_n_,- <l4'K4Til)('<l lw 
low. It 4'0lli:tillK fl'ldspa1·s of tl!J·e<· per·iod" of ny"t;tllization. 
Of tlH· fir:-;t JH'l'iod ther·<· an· COlllJHll'Htin·ly f4'\Y ortltcwlasc· 
pheno('ryst" with a maximum lvngth of ~ 4'111. In the :-;:•c·mHl 
generation both ort!Jcwhll'<' :md plag·iuch1c;4· 414TIII' in n·dangulal' 
forms 1 o1· :2 mm. aerus", with plagiol'l<~s<· ill <'X4'(•c;s_ 'rhe 
groumlrna"" eoutain" the f..l<b]':tr" of tl1e third Jl4'l'iod, which 
in thin s<·ct ion are St'<'n to bt• foJ'llll<•ss graiu" of orthucln,;<'. 'l'he 
nake<l eye <·nn also deteet mnn~· c;nJall f\:lb•s of biotite which 
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:11'1' lllii'I'OKI'O]Iil·;l])~· :>PI'Il io ]I(' ]loth ]ll'illl:tl'_\' and ,;('('Oili];IJ'_Y. 

Qn:utz '"'l·nr,; in small plH·no,Ty,;l,; <·nnol],.,] b~· the gTonndnwK,;. 

of whif'h it ,·ontains Hnnwl·ons inclu:-;ions. 

Ronl1ln:-; of ROil:H·hyolitP-pm·ph~T~- ean lw fonnd alnw,;l th<' 

Pili iJ·p lt'ngtl1 of illl~ dik1•. often in great ahnndance. )i"nnwr­

on,; ph1·non.1,;l,; of qnartz. feld,.;p;n· and biotite q,·,·m· in 

a gTannlar gt·omHllun:-;,.;. Tlll' lm·g·e:-;i fp,]d:-;prn· Jlhenony,;t,;. 

\Yhi<"ll a1·, p1·:ll·l i"ally all nrthod:lRP. stand ont l'llllRpi,·nnu:-;]y 

on \Yeath,.,.,.,] l'lll'f:w'·"· Tlil'·'· :11'1' from 1 to :2.:-, 1'111. loug·. and 

makp np on0-fonl'th in one-half the rock. Qnal'iz phPnoeryf;i :-; 

reach a <1ianw1 ,.,. of T oJ· ,..;; mm., but m·1· mmally smaller. Tlwy 

:1J'(• I'Olllllll >Ill.,- J·mmded and Y<'l'.Y irregulal'l~· dish·ibuted, yarying 

f1·om a]JIIo,.;l noll(' lo 1:1 ]H'l' ,;quare inch of ,.;ndae,·. This in­

,·ow.-taney in <li,:i l'ihntion in a rod;: with hnth ol'thoda:-;e allll 

pl:q . .:ior·l:l~,. i,; lhf' he,:t <·Yidence lYe ha\e that the rhyolite and 

qnal'tz f1.,.,. latite :11'1' phr,;L'" of a single intrusion. Biotite is 

nq( ,_,,.,.ll in a.ll "l"'''illll'll". bnl ma~· he quit,~ ahnnd:mt lol'ally ill 

flal'~'" ~ 1lllll. or h·,.;K in diameter. 

Tl11• llliiTo:-;,·op,. KhO\\'K orthoda,.;,. and plag·ioda,.;,. plwno­

cry,.;IK of lll<'<linuJ :-;illl'. < 'rystal outlines are g·~"lll'l':tlly lliKtiul'l, 

lmi ih1• ny:-;1:11,.; lt:t\1· ,.;ntfl'J''''l g'l'inding- and nuKlting· at tl11· 

ut:JJ·.~·in :11111 :tJ'(• :-;onwl ime~ l1J·old'll in t\Yo. 'l'ltp quartz pheno­

IT,\'Kis Kilo\\ 11" ny.~1:tl ontliiw, :mel han· lwPil :-;nllj<'I'IP<l to simi, 

l:JJ· gTiu<liug·. Zir1·oll :111d apatite m·" enel""''<l l1y tl11: qu:11·\~~ 

:llltl f,·ltl,.;p;ll·:-;. The gTomHllii:JK,.; i,.; ;• lloloeJ·yKtallilll' :l.~·gJ'(•g-al'· 

of q n:n·i %, orlhol'l:IKt· antl plag·inda:-;1•. 

Tlw shorl (lik1· of laii1t• pm·]dt~T.Y in F:n·P\H'll <jukh ""ntains 

.~:lllilliu,. plH•not·J·y:-;1 :-; np 1 o ~ eu1. an"""· 1 og·,·11Jt·r wilh many 

sllt:tll<·J· IT,\:-;1:11,.; of hoth ol'thod:tKP and ]il:lgioda:-;L· in a mndt 

:J]II•]'I'd !,!TOIIIlllJJJ:J:-;,.;, 

Diabase. 

Tlti:-; n)('k "'·c·nt·,.; iu unl~- i \Yo ,]j];eK wi1hin the m·pa mapp<'<l, 

il11· ]ong-<·t· l>lll' of \Yhidt ha,.; lwl'n tl':II·Pil nppt·o.xilll:tiPly (I'll 

Jlli]P:-; :1ll1l l1:1K a llla.ximnm \Yidth of ahuut TO fp(•l. ThP dia­

ha,.;p j,.; 1lad:: .!!i'''''llil-ih-gT:I.\-, n-'J·.'· heayy :llHl ''.xil·<'tlll'ly tong-h. 

(; l'l'!'lliKh-gl':l,\' !:11 Jt-;.dJ:I]H'tl fp)llK)l<ll',.;, JJ)al'];: )l.\TO.Xl'lll' all(] lll:tg·nt•­

jjjp Ill' illlll'lli11• :ll'e j]Jp p:-;:-;I•Jl(i;t] I'OilKI it1ll'lliN, with ]1,\'l'iil' :tK :tll 

ot·1·a,.;imtal :t''~'''""o'··'. 'l'hP fpl<lKp:ll' laths :11'1' 1·arely O\l'l' ;: o1· 

~ llllll. ]oJJg. 1',\TO.Xl'll<' :llltl thP it·on ores an• :lllllo:-:t PntiJ·p]y with-
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out <T.Y:-;tal bomHlar·ie:-;, but at·<' pn..Jzed in ilt!' int<'I'Kticl""' :tiiiUII;,!; 

the feld,;p;u·:-;, lH·oduciu~ true dia11aKi1· tP:dm·e. Tbi:-; i:-; lwst ,;huwn 
on "·eathered surfa<·e:-;. 

ln thin K<'l·tio11 tliP f<·l<l:-;pm· i,; Kl'<'ll to lw :th11o:-;t I'Htil'l'l.'· 
:tll<l!':-;int·-labradoriit· with the u:-;nnl :tlbite t"·inuin~ KOllletiHWK 
~·ombine<l with Cm·lsl.:ul t \\·inuiu~. 'l'l11· pyroxen<' 1:-; in p:11'1 
augite with a :-;mnewlrat le:-;:-; anloml1 of hyppJ·c;lh<'JII'. 'l'lw :lll~it · 
i:-; pale ln·own, :md 11f11"11 m·alit i~Ptl all(] 1'11lm·iti~erl. Tl11· hypt•J·, 
thene is palr ~-eJJow. l'lllltain:-; the l'llaJ·;u·tPri:-;1 i1· irli'IIJ:-;iou:-;, au•l 
is fl'equeni'Jy H'l'pentini~ed. nJa('];: il'Oll ore, JtigJII,\· 1ilalliferollf', 
is nlmndant. .\pniite i:-; :1 r·OIIIJIIO!l a,.,.,.,,.,lll'Y <'JII'lo:-;P<l by llw 
othe1· minerals. YPI',Y J':ll·<'ly thr nwk i:-; found i11 au appl·oxi­
lllatPly unweathere<l sinh•. 

Lamprophyre. 

'l'he ft>w expnsm·t~s of lmllpl·oph,\T!' that 111'1'111" might ea:-:ily 

he paKKI'I] OYPI' in the fip]d 11110]1:-:l'lTPd ]H•I';Ill~P of tlJt•ir J·p,.;(•illh];llll"l' 

in color· h1 tltt· W!'atlwr·t·il gHPi:-;:-;, Fl·t·s]w:-;t :-;pet·inwll:-; HI'<' ~l'l'l'lli:-;h­

~Tay all(] :-;l1o"· :-;Hwll g1·:1in:-; of fplil:-:pm· ]1-,;:-; thau l llllll. in 

diauwter all(] :1 grt•at HIIIOUilt of epitloiP. 

The mi•·J'IIKI'IIJII' :-;]11'"." tlw I't)('k to lt1· :1 lwi•H·J·_n,iallilH· a~~t·e­
~·ate of ft'11l:-;pm·. epidott•, hm·nhlcntle and lllagHdit!', \Yith apatite 
I'J'.""h1ls Prwlo:-;•••1 hy j-]1" e:-;:-;eHJial I'IIJJ:-;titnPnts. Feld:-;par make-.: 
np nearly half of tiH· J·•wk. both or·tltoclaRP antl pl:l~illda"!' being 
p!·e:-;PH1. The exti111·tion :lllglt·" of tiLl· plagi11daH· i11•lil'ate albite. 
~onw of tJ11' feldsp:u·,_, appr·oa('h i<liolliOl'jihic form:-;, lmt more are 
entirely withont ny:-;tal ontliw·. ~Lllly ny:-;ta l:-; n 1"1' pa l'tly J'l' 
!Jlaeed by Ppi<lotP, the J'l']'la•·••JIWIII ht·gin11i11g 11"11:111~- at thf' 1'1'11 
ter of the IT,YI'tal. ~mall pri:-;mati•·, :wif'nlar ny:-;tals of amphi­
bole ,;ee111 to h:tY!' 1'1'_\'Rtalli~ed em·Jipr· than the feldspars. A t1·ac-• 
of the ortlwpi11acoi<lal twi11ning •·:!n Rtill bP :-;1'1'11. thongh th·~ 

mineral i:-; in gTeat d•·~TI'I' epillotize!l. EpitlotP · <)('1'111'" in an 
amnnnt I'IJll:tl lo that of tht• fp](]:-:pm-, rPplal'iug l'I'.Y:-:tal:-: of atn­
phillo]!' an!l in iJ·J·pgnlar 111ac<~-PK in and h<'i ".,.,.11 thP fPI<h;p;n·:-;. 
OthPr' RPI'OIH1:11'.Y !llinct·nl:-; in :-;mall qn:llltit i••:-; :11"1' •·hl01·it••, H'r·pen­
tin!:' aJ1(1 qnm·t~. The nwgnetite is pe1·hap:-; hoih pl·inl:ll'.'. :nul :-;c~· 

mHlar~-. 

Basalt and Basalt Porphyries. 

Busall: _\:-; a rnle tiiP basalt:-; aJ·(' tl•·•·i•lPiy por·ph,nitic. hut 

a f'''" dikes ot·l·nr· \\'hil'h •·an111il Jn·opel'ly lw •·all•·•l ba:-::!li pot·· 
ph,ny. In the )""'"' pm·phyriti•· fonn, thP J'<ll"k i,.; \'1'1'_\' cmnpaet, 
with llllllll'i'')JJK •·ayitiPR 011 \\·•·atlter·e<l snl'f;t~·••s \\'hil-l1 •lonbtles:-; 
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mark the former position of ferro-magnesian minerals. Ou fresh­
ly broken surface~. these do not appear, but many :->lllall patches 
of limonite attest the p1·esenc(• of pyroxene in the original rock. 

Idiomorphic augite ny:-:ials '"ith a maximum thickness of 
.5 mm. are seen under tlte micJ·o:-:cope. but these a1·c badly altered. 
Xumerous prismati<· fo1·ms with the extinction angle of horn­
blende occur, but they m·e too badly wentheted to Jl<'l'lnit <·Pl'taiu 
identification . .\Iagnetite i:-: abundant. ~e1·pcntine appal't'Htly re­
pla<·es small olivine cl'y:-:ials and n<·cm·s throughout th<' slide in 
('om pan~· '"ith chlOl'ite. .\I inui e lath-shaped feld:-:pan; <·outpose 
less than half the rock. Inten;tiiial augite occul':-: in irregular 
grains, and minute cryRtals of apatite are abundant. 

In a short dike north of Sherwood Creek a porphyl'itic basalt 
occurs, in which the feldspar phenocr~·sis far outnumber the 
augites. This rock is more nearly telated tn the an<le,.;ites than 
are the other basalt:-:. 

Hornblende basalts: 'l'wo nnieties of hol·nhl<'u<l<· ha:-:alt :U'e 
present: (1), without olivine and augite; 1:2), with oli\·ine anJ 
augite. The first o<·•·m·:-: in a narrmY dike a qnarter of a mile 
:-:outh of the old Boulder ( 'onn t y ?II in e. It is dark gTay with Yel'Y 
few phenoC'ry~i:-: of feldRp:H· and numerous pheno<·J·y~i R of '"hat 
appean; to be hornblendr. 

The microsco1'e shows that the hornblende lw:-: undergone 
complete recrystallizatiu11. The mineral is replaced by aggre­
gates of minute biotite ft:t k<·:-: with considerable calcite, magnetite 
:md a small amount of <pwrtz. Inclu:-:ions of apatite are present. 
'l'he biotite is brownish-gJ·<'en \\·ith strong plcochtoi,.;111 and high 
interferenr·e colors. 'l'lw feldspar phenocrysts :ne too badly al­
tered to be identified. The groundmass is ('omposed of striate:l 
and unstriated feldspm·, s111:dl flakes of biotite, grains of mag­
netite and crystals of ap:ttite, with seconuaty qnartz and <':ilrite. 

ThP second y:uiety of hornblende basalt is foHJHl in a nar­
row dike sonth of Nede1·land, crm;:-:ing the old Rollin:-:\·ille J·oa1l. 
'fhis rock contains a multitwle of hornblende pheno<·J·y:-:1:-: with 
a few angitcs whieh ean bP determineu in the h:tn<l speci111en. 
~lost of the phenn<'J·y:-:1:-: :tl'l' not o\'<'l' 6 or T mm. long. bnt a fL·w 

reach twif·p that l<·ngth. 
The hornblende is b1·mntish-gTeen in thin s1•<·tion and extin 

guishes at about lri 0
. Zonal banding· i:-: YPI'Y m:nkPd. '!'he angite 

iR almost colorle:-::-: and non-pleodtroi•·. The •·J·y:-:tals h:l\'P ap­
parent]~· suffered some 1·e-solution :md are boJ·<li•J·Pd, in a few 
<·ases, by gTains of augite, variously oriented. .\ few small crys-
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tals of olivi1w arc present, but are 111osily replaced ],.)' seq>entiue. 
'L'he gnnmdnlaRK is composed of microlites of feldspar and augiie 
with sntall grains of magnetite. 

Basalt J!Oipllyry: This or-cm·s in several dikes, but thr fresh­
est nwk is expo:o;ed at the I':tilway r·asi of Rollinsville, \Ylir·J·c thA 
dike i:-; 7 ot·:..; feet wide. 'fhe rock contains :1bundant plicn<wJ·.n;t-3 
of augitP and feldspar in a dense, mi<TnrTysh!lline, da1·k gray 
gronndmass. 'l'lw augites are usually le:o;s than G mm. long-. but 
a fP\\' reaeh a lt>ngih of 1 eu1. The feldsp:1J·s Hl't> usually less than 
~ 111111. in di:\lnPter and ar!' ],JuiRh-gi·ay with a Yitrenus luster iu 
1he lea:-;t alit>n·cl rock. They beconw whit•· and more •·onspicu­
ous tlu·ough kao!inization. The groundmass bec·ouH·s greenish Ol' 
light gn1y through wPnthering, or on sheltered surfaces often 
l1as a reddish c-ast. 

l;nder the microscope the rock is seen to be holocrpialline, 
with the phenocrysts composing one-fourth to one-thirtl of the 
l'Ock. The augite is pale gTeen and :-;lightly pleochroic. ( >liyine 
nci·UJ·s in idiomorphic n·ystals 1 mn1. long, o1· ]('sS. ThPst' phenrJ­
<T.ndK are less numerous than the angiies. Alteration to s<·rpen­
tilll' is common, KOJJJP nystals bei11g completrl_v repL!i'P<l. 'fhc 
feldspars are largely basic labrarlmite m bytownit,,, and probably 
c·x• ·ceil the all gites in n um hPJ'. 'l'he g1·ou ndmass is •·oJIJ posecl of 
minute feldspa1· laths, a111l interstitial magnetite, pyroxene and 
ulidne. Apatite needles :11·e abundant as inclusions . 

. '" much •·o:nKe1· tP:x:tured rock w·•·urs in the dike a bout a 
qunrter of a mile Rnnth of ( 'ardinal Htation. In this l'<ll'k a few 
fclcl:-;par:-; rea.-h a diametc1· of 1 em., hnt are mo:-;tly unrkr :: mm. 
The Jl~'roxene phenocrysts are more numerous. Hmall crystals of 
pyi·iiP are o•·•·:1sinnall_Y Jli'PR<'ut. '!'he nakt·•l 1'.\'<' can <listiugnish 
i Ill' feld:-;par gT:Iins and utagnctiie of the gJ·omJdmn:-;s. In addi­
tion to these mineralK, the mi<·J·os<·o]ll' sho\\'S an ahnu<lam·r> of 
minutP npatiJ I' •·t·y:-;ta ls Hll<l flakes of ··hlm·itir.Pd biotite in the 
gTmmdmass. J,e~i<lt>R mall.~' nliYilll' ,.,._,sials of Kntall sir.1•. Th•· 
:1ngi ie is inYnrin l lly ur::!litir.ed. 

Pyroxenite. 

'J'hiK iK a gT<·<·nislt-gJ-;1_,,. eyen-grained ro<·k. •·omposed almost 

<·Htir(']y of p,Vl'OX<'ne. Tlw tPxture Yarie:-;, but i:-; always suffic-iently 

,-oars:· to Kilo\\· the .-lea Y:lg<' surfa<TK. whi<·h s< 11 11etinws Ita n~ a 

snb-lliPiallie lnKil•t·. TIJP minos.-op<· slJO\\'S the preRence of both 

monoclini,· an!l ()]·thorhom!Jic p~T<IX<'IIP. :111<1 JH'rhap" an amphi-



hole, hut thP lllaterial colleded i:-: too misati:-:fad11I'." fo1· furtht'I' 

deseription. 

Limburgite. 

'l'he Sf'H>J·al expo:-:n1·es of this nH'k are proLahly all 

m tme tlikP, whil'h i:-: :-:o nmTow that it does not reath the 

surfal'e eontinuou:-;ly along· it:-; 1·om·:-;p, The width ranges fro111 

1!>:-;s than a foot 1 o about fom· feei. 'l'he 1·od~ iR a !most black, 

and hasaltit· in nppearauce. It contains <lbnndant gn1in:-; and 

pseutlomOJ']IhH of :-;e1·pentiue fi"OJII less than 1 llllll. in diameter 

to :: or J nun. Brown lllli'<I. in Ol"l'<ll'ionnl small I'I',YRtals, is the 

only prin1m·~· uwga:-;1·opi1· 1·onRtitueiit. .\m~·g!bloidR of <·akite 

:11·" eoHJmon. They a J·t> usual!~- less than 1 1'111. iu diameter. Frag­

ment:-; uf the l'oJmtJ·.y rol'k n:-:nnll.'· l'ounded hy l'lllTo:-;ion are Yery 

cmmuonly Pnl·lo:-;t·ll b.'· the dike. These inclnsions are ge1wrall.'· 

less than :2 inclw:-; in <limHetPJ'. 

The mii·J·osi'O]IP show:-; abundant oJi,·ine, \Ylii .. h, in it:-; pheJlO­

IT.\·:-:ti .. fo1·m J·m·ely J·eal'lii'S <1 diameter of :; o1· fi mill. ::\1111'11 of 

the o]i,·iiw is :-;el'jwntinized, and gJ·pen chlol'ide OIT;t:-;immlly <11'­

I'Olll]!<lllies tlw :-;e1·peutirw. ( !liYilll' in Slllaller· rTystals and grains, 

miuut!' prismati1· cr.Ystal:-; aud gTaiH:-; of augite, gntin:-; of m<~g· 

netite and multitudes of ;qmtite mitTolites make up nearly the 
euti1·1· rtll'k mas~;. 'l'lw:-;p 01'1'111' in n colm·le:-;s, i:-;otJ·opk ba:-;e 

whi .. li II-\ ,.pJ·y :-;nbordiuate in Hlllolmt. 

Ulru·iul: 'l'he town of ::\!'<lPl'hmd i:-; just 1dthin the ~-?:la1·iated 

m·ea. Ulal'ii>J·:-; ('omiug <lo\\'11 f1·om the 1·t·e:-;t of the range, iu 
thei1· g1·ea ttJ:-:1 PX t eusion down :\I iddh' Boulder ('reek, passe• I but 

n shm·t •list;~w·p IJeyoncl Xedt'rland. 'l'lte som·<·t' of all the mo­

rainal dt>posits of tht' region i:-; to ill!· \\'PS1\y;u·ll, nm·tllwestwm·tl, 

and lit>l'll<ll'~' a little to th" sonth\\·e:-;t\Yard. Tt is not nulikel.' 
that the maiu il'e stJ·eauJ:-; of ~m1th Honltler, :\Ii(l<lle ilonlder auu 

::\orth Boulder Canyons lii<L_Y ha\'1' co;Jiesl'l'd 011 tl1P lowe1· pm·Jiow; 

of the diYide, a:-: uwr;1iual lllattPl' is fonnd at hig-h lJoiuts adja· 

I'Pilt to the eanyous. Little is yd knii\Yll ;1:-; to distind 1wriod:-; 

of extenRion and ret1·eat of tlw gla•·ie1·:-; of the J·egiun, but what­

!JH'l' tl11<·t nations there ru<ty haYe been, the gener·al uw,·en1ent of 

thl' il'!' w;1:-; J•rulialily ahYays fJ·ouJ west 1o P:tsi. t!ICingh ym·yiug­

a few 1kgTPPS l•w:ill.Y. Herwe it is :-;afe to s;Jy thnf all tlH~ ma-
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tel'lal of the Yal'ions nJorainPs lia:o; ·in :1 gt·nenll \YH,Y •·o111<' fl'olll 
a \\'PS1PJ·Iy tlin••·tion. Tilt' d1·ift is without donlii .-liiPily Plei•do 

•·ene, hnt inasunl<'ll as lllm·ai1ws m·e no,,· forming at the fo•d uf 

A.1·apahop (:;laeieJ·, thosp in tiH, weRt p:il't of the ar••:1 nwlt•J' nlll· 

:o;idemtion slwnld pe!'lt:I]JR Jw t·ousidt·rP<l in ll<ll't He.-ent. 

Tht· thifl JJJateJ·i:il is a wixtm·e of gla•·ial •·lay and lJonlders. 

whif·li inehHle gneiss. /.!,T<Illite an<l JIOl'JIIi~Tit·s. soJJ:e of whi•·h :11'1' 

not J·epl·eseuted in til\' 111Jg·la.-iatPtl :tl'<':l io\\':lnl the P:Js1. 'l'li<• 

lH•nldet·:o; J·:mgc· in :o;izt• fi'OIII nwrP ]t<'llhiPs to 111as~;ps S<'\'\'l'al fe•·t 

in diaJJIP1<•1'. Angnlm· fm·n1s ;u·•· sollldiuws pn•spni, bnt the bon!· 

<lerR :tl'P <·ouJmonly lllOl'<' o1· h·ss l'0111Hled as the l'PSnl t· of a roll­

ing. g1·i1Hling mon•uu'nt. ~1wlt fa.-ding- as •w•·m·:o; is usually 

ob,•·m·e, and the duna•·tpr of tlw JJJa1Prial IP:Hls ro rapid \\·Patlt­

Pring, so that any polishing and stl'iation that lllH,Y lul\ P bePn 

originall~· }ll'est•nt hay" lH'Pil tkstro.n·d on allmatPrial PxaminP<L 

.illurial: In ilw western }Jal't of the m·pa where stream:;; 

haw mily <1 llloderatp g-radient, Xm·tl1, '.\lid<llp aud ~o~1th Bonl­

det· < 'l'PPks h;ne lo•·;Jily ;w•·numlnted n •·on:o;idenllde dPpth of :lllu­

\'inm. (;old placers \YI'l't' fonue1·ly wm·ked in ~onth Boulder at 

J'actolns and near tlw lllonth of "'inigPI' < '1·Pek. In the meadmYs 

in '.\litldle Bonldet· < '1·eek. abont t\\·o llliles aboyp "-'ederlnnd. tlw 

allnYimn is largt>l,Y of lncnRtrine m·igin, <lonhtless deposited in a 

glacial lake "'hiclt has since )J('t'n <li·nined by a 1tm·e1·ing of the 

ontlet. 'l'he allnYiUlll of t lw Bm·kPI' .'Ilea do"'" jnst Past of Xl·<lPI'· 

land \Y<lS also tlPpositPd in a Jake fonned li,Y the dnunning uf the 

dtanuPI. pl·ohnbly by st n·auJ·<·aniPd gbu·inl <h·ln·is at the da111 

sit!:' of il"· Ea,;tpJ·u ( 'olm·ado l'owPI' < 'ouqmuy. 

Expospd rock ,;urfa<·••s gradnally l••·•·ouw .-oyere<l by a thin 

layer of llliueral grainK and ro•·k fragments of ntriouR sizPs. 

\\·hich lm\·e heen Joosl'llPd fl·on1 thl' p:u·ent maRs iu the onliu:u·y 

!JI'Ot·•·~sl'S of \YeathPl'illg. B.Y fm·tlw1· <lt><':Iy of this <letl·itm: a 

I11ntrix of .. Jay and tine J·•wk g1·;liJIS tills th•· spa.-J•s het\Yeen tlw 

fi·agment·s. H•·m·y sho\\'<'I'S, fonniug il'Ill)IOI·:n·.l sln•;JlllR awl 

Rhet>i" of IY<tiet·, S\Yl'<'JI this material hom the stt'<'JllllOlllitain all(l 

hill sillPs to the g<'nt l<·t· slopes of tht• Ynll<'.\. wlJPl'<' tht• sl rt·auJ 

losps it,; fOJ'I't', spn·atls on•J· the snl'fnn• or Rinks iuto the g1·omul. 

and it,; load of detJ·ihls is h'ft stl·alJ(lt•tL t-ludt llP]Josits of sltl'PI 

\YHSh 01' SIO[Il"\\'HSh aJ'(' fol'lll!:'d lllOSt l'H)Iidly Wht'I'P SlliHJl, s1PI'j> 

J':t\'ines joiu the lm·g•·r Ynllv,\· with its gentlet· slo]"'"· If thl'S<' 
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small ra ri np:-; or notches are numerous, these depo:,;i t:-: may :-;pread 
until their edgPs unite and the gentler slope:-; of the larger \'alley 
may be deepl.r buried by a continuous sheei. ~uch sheets of 
slopP-wash occur lcw:tlly along all the main stream:-; of the tung­
:-ten area. The more prominent c·xamples of this kind are on 
the north side of Bean·1· ( '1·c·Pk, near Pactoln:-; on Routh Bonlder, 
and east and we~t of ~<'clc·I·land on 1riddle Boulder. 
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CH.\PTER I I.-E<'<)~< fMW < IEOL< )0Y. 

'l'lw tung·;; len .,r comm1·r·cf' i;; obtained almo;;l vxdusi 1·ely 
hom thl' fonr minernls: \YOlframitL·, ferlwrite, hiibirrr·ite aml 
schedite. 

HiilJIIITit,· is theoretically a tungstail' of mangan1•;;e, jfn 

\\'0., Lnt iron generally replac<'~' a small ]Jart of the manganese 
The aYerage of el1·yen analyR<·r-; of h'Lihu•·1·ii" gi1·"s the followiu)!.' 
twrceniag1· I'01l!Jio;;ition: 

WO, ( tungstic oxide) ............ . 
FeO (ferrous oxide) ...... , 
MnO ( manganou,; oxide 1 ..... . 

75.23 
2.11 

23.07 

'\Vell-fm-nwd crystals of hiibnerite are Yl'l'.Y I'Hl'L'. but form:-­
with 1 wo o1· three crystal fac<'s are somewhat eommon. ThL· 
mineral shows a tendency to form groups of bladed, prismatic·, 
and needle-like nystals in which the indiYidnals m·e frequently 
diYe1·gent. Thin tabular form;; occur alone, and in lanwllar 
ma:-;ses. Compal'l, granular m·e is common. The de<IYage i>< 

perfect. 'l'he culm of tlrt• nystal fan•:-; i:-; usually dal'l~-b1·own to 
ldacl;:; but the fiat, ve1·y smooth o1· splinh·!T deayag1· faces are 
commonly ·reddish brown to hair-brown, and sometimes black. 
It is easily scratched ·with a knife, nnd the powdt'l' formed shows 
lighter shades of brown than the surface from which it comes. 
('l'be '"ater-made eonc,·ntrah':> from :-;o111e of the ~an Juan on·;; 
of tJolorado are very dark-almust bluish blat·k.) 'l'be luster 
of crystal surface:-; i:-; bright submPiallie, while that of denvage 
and fracture surfacL'8 is subml'talli1· to resinous. The specific 
gravity i:-; 7.2 to 7.ri, or about tht·I'L' timeR tl~:tt of quartz m 
gTanitt·. 'l'he fusibility depends uvon the purity. Thin splint<Ts 
of the pm·e mineral an~ l'l'adily fu:-;c•1l lwfon· th1· lllowpipe, and 
smaU grain:-; will fUI"L' tather n·<ttlily in thl' forg1·. If quartz. 
is intimately ming-led with tht• mineral, ;t:-; i:-; f1·equently the 
('ase, it liecomp:-; difficultly fusible, and su111C'i inws almost infusi­
ble befon· the blo·wpipe. 

vVolfmlllite is an iron-nJaD)!;anese tungstalP in 1d1iclr the ra· 
tio of inm to manganese may range from !J :1 to :.! :::. Thi:-; Ynria-
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tiou in Jhc ratio of two of tlw th1·ee mdallic t>lt·meut>' t't'fmlh; 

iu a Yat·yiug ]H'rt·enlag-t· of eal'l1 of tlw nwtallil' oxideH l'OJII· 

po>'illg' tlll' lllill!'l'Hl. \\'itlt thp illt'I'I'HSl' of' tilL' inm ]ll'rl't'Utage, 

it appt·oa<'IH·s ft·dwril <'. antl with till' in<Tl':l~-'<' of mang-anese it 
ht·t'tilllt'' llwl·•· like ltiilnll'l'itl•. Tilt• aYt·rag·p of nhont :211 an:t\y:-;L'S 

gi I<'~' t ht• following J't'l'nlt: 

\\'0_, ( tungstic oxide) ... . 
FeO 1 fenous oxide) ... . 
MnO (manganous oxide) .. 

7t:.o:: 
li:.IJ•, 

7.7:1 

\\'ith :,otm· modification:-;, tht• dL'St·J·iptimt of hiilHll'l'itl' 

would apply to '' olfmmitt·. The t'tiloJ· i:-; dark hrown to lJlal'l;:, 

:nul solltl'timt'>' tlal'l;: >'tt>el gl'a.Y. The po\H.lt•J· <I!Hl ;-;!Teak <ll'l' 

gt>m·l·nlly <hu·l;:-lmnntish li\;~1'];:, lint· may lit' li\:t('k m· g-1·ayi>'lt 

Iliad;:. Till' ln:-;tt'l' of dt>a ,·age :-;nl'fat·t·:-; is faii·\_,- !•right :-;nb­

llll'tnllit·. 'l'lw dt·a \'<I g~' of ny:-;ta I:-; i:-; g-ood and emuw:-; them to 

l11·l'ak i11to ph I<'~-'- . \ :-; an oJ·p it is •·ommonly ma:-;si no g-ranular. 
11111 dt·u:-;t•:-; m· t·J·n:-;t:-; of m·t· ft'l'l}lll'Ut!y :-;ho\\· pnoug·h ny:-;tal fat·t•:-; 

I o makt· ont pl'i:-;mal ic and ('hist·\-:-;ha]w<l fot'llll'. The granular 

aggT•·gal t·:-; m·t· likt>ly 1 u part lwl Wt'Cn 1 ht· n·y:-;tal grains and 

show t·ompm·:ttiYl'ly ft·\\· clt•a,·ug·p fact•:-;, whilt· tlw broken or 

lll·ni:-;t•tl :-;nl'fact•:-; of <hn:-;p,.; will show lll<lll." deantg-t• plant•:-; 

wltid1 Ilta,Y lw mista\;:t'll ftH' ny:-;t:il f:1•·~'s. 

8cllt'!'/it•· i:-; a cakim11 lnllg~'tate, I ':1\\'0", with \\'1 I :-:ll.li•/ 
<illtl l'all l!l.-L. }[o\.d)(lPlllllll 111<1,\. rqd:it·t> pal'( of Ill<' lilllg:-;!Pll. 

Iu color it Y:ll'iL'I' fi'Olll t·olorlt•;-<s <llHl trailS]I<Il'Pnt to lioney-yl'l­

low. gTt·t·ni:-;li .n·llow. to t·u,.;ty ]JI·own, pili\;: and J'l'lldi>'h. C1·y:-;tab 

<II'<' fi·eqnl·ntly found ou tht· \\':111>' of 1':1\·ilit·:-;. Four-sided pynt­

mids and oda ht"dntl fm·m:-; m·t· coiiiiiJOllt'SL 'l'ahular forms and 

fonu>' <ll•:-;ni 1 "'tl under wolfram it<· and fprberi t <' <ll't> found-the 

Ia H•·t· a J't' p:-;endomm'lJhs :tftl'l' wolframite o1· fl·l'lwrite. 'l'lw 

lustl'I' of tT.\·sJa I f<ll·t•:-; is ,-il n·ons I o allalllantin<>, \Yhile that of 

ft·adurt•,-; :md dt•a ,-:lgt· fat·t•:-; i:-; ll'~-'S hl'iHiant, and in dint·!', :11 

Jiml's, to l'Psinon:-; :11111 gJ·t•a:-;_\". The lllint"l'al is often t·oar:-;ply 

g-mnulaJ', with l'll'a\':q.!,·l" fa•·t·:-; fail'l~- JH'Olllinent on the bt·okl"ll 

sul'fact· of tht· lll<IKI'. It is J·atht>t' l':t!'ily S<TaidH·d with a lmift>, 

has a ~-'JH't'ific gT:t\'ity of U, ot· a liHlt> lllOI'l' than doublt• that of 

quartz. 11 i:-; l't'adil,r solnld•· in uitt·i•· aml hytll·ol'\iloric (IIlli· 

l'iatic·J at·itl, with tlw fonuatio11 of a yt>llo\\' powdl"l', I ungHt<•u­

trioxidt>, \Yhi('h i:-; solulill· in <lllllliOllia. ll'otu oJf t>Xt·t•:-;:-; of add, 

lt•a ,-iug- yellow ]JO\\'tll•J· Ol'himl. .\lld atunwnia libl•J·ally.) 'l'lw 
yt'Uo"· powder tl'eat<·•l "·ith zinc o1· tin iu tlw at·id solution i:-; 



l't'Uill't>d to a lower oxi1l1· for·m ha\·inp; a beautiful blue color, 
ehnug·ing !'lowly tllTOnp;h wint• color and purple to brown. 

::\IiuPI'Hli-4 w hid1 I"<'"<'lll hlP "dw<>li tP ar·p: quartz. barite tlla­
rinm l'nlphntP). wither·ite (barium carhonat1·1. a11glPI'iil· (lead 
sulphnt"l. and er·rnl'"it<· (lead carbonntt•J. TlH· following tnbl1· 
giYek the distinguil'lling featm·l'~-' of th1'"<' minnals and !'clwe· 
lite: 



-----

Scheelite .... 

Quartz .... 

Barite 

Witherite 

Anglesite 

1 \Y eight compa!·ed Cit' a yage-tencler:cyiFusibility in 
llanlnes~ cnn1p8.1'E'll with equal yolunl\:' tu split -~rith or befun:-

. 1 1 .f I . \Yit 1 011 e bLtde. of gr:1nite or tltHlrtz
1 

smooth flat facts. pipe. 

forgelsoluhility in hydro-! 
blow-. ehlnnc antl nitriC 

' acicl". ~Flame coloration. 

.. ScratcheLl bY kn;ft> .. Oycr twice as 1 Fair in 
. ]- he-aYY-1 tion. 

one clirEc-IRather difficult . 
Easil)' solulJlc in 

both-fanning 
yellow powder. 

Xn111'. 

Scratclu·s steel. .\bout SCllllC. 

1 

_______________ 1 

INm>e. '"'""bk I''""''"'''· '_'_''_''_·. __________ _ 
(2.5-3.5) 

-:Ycry easily 1 Ne-arly twice. Good in two direc-1 Easily fusible. 
tions. scratclled.! 

I 

(3.-3.75) 
. Easily scratch:·:l. 

I 

I 

I)}](• ancl 
t.in1es. 

une-half Fair in 

I tion. 

-------------

one dirc··c-
\,.ery easily_ 

Yer~· easily; boils 

ru:=::nluble. 

SuluL>le in h~·tlro­

chloric. 

Y'ery easily . ~T-wo fair; very brit-~ a~1cl spurts . ano I )jfti_L'Illty in nitric 
scratchc·cl. Same as scheelite. tle. y1elcls metallic ac1d. 

leacl. 

Ydlowish green. 

Yellowish green. 

, J\Tot c1 istinctive. 

--1---
········IVery 

I 

Cerussite 

I I 

Very easily, and 
easily Slightly heavier Two fair. gives metallic Solul·l~ in dilute 

scratched. than scheelite. lead. 

1 

nitric. 
~cot distinctive. 
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FcriJerite: Tlw name wa,.; til·,.;t applied to an iron-mangaHPSP 

tnng·,.;tatP frolll the ~ic·nn .\JJJ~<Ign·l·;t, ~pain, whid1 contained ::.o 
per •·ent. of )fu( l. The ,-iew that the IWIIIP ,.;lwnld lH· r•·,.;ei·,·•·•l for 

:1 ]ll'al"til"ally Jllll"e fl'lToll" tmJg,.,t:Jlt' sePllts to lH· ,.;omewhnt Jll'P\·· 

alent, lmt the l'Xample ahoy•·, and the •·oJtmton ns<tgP in l'l'g·:1r:l 

to other miHerals, do not ,instif~· this rest1·idion. ])ana floe,; not 

mention any tTystallogTaphic •litferpw·p hetwee!l ferhPJ'itP aJHl 

wolframitP grentPr than that rP .. orded bPt \\'Pt'Jt ditfpn•u t hiibnerite 

nystals. Hl'initP t34, p. !l!'ll) is a pm··· fPJTons tnngstate from 

.Japan, lmt Ou• •·J·_y,.;tals are probahl_,. p:-;endomorphs after sehee­

lite. .\. "wolfnuuitl'" from tlw Hbwk Hills t34 ''Ap]w]l(lix," p. 

73), is said to show no I'Pactiou for Jll<lllg<llli'SI'. and is "infei'l't•tl 

to be the pure iron tnng,.,tate." Th•· n_,·stal :tnglt•,.; •·m-respOI!tl 

dosely with those of ordinary "·o]fJ·:mti1t•. III ,;peaking of at·­

tifil'inl feno11s tnngstnte, Dana ~ays t34, p. !l~iil: "A littl•· man­

ganPsP is also lll't'Sl'llt." The follo\\-iitg nnaly,.;t•,. of Ol't'" fnnu tit•.' 

Nederland-Bean'r Creek part of the field sho\\· a yery small ]'t'l'­

c-entagP of Hwng:mese, awl whPn the paris 11ot es,;ential to till' 
mineral an· eliminatPtl, the rPnwillllei·,.; shO\Y an l'Xce,.;,.; of fer­

rous oxide o\.l'l' that I'e1111ired to makP the fenons tnngstah>, 
Fe,\'04 • ~Iag·netite is pi·<·sPnt in Slll:tll amomd in !llost of the 
ores and i11 some of tlw g:mguP material, but tilt• fpni•· iron wn,.; 
not worked out, nnd thPI·I'fon• the extent to whid1 this I'Xt'l'"" of 
iro11 would he rednr-e•l l1y eliminating the nwgiH·t it<' camwt be 
determined. • \ fe'" iJH•xa d t<",.:ts of .:\ ed<•I·lmHl oi·ps show front 
.5 to 1.~ pe1· t'Pnt. of nwgnetitP. 1 l:twt ,;nggc-sts tllnt the fel'llel·it<· 
moleeule mn~- be 11 Ft· '\'() ,.FPO. 'l'hi,; '"'m ld takl• r·:tn' of tlw 
exc-ess of FeO. 

'l'he manganous oxidP, ;\ln( ), of thP t·mnpletP ore aual_YSl'" 
:t\'PI'agc-,; O.ii 11e1· CPHt.. and that of the ,;aitH' anal_rs<•s aftt'r tht· 
non-essentials ;nt• l'Plllon•tl a\·•·I·ages O.ii(i. 1 ~illlilm· results :u·,· 
shown by th•· pm·tinl mwly,;p,; of ores nn<l •·out'l'llii·at<•s f1·out 
the sniJH' pnrt of tit<· tiP I d.) If, as ,;nggPs(••<l by Ho,.;t·tH' and ~d!m·­
lemmer (98, p. ltlii~l. th1' )Jn( l is tnkPn '"illt ill!· FP() thP <·om­
position '"onl<l lw 11 F<·"'(l 4 .il<\·)ln)0. lu tlH· :'\P11Pl'inJHl-H•·:i\'l'l' 
Creek ores the yaJm· of 11 would 1·ange fi-ollt :: to ~ 1. ( 'ompm·iug: 
these '"ii h flaB a's a11a l_nws of fpJ·bel'ite, it i,; ,.,-itlPut that tltPy nr•• 
muc-h ntol'l' nParly pm·t· ferrons tnug,.;tate,; than \Y:t" the m·iginal 
ferhe1·it••. Tlana also say,; t34, ]1. !1~::1. "Hiihlleritt• is 1wal'ly pnrf' 
)fn\YO,." Bnt tlw ten analyst·,; gin·n (34, p. !1~-il all eontain 
FeO, mHl the m·erage ]JPI'I'<'ning<· is ~.11. 'l'Jw,_,,. f<·l-hPl'it•·" ar•· 
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therefore more nem·ly ptue fenous tungstates than are Dana':-4 
hlibneriiP..: pm·1' manganese tungstates. 

Ana ly..:1•..: of Ferberit1• from the ::'\ ederland-Bt·a n·r ( '1·eek 

area: 
wo, FeO MnO CaO SiO, Al,O, MgU 

Clyde Mine 61.15 19.33 0.01 0.38 16.10 :2.49 0.39 
Barker Ranch .... 65.88 ~.f.14 0.37 0.35 6.45 3.19 0.50 
Conger Mine ....... 60.98 19.1:} o.us O.H 15.94 3.111 0.5!1 
Last Chance ......... 63.:31) E1.90 0.69 0.79 14.68 1.34 
Magnolia ... "' .... 7:}.94 23.85 0.67 0.60 0.49 0.25 0.12 
Elsie .............. 7:3.5~ 2:2.65 0.60 o.e 1.81 .0.7fi 
Manchester Lake ... 74.13 33.15 0.56 1.28 0.71 0.4ti 

. \.s ,;dwelite i,; lll'l'>'ellt in nwny of the mine", it is pi·obablE> 
that lllo~t of tile' ( 'aO comes from that mineral. .\. small part 
111ay come from the feld~par of the gangue, bnt as plagiocla~·.· 

i~ rather rare. in il1e rol'k fragmentR, the (jnantiiy of CaO from 
thi~ ~mn·<·P may l1P neglected. ARsuming that the ('aO i" from 
the scheeliJ<·. and deduciing enough tungstic oxide io ~ati:-ify it, 
and eliminatiug the sili•·a. alumina and magnei-iia "" non-e"S\'ll 
tinls, thP :lllaly"~'" in tllf' first gn1up, reducPd io a basis of one 
lmndrr1l 1'~'1' ('('ill., wonlrl rear!: 

Excess of 

wo" FeO MnO FeO 
Clyde Mine ....... 75.28 24.43 0.64 1.06 
Barker Ranch ... 72.36 27.11 0.42 4.65 
Conger Mine 75.68 24.47 0.10 0.99 
Last Chance 73.92 24.92 O.Sii 1.99 
Magnolia .. 7H8 24.90 0.70 1.7G 
Elsie ....... 7:-,.:jf) 23.76 0.60 O.:iR 

Manchester Lake .. 74.57 25.12 0.61 1.98 

\\'0 MnO 
::9.82 O.S3 
::S.12 0.:38 

41.~~ 0.5~ 

511.211 0.56 
~0.5~ u.:3o 
21.011 0.31 
fi4.911 0.93 

''Aoo'l)'o by H. F. \\'atts, Boulder. 



•·Partial UJJaly,.;e,; of ::\ederlnml •·oHI'Piltratc,.;: 

\VO, MnO 
GU.42 0.64 
52.30 0.38 
61.10 0.69 
62.49 0.50 
63.21 11.64 

61.50 11.66 

, .. 
-:t-•_) 

.\.na ly,;p,; of oJ·•·s from tll•· north<·;~,;it·ru <1 r•·n: 'l'IH· follow­
ing three aualy,.;(:',; arP of Ol"<'S from the northeastern an~ a. 

The,;<·. and aHH:ty rl'tul·us ft·om both ure,; awl •·oncentrates. ,;],ow 

high••1· pel'Ct'ntag;l'S of mauganous oxide for this pal't of the fi•·ltl. 

c\ large nnmbe1· of a,;,;ay,; and analys.~,; made ]J~· the ('nlorado 
Tungsten ( 'uqturation at the Boyd .\fill ,;how an a ,.,,1·ag•· of :: 

per cent. manganous oxidl', ~InO. 

WO, FeO MnO CaO SiO, Al,O, MgO 
Boulder Falls ..... 70.42 19.85 3.36 2.87 2.37 1.26 
Hal Harlow ..... 55.05 17.69 1.47 3.05 19.23 3.71) 
Gordon Gulch . -- 61.80 16.3ti 3.12 0.35 15.93 1.06 L71 

After ,;a1i,;f.\·ing tlu~ CaO \dth \\'0~ (to form scheelite 1. and 
eliminating the sili•·a. alumina and magnesia, the following re­
:-;nlts are obtained by redul'ing the remainders to the basis of 100 
per cent.: 

WO, FeO MnO 
Boulder Falls ... ___ . _ 71.70 24.32 4.16 
Hal Harlow .. ___ .......... 69.02 28.78 2.39 
Gordon Gulch .. _. 75.85 20.56 3.9~ 

By treating Dana',; f•·rberite :mal.n.;es (34, l'· ():'-:;)), in the 
Hilllll' \\':1.\', it is fOU]I(] thnt the l'l1tio of .\lnO to ·wn, is practically 
tlw smne as in tliPI':<' tln·ee. 'l'he ayerag-e pel·,·pntage of manganous 
oxi1lP for the il'n analyi'i<'H nlHJ\'\' is 1.4-i, while the lowest per­
'·entage g-iYI'II in Dana's mwlyse,; of wolframite i,; ~.::7 and the 
;1\'Pl'llgf• j,; 7.(i(j (34, IJ. !18J). 

'l'lw follo\Ying are annly:-1·s of tnngst<-n minernl,; fl·o11t other 
parts of 11w State: 

Wolframite: 

vVO" F'eO MnO CaO SiO, Al,O, 
'Sultan Mountain, near Sil-

verton ............... H_IIH 11.117 H.35 0.43 
Johnnie Wan! Mine, Ward. 71.27 30.111 7.15 1.58 

*.-\:--~;1~·~ by H. F. \VaUs, nuuhler. 
l Fron1 Dana's s~·:-:tern of ~Iinc·ralog·y, page 984. 
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Hiilmerite: 

wo" FeO MnO CaO SiO, AI,O" 
Natalie Mine, Glallstone .. 711.21 2.0:3 ~1. 72 n.:J7 4.91 0.56 

'N. Star Mine. Silverton .. 74.75 2.91 21.n 0.11 
'CemEnt Creek, Silverton .. 76.63 1.61 21.78 0.09 
'Ouray Count~- .......... 75.58 (). ~4 :?:3.-!0 11.13 

The fpJ·I•eriit• is gt"llPntlly al111ost hlad;:, with a :-;light ten­

<lPIII'Y to browui:-d1 blaek. mHl o11 fl·p:-;h gT<Illnlm· :-;ul'fnn•s a weak 

si!'PI g1·a.Y ~-olol'. The lnstPr nu·ip:-; with the :-;nl'fal'e P~awint•tl. 
'1<1 lnntl t'1'.' si:ll snl'fan·s <tl'l" n:-;nall.Y :-;nbmetallil' to dull :>nh­
mdallie, \\·hilp l'IPanlgt· 1-'lll'fa!'e:-; are brilliant :>nlnnetalli1·, often 
rintling blad;: 11li.-;~ in Jn·i.:..d1tnl'KK. The fresh :-;ul'fan•s of the 
lltas:-;in". grannlm· mineral frequently slto\\· a J·;~ther high sulJ­
mdallie lns1 1'1'. Til!' t•lt·a \';tge is 11el'fed. and the mine1·a I show:-; 
a il'ndt'lll'.'. to brt"a]; into thin l'l'lllllhling platPK. Kmall •-rystal:-; 
<11'1' <'<lltllllOll in I'HYities. 'l'ht' Jll'l'YailiHg fotllls <ll't' thid;:, ~-hist'l­

,.;h:q l'll. haYiHg two 1'1\l'H'<l. :nHl geHei·ally sti·iate<l. fan·s. eonYt'tg­
iug 1o fonn ih<· l'lltting Pdg!' of the dtisl'l. 'l'lw othPl' hYO fHI'!'I' 
aH· pm·;~llt"l. and np]iJ'oxim:ilely :1t right angil'~-' to i111' l'ntting 
l'1lg1'. Lan1·P o1· "Jil':ll'-hP;\ll .-l'ysl:1b m·l' ;~l:-;o rather ~·ommon­
thl' lougl'l' <liamett•J· of till' noss ~-'<'l'l ion of the speaJ·-hea1l being 
<lonhlP till' slwdi'l'. Loo:-;p lmlll·ht"s of lnth-shn]ll'<l and :-;lender 
]ll'iK1ll<lti.- 1'1'.'"1:11:-; aJ·p fomHl. Thl'I'P •·J·_,stah-: commonl~- lie with 
thri1· longt'l' ilillll'IIKion:-; par:lllel to the snrfnl'l' lo whid1 the.Y :u-P 
aHal'lw<l. Till' gn·:d· lmlk of tht• m·p i:-; YP1'_,. finP. massiH· g1·:mn­
l:t1·. Till' "I !'.-ilk grm·ity I'angPs fl-olll 7.1 to T.:i (ne:u·ly th1·ep 
ti1111'~-' that of qnm·i z). 'l'lw :-;tn~ak mndP on a light 1·olm•pd, hard 
snl'f:l<'l'. o1· on rongh jllll'I'Plain. i:-; 1l:n·k gJ·:I_,·ish lliar·k. with a tmg­
gi'Kl ion of hnnn1. The JIO\\'dPl' 111ade hy KITatl'!Jing tli1' :c:nl'f:ll'l' 
\\'itl1 :1 knif•· is hl:wk to n•J·~- d:nk hJ'o\Ylli~h hlnck. 

The fu~ibility ,-:u·i1·s \\·ith till• purity. The pm·e !llineral, in 
thin splinii'I·s. is l'lilllldP<l :JJl(l fn,E'd with no gn~nt difficulty, lmt 
tl1e silit·Pon:-; g1·annl:w or1• is lil':lrly infmdhle. 'l'hP fnsihilily 

~-'1'1'111" 1" ':1J·y with the JIPI'f'entnge of lll:llig:\IH'Kl' ]Jresent. En'Jl 
]1111'" 1'1'.\·s1 :1! fl-agiiii'Uts of thP ol'l' ali1111Ki- free fl-o HI lll:1llg<tlll'~l' 

:11'1' <lif!il'nltly fnsihle, m1d IIH· ,.;ilil·l·ons ore of ih1· same couiposi­
tion l'C'IJI:Iin:-; pnwti•·ally nnr-hnnged l,l'fol'l' the blowpi]Je. 

Jfillr'l'a78 rc.~r'tlllililly tltr• rlol'l.- itlJUf-~fl'lt 01'1'8.' ~Iini'I':Jl:-; which 
lll:l,\' lH? lllistakPli fur wolfralllitl:', fprlJPJ·it(' an<l hii.bnPrite aJ'(': 

lllag·nl'iiil' :u11l lli'lllHtii•· (il·on oxitles); linwHiil', gol'thite :u11l 
lm·gite il1.\'1h·ons oxi1l1'K of i1·ou 1; ilmenil1· (iron-iitaninlll oxillt•); 



~1.\L'\ Tl .'\1:~'1'1-:.'\ _\ltE.\ 1>1-' IIOI'LI>I-:lt 1'1)(':\'TY. 

psilo!lll'hlllP, rn:lll~:luiiP lhydi·on:--: o:-.idP~ of Illail;.::IIJI'~I·); p_rl'oln­

~ik (oxide of IIH\llgaiW~I'i; t·ntilP I t-itanium ~>xidt•i; 1':1>-<~ilt·I·ite 

(tin~h>IIP, i:iu oxitlt·); tonnnalinP 1:1 t'OllljllPX ~ili1·:!11· of bo1·ou. 

alnminm11, <'11·.1. .\ll of theRe lmt Jllangauite, iln1euite :111cl toni'­

maline <ti'I' infnsible. :\Ianganite awl illlll'llite ai·t• neal'l_,- infn~ 

ible, and hl:wk tonnualine i>-< \'1'1'.' diltil'nltly fn~ihlP. In ~l'''"itit­

gT:nity, nliL'-'''''Jil ,.,,~~it,·I·ite m·e fm· hPitl\Y i:lw tnllg~lt'll llliHPI'al~. 

'l'lle he:l\-iP~t-, be11wtite and I11:1!-:ll<'li11•, an· al11mt twin• :1~ lwar_,, 

rolnllle for nllmue, a~ gi·anill', wliile tonn11nliw· i~ ouly ~lightly 

l1em·iet· than gT:mite. The tnug~tPn miuPI':ilR :~n• IIP:u·ly o1· 'lnitt• 

tlu·ee tiuw~ :1~ hea,-_~- a~ gi·:mitP. Th" tlm•<• tnng~tPu Illinet:il>-< 

li:l\'<' \'1'1',\' petfed l'!ear:IgP. Only llliillg:milt•, IIII'gil1• I and rntiit'l 

I't'~l'lllble the111 in lhil' 1'1'~1"'1'1. :\f:lug:~nitt· ai!Il pytollll'itP :ll'l" 

qnii1· ~oft. wllil1· J·ntile. t·:I~~ilt'l'it" allll lonn11:IIine :11'1' !I:It·ilt•t· 

i·hau the tnngstPII m·e~' awl l'<lll ,,-m-,·ely ]11· ~n:~t,.he<l "·itl1 a knif<•. 

The othet:--: haY<' alwni th<' :-:~nw h:~nh1<':--:~' a:-· tlte tl:u·k tnn_u:~tl'll 

Ol'l':--: .• \11 hnt tntile aU<l ioiUIIIUlinP nrP ~olni,J,. iu h.nhodilorit· 

at·id ll·aRRitetitt• nPnrl~- inl'olnhle 1, bnt only illlwnite gir<·:--: :1 Y''l­

lo\Y ~ulution. The yello"· I'O!OI· of nw illiig;-;t(•ll ;-;olntiou il' tllle I 0 

111P fm·mntiou of yello\Y tuHg:-;1 ic· oxi<l<', "·hid1 ;-;oon l-'Pitl1·>-< to tl11· 

hotiow aftel' boiliug ,-,·a:--:el', \rliilP tltat ,f th<· ilnJ<•nik '"'"lutioll i:-: a 

true :·oloJ·:ItimJ. ThP h1ng:-:1111 miHPJ·:Il:-: "'" llllll'li 111111'<' hi·ittlt· aiHl 

Pasil_,- powdt•n•(l tl1an arP the inm oi'E'i-4, iln(('llitt·. :111<1 ,-:~;-;;-;ilt•J·it<' 

aU<l tonnnnlinP . 

. \ nnmlwt of otlwr lllin:·1·:11~ Jw:u·ing tnng~lt·n :ll'P kno\\·11, 

hnt they li:Irt· not ~-e1 ht•<•n fom11l in I'()JJIHJ<'ITial qnantiti''"· The 

JJalllt'S an1l ('OIIIJIO;-;ition:--: of :1 fp\\· :liT :ll-' folio\\'~: 

H<·inite-a ft·noiJ;-; tnug:-;1 :Iii'. F1·\\'( 1 4-po:-;~ilily :1 i'"''tlllo­

mm·ph nftt·l· :-;..)l(•elitP; :-;l~>lzitl•-:1 l1•:1(! lllng;-;I:Itt•, 1'11\\'()
4

; 

taspite-a ll•:Hl tnngi41:IIP; 1'11Jll'01ung;-;(it,. --<1 I'OJIJ"I' tnHg:-<talt·. 

('n\\'0
4

; ,-Hpro~l'lit•Plilt·-:1 tnng·~tal1• of t·:I!I-innl :llltl ''"PJI<'l', t(':I. 

( 'tl)\\'0
4

; tu11g~tit1• l:itlll lll!'Ylll:lt·ili'l-li.Ydrou~ inng·;-;t il' o'l:id<', 

\\'0,,. If}l, 1119). 

1. t'ompletel_,- pnlrerizP 1l1P nliJH•J·:~l, plat'!' a ~111all qu:mtily 

in :1 tt·:--:t-tube \Yith liy<lt'IW!tlm·it· :ll'id. I:oil \ igol·on:-;ly f()]' tif­

tee!l o1· t\\t'nty Jllinull·~ if liiibw·rill', f<Jl'l1e1·ite m· \\·oJfr:IIIlil<· is 

looked fm·, u1· abunt ten lllinnte:-: if :-<l'heelit<· i>-< <'X]:<'I"i<'ll. .\ tim· 



-!I) ~LUX 'lTXGiolTEX AREA oF J:UULDER ClWXTL 

yellow ]JOwder, tungstic oxide, \YO,, i~ formed. When a small 

piece of tin or zinc i,.; added, the yellow powder and the pow­
dered tungsten mineral m·e changed to a fine blue. The tungstic 

oxide i,.; redu('ed by thP stannous ehloride to a lower hydrous 

oxide, 1\"c.Ow Hfl, (1 J. If ~·ono·<·ntrated o1· \'<'1'." ,.;i I'Ong lt,vdro­
chloric atid i,.; nsed the Llue solution will ,;oou ehange through 
wine ('olor to purple-brown, and finally to brown. If dilute acid 
is used the blue color will last much longer. Dilute ,.;ulphuric 
acid uw.v be usPd, but in tht> case of the dark tungsten ores, 
requires a longer time to produce the tungstic oxide. The blue 
color obtained by reducing with zinc or tin is more lasting than 
that obtained by t1·eating with strong hydrochloric acid. If the 
finely vowdered mineml is fused with ten to fifteen times its 
rol mne of :;odium ea !')lUll ate (or Laking ,;oda) in an iron "11oou, 
and thPu dio;o;ulved in a1·id and treated with the zinc or tin, the 
re,;n II s will lw the ,;aute, but the test will be more certain, since 
the lllinerals at·e rather hanl to break np "·ith the acids alone. 

·• ·" te,;( which Ita,; pror<·d sati>;faclmy with the dark tung-
stl·u ores may Le made a~ follow~: Heduce the mineral to a 
rer~· fine powde1· and fuse with sodium earbonate (baking soda). 
Dissoh-e the ma,;s Ly boiling in \rater, add a few grains of am· 
monium sulphocyanate, and heat gently to dissolve the salt. Add 
dilute hydroehlori<· al'id. ·" bright wine-red is produced. Add 
tin and boil. The red disappears and is followed after a shmt time 
by a rieh-green solution. 'l'lw depth of the green will depend 
UlJOn the strength of the solution. 

::. Follow the first test nut il the fh·st boiling has occupied 
t\\'(·1\'c o1· fifteen minutes, tlwu add a little nitrie ~u·id and boil 
al1ou! fhe minutes. Allow the yellow 110\rder to fall to the bot­
tom, all<l drain oif the liquid. .\.d<l ammonia. If the yellow 
powder is disi-:iolved, it was fOl'med by tung,;t<"ll. The ammonia 
solution may be acidified with hydroeh!Ol'i<· aeid and tin added. 
The bltw culor produced Ly boiling "·ill not fli~appeat· \Yhen tit<" 
solution i,; diluted with watPJ'. 

J. 'fhe ,;alt of phoRphmon~ Lead ('ontaining a little tung~ti(' 
oxide i,; colmle,;s in the oxidizing flame, but hlne in the t·P<lw·ing 
tlanw. 

'!'he modes of ol·<·m·t·etH:<> of the I';H·ious tnngR1 I'll minPI'a]r; 
can ]11·,;! h1• mHl<>J·stood by I'Pf<'l'l'lll'l' iu typi<·a] <1Ppo,;ii',;. 



i'!clicclilc: In the Cat·iboo <1i,;trid neat· Darkenille, B. C .. 
a whit<• to bnff-colon:tl selH·t'litc of l'atlln coarse granular lwbit 
:ltl·ompanics g·alena, pyrite and siderite in quartz stringers in 
:1 zon1' from t\\'elve to tln·uty feet wide in a ltig!Jly :~lt<·re<l mica 
s!'hi~·d. 'flw sdtl'<"litl' is i'Wllli-tn1nsp:u·(•Jd to "li<liJIIe, shu\\'S dis­
tinct cll':tYagc· f:tti'S, and h:1s a dnll, :dmost P<lrlh.\' luster. The 
selle(•.lite at Nome, .'daslw. is ill a :-:i!llilat· conutt·y l'llcl,. 

In tlle Yictorio 1listrict, twa r lletuing, ~ . ..\I., ,;cheelit e oc­
eurs "·ith py1·itc, lead miuPt':tls HIJ<l Liilmerite in a vein cutting 
1 ime,;toue. 

Contact der.J()sit at 'l'ru\nlmll, Conn.: ~dwelite uceun; at 
tlle contacts of a limestone and :t hornblend1· gneis,;, "'ll1·n~ it 
is asso('iated with quartz, zoisite, garnet, epidote and other min­
<·rals ellawt·{cristil' of eontact uwtamtn·phism. 'l'lH· scheelit~' 

otTurs mainly in .tJw upper part of the horllblcnde g·ueis,;, just 
hPlo\\' the lower cml1:1d plain, wlH·re it is irregularly distributed 
in graius, t·J·.'stal:-;, and ag·gTegntes a:-; lm·g<' as the fist, and 
forms ;; per n~nt. of th~_· \'Pill. \Yolframite deri ,-,.d from tlt<· 
scheelite is .also present. 

In La Sorpresa mine. ~l'ain, :-;cheelite and >Yolframite IH' 

!'Ur in "·l1it•· quartz at the conl:tct of CamLrian slai<·:-4 :mll 
gwnite . 

. \:-;a gangue minet·al: In the eastern pal't of ..\li:-4:-;oula < 'o., 

..\[ou L sdtt'l'lit1~ forms the gangue Ol' vein matt Pl' of a gold de­
po><il. \~:·al' J:trdiw·. l'al'l;: Co., ..\Iont., :-wltcelitc· u1·cm·,; in biuish 
white quartz. .:.rear Caliente, KPt·n ( 'o., Cal., a l'ich l1·tlg1' of 
:-;.-lwc·lil ,. oc•·ur:-; in a lead-silYet· mint'. 

~<.:lteelite ou·m·,; in a number of pl:i•·•·t· devosil:-;, as at ~onw . 
. \Iaska, but 1lw minet·al i:-; derin·tl ft·ottl He:u·by vein deposits. 

~l'ar Hill C1J·o,·e, in Xew ~onth \\'alc·s. scheelite oct·m·" in 
uumerous Yt'im; in a gueisNic granite. Iu Xe\\· ZealaHd, sdu"t"lit•· 
utTUJ·s in thl' aurift•J·nus quartz t·t·Pfs of' ~It ago and ..\larlliOJ·•mglt. 
In Mm·lo11· township, lkauce < 'o., (~lH·Iiec, ,;cllc·t'litt· oc<·urs in 
asso.-i:l tion with :-;peculm· iron, pyrrhotite, g-alt•na, .-halcopyritt·. 
pyritt'. in qum·tz Yl'ins t·ntting Cambrian slat•·s. Tungsti((• (or 
meym:u·ite) smnetinws atTompanies tlt<• s.-heelite. 

Scheelite in small quantity ha,; l>l'<'ll found a,;sociated with 
pyrrhotite·, ('h:tlc·op,nite, pyritl'. pentlandite and various otlwr 
rare minerals in the Victoria mine ( nid:.c•l, t-:·ndbnry. Ontario). 
'l'ht· country nwk of' tht' Hickel dt·po>"its is norite. 

8!'1teP1 it,· and other tungsten min<'J'als :we asNO!'i:t ted witlt 
tin ut'<>l-4 in m:my tin-mining- regions, sneh as England, Bolhia. 



(~W"eu~laml. );e\\ Bonth \Yak". Ea"t ludie~ .• \ n"ttalia, t\pain, 
l'ol"tugal. aml ( ;n·maiJ~'- ln a nmuli!'I' of 1ltL'"'' the cmllJtl'Y rock 
i;; gTPi~L'll. 01lll'l" miueral~ with whit:h sdH='elitt: may be found 
are ioJIHZ. fimn·ite, aJIHtite, mol,,·bdeiiite and anti111ony. 

1\'olframitc und lliiiJIII'I'itc: The Blad;. Hill;; wolframill' ot·­
t'lll"~ in flat, horizontal, bnt J·athet inegnlar llla";;es. iiitimately 
a"~twiated \Yitli (he uxidizt:tl, 1·• frad •n)· ~ili•·,·on~ on·s formed 
l1_,. thl' l'l'[Jlal·t·mt•ut of a mngne~-;i<IIJ lime;;tone by UJH'ising soln-

1 ion" a loug fradm·e I i Ill'" pa""ing fl·om the undel'lying pl'!'-Cam­
l!J·iau l'<wl;" up into tlw limt·"hnw. Before oxidatiou, tht: Ol'l' 
•·anit·tl pyri1t>, flum·i1e, l1:ttitt: and ot·c:t"ionally gypsum. ln the 
Tnnp:t,·ll ~lining Vi"t rid "'mtlwa"t of Ely, );t•Y:tLla. hlilmerite 
in fine gJ·<~ins, with a little fluorite, p,nitP and "''hl'Piite, ot·t·m·~-; 

in t'Olll]l:td quartz fonniug <1 lmlltdlillg· ".n:lt'lll of ,-eius cutting 
a gT<Illi tt.· ]JOI·phyr_,- in1Tud iiig ( 'a mln·i<111 !}IW rtzi te~ and argillite:--:. 
\\'olfn111tilt· ot..-m·~-; :1" a p-:endomoqJh (t'!'plat·Pment t•t-htiiiing tlw 
~:aml' ci·y~tal fonu) :tftet· "'·lwl'lit·,, in tbt• Tnnnlmll, ( 'onn., dP­
posit mentioned :i11o\'e. .\t ::\iggt·r llill mal Etta tin mille:-:, in 

the nol'tll\\'l'"tt•l'JJ Bla\'k llil.l;;, \Yolfntmitt• i" found in the pl·t·­
( ':unbrian J'<wk" :iK <1 •·t_m;;ti1 nent of pegmatit i1· gr:lllitl='S of tht· 
gTPi""n typt·. In Beira Daixa proYillt'''- Portugal, wolfrarni!,. 
ot·t·nt·;; with t·a""itl'J·ite, oxide uf iron, ]1.\Tit,·, :tl'K!='l!OJI,\'l'itt' and 
mi•·:1 in a. qual'lz g·augn,. in Kdti"1" of ( 'amln·ian agt·. 

In n!ll·tlwt·ll (~ut•t·n~.l:mll \\'olfr:tmite dt•po"it" ot·t·m· in grau­
itt-, g-reiw"n, ft:l;;itc-. qtvu·tz-JIOI']ilt.H.'. dtlorilt• "'·hi~t. "latt· aml 
q unl'tzitt•. The· g·angne IIIH tt·t·ia I" an· alnto~d a~ nu·i<·<l-inl'lud­
ing !JUHI'tz. l'lilorilt·. lllllKt'o\·it•·. biotitt·. topaz rod:, tluors]Jal'. 
li<'I'YI-t·o('k and gTeis<·n \Yith and \\"it!Jout quartz. 'l'ht: t·onHnon­
•·"t l'Otll1tl'_Y l'o<·k i,; gT:Jllitl' ;JJ](] t]H• !'Ollllllllll!'"{ gangue i" !JUHI'tz. 
\\'itlt tilt' \\'olft·:Jmitl" ;u·t· :JI;--'o a""'~~'iated bismuth in Kt·n·t·al 
fOl'lll", molylidt"llitl' an<l miiH'I'al" lw:Jring mangall<'"''· till, iron. 
'oppt·t·. lt•:lfl, zil1<·, uranium :111d t'!'l'imn. 

In 1'111• ::\orth ~tar mine, ~ih-t-rton, Colorado, hilliut·t·itt-, a~­
"ot·iated \Yi.t!J tluori1<·. o•·•·m·,; i11 a tpwrtz g·allg'lll' canyiug· am·i­
fei·on" pyrit•·. :trgt•JJtifet·oul' galt•IJ:J, te1TahPdri1t·. dwh-opyritt-, 
K]iltaleri1t· nntl hm·itP. The flnorilt· and liiilnwritt· ;tl't• Jait•t· than 
the main n·in filling. The •·otmtJ·y t·oek i:--: a qmu·tz monzonite. 

l'cl'iH'I'il,·: 'l'hc Honl<lPJ' <leposit;; are rathPI' I'f>markablP fot· 
{ Itt• ahno",j !'Olll]i]t•!t• aliHl'lll'l' Of lllilll'l'H],; !'OllllllOU]_I' ;t"Ktll'i:ttl'd 
\\'ith tnng"ten oJ't's in othet· pal'tl' of 1111· \\·ol'l<l. Tlw m·t· i,; 
mniuly in tit(' fot·m of :1 lll'<'t'!'i:t. Ow frng-llll'nt" of wllidt inelnd!• 
I'!J:Jk('(]ouit· qn:11-tz or horuKt<lllt', dike gTanitt· an<l pt•gJuatitt•. 



-l!l 

\'Ol!UiJ·y I'Ol'k <l!H] fel'lJt'l'ite. 'l'lH• dikt• l'Ol'k ~lJu\\'R \'Hl'iulls :-;I;Jgt·~ 

of altt·ratiou from tltat in whi<"l1 ibt• ol'igiiHtl dtm·a<"tl'l' is read­
ily madt> out io fm·m:-; iu \\'hil'h the orig·iual mall'l'inl~ at't' al­

most entir-e!~- I'Pplat·ed by silin1. Thl' matrix is ,·ery t'OllllllonlY 

fPrlwritt•, lmt in that Ol't' iu \\'hi<·h fragmPuts of fPrbet·ite ot·r·Hr 

a mat1·ix of t·J'Jlshed rod;: o1· of lun·n~tmw may partly or almost 

\\'holly r<·pla<·<· tht· fpt·beritt·. l'.n·it<· o<..-JII·s iu \'<'!'.'-small amount. 
and a nne t·J'.'~'tal of g;ilena is fon11d. Flnm·spal' ha:-; been re­

Jiol'te<l, but the writPJ' has uot sPell any. There <II'P, howt·\-eJ·. 

\'t'l'.Y lllinutP C"nhi\'al C'<IYitit•s and a f<·"· minntt• grains of au 
isotropi<" mine1·al in tltP Rili<·ifh·cl dike t·ol'l;: gang~~<· m1cl in tlw 
hornstont'. Th<·se <·ayiti<·s may han· lll'Pll ot·•·npit·tl h_,. tlum·ift·. 

and the il'otropi\' grains may he finoritP. .\ f<·w Yl'l'Y Rmall 
liakeR of lllolylHl<·uite han· bP<'Il funnel, awl at on<> or two 
pointR nem· )fagnolia nucl IH•ar ~llnl'hiii<' g·oltl tPiluJ'idPs ;u·c· a:-;­

sO!·iat<•<l with the ferbe1·ite. 

'lT:"\UHTE:"\ L<H'.\LI'I'IEH !:"\ TilE l':\lTEP 1-'T.\TEH. 

TnngstPII lllili!-'J'als haY!' llPPII J·epol'ie<l fi'Ollt nhont sixty lo­
t•alitieR in the l'uitetl ~tat<·s. ln th<' foll<l\Ying liRt thP umuliPI'H 

J·efe1· to the at·t·OJttpanying sketc·h. ( l'latP l.i The dot!' mm·k 
pln<"P~' whi<"l1 ha1·e prodn\'ed ore; thp ··i1Tl<•s indic·ate thP ])]'<'l'en•·r· 

of tmtgstPn minr-rniR-rnrely in t·ommet·cial qnantit.l'. 
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11'ushinyton: 

1. ~ear Loomis, Cascadt> M t;;., Okanogan Co. \\' olfram· 
ite. l-\hipping. (68), (761, t93). 

2. \'i('iuity of Deer T1·nil, l-\tevem: Co. 'fwo lo('alities. (54), 

t76). 
:3. < 'l·Ilal· t'anyou and ~]Wingdale Di;;iTil'i, ~tewns Co. 

Op<'lH'Il n p. 1 76) . 

Oi'CfJOII: 

4. Yil'tue dist!'i1·t, e;~;;i of Baker ('ity. ~klteelite in !Jiacer 
g1·a YC b of <'lilt mine. ( 87 1. 

Californiu: 

:!. Enreka, Hnmboldt Co. 'L'ungsten mineral not ;;pecified. 
( 4). 

li. How;n1l Hill, (\ra;;s Y<ll!Py, ::\nad;1 Co. (861. 
1. Twel\'p mile;; northeast of l{ayrlroJtd, :\l;tih·r;l < 'o .. <1nd in 

southern .\laripo;;a < 'o. ~('lteelite. (93) . 
. c.:. <'a liente, Amali1~ and Pal' is, Ken1 Co. RdtePlite in :1 

IP;!d-;;ilver miliP at CalieniP. l'J·odu('iug. t76J, (93). 
~~- Handsbtug ~11111 .J ohanneshurg districi in Kern anu ~<111 

Bernardino I'OllHtii'H. The .\iolia :\lining Co. Scheelite. Pro­
llncing. (76), t92), (125r). 

10. hanpah dish·ici. \\'olframitP oc1·nrs. :\o produf'tion 
l'l'jiOI'll'll. ( 1251;:). 

11. ~iena :\l:11lrP, Lo;; .\Hg-Pies < 'o. Tungskn--lllinerals not 
specified. ( 41. 

1:2. ~em· Kelso, on the ~alt Lake Road. Hc-lwelite. (93). 
1:1. .:\Iamel and Signal. Rc!H•elite. Producing. ( 125r). 
1+. .Julian, ~<In Dieg·o < 'o. 'L'ungsten--minerals not spec1 

fie<l. t4) . 

• ]J'i::OIItl: 

Iii. Cod! ise Co., stx IJliles nm·th of 1 )(·;!goon, on tlw . \. T. 
& ~- F. Produced. (911, 1 97). 

16. \\'hetstmw :\Its. Euclid .Mining {:o. Opem ted wol­
framite mines in 1906. (76). 

lT. X ear .\.ri\':11'<1, in Ranta Crm: ( 'o. Hiilnwrite has l11·en 

111illed. (13), (91). 
1~. ~;mtn Catalina .:\Its .. near ~onthern Bell <:old }line. 

Sd1eelite. (13). 
]!), On nnffalo-.\J·i:wnn ('ompany'" jii'Oj>l'l'I,Y, IIP;ll' Phoeni:;. 

On• J'l']'oJ·1I·Il. t76). 



:20. :-iixl_1 Ittile:-; :-;unlit of Ilal'kliPI'I',Y, in .\l[ll:ll'ill,; .\li,;., .\lo­

hai·P l'o. t91J. i125pi. 

:21. XPaJ· Chn·u~. ~II lllill:',; :-;onth of KingiHHll and 1:2 utili:',; 

t>;t,;l of Hig :-i;~ndy riYPI'. \\'o!fi·nmite. :-imall shipitwnt in 190.1. 

!92) . 

.\cutdu: 

:22. .\lamnwilt lti,;lt·id: HiibnPritr. '!'hi,; IN ihe place of 

ihr original lli,;c·c)\'1'1'.' of hiillllf'titr. 134). 

:2:1. Lander I 'o. ( li'I' rrpoi·Ie•l. ( 771. 
2-t. X Pal' AI 1\'IIOd. x_,,. ( 'o. 'l'nng~ten lll'l'. (1251). 
:.:;-;. Tnugktl:'n .\Iiuiug· J li,;i,·i•·t. 1:: mi]p,; :-;ontlt of U:-;,·rola. iu 

\\'!ti11· l'i1w ( 'o. l'rodl!l'iug. ( 121), ( 122). 

:!li. Honn1l .\lountniu. liiilmPI'itP. l'I'IHlneiitg, 1 !Ill/. 1131. 
1125lll). 

:27. Fol'ty milv,; ,;onilt of Loyp]•wk,;. llllllll)()lllt ('o. \Yol­
ftallliie. ( 'ou:-;illi•J·abli· lli'I'P],q)]:ll'lll. :-ihip]H'Il l!IIL'-1. (92). 1125w). 

( · tu l1: 

;.!.'-\. Liit]p ('oiiouwocH1. Tnng·,;il'll 111'1' . .Xo :-;hiplllPllt Ill 

] !Ill;-), (751. 

/rlal!u: 

::!1. l'atteJ·,;oJJ ( 'I'I'Pk. LPtn!ti I 'o. Hiihnei·ii1• nud wolfr:1IIJ­
itl>. i125nJ, 

:30. XPat .\lnJTH,I, \\'alla•·e and .\lnllau, ('oP\ll' d'.\]pnp •li:-;-

1J·il'l. J'l'IH]lll'illg. 161. (13), (861, 1101). 

Jloutana: 

:31. \'••;tJ· llc·lena. :-idJPt>litP. 

:~2. \'p;n· \'•·ilwl'l. NdH•PlitP. (92). 

:3:3. .\li,;,;cmla ( 'o .. 1\·e:-;tpJ'll par1. :-il'hel'lii•·· NhippPd ill 
] !II I;·). (92). 

:H. \'c•;ir !'!tillip:-;lnn·g. lliilnwril('. 1261. 

:L). Birdie .\line. I':INt uf Bllltf•. lliilnwriiP. (125x). 
:~6. \'•·;JJ' .);ll·iliiH· :llld ('n·,·a,;c;•·. l'nrk I 'o. Nl'ltPPii1!•. l'ro­

dw.:etl. (131, !931. 

. ,-.,,, 

;)~). 

• J;~c:k~oll Holt· I'Pgiou. nP;IJ· Elk . 

Ftemoilt •·onnl_, .. IH'Hl' Rho,;honP. 
ITohn••:-; lll<':lrl. \Yolfrallliil'. 192). 

\\'olfz·mnil1·. (57) . 
'l'llltg·,;j(']l 11]'1'. 176). 
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( 'olunulo: 

40. BouldeL· ('o .. :IIlli adj<tl't•llt pat·lc; of (;j]pill ('o. (117). 

-·· ... _, 

41. Lead\'ilJ,.. ~~·ln:tl ntiiwc; t·<·pol't "·olfnmtite ami 
hiilmerilt·. (125yi. 

J~. X<·al' ~aliua. lliilmeJ·ite iu a l'vin wmked for t·oplJeL·. 
:-;dwt'lile alc;o u•·•·nrc; iu ( 'lwJ:fee C'o. ll',•rc;on;tl cone:-;poudeiHT). 
t15). 

,±:3. Om·n.r t'onuty, t'ueollt]!alq.,J·•· J)jc;ITi..t, Hoy:tl ·'"!bert 
YPill. (34). 

JJ. Hed }Iouutaiu and Hlau:-;tone, in ~au .Juan regiou. 
Hlibnel'il<·. l'rouuced. (95), t96). 

4;), Bonito. HiilHll'l'ite occm·:-;. t34). 

{6. Steius l'a:-;s, LOl'usbuq.~· nud ~eval'. Hiilin(']'ile aud 
1\·olfnuuit,. shilJI"'<l in J S!l:l li. t15i. (91), (93). 

+1. Yidmio ui:-;trid, lt: mill':-; wec;l of' llt·utiug. lliillllel'ile 
auu ,,..Jwl'lite. (57). 

Tcnt.s: 

8uuth flu kola: 

40. Lawrellcl' ( 'o .. llnrang-o, ~ula, Hani:-;ou, Uoldeu, Rnm­
lJJit and T1YO ~trike miuec; Jn·oduceu lOfi tone; wolh;ullit<' •·on­
ct•llt t'<l t<•c;, •·anying· :)S-,)11;/ tullgstic ox id,•. (17) . 

. )II. X PaL' Hill ('ity, l'!'llllingtou ( 'o. l'J·o<lnciug-. t76i. 

:n. ( 'u:-:tet· ( 'onllt,L l'L·oul]('ing. (l5J . 

. -.~. K!·.ndmH', l'l•nningloll ( 'omtly. \\'olft·aJ!liiL·. l'rodlll:­
lllg I '!I 176). 

3:3 . .'lladic;on aud ~1. FL·aJwoic; ('o., Ill Yi('illi!y of .'llillt• La 
.'lloll\'. \\'olfJ·aJHite. (34J . 

• \-o rt It ( 'a m I i 11 a : 

:J4. Flowe, ( 'oc;IJy and ( 'nllen mines of ( 'auanu:-; ( 'o. 
~dteelih· with a little 1\·olhmuite. 186). 

F i ryi11 ia: 

;J:). Hock bridge ( 'uuuty. 177). 
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Conur:r.:ticut: 
;)G. Long Hill st:1tion. 1 .\lou niP nml '1'1·muhull an· inclndeu 

in tl!e refe1·ence1. (59). 

J[ ai nc: 

·' '· Elm· Hill Ba;r. (34). 

(Omitting Boulder ('onnty, ( 'oloJ·~1do.) 

"lri:u1111: Tl!e most important prodw·ing distri\'1:-; han· been 

that near Dragoon, in CoehisP <'onnty, and thnt at Uiga:-;, near 
Al·intf·a, in ~anta (_'n1z <·o1mty. 

In tlw 1l1·nguon area hiHmerite occurs uneyenly distiibuteu 

in n·dieal quartz rein~. of inegnlar width, cutting gnmiti<·, 

glll:'issnid rocks. 'l'lw production has come mainly from !'hal­
low lode ·workings and plaee1· washing;;. In the Ariyaea a1·ea 

hli.bn<·rite is found in nto,;t of the gol<l-lwariug qnm·tz yeins south· 
ward into 8ouora. 'l'he mint·ral o<·r·m·s in blade-like eJ·ystals. 

tabular mns:-;<·s an<l bnndw,;. nml i,; <'af'ily <'OJt<·<·ntrnted. Hmt­

dred,; of tons of high-gntd<· on· w<·re mined and piled up ,vc·ar:-; 
ago. and are :-;till untou<·hed. 

( 'aliforn iu: The Randsburg distrid. mainly in ~an Bernar­

<lino <·ount_,-. lw:-; IJ<'<'ottte th<· f'<'eond !aJ·g<·:-;t p1·o<lw·er of tungsten 
m·e;; in the f'nited ~tat!'s. ~c:heelite deposit;; are fonn<l ore1· 

an a1·ea of t'P\'C'J·a I "<1Uare mil<·:-;. The dc~JJusits o\\·ned and \\·or ked 
],_, the .Holia :.\lining < 'onq,any at "\tolia, fiw miles ;;onth of 

Handsbnq.!;. aJ·(• tiH• l11•;;t de\·eloli<'d in the district. The scheelit<' 

lH·~n·ing rPin:-; o<·<·m· m:tinly in a utedinm-;_!,Tnined g-ranodiorit<· 

in th!' form of a l:IJ'g<· ma;;:;; o1· batholith intrndinl-!,' aneient mica 
~llt<l hm·nblen<ll' ;;clti;;l;;. On the nm-th bonier of tlw mas;;, vein:-; 

u<Tlll' i11 botl1 schiRt and gJ·:~nodim·it<·. :md hPiow the ;;nl'far·P may 

Ji""" from one J'o<·k to tlw otli<'l'. Th<' yein ;;_r;;tem <wcupies a 
zone of sliJ•;n·ing· in 1Yhid1 the 1110\-<'IIJPnt \\'aR loc:liir.P<l along <'E'I'­

t :1 in lines. Tlw rPin matter <·onsiRts of ('J'11Kiw<1 grauodiorite, 
r:tl'ii:llly ;;ili<·ifi<·<l <·J·nshe<l g-rano<lioril<•, <·alci!P, fine granula1· 

qual'tz replacing lhe gJ':IIlo<lim·il!'. IT_,;;talline qnnr·i" aud sr·he<'­

lite. 'l'he qna1·tz mHl sl'II<'PiitP \H'J'e :1pparentl,r brought up iu 
:;;olution and depo;;i h·rl at th<' sa Ill<' time. 

"Ycrarl11: The 'l'ungsten .\fining l•isiTi<·l li<·;; along the \\'est­

ern slope of the ~nake Range south of Wlwel<·r Peak, about JG 

mile;; Rontheast of Ely. The hlibnerite \'Pin;; are in a granite 

porp!J,n.' which intrude!' the < 'mnl11·ia11 qnal'tzites and argillites 
flanking- the rang-e. Tlw yein;; tr<•nd northeast an(l soutlnn·st and 
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pit<:h 55°-75" to the northwest or southeast, and rauge from a 
few inc!J<:;; to tltree feet in "·idth. The gangue is <:umpad quartz 
aud hiillll<:t·it<:, with here and there a little fluorite, pyrite and 
>:<'heelite. 'l'he hiibnerite oc<:urs: (a) irregularly distributed 
through the quartz, (b) in irregular masses, (c) in segregation;; 
along the vein \nlll. The veins were probably filled by deposi­
tion from mineralizing waters from the cooling granite porphyry. 

8outh f)akota-Lead City, Bhwk Hills: Wolframite occms 
in flat, hotizontal, but rather inegular masses, from an inch to 
I "·o feet thick, and ranging in area from 20 to :~o square feet. 
'l'he ore i;; intimately associated with the oxidized, refractory, 
siliceous gold ores. These ores, in their unoxidized form, con­
sisted of S(•eondm·y silica with l'.n·ite, fluorite, barite and oc<:a­
sionally gypsum, and resulted from the replace-uwnt of Cambrian 
dolomite thl'ough the agency of uprising (thermal) solutions from 
the underlying pre-Cambrian schists and slates. 'l'he wolframite 
Hwy be r(·ga J'(lerl as a !Jasie phase of the siliceous ores. It also 
occur;; ns a rim around the outer edge of the siliceous ore shoots 
and sometimes as a cap o\·er them. The wolframite ore is a 
dense, black, massive rock of fine texture, resembling a fine 
gn1ined lllagnetite. 

In the )ligger Hill and Etta tin district it oc·t·m·s as a ('()Jl­

stituent of pegmatitir· gnmites, usually of the greisen ty11e . 
. \ number of other deposits occur in the Black Hills region. 
Colorail1J-8an Juan: Riibnerite is found in a number of 

milu•;; and prospects near GladstoJJc•, north of Ril \'t•I·I on; in tlw 
Tom 1\foore lode, one and one-half miles above Eureka, on the 
c\.nima;;; and in three 01' JllOI'e !JI'Olll'diP;; on the ;;]tiJIP;; of Rultall 
~fountain. It was fonnd in the Royal .\!bert Yein in the l'ncolll­
pahgre distric·t, Our;ty ( 'onnt,1. 

'l'lte .\dallls claim is on the Wl';;it'nt slope of Donita Peak, 
aboui :1 mile• from Ol:tthdon<:. 'l'lH· hiilnu·rite is ii'I·Pg-nlal"l~- di;; 
tribnted as thin lenses, lmnches and stringers in a g·:mgne of 
quartz :md tlnm·ite filling a RPries of fi;;:<nres fonlling a nan·ow 
sheeted zo1w in an a lit•t·t·cl P.Hoxene andesite. In 1 II·.,- Gulch, a 
tl'ihut:ll"y of Cement ('rt•C'k, hf']O\\' n I" tl;;l Ollf', the DJ·y (; nldt, Dn \\ 11 

of Day, Runshine and :\finnesota t·l:tims are located on a single 
strong lode. Hiilmeritt· or·rm·s in all the claims, lint only the 
Dry Gnlr·h and nawn of Da~· shO\Y an~· important development. 
The occm'renef' of the hftbnerite i;; ;;imilar to that in the .\.dams. 
A few tons of higl, -p,T:tclP ('oncenhall':-; han• been shipped. 'l'he 
Natalie and Dip; Culm·adn mines are in a gulch a ;;l10rt distance 



southeast of l:ladstow·. The Xatalie hiibuerite is in g·listening-. 

hhH'k needles, ]ll'isms and blades in a quartz g-angue. Amorphous 

Hilit·a NOIIletiHH'H fOrlllS NlliOOtlt l'Ollllded Nlll'fai"PS m·er the quartz 

:tnd ltiil.meJ·iie. ThP oJ·p resembles wolf1·amite, hut tl1e analysis 

I pagP -±-± 1 ~<ilo\\·s only :.!.11:\ per cent. FeO. It ]HllYet·izt>N to a 

1·it"11 uro\Yn powde1·. The othet· n1etallit· minet·al~< of the Xatalie 

i1wlnde m·gentiferou~< galena. p_ITitt>, t"!wkopyl"ite and free gold. 

The hiilml:'l'iil' of tht> 'l'om .\loOJ'l' i~< in vet·_,. ~<nmll quantity 

:111d ntn not he l"l'g:1rded as at all lll'OJili~<ing-. The Xorth ~tar 

111ine. the Little I lora Yein and the Empin'·\"idoria Yein an· all 

on the l-llO!Jl'~< of t-~nltnu niOUiltaiu .• \ll •·ontain a little hftlmeritt'. 

'l'ht• ol"e~< illt·ln<ll' :llnift'J·ons p_n·itt,_ gall'II:l, tt~tntlwdritP, chalt·o· 
p_nite, sphaleJ·ite, :l~<~<oeiah·d with tluorite, bariit> nud nnwh 

quartz. Hiilmerite ., •.• -m·~< n~<s•wiated with tluorite in the more 

qual"tzo~<P portion of thP YPill~<. 1lwngh ot·•·asionnlly it i~< in a kaol· 
inized, disiHtegmtPd Jlt:l~<~<. Both 11uorite and hiilnwriiP an· Jate1· 
than the 111ain n~iu filling. 'l'lw t·mmiTy l'tll'k i~< mouzouite. 

The condiiiou~< would see111 lo ht:' fann·a!Jle for making tuug­
~<teu •·onceutnlle~< as a ntluable b,Y-IH·odud, JJut the shmviugs, as 
yel, do not ]il'OJHi~<e profit~< if tungsten alone is produced. 

FllltEII;:\ lH'< 'l'ltltE:\< 'EN. 

~1u-slrulul3ia: Tungsten oJ'('i' m·p mined m Queen~<ialld, :\'e\\· 
Honth \Yales and the Xorthern Ter-ritory (of ~onth .-\.nstJ·alia), 
nnd tlwy :tJ·e reported from Ynl'ious poini~< in \YPst "\.nstralia. 
In produdion tlw ~<laiP~< st:md in tht· m·de1· muuetl. 

In nol't'hern (tneen~<l:illd an m·ea of :3,5011 SlJUHl'l' miles ton· 
I :tills ~<eH'l'<ll l1elts of tungsten tlepnsits. The <~l'P i~< ahuost ex· 
dusiYPly "·o!fJ·amitl>, thoug·h sdwl:'lite is protlw-('d in one lo· 
~-ali:." tl'aJ·ada). Both lode :tllll plac-er mining are can-it'll u11. 

Old \\'olfnuu I ':tmiJ i~< th•· lll<~~<t imp01'tm1t tm1g·stt'n mining 
('l'lltJ·l'. 'l'lu· •·ummon<'st •·onntJ-y ro.-1-;: of the tungsJ·pn arPa i;-; 
gran it e. but deposii s m·p :t I so found in gTPi~<(~ll. ft' !site, qnnr1z­
porphyry ... I!Jmil•· Sl'hist. ~<la.tl>, aml quartzi(('. "'l'he g:mgne of 
ihl:' \\'olframil•· i~< usually qual'tz, i111t it ai~<<l o•·•·m·s \\'ith aml 
witho11t thi~" minPral in gTt'i~<l'll, d!lorilt>, must·oyite, hiotit('. 
j·opaz J'tll'k, tlnoJ·sp:u·, mHl lit'l)'l·J'Ol'k." In form. tlH· on~ ])()die:-; 
in dude quartz \'Pin~<. large and lelltit'Ul:l r bodies of quartz, ir­
J·pg·ular Jll:t~<SI'~-' of chloritP. quartz and 111int, and im]n·•·g11atiun;-; 
of gJ·ei~<•·n all(] gT:mitP. In th•· l'idwsi ort' bodit'~<. those <~f ir· 
J·eguLir fonu. tlH· wolf1·amite ()('l'11J's ill iso.lated paid11·s OJ' 



buncht>N. lliNmntli all(l nJolyh<lt>lllllll ar<· Na 1'<•<1 aN l1y-pt·o•luds. 
Tin is aiNo import.mt. 

No nth A UN tnt I ia: 'l'ungNieu ol'l'N are found in the N ort lwrn 
Tenitory. and haw• lH·l·u extemd w~ 1.1 milwd dnri ng· the lJ<l :'it two 
,\'(>:1]'1'. 

'"l'Ni .-\nstralia: Tnugsten Ol'e 0('('11]'1': in tlu· nn·;ilfltOn. 
Pilbana, Coolg;n·<li<· and < ;r1·enlmsh :ll'<•:IR. 

Kew Routh 'YaleH: Ndit:Tiiie iN mined at Hill Grove, and 
wolframit<> in tlJI' :\Jolt> 'l'ableaml. l'ro<lncing m·<·aN are: Em­
maYille. lJralla Tuena, Bar;tl1a, alHl Fanington. 

Xew Zealand, Otago: NchPditl· O('('lll'i'i in the auriferou~ 

quartz reefs of Otago and i\Iarlborough. The reef followR the 
planes of >-whiNtoHity of tlll' NcbiNti'i. 

'l'aRmania: .\ f<'\\' tOIIN of wolframit<· an• p!'oduct>d. 
FJ ll }'() j)C: 

J'qJ'tugal ]'J·otluce~ a fvw hundred tons of oJ·p,.; annually. 
chietly from the p1·oyince of Deira Daixa, where wolframite ot·­
curs with tin on·. oxide of it·nu. p,Hit". arNt'IWli~Tiie and mica 
in quartz gangue in S('bist:-: of <'mnl11·i;m ;tg ... Portugal has be­
come tlw l<ng·t"Rt Europt·mt product·r. 

England: 'Yolfnunitl'. ,,.-l!(•<•li i<· and tungsten ochre occur 
both in the mineN and in the tin plat'Pl'N of Cornwall. chiefly in 
tht· high-level platfnnm; of Bmlmin ~foor. But >Yolframite is 
the only <·ommen·ially important ore. It acc-ompanies tin 
and copper m·el': which o<·(·m· disseminated through granites, 
quart;;; pmphyr)· ( '·p)\·an'') <1111l ~lntes 1 "killaN"i, and in 
minute \"Pin:-: in tlwsl' l'<ll'ks. A:-: ('a lliiJorne IN the most 
important :1l'ra. a ln·ief de:-:niption will hP gi,·en. ::\[l'ta­
morphie sediments y;~rying- in ~·hanwiPl' from Nlates to ph,Yl­
liti'N o1·•·t·lyi11g gt·anites ~Lre intruded l•y greenst01w slwd~. and 
both Nla i (> and g-J·t·t~m;i one ;n·e eut l1y l<u·ge gJ·;~nih· masNes haY­
ing an ayerag-e trend of :30'' nonth of t·aNl. Cutting all these are 
dikes of quartz porpll.\T)'. 'l'he m·ea iN r·11t hy many faults tl't>nd­
ing almost at right angleR tn th<· quartz poqlll,YI'Y dikes and 
tlw mineral lodes. 

The lodes are commonly parallel to the dikes and in many in­
stance:-: occupy fault plan<·:-:. The wall,; are irregular and im­
pregnation of the country rock i,.; common. 'l'he me is irr·egu­
lm·I.Y distributed in the lodt·l': in "bunl'h<>i'i and pi}w-like" mas"t's, 
and there an_• man~· eYidences of ,.;<•(·lmtlary enrichment. The 
mineral contents include, (1) the "l·einNtmw," wl1ich may be 
quartz, feldspar and tourmaline and ilPr-ompmdtion products 
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from the c:ountr·y rock; (~) the ores or metalliferous minerals, 
including cas:-;iterite, pyrite, arsenopyrite, chalcopyrite, and wol­
framite. Locally, ores of nickel, cobaU, zinc, lead and uranium 
are found in the higher levels, while antimony, bismuth and 
molybdenum haYt' been produced in commer,cial quantity. The 
tungsten ort' is mainly wolframite, but scheelite and tungsten 
ochre on·m·. The wolframite occm·s along, and on both sides 
nf the contact Letwel'n the gTanite and the slate. The Cam­
borne district is the most important tungsten producer, but 
;;ltipment:-; ha \'l' been made from '11avistock. espt>cial.ly from the 
Glitters mine, and from near Liskeard. 

Spain: \Yolframite and scheelite occur in La Sorpresa 
mine. in a white quartz at the contact of Cambrian slates and 
granite. The tin deposit:-; of Orense and Pontevedra carry wol­
framite. 

Austr·ia: Produces a small tonnage annually, mainly as a 
by-product of the tin mining. 

Germany: _ \ fe1Y tons of tungstt>n concentrates are pro­
duced annually from the old tin dumps of the Altenburg dis­
trict. 

Italy must be credited with a few tons. 
France produces a few tons. 
Sardinia: Scheelite and wolframite have been found in 

considerable quantity. 
Russia: Tmig·stl'n ore has been mined in the Ural Moun­

tains. 

1ifrica: 
South )drica became a tung-:-;ten produe!T in 1906, and in 

1907 shipped :211 tons, on a 1)0;~ tungstic oxide basis . 

..-lsia: 
India: \\' olframite is found in the 'l'enasserim district of 

Burma, and at .Agargaon. 
Siam, the Federated Malay State:-:, Singkep and Billiton, all 

produce a smaH tonnagC' of tungsten orP. Most of this is ob 
tained as a by-product of tin mining. 

Siberia: Hiibnerite and wolframite are reported from the 
gold mines. 

Sotlth America: 
Argentina has outstripped all other South American states. 
Bolivia: Wolframite is mined chiefly in the tin-mining dis­

tricts of La Paz, Oruru, Potosi. and Chorolqu!·. 
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Brazil: Promising deposits have been opened near Porte 
. \ legre, South Bra7.il. 

Canada: 

Nova Scotia: \Volframite occurs at :X ortheast .:\Iargaree, 
and htibnerite at Emerald, in Inverness county. f.\:heelite is 
found in the :\fo.lega mining district, Queens county. Wolfram­
ite, htibnerite, and scheelite are found in the tin deposits at 
~ew Ross, Lunenburg county. 

Quebec: Scheelite, sometimes accompanied by tungstite 
(or meymacite), occurs in Marlow township, Beauce county. 

Ontario: ll'olframite was found in a boulder on Chief's 
I·sland, Simcoe county, and scheelite has beeri found at Sudbury. 

British Columbia: Scheelite occurs in the Slocan district 
and near Barkerville in the Cariboo district. \Volframite and 
scheelite occur on Sheep Creek near Salmo, in the Kootenay. 
and wolframite occurs on St. 3Iary's River nOl'th of Cranbrook. 

Yukon: Scheelite has been found in the placers. 

The wol'ld1s pTotluction of tungsten ore for 1906 and 1907: 

The table is ananged according to produdion for 1907, es·ti­
mated in shm-t tons of concentrates containiug 60 per cent. of 
tungstic oxide: (From Mineral Resnnr\'eS for 1907.) 

Country. 

United States 
Queensland .. 
Portugal .......................... . 
Argentina ........................ . 
New South Wales .................. . 
Northern Territory (Australia) ..... . 
England .......................... . 
Spain ............................ . 
South Africa ..................... . 
New Zealand .................. . 
Federated Malay States ............ . 
Bolivia ........................... . 
Austria ........................... . 
German Empire ................... . 
Tasmania ........................ . 
Billiton ........................... . 
Italy ............................. . 
:B'rance ........................... . 
Siam ........................... . 
Singkep .......................... . 

1907 

1,640 
703 
702 
507 
451 
443 
361 
322 
211 
121 

89 
75 
63 
57 
46 
41 
28 
20 
10 

1 

1906 

928 
865 
629 
326 
270 
114 
304 
222 

9 
121 
151 

75 
63 
57 
22 

28 
20 

Total . . . . . . . . . . . . . . . . . . . . . . . . . 5,791 4,204 



Ul:E-BODIES IW BOULPETI COU:\TL 

Cul!utr!J J'IJI'k: The gTrtnite, gneissoi!l gr·anite, aml the more 
gl'anitic par1" uf the g1wi>:~ han' prun·!l the best ground for the 
prospector <tud miuer·. The majorit.Y of the mines are in the 
granite area of the map, but a nnmlcc•t· of the· good producers lie 
do>:(' to the eont:tet of gt·anitc· and gn\'i,..>:, and in some instances 
the working>: are alnto>:t entil'ely within the gneiss. It i;,: a no­
ticeable fact, ho\n='Y<'l', that, "·here the yeins cut the more pro­
tlounced gnc·i~s. and par-ticularly the schistose bands and area~ 
of the gneiss the on·-bodies tlen·ea;,:e in >:ize and not infrequently 
the Yein beeome~ batTen. 1'hi" i>: due to the pl1_r>:ieal rather than 
tu the ('hemical (·hal'actn of the rock. In the deformations and 
faultiug>: wlliel1 prepm·e!l the opening>: fol' the ore deposits, the 
gnei,..soid granite, the Je>:>: >:dtistose parts of the gneiss :md the 
peglllatite were intimatel.Y fradured al}(l formed rather open 
ln·('cTias. (In the other haml, the schistose part of the gneiss, 
aeting more ns a pla~tie ma>:~. yielded by folding, crumpling anrl 
~h\'m·iug, r·;t ther· than by open fral'1 nr·ing, and, adjusting itself 
to thP Pntire >:pa('e :wailablP, c·lo~ed up the underground water 
c·om·:oc·>: In tlw Xf•clerland-BeaYPr f'reek area a number of the 
Yeins follOw dikes uf ('oat'S<' and litH' JHJglllatite, but the relation­
"hip is d lll' to stnwt ure rather than tu any common genesis. The 
ti~;,:uriug no\\· oc1·npi<'!l lc.' the yeim;--long subsequent to the for·­
mation of th<' pq~matite <lib·,;--- followed the line>: of lea>:t resist­
ance, ~which, in :-;eYeml in,..tanC'(':-;, .. oincided \vith the dikes. In the 
nol'the;t,tel·n m·pa pc'glllatite is not so abundant and there are few 
a~:-:oeiations of ot·p and t,qJical pegmatite. 

OtlH~l· Y<'ins are :ts>:ol·ia1ed with a fine gTained intrusive bio­
tite grauite whi!'h form,; dil;:es and irregular masses such as that 
about the { 'J~·de Mine, :1 mile northeast of X ederland. In some: 
instancP>:. pal'tinllarly in the ,;cmtheastern area, this fine-grained 
gT:mite sho\\'>: a tendency toward the JIOI']cli~-ritic texture, but this 
,;eem :o; to be me1·e Jy ; t 1 "' ·al ,-a l'ia tion ~~-hi d1 is not characteristic. 
\\'eatheriug lw~ lll:ld!' till' l'"l'fJh,\Titi!' appcar;mce more prominent 
iu many pl:ti'C'>:, while in other instances it has given the rock 
somewhat tl~t· appeanmc·e of a decayed greisen. The biotite has 
lcec·omP leac·hed and chlmitized, and a chloritized kaolin occurs 
in grains of considernldP size. In >:ome cases the fine-grained 
granite ;.:eeJIIS to grade imperceptibly into the counh·y granite. 
Thi>: m:ty be due in part to C'OUtact metamophism, for it is evident 
that in pla1·P>:, min<'ral changes han· taken place along the line 
of C'Olltact. which hm-e rendered the two r·oeks more alike. 
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'l'he relationship of the yeins to the dikes is the same in the 
fine-grained granite as in the pegmatite. The fractures occupied 
by the yeins commonly follow one or other wall of the dike. Ot­
('asionally they split the dike and both walls of the vein are 
formed by the dike rock. In some cases the vein leaves the dike 
entirei,Y and passes out into the country rock, usually at a sharp 
angle with the dike, leaving a thin wedge of countl·y rock bi•­
tween. In the northeastern area the long line of mines and pros­

pects roughly parallel to Middle Boulder and Boulder Creek~ 
from near Castle Rock to \Yheelrnen is closely associated, in a 
large par·t of its course, with a narrow, but rather continuous 
dike of fine-grained granite. In places tlle entire "·idtll of tlle 
dike is occupied by tlle win. In otllers, alteration in botll tlle 
dike and the country rock hal' left tlle two quite similar in ap­
pearance. 

Treml of the reins: '!'here is no regular system of veins snell 
as characterizes certain campr-;. But in tlle Nederland and Beaver 
Creek part of the field, a lat·ge proportion of the veins trend be­
tween north and east, ranging from 1lue north to north 80° east. 
Very few take a course west of nortlL 'l'lle average trend of eleven 
"·ell-defined veins in the western part of the Nederland-Beaver 
('reek area b: north 32° east, but the courses nearest to tlle aver­
age are: X. 2±0 E., X. 29') E., N. 40° E., N. 40° E. In tlle l'pper 
Rogers 'l'mct eight veins average N. 45° E., and one other llas a 
ti·end K. 87° E. Fifteen veins of the Lower Rogers Tract range 
from X. ±~) E., toN. 70° E. 

In tlle Gordon Gulch area tlle general trend is north of east. 
but ir-; much more n1•al'ly east and west than in the Nederland­
BC'an~r Ct·et·k area. 

Tlle angle of dip of the Yeins is generally steep-often ap­
proaching the yertical, and rarely falling so low as 45°. Tlle 
following <11'1' a few examples of tlle trend and dip of the veins: 
The Townlot-trends north and south, and dips 65° E., but flat­
tens to ±0° or 45°. The Conger trends N. 8° E., and dips at a 
,-nriable, but always high degree, wPst. The Oregon trends N. 
8° E., and dips at a high degree m·st. The Beddick tl'Pnds X. 20C' 
E. ( geneml). 'l'he El~ie trends N. 62° E. and dips nearly 90°. 
The Last Clwnce trer11ls X. 40° E. 
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VEIN STRUC'l'URE AND VEIN FILLING. 

Ontline of the stages of ore-deposition in the Nederland­
Bearer Creek part of the field: 

a. The first opening of the fissures, accompanied by much 
<·rushing and the formation of masses of angular fragments. 

b. The silicification of the rock fragments and their par­
tial cementation into an open breccia, and a slight local deposi­
tion of tungsten mineral. 

e. The second moyement and brecciation. 

d. The first important deposition of tungsten mineral. 
e. The third movement, crushing the breccia-ore, and min­

gling it with much rock matter, and in places forming a ne\Y 
breccia by pressure. 

f. The second deposition of chalcedony-like silica. This wa:-; 
local. 

g. The second im110rtant tungsten deposition, partially ce­
menting the bn•1-cia. It is possible that this was a secondary 
enrichment. Hut no clear evidence "-ao; found. 

h. The contemvoraneous deposition of silica and tungsten. 
i. Local solution of the tungsten and deposition of silica. 
(j. In parts of the tungsten field slitkensiding and n•ry re-

cent brecciation are found, showing that movement has occurred 
later than recognizable deposition of ferberite or silica.) 

While the stages outlined above are not all eyident in a II 
the tungsten deposits, they are clearly recorded in several nf 
those affording the best opportunity for investigation, and it 
seems probable that further stnd.'- would show that for the "Xe­
derland-Beaver Creek part of the field the stages in the forma­
tion of the deposits were, in general, as here indicated. Owing 
to the closing of most of the mines before the field \York of the 
northeastern area was completed, the ore bodies could not be 
studied in detail, but it is probable that the process of deposi­
tion was less complex and accompanied by fewer movements. 

a 3Iany of the fin.:t fissures followed pegmatite and biotitP 
granite dikes while others <-nt the r·ountry rock. They were the 
result of tensional stresses, accompanied or followed by, both 
horizontal and vertiral mm-ements in which the dislocation was 
probably slight. \Vhen the mO\·ements ceased, the fissures were 
partially filled by loose, open masses of angular rock fragments. 
varying in size from mere g-rains to boulders. In the pegmatite 
dikes the crushing resulted in the formation of sm:1ller frag-
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ments than in the biotite g;t·:mite dikes. The lm·ge fe\dspm·:-; 
split easily along dean1ge vlanes. and many of the fragments 
contain only fel1lsvm·. while othet·:-; show only r1uartz. But tlw 
zone of fntdm·ing "·n:-;, as a rule, nm·t·u\\'l~l' in the pegmatite than 
in the dike gn1nite, or in the •·ountry 1·ock. 

Where the ti:-;,m·r·s haw followed dikes, the position of the 
tis:-;m·E' with respect to the dike walls :-;eel!IS to have inftuenred 
the location of the rrushing. 'Yhen· the fissure is within the 
dike, the crushing i:-; gen1·I·ally on both side's of the opening, b1Jt 

where the :fi:-;:-;m·p follows one of the dike walls. the dike rock i:-; 
usunlly much mOl'e rrushP!l than is th1• country rock. This may 
be due in part to the ~·ielding of the countl·~- ro('k without marked 
fracturing along· the more m· lP:-;s distiw·t foliation planes, 
or it m:ty lw due to the greatf'I' strength of the rountry rof'k. 

b Nili!'a-lwaring wate1·s. probably at high jempemture, ciJ·­
culated through the rock fraglllents in the tissnn•s. By a proce:-;:-; 
of replacement the fellli']Jars and the biotite of the rock fragment:-; 
\YNe slo\Yly di,;:-;nlyed out, and sili!';t in the form rhalcedony-like 
qual'tz or lJot·nstone was 1leposited in their pl:wr. By this sub· 
stitution many of the :-;umller l'lwk fragments were almost en· 
tit·1·ly robbed of their feldspm· and biotite, and are not easily dis­
tinguished from the hornstom·. In others, an •wf'asional feldspar 
and a fi'\Y f'f'Illi-transparent qtmrtz gr:1ins remained to show the 
original l'b:n:lf'tl•r of thr rod>. The largPI' fragments still re­
taitll'fl eores of nnaltPI'C'!l t·cwk SUlTOmHled 1~~- shPlls. from "·hich 
tlll'sf' minernlR were moH· ot· li'SR !'Om]iletel~· J'f'llJOVf'll. That the 
t·•wk fragment" we1·r fresh whPn the process of change began iR 
pt·ohablf' from thP fad~: that the I'l'plarement pt·oha\Jly took place 
below the zm11' of weathe1·ing; and jlJat fresh feldsp:tl'!' and biotite 
are Rtill fonnd in the I'OJ'I'S of the l:ngP fragments. These silica· 
bearing \\·ntPrR also 1lepnsited hot·n~toiii' beh\'PI'n the nwk fl':tg­
nwuts and partially •·r·mented them into an open ht·erTia. 'l'he ('111'1 
plt>tPly Rilicified J·ork-frai.!;JIIPntR a111l tlw ~ilica •·Pment between 
the fragments m·1· a part of tlJP hm·n:-;ton1· ("hornblende" of the 
miiH'I'R 1. It is prohal1le that a part of the pegmatization men· 
tioiJ(•(l in the dis1·11RRion of }lf'glllatitE's tonk place at this time. 
and that the sc·~·•mrl:u·y feldspa1·s ol•s .. nahle in Rome parts of 
the area represrnt the n:rstallizatinn of the feldspars removed 
from the rock fragments. Lora lly, a RJn:ill depoRition of fer­
hel'ite accompanied the silif'ifif'ation. 

r· 'l'he brerci:t in tltf' fiRsm·ps was still \'et·.y open when the 
seeonrl mn\'I'Inent orcnrred. 'l'hi:-; timr the w•in lwe!'cia with thf' 
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local deJJOsits of tungsten, more dike rock, and in lJiaces country 
rock, we1·e erushed and mingled in a new mass of fragments, 
ready to be cemented into a new breccia. 'l'hi:-; movement was 
aceompanied by considerable vertical displacement and dragging 
along the walls of the wins. 

d The first important deposition of tungsten followed the 
second crushing- moYement, which seems to have been more pro­
found than the preceding. The character of the waters which 
followed it was quite different from that of those which followed 
the first. In place of an overload of silica, these were heavily 
(·barged with tungsten salt, and either through changed physical 
r·onditions as they rose to the surface or through mingling \Yith 
other solutions-probably f·:trrying ferrous iron, ferberite waf-1 
(leposited. In places silica accompanied the deposition of fer 
berite in the earlier part of the process. This mny have been tlw 
orerlnpping of the two processe~:; of deposition, :-;ince tlw earlies1 
tungsten p1·ecipitation began before the second movement as men­
tioned above. 

In le:-;s O}Jen parts of thl' fragmenfal ma:-;:-; in the fissures the 
ferberite formed a complete cementation, but in the more open 
pari,; the walls of the openings were cruRtified and many rug­
like cavities '"ere formed b~- the connecting (·rusts of ferberite. 
Locally, silica deposition followed the ferherite before the thir.l 
movement took place, but this wn,; not general. 

e 'l'he third movement crushed the vein filling and added 
dike-rock or eountry-rock to thefragmental mass. It now consist­
vd of the silicified dike-rock or country-rock in varying· amount. 
chalcedonic quartz and the ferbe1·ite. Locally this movement 
(·aused the formation of a pressure-(·pmented breccia. Probably 
,;iliea aided the ('ementation. 

f The second considerable deJJOsition of hornstone silil'a 
followed the third movement and partially reeemented the frag­
Hu~nts, but this was only loenl. 

g The second important tungsten deposition followed the 
third movement, and in places completed the cementation, but 
much open ground still l'Plllains in the rein,;, and vugs lined with 
ferberite druses are H'l'Y eommon. It ir-; po:-;:-;ible that this was a 
secondary enrichment in which the tungsten of the higher parts 
of the vein was dissolved and (':trried dmvn and deposited at 
greater depth. But no clear evidence was found in support of 
this. The presence of rich ore at the surface, and much float 
in the mantel roek are oppm~ed to thiR view. 
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h The contemporaneous deposition of silica and tungsten. 
Local solution of the tungsten and deposition of silica, 

possibly producing serondar.Y enrichment is qnite noticeable. 

PLATE III. 

Fig. 1-Elsie Mine. Fig. 2-M.ammoth Mine, Beaver Creek. Breccia ore, consisting of 
fragments of dike rock and country rock cemented by ferberite. 

Fig-. 3-Conger, Fig, 4-Townlot, A breccia showing fragments of ferberite. See fuller 
description of plates. 
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The ores: The ferberite occurs in three rather well-defined 
forms, which, ho~Ye\·er, frequently grade into one another. These 
are: 1. ·well crystallized crusts and layers covering the sur­
face of rock and hornstone fragments and cementing them into 
a rather open breccia; ~- Massive granular ore showing few or 
no crystal faces and occuning as more dense seams and maRse.,; 

in the wider and less brecciated parts of the vein; 3. The highl.r 
siliceous ore in which ferberite in fine grains-sometimes show­
ing crystal forms-is scattered through hornstone or cryptocrys­
talline quartz. This type may occur in any of the mines, but 
was probably most abundant in the earlier workings of the east­
ern side of the region. It varies widely in its ferberite content 
from masses in which hornstone is but a scanty cementing matrix 
to those in which there is but a meag·er sprinkling of minute fcr­
berite grains in the hornstone. 

DESClUPTION OF PLATES. 

Plate II, F'igs. 1 and 2.-A nry common type of ore-that 
formed by the cementation of rock fragments by ferberite. In 
these specimens there are fragments of both the dike rock along 
which the vein is formed, and the country rock cut by the dike. 
This is common when the vein follows one wall of the dike. The 
dike rock is a quartz-rich granite in which the original minerals 
are still visible in spite of a considerable development of second­
ary quartz and the alteration of a part of the biotite to muscovite. 
Some of the fragments have lost much of the mica and feldspar 
from their outer borders. The country rock is a fine grained 
gneissoid, or almost schistose rock, showing many small fialces of 
biotite. In some of the fragments, ferberite fills cavities formed 
hy the solution of some of the rock-making minerals. The ce­
mentation by the tungsten ore was incomplete and vugs linc(l 
with ferberite are shown. The specimens are from the Elsie aml 
J\Iammoth mines on Beaver Creek. 

Figs. 3 and 4.-These specimens are breccia-ore of different 
character from that shown in Plate III. It is the result 
of one of the later movements-the third-and contains the 
products of earlier movements and earlier depositions. Then· 
are fragments of country rock, of hornstone, of pegmatite, and 
of ferberite. It is almost an auto-breccia-a breccia in 'which 
there is no distinct matrix-but a later deposition of ferberite 
has filled a few openings left by the crushing and squeezing. 
'l'he country rock was much altered before the movement, and 
had lost a large part of its feldspar. while that which remainPrl 
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was kaolinized and now forms a dense, 
for the quartz grains. This t~·pe of ore 
land-BeaYI'I' Creek pad of the area. 

\'E'lT fine-oTained matrix • b 

is common in the Neder-

Fig. 5-Townlot Mine. Same general features as Figs, 3 and 4, Plate II, but the breccia is 
more open, 

Fig, 6-Drusy ore from Elsie Mine. 
Fig. 7-Drusy ore from the Grayback. 

Plate III, l•'ig. :i.-This :oveeimeu from the 'rownlot mine 
shows tlw sanw g·pneral featnrPs as 111'1' hnmght ont h.Y Plat(~ TT, 
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:B'ig". :3 and ±. but th,, hr<'t·.t·ia, while tin•"r, is more open and con­
t8 ins 111ort' se~1111" of fprJwrih' dt"])t)sit<'tl after the hrereiation. 

l'LA'fE Y. 

Fig. 8-Home Run. Figs. 9, 10-Boulder Falls. Fig. 11-Rogers Tract. See description 
of plates. 

Fig, 11 A-Crystallized ferberite. 

Pla1P III, Figs. (i and T.~These spt>t·imens from the Elsie and 
tJw (irn~·haek show the clrnsy lining·~ of cavities. 'fhe l'tlCk-frag-
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PLATE VI. 

Fig. 12-Shows contemporaneous deposition of quartz and ferberite. 

Figs. 13 and 15-Clyde Mine. Fig. 14-Beddick Mine. See description. 
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PLATE VII. 

Fig. 16-Conger. 
Fig. 17-Townlot. 

Fig. 18-Conger, reduced one-half. 

71 
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ments in 6 indwiP both t'oHntry ]'(H'k and pegmatite, while thosr 

in 7 show highly silirified e<mntr~' rock and hornstone. 

Plate IV. Figs. S. !1. 10 and 11.-Figure 8 shows a piece ol' 
Ill'<' from tlw Home Run mine of the ( 'rncihle Steel Company. 
The rock-frag·ments are fragments of the country rock, and many 

of them an so <·ompletl'ly silicified as to be almost indistingnish­

<ihl<· from th<· hornston<'. Figures 9 am1 10 show ore from 
BouldPr F\dls. and Figm·<· 11. ore from the Rogers Tract. These 

~>l'<'s JW<'s<·nt a hr<·<·<'ia of rl.ike rnr·k, country rock and hornstmw. 
with <I f<·rlwrit<· <'<·ment. The ore shown in l<'igure 9 is from 
Boulder Falls. and <·onsists of a breeeia nf dike rock fragments. 

llUlll)' of '"hie h <II'<' so highly silie ified as to be almost indistin­
guishable from th<· hornstone. In Figures J 0 and 11 the dike rock 
tnlgtJIPnts an· lmt slightly silieified, though biotite is almost ab­
s<·nt. 

Fig. 11 il<n\'<'1') slio\\·s nyst:dlized ferberite. 

J:'JatP \', J<'ig. 1:.!.-\Tery oven Ol'P, shO\\'ing dike fragments 
nu·,ring ft·o111 slight to <'ollllJlete silicification. The ferberite cement 
is also higlily :-:ili<·(•ons aud films of quartz cover the drusy ferberite 
in some of the openings. Rlirkensiding Rhows movement sine~; 

the d<'position of the ore. 

Fig. 1:3.-A ln'('(Tia of hornstone, highly silicified dike rock 
and ferberit<·. with a small amount of cementing silica. The hrec­
e.iation follom·<l the deposition of fl'rberite. 

Fig. J.t.-"\ string·c·r of breccia ore in pegmatite. 'l'he roch:­

h:l g·ments at'<' hig·hl)· silicified pegmatite. coated with drusy fer­

hPrite. Horust()Jw has completed the cementation. 

Fig·. ],-).-.\ stringer of ferberite between a wall of altered 

1wgmatite and a wall of hornstone. The dividing line between 

the ferheritl· and tlw hornstone is just above the number. 

Plate YI, Fig. 16.-A breccia of hornstone and dike rock in 
1·arying· >~tag<·s of silicification. The last c1·ent was the deposition 
of drn:-;)· quartz and secondary feldspar. 

Fig·. 17.-,A hre<·cia of kaolinized and talcose dike rock with 

a f<·rherit<· ('<'ment. 

l<'ig. Jti.-"\ stringer of breccia composed of hornstone, peg­
matite aml f<'J']H·J·it.c, reduced one-half. The last event was feJ'­
berite deposit.ion along the fissure \Yillls. A previous movement 

brecciated an rarlier deposition of ferberite. 
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PLATE VIII. 

Fig, 19-Colorado Tungsten Corporation No. 4. 
Fig, 20-Grayback Mine. 

Fig, 21-High-grade ore from various mines. 

Plate VII, Fig. 19.-Dike rock-much decayed-cemented by 
crystalline-granular ferberite. 
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Fig. 20.-Breccia of altered country rock cemented by gran­
ular ferberite. 

Fig. 21.-High-grade ore from various mines. 
Plate VIII, Fig. 22.-Crystallized ferberite from Lone Tree 

mine. 

Fig. 22-Crystallized ferberite, Lone Tree Mine, 

PLATE IX. 

Fig. 23-Conger and Beddick shaft houses. 

Pig. 2:3.-Conger and Beddick shaft houses. 
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Gaugue: In the ores of the :first two types the gangue ma­
tei·ials depend largely upon the character of the rock in which 
the vein is formed. If the ,-ein is in pegmatite the gangue ma.v 
include fragments of the pegmatite, together with more or les" 
deposited hornstone, a part or all of which may be in angular 
fragments. In the granite dikes and masses, fragments of gran­
ite will take the place of the pegmatite, while in the veins cut­
ting the granite and gneissoid granite these rocks furnish their 
share of the gangue. In the shallower workings much of the 
rock matter is highly altered. In places this altemtion has gone 
only to the extent of the kaolinization of the feldspars and the 
removal of tile dark minerals or their alteration to a pale green 
talcose chlorite. Such ores are the most easily concentrated. Iu 
other cases the alteration has included the replacement of the 
greater part of the feldspar by cryptocrystalline quartz or horu· 
stone almost indistinguishable from the hornstone deposited from 
solution. Below the surface weathering, the rock fragments are 
fresher, silicified fragments are also numerous, and hornstone 
may be objectionably plentiful. These last conditions increa,;e 
the difficulties of concentration and make a high percentage sav­
ing very hard to secure. 

Other vein m incrals: The Boulder veins are unusually free 
from the minerals which commonly accompany tungsten ore:,;. 
8clicclitc is occasionally met with in the form of beautiful druseH 
of dull honey-yellow crystals having perfect pyramidal termina 
tions. Pyrite occurs in very small amount in the gangue, but 
rarely, if ever in the ferberite. The amount is so small that man.' 
analyses do not show even a" trace of sulphur. Galena is a ver:· 
rare mineral in the tungsten wins, all!l when found is genewlly 
in minute cubir·al grains except in one of the tunnels near Mag­
nolia where an appreciable quantity occnrs. Sphalerite is as­
sociated with the galena near ~Iagnolia, and is reported in minntc 
quantity from one or two other localities. Jiolyl)(lCJiitc in mi­
nute flakes is found very SJJaring-ly in the gneissoid granite, but 
is exceedingly rare .. ~ speeimen of ore from the Clyde mine show>; 
a small flake or two. Muqnctite forms small, irregular grains 
and imperfect crystals in both the pegmatite and the grauite 
dikes, lmt the amount is wry small. l\lost of the ore sho\YS a 
very little magnetite, but it is almost impossible, even with :1 

very weak magnet, to get a sample which will not react for 
tungsten. Fluorite has been 1·eported, and is possibly locally 
present in very minute g-rains in both the hornstone and silici-
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tied dike rock, but it has not been possible to isolate it. Minute 
hollow cubes may have contained fluorite, and a rare isotropi.: 
grain in the gangue materials may be fluorite. Ferberite is 
found with the telluride ore in the Graphic mine at ~Iagnolia, 
and a mine near Sunshine shows sylvanite associated with fer­
berite. The Wheelmen Tunnel~driven for gold~shows both 
ferberite and sylnmite. \Yhile the relative age of the ferberite 
and syh·anite is not ahnl~-s clear, specimens of the ~Iagnolia ore 
lea.-e little doubt that so far as the occurrences there are con­
cerned, the telluride is older. Porons quartz contains a sprink 
ling of sylvanite well below the surface, while a crust of (husy 
ferberite con'I'S the surface. The ferberite contains no telluride. 
The relations in the \Yheelmen Tunnel appear to be much the 
same. Secondary fclr!RJHII' having the form and appearance of 
adularia occurs in groups of tabular and prismatic crystals in a 
fe>v places. 

MINING. 

In the early day:-; of tungsten mmmg in Boulder County 
open pits allll trenches were numerous, and in plaf'es "gopher 
mining" for float was profitable. At present the larger mine:-; 
are well-equipped and well managed. Leasing is very common, 
especially on those tracts held under homestead entries. In 
m<my instmH'<"s this method has proved profitable to both ownPr 
and leaser. 

< 'ONCENTRATION. 

Jlills: There are fin• mills in the district for the treatment 
of tungsten o1·es. With one exception these are partially 
or wholly made-<wer gold and silver mills. Experimenting in 
Y<ll"ious lines has sng·gested many modifications and improve· 
ments, aud sen·ral of the mills han· rP<l.ched a t"l'<•ditable degree 
of efficien(·y (·onsidering the diffieult character of the tungsten 
ores. ThP \Yolf rrongne mill at Xederland has treated the Com· 
pany's own <II'<'S and has of late been the largest handler of 
custom "·ork. The ( 'ardinal mill at Cardinal has treated mainly 
the ores of the Cardinal Company. rrhe Clarasdol'f mill, below 
Kederland, mts hnilt l1y the Philipp Bauer Company to treat 
the ores of the Rogers tract which they held under lease. The 
Primos mill at P1·imos in the northeastern area has handled the 
Stein-Boeri('ke production and a good deal of custom ore. The 
Lehigh Tung-sten Mining- and Milling Company has remodeled 
tbe old ColiPJ·n mill on Boulder Creek1 but it has not yPt tn·ated 
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PLATE X. 

Primos Mill, Primos. 

Cardinal Mill, Cardinal. 
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PLATE XI. 

Wolf Tongue Mill, Nederland. 

14· 

Clarasdorf Mill. 
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much ore. The Boyd mill in Boulder was used by the Colorado 
•rungsten Corporation, both for its O\\'n and for custom ores. 
A few lmndred tons of ores have been treated by Henry E. 
·wood at his plant in Denver, and other mills have treated small 
quantities from time to time. 

Difficulties: The concentration of the Boulder County ores 
presents some difficult problems. Ferberite is a rather soft min­
eral with one perfect cleavage, and generally one or more prom­
inent partings. As a result the mineral is extremely friable even 
in the massive and massive-granular forms. ~'luch of the fer­
berite was deposited as aggregates of loosely arranged crystals 
and crystal grains, forming crusts over the surfaces of rock 
fragments. One crust succeeded another until in many places 
the opening was filled. In other places the cavities remained 
open, but the walls were lined in the same manner. The crystal 
grains composing these crusts average not more than one-eighth 
of an inch in length and about one-sixteenth of an inch in dia­
meter. In much of the ore where the crust is broken the crystal 
grains are easily separated from one another. When to this 
ready crumbling of the mass is added the extreme friability of 
the grains and crystals themselves, it is easy to understand the 
excessive sliming. The finer parts of the slimes form an almost 
impalpable mass which when stirred in water gives it an inky 
appearance, and the water remains turbid for ten days to 
two weeks. To save these slimes is one of the difficult problems 
with which the tungsten mill-roan has to contend. As a result 
of the metallurgical methods now used in the preparation of 
metallic tungsten and ferro-tungstens. there seems to be but a 
limited demand for non-concentrated high grade ore. Thi;; 
makes it necessary to concentrate even the high grade ore, and 
consequently adds to the loss, by disproportionately increasing 
the slimes. The Primos Mining and :\filling Company (formerly 
the Stein-Boericke and Cardinal CompaniPSI sorts rather care­
fully, sacks and ships ores running twent~·-five per cent. or over, 
and the Wolf Tongue Company ships ores exceeding thirty-five 
per cent. of tungstic oxide, but other prodnce1·s have not been so 
favorably situated in this respect. 

Another difficult problem is the successful treatment of the 
highly siliceous ores. In almost all the tungsten mines, there is 
a certain amount of highly siliceous ore consisting of minute 
grains of ferberite in a matrix of chalcedonic quartz or hornstone. 
The percentage of ferberite varies widely. Outside of certain 
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limited areas this type of ore is fortunately not very abundant, 
and rarel;r amounts to twenty per cent. of the product. Various 
methods of treatment have been tried, but none has giyen en­
tirely satisfactory results. EYen yery fine crushing lean•s a large 
part of the ferberite with particles of quartz attached. In con­
centrating, these grains consisting of quartz and ferberite will 
be disposed of according to their specific graYity. Those in which 
the quartz is largely in excess "-ill go with the tailings and fer­
berite will be lost, and those in \Yhich the ft-rberite is abundant 
will go with the concentrntes and help to make a low grade 
product. 

In discussing with the mill-men the methods of concentra­
tion best suited to the ferberite ores, a number of questions haYe 
arisen. Some of these are as follows: 

(1) Is the stamp mill the best means of crushing the ores'? 

(2) Would coarse crushing the unsorted ore, jigging and 
regrinding (or stamping) the tailings pay? 

(3) "\Yould close sorting and separate treatment of the 
higher grade ores result in an increased saving which would pay 
the extra cost? 

(4) "\Yould chelllical treatlllent of the low grade and the 
highly siliceous Ol'es be feasible? 

( 5) If dired ellemical treatment of the low grade and 
highl.r siliceous ores is not feasible, would it be possible to treat 
a low grade concentrate from them? 

(6) Is lllagnetic separation feasible? 
The writer does not ]Jretend to be a mill-man, and his ob­

:-;enations have not the backing of practical experience. But a 
few things are certain. Ferberite is exceedingly friable, and a 
large proportion of the pa!'ticle:-; into which it breaks are thin and 
tlat-the best poBsible form to remain a long time in suspen:-;ion 
whether on the tables or in settling tanks. Its friable charadPJ' 
is responsible for unaYoidahle sliming, and its high specific graY­
ity tends to keep it longer in the mortar, and to bring it undc·r 
the stamps more frequently. The vertical screens in use are un­
favorable for the quick escape of the pulp. The result is that ;; 
large part of the ore is reduced to a very fine slime. Again, much 
of the gangue is hornstone and highly silicified country rvdz 
which are anything but friable, and are not readily crushed to 
pass the screen. The roek grains aid in reducing the ore and so 
increase sliming. 
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Various tests of concentrates have shown the extreme fine­
ness to which the ferberite is reduced. The following arP. g;iven 
as examples, and they do not differ in any important way from 
the average results : 

a S·ample of 4 pounds from Wilfley tables: 

58.57;: passed a 150-mesh sieve. 
77.14;: " 100-mesh 
82.85ji 
94.28% 
99.28;: 

70-mesh 
40-mesh 
20-mesh 

'rhe discharge from the stamps in this mill was tlu·ough a 
vertical 12-mesh screen. 'rhe sa111ple did not contain the saving 
from special slimers m- from sta tiollary canvas. 

b Sample of 3 pounds of mixed concentrates: 

59.4;, passed a 150-mesh sieve. 
78.9% " 100-mesh 
83.0% 
94.1;: 
99.2% 

70-mesh 
40-mesh 
20-mesh 

A. few ounces of clean eonceutrates which ]Jassed a 100-mesh 
screen we1·e thoroughly shaken up in a gallon bottle of water 
and the bottle was allowed to stand. At the end of two weeks 
the water was still turbid, and when filtered yielded a percepti­
ble amount of ferberite slime. 

A method of crushing b;r which the fines \\·ould be at once 
screened out and carried beyond the reach of the machine would 
prevent a large pm-t of the sliming. If the stamp mill is used. 
inclined sneeiJs would aid in this. The ft·t·berite ores are in 
seYeral respects similar to the zinc and lead ores of the J opliu 
District. Ferberite is probably a little more friable than galena. 
Much of the gangue of the Joplin galena (and zinc blende) is 
chert, and therefore ve1·y similar to the more siliceous gangw· 
of the ferberite. The Joplin method of coarse crushing l1y means 
of a Blake (or similar machine), then sneening, and roll-crush­
ing the oversize and jigging the entirl> ]ll"tHluct removes at once 
a very large proportion of the yalnPs and COJTP,;pondingly reduces 
sliming. This would be equally tn1e of the tungsten ores. The 
tailings could be reground to the size made necessary b_r their 
character. But this also should be done in a mill whieh would 
at once release the fines. 
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Separate treatment of the high grade ores would undoubtedly 
reduce sliming, since a very large part of the values could be 
removed after coarse crushing. 

The chemical method of treatment is as follows: The pul­
verized ore or concentrate is mixed with soda ash and fused. 
Under pr011er conditions a sodium tungstate is formed and the 
extraction is complete. The mass is dissolved in water and sep­
m·ated by filtration from the oxides of iron, aluminum, mangan­
ese and silicon. The addition of hot acid in excess precipitates 
tungstic acid, H"\1"04 , which separates as a yellow powder. This 
is washed from soda salts, and dried. In drying, water is given 
off and tungstic oxide, wo3, remains. 

So far as the composition of the Boulder county ores is 
concerned, there is nothing to complicate the process, but to 
treat the raw ore in this way would require a very large amount 
of soda ash. A low grade concentrate could be formed from the 
ore, and this could be treated more cheaply. Highly siliceous 
concentrates and ores are treated by this method in Europe. 

The magnetic separator is successfully used on the complex 
tin-tungsten ores of Cornwall. There should be no great diffi­
culty in applying this to the simple Boulder county ores, which 
contain practically no metallic mineral except the ferberite. J'IIr. 
Henry E. 'Yood has successfully applied this method, but regards 
it as better suited to the treatment of water-made concentrates 
than to the treatment of raw ore. Tests made for the writer on 
ores from Gordon Gulch and Boulder Falls showed a very per­
fect separation of material rejected by a 60-mesh screen. But 
with the pulp which passed the 60-mesh screen, the separation 
was not so perfect-rock powder came over with the ferberite. 
Coarse crushing would seem to be desirable for this method also. 

The methods of r·oncentration in use in the tungsten field 
are illustrated b~- the following examples: 

1. The Boulder County Jlfill of tllc Primos JJiining and JJfill­
inq Company: The ore that passes 1}"-grizzlies goes to the stamp 
feed bin, "·hile the over-size goes to a Blake crusher, and from 
this to the feed bin. The stamps weigh 750 pounds and have ::t 

drop of 6 inches seventy times per minute. The pulp passes from 
the mortar by a 12-mesh screen and is conveyed to Wilfiey tables 
which recover about 70 per cent. of the total saving. The over­
flow goes to classifiers which make three sizes and pulp. Tile 
coarsest goes to a Frue vanner with a corrugated belt; the mid-
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dlings and fine go to Frue vanners with smooth belts. The over­
flow from the last two tables goes by pump to a \'-shaped settler, 
from which the pulp i:;; deli,·ered to four Frue yanners with egg­
shell belts. The overflow from these goes to stationary canvas 
tablv>' 12' by ±0' with a slope of 1 to 12, and from these to an­
other set of the same form and size. The sand from the corru­
gated Frue Yanner goes to a Huntington mill, where it is re­
ground to pass a 60-mesh sieve and is delivered to the canYas 
tables. 

:2. 1'l1c Clamsdorf milT of the Philipp Bauer Co.: The ore 
goes to a Tmylm· crn>'hei', from which it falls onto a 16-mesh 
screen. From this point it is a wet process. The over-size 
passes through a Hodge crusher, then to rolls, aud the product 
returns to the screen. The pulp from the screen goes to the first 
vVilfley table, and the oversize returns to the rolls. 'rhe tailings 
from that part of the table nearest the concentrates are re­
ground in triplex rolls to pass a 40-mesh screen, and with the 
oyerflow from the '\Yilfley pass to a Traylor classifier, which 
makes four products. The coarsest-mainly about 40-mesh-goes 
to the second Wilfley, the intermediate-mainly about 60-mesh­
to the third, and the finest-mainly about SO-mesh-to the fourth 
vVilfley. The slimes are treated on two Traylor slimers. 

3. The Colorado Tungsten CoTporation's mill (the Boycl 
Jfill, Battlcler): The equipment consists of: A jaw crusher, ten 
1,000-pound stamps, four standard Willley tables, two Wilfley 
slime tables, eight Monell slime tables, and stationary canvas. 
The mines of the company fmnished ores of two rather distinct 
types. For one of these a 16-mesh screen was used, and for the 
other a 20-mesh screen. 

The pulp \Ym; clas~;ified and passed to the four standard 
tables. The coarse tailing from the first table, canying about 
~1.4 per cent. of tungl'tij· oxide, was discarded. The tailings from 
the second table wer·e reground. The tailings from the third and 
fourth tables, mixed, went to four }lonell tables. The tailing 
from these went to a settling spitzkasten, from which the coarse 
material \Yent to two more slime tables, and the slime to the 
stationary cnnYns. The tailings from the last two tables went 
:to another large settling and sizing spitzkasten, from which the 
finer deposit went to two or more slime tables, and the overflow 
to the stationary canvas. There were many changes, from time 
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to time, in the methods of clnssifieation and distribution, but 
the above is the plan during the last month's operation. 

The mill ]Jractice of the Atalia Jlining Company, San Be1·­
nanlino Co., Cal., working on scheelite ore, is as follows: The 
ore is fed into a Blake crusher, from which it passes by an auto­
matic feeder iuto a Huntington mill and is crushed to ~0-mesh. 
It then passes to Frue vanners. 'l'he high-grade ore is sorted, 
<·obbed and sad:L·<l. (125r.) 

~-LustnLlian 111ctltud: ~tamp crushing is used at Koorboora 
on wolframite me running 4 per cent., but the Huntington mill 
is Ill ore geuerally used ( 1DU6), anti it is believed that it causes 
less sliming. 

Cumi~;/i tungsten ore tln·~;~;ing: .\t the East Pool, Glitters 
anti South t'roft.r mines, all of whid1 are relatively rich in wolf-
1·ami te, mugnetic sevanl ton; have been installed to remove the 
wolframite. The East Pool ore carries cassiterite, arsenopyrite, 
wolframite, and ehalcopyl'ite so evenly distributed in the veins 
as to make hand sorting impossible. The pulp from the stamps 
is classified into sands and slimes. 'rhe sands go to Frue van­
ners or to Wilfiey tables (preferably the latter on account of 
thei1· greater speed). The concentl·ates contain the tin ore, wolf 
ramite and arsenop.)Tite, while a middling product contains th~ 
chalcopyrite and some tin ore. Afte1· being calcined to remove 
the arsenie, the concenhates are classified, and the sands are 
pa:-;~cti over \\'ilfieys which yield a product containing about 
three parts of tin ore to one of wolframite, and about five per 
cent. of iron oxide. 

The slimes from the first classifiers go to rag frames and 
the produd of these pas:-;e:-; over Anne tables, from which the 
··uneentrntes go to the calciner. The ealcined residues pass over 
.\cme tables. These concentmtes and those from the :;;;mel are 
leached with sulphuric acid, >vashed, dried, :md passed through 
a Humboldi-\Yetherill magnetic separator where a conveyor belt 
carries the material under a magnet strong enough to remove the 
iron oxide, but too weak to affect the wolframite. The remain­
der, containing tin ore and tungsten ore, passeR on to a stronger 
magnet which removes the wolframite. The tin ore and othe1· 
nonmagnetic materials are left. The object of the sulphurir; 
acid leaching is to prevent tin ore from adhering to the wolfra­
mite and passing into the tungsten concentrates in the magnetic 
separator. 
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'l'he Elmore vacuum process has been installed at the Dol­
coath mine, but the ores contain very little tungsten. 

Sale of ore a ilrl ~·oncentrates: The concentrates (and high­
grade ores) are sold by the "unit" of tungstic oxide, which i:-; 
one per cent. of a short ton, or 20 pounds. .U present the stand­
ard concentrate carries 60 per cent. of tungstic oxide (commonly 
called "tungstic acid''), and must not exceed 0.:::;-; per ('eat. phos­
phorus, nor 0.01 lJer cent. sulphur. ( 'oueentmtes falling belo\\· 
this standard are penalized a few cents for each per cent. they 
fall below t~is figure in tungstic oxide, and for any excess of 
phosphorus or sulphur. .-~ bonus is sometimes allowed on con­
centrates carrying oyer GO per cent. of tnngstic oxide. 

POSSIBLE EXTE:\SIOX OF THE .\J::E.\. 

Rocks of the same types, and in the same relationship as 
those of the tungsten area oc·cur far to the north and to the south. 
To the north, however, there is a gradual increase in the meta­
morphic structures such as the gneissoid and Sl'ltistose which, 
when pronounced, seem to be unfavorable to tungsten deposition. 

To the south, in Gilpin county, granites and gneissoid granites 
prevail for some distance, and are cut by pegmatite and granite 
dikes of the same type as those of the known tungsten area. While 
the gold and silver deposits and the tungsten deposits are not inti­
mately assodated, the two seem to conform roughly to the trend of 
the belt of intruded porphyries which extends from the middle of 
Boulder Count~- in a southwesterly direction into Gilpin, Clem· 
C1·eek, ~nmmit and Lake counties. Tungsten is known within 
this belt in Boulder, Gilpin and Clear Creek counties. 

Futu rc of the district: The present development offers but 
few data on which to base opinions :ts to the future of the de­
posits. The workings are shallow, the ore is distributed along 
the Yeins in bunches and pockets or rarely shoots, and up to the 
present nothing has occurred to suggest that the downward 
distribution is less regular than the lateral. In fact, a consid­
erable number of the best ore bodies have had greater vertical 
than lateral dimensions. This is natural when it is remembered 
that the deposition took place from uprising solutions, and not 
from solutions moving mainly in a horizontal direction. The 
deepest workings in the camp are showing ore bodies of dimen­
sions and quality fJUite equal to those of any yet discovered. 
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PRODUCTION. 

The preparation of a satisfactory statement of the produc­
tion of the district has proved a yery difficult task, but the pro­
ducers haYe Yery kindly placed their mining and milling records 
at the disposal of the Survey. These have been compared, check­
ed and arranged, and it is believed that the following table is 
reasonably ac-curate: 

Average price 
Tons. per unit. Value. 

1900 High-grade ore, 63% wo, ........ 40 $1.30 $ 3,216.00 
1901 High-grade ore and concentrates, 

averaging 65% wo, ........... 65 2.25 8,775.00 
1902 Ores and concentrates .......... 166 2.50 24,900.00 
1903 Mainly concentrates . . . . . . . . . . . 243 2.50 36,317.00 
1904 Ores and concentrates, averaging 

about 55c; wo, ............... 375 5.50 125,000.00 
1905 Mainlo· concentrates . . . . . . . . . . . 642 6.00 231,120.00 
1906 Mainly concentrates . . . . . . . . . . . 789 6.54 309,603.00 
1907 Main!>· concentrates . . . . . . . . . . . 1,146 8.33 573,643.00 

1908 { High-grade ore .......... 180 l 587 164,220.00 
Concentrates ............ 407 I 
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CHAPTER III-TECHNOLOGY AND USE~ OF TUNGSTE~. 

THE :'llETAL A:\D ITS ME'l'ALLUUGY. 

The met(tl: There is still a notable lack of agreement among 
chemists regarding the p1·operties of tungsten. The statement·; 
following are compiled from the latest publications. ;\letalli·: 
tungsten is generally produced in the form of a black or gray­
ish-black powder. The fused metal is slightly darker than 
metallic zinc, and is distinctly lustrous. It is brittle, and non­
ductile (some say ductile and malleable), but may be welded, 
filed and forged. Sulphuric and hydrochloric acids attack ~t 

slowly, nitric more vigorously, and a mixture of nitric and hydro 
fluoric acids readily dissolves it. Aqua regia oxidizes the powder 
form, but does not act upon the fused metal. Under ordinary 
atmospheric conditions it is ,·ery slowly oxidized, but at red heat 
it is rapidly changed to tungstic oxide. The fused metal has a 
specific gravity variously estimated from 16.6 ( Stavenhagen), to 
18.7 (Moissan), and 1!1.13 lRemsen). The melting point is placed 
at :2,:':00° C. hy '\Yartenberg, but as high as 3,080" C. h~- Waidner 
and Burgess of the Bureau of Standa1·1ls, '\Vashington. 

J[ etallur·gy of tungsten: The following three examples may 
be regarded as representing the methods of obtaining tungsteu 
from its ores: 1. The ore is ground to pass :m eight or ten­
mesh sieve, and is ln·ouglLt to a cheny-re1l heat and fused with 
sodium carbonate (sod:1-asll 1. The sodium tungstate thus forme•] 
is dissoln'd in boiling wniPl', filte1·Prl from tlle solid impurities, 
and treated with hot hydi'Oehlorir· aei<l 1 or nitric 1. in ern·then 
,-essels. 'l'his p1·eeipitates tungsl i1· acid, R~'\YO,. The liquid is 
drawn off and the tungstir· acirl is \\'ashed to remove sodium 
salts, and is then converted into tnngstic oxide hy drying. The 
dry oxide is mixed with pme carbon and placed in crueibles and 
heated to a YCl',Y high temperature in a gas furnace. The carbon 
and the oxygen of the ore unite and pass off, leaving a black or 
gray-black metallic po\Yiler, which usually contains a small 
amount of carbon. 

3. The tungstic oxide is produced by the l'lame method, but 
the reduction with carbon is effected in an electric furnace. This 
methorl is said to produce a metal quite low in r-arbon. 
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3. 'l'he pulverized ore is mixed with pure carbon or placed 
in carbon-lined crucibles, and reduced in an electric furnace. 'l'he 
impurities, cllietiy iron and manganese, and the oxygen unite with 
the carbon, and metallic tungsten is left. 

Other methods, some of wllich have been used on a com­
mercial scale, are: 

1. The tungstie oxide is reduced in a cmrent of hydrogen, 
which unites with the oxygen of the oxide, forming water and 
leaving a black powd!:'r of metallic tungsten. 

2. 'fhe Goldschmidt or alumino-thermite process: 'l'he 
oxide of the metal is mixed with finely pmydered aluminum and 
fl readily ignited substance such as barium peroxide, in refrac­
tory crucibles. The mass is ignited and the intensely heated 
aluminum unites with the oxygen of the tungstic oxide, and the 
heat of the reaction forms a metallic hath in the crucible. The 
aluminum is oxidized to the form of corundum, ( AJ 20a). By 
proper adjustment of the charge the ore is completely reduced 
and the aluminum is entirel~- oxidized. 'l'his produces a carbon­
free metal. 

3. The tungstic oxide i~ mixed \dth powdered zinc and 
neated to redness until the zinc is distilled off. The mass i:·' 
freed from zinc oxide by hydrochloric acid, and f1·om the remain 
ing tungstir· oxide hy sodium hydroxide. 

4. PowdeJ"<'Il tungsten, powdered manganPr-:e, tungstic oxidr 
and manganese dioxide are mixed, compre~r-:r1l and heated in a 
stream of hyrhogen. A mass of tungsten and manganese (no1 
strictly an alloy) is formed, from which the manganPSP ir-: 1'!:' 
moved hy acids. 

'l. Powdered tungstic oxide is hented 'Yith one-tenth it--. 
weight of sugar chnrcoal in the eledric fnrnnel'. ·with enre, thi, 
yields an almost carbon-free metal. 

6. Tungsten concentrates are redw·<>d to lowe1· oxid<> forlll 
hy means of carbon in an eler·tric furnacP. Silicon carbide i:' 
added and the reduction ir-: completed. (Becket process. ·l 

7. The Cireene and \Yah! ferro-silicon method hnr-: also hee11 
used. 

USES OF TUNGSTEN AND 'l'F:\'GSTEN COMPOUNDS. 

Introduction: Pure metallic tungsten is but little used i:1 
finished industrial ]n·oduets. But. alloyed with other metals, an1l 
in various chemical compounds, the use of tungsten has recently 
become important. Many of its physical and chemical proper­
ties han' been knoWJl for dee:1 des. hut until recently the supply 
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of tungsten ore wal:> so uncertain and irregular that there has 
been little inducement to develop imln:-;ttie:-; dependent upon a 
supply of tungsten. 1'he discovery of the Australian deposits 
and those of the U. S. has giren manufacturers reasonable as­
surance that an increasing demand would IJe met. 

'I.'he certainty of a supply of ore encouraged a more thorougl! 
study of the metal and itl:> l_JOssiiJle uses. Aml the development of 
the gas and electric furnaces for metallurgical }Jm·poses made 
the production of metallic tungsten much le;,;s expensive. As a 
result, the demand for tungsten has increased very rapidly, and 
the metal has taken its place as a necessary factor in a number 
of important industries. 

Tungsten is eml_Jiuyed chiefly in the following forms: 
ThtJ IJI~Jtul is used: (1), for the making of allo.rs with ntri­

ous metals, such as iron, aluminum, nickel, copper, titanium, tin 
and others. ('l'he alloys will be discu;,;:-;ed below.) A small 
amount of tung:-;ten is mixed with the magnetite in the electrode 
of the "magnetite arc'' lamp; (:2), for filaments in the tungsten 
incandescent lamp, and has been tried as an electrode in arc 
lamps. 

There are at least a hundred patents recorded for the prep­
aration of incandes~.:ent lamp filaments iu which tungsten is the 
important metaL In most of these, metallic tungsten powdet· 
forms part of a l_Jlastic mass or paste, whi~.:h i:-; made into a fila­
ment by forcing it through a die having an opening of the re­
quired size. 'l'he substances used for the }_Jaste are different i a 
the different processes, but yarious guw:-;, sugar, :-;yrup and other 
viscous liquids form the binding materials with which the me­
tallic tungsten powder and some form of carbon are mixed. 'Vheu 
the filaments come from the die they are d1·ied and gently heated 
away from air. 'I.'hey are then ignited IJy an electric current in 
an atmosphere of hydrogen (or other reducing gas) and sufficient 
oxygen (or water yapor) to dispo,.;e of the •·arbon. 'I.'hey are 
hardened at vet·,,- high temperatures. 

'I.'he General Eledri~.: Company hal-\ patented a process in 
which the binding mass is an alloy of -!~ parts cadmium, 5 to 
10 parts of bismuth and 5:3 parts of mercm.L With 
35 parts of this alloy are mixed fi:l part,; of metallic tung­
sten and a refl·ador.r oxide such as that of thorium. 'I.'he fila­
ments are finished by electrically heating them in an atmosphere 
of hydrogen. In one process, metallic tungsten is mixed with ao 
oxide of one of the metals: titanium, thorium, zirconium, or 
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\·auadium, o1· with a mixtul'e of the oxides of two o1· more of 
these. Filamento; haYing a coating of tungsten O\·e1· a core of 
another metal haYe been tried, as haYe also hollow filaments 
made b,Y coating a carbon filament with tungsten in an atmos­
phere consisting of a halogen or an oxyhalogen of tungsten. 'fhe 
l'arbon core i,; nwoYed by butning the filament in an atmosphere 
containing nitrogen and hydrogen. "\. partially metalized fila­
ment i:-; made uy packiug l'arbon filaments in oxides of tungsten 
and heating them in a Y<tt·uum furnace. The oxides are par­
tially ,-;lpOI·ized, and entering the c:u·bon, a1·e reduced to metallic 
tungsten. 

The brittleness of the tungsten filament is probably due to 
the presence of a carl!ide ( ur an oxide) of tungsten. In most of 
tlH· lllPthod:-; of manufactme there would be little danger of an 
oxide remaining, but the carbides, '" c<--~ and we may be present 
in the metallic tungsten vowder used, and under certain condi 
tions the carbide \ \' 0 C may be formed in the making of the fila­
ment. 

lt is interesting to noie that two or more of the large manu­
facturers of incandescent lamvs :-;pecify that Doulder County 
tungsten must be used in the filaments. .:\lost of the foreign 
tungsten deposit:-; are associated "·ith, or contain, minerals carry­
iug one or more of the following elements: sulphur, phosphorus, 
tin, arsenic and antimony, all of which render the metallurgy 
mote complex, and make the production of a pure metallic tung­
sten more difticult. En·n a small trace of sulphur, phosphorus, 
tin or arsenic is said to be Yery detrimental to the filament, and 
it is yery reasonable iu suppose that sulphur and phosphorus 
are ;u.; objectionable i 11 ferrotungsten and tungsten steel as they 
are i11 ordinary steel. P1·obably the only foreign tungsten de­
posits which COJ11pare in purity with the Boulder County ores 
are those of ~axuny and Bohemia. 

Some of till' claims made for the tungsten filament are: 
brilliant white light; innea:-;ing n':-;istance \Yitlt increasing heat; 
an efficiency of 1 to 1.:! watts per (Hefner) candle power; (th·e 
ordinm·y carbon lamp m:ef' from :_:.;:; to J. watts per 1·andle pow­
PI' 1 ; an awmge efficient life of 1,000 hours; that it is but little 
:1ffeeted by irregnlarit,Y of voltage. (116.) 

Tungstic o:ride, 1\'00 , has but few direct commercial uses. 
f 'pt·iain nwlallnrgieal prn•·t•:-ses for the production of metallic 
tungsten, ferrotungsten, tungsten steel and other alloys, may be 
:-aid to start with the tungstic oxide, while in others, such as 
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the fusion-lixiviation method, its separation from the sodium 
tungstate is one of the steps in the process. It is the essential 
part of certain mordants used in dyeing textile materials and 
fabrics. It is also used in paper staining and printing. But in 
both these uses a tungstate (usually the sodium paratungstate), 
is used as a source of the oxide, and it is probable that tungstic 
acid, H;W04 , rather than the oxide, is the form in which tung­
sten takes part in the reactions. Sodium- and barium-tungstates 
are used in ~lass-coloring and pottery glazing. The colors ob­
tained include various shades of yellow and blue. 

The tungstates are the chief ores of the metal, and are there­
fore the primary source of tungsten in whatever form it may be 
used in the industries. The insolubility (in water) limits the 
direct use of the natural tungstates except as sources of the 
metal and its commercial compounds. Scheelite is used in the 
Roentgen ray fluoroscope. Tungsten forms soluble tungstates 
with sodium and potassium. 'l'hose of sodium are by far the 
most important, and are made by fusing powdered wolframite, 
hiibnerite or ferberite with sodium carbonate. Sodium paratung­
state, the commercial sodium tungstate, Na101V120 41 .28H20, is 
the most important artificial tungstate. It is used as a mordant 
in dyeing and calico printing, and for rendering Yegetable fibers 
and fabrics uninflammable. Sodium tungstate and other tungsten 
compounds characterized by rich color tones are used in the 
manufacture of stained papers. Tungsten salts are also used for 
weighting silk fabrics. 

The partial decomposition of the sodium and potassium tung­
states yields a series of tungsten bronzes of very beautiful colors 
and high lusters. A fusion of potassium tungstate and tin yields 
"bronze powder." These tungsten bronzes and bronze powder 
are much used for decorating. Lead tungstate was sometimes 
substituted for white lead as a pigment. 

~LLOYS OF TUNGSTEN. 

Various alloys: Tungsten forms useful alloys with many 
metals. It unites in almost an.r proportions with iron and steel. 
(The iron and steel alloys will be discussed more fully below.) 

Platinoid contains copper, zinc, nickel and a small percent~ 
age of tungsten. Its high electrical resistance does not decrease 
with heat. ''\Volfram-aluminum" is a yery useful alloy, which 
may be rolled, spun ·and woven. It is used for military appli­
ances. A light and very strong allo~- of tungsten and aluminum, 
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called partinium, is used in automobile manufacture. .A.n alloy 
of tungsten, aluminum and copper, baYing gn•at tensile strength 
and elasticity, is used for propeller blades. S<ideraphite con-
1ains much iron, with nickel, aluminum, copp~'r and ± pP!' cent. 
of tungsten. It is malleable, ductile, and resists acids. J\Iinar­
gent is an alloy of tung:-:ten, nickel and copper. An alloy con­
taining 73-70;:{ tungsten, ~::-~::>;: niekel, a small a mount of iron, 
carbon and silicon finds a r·ead,r market. The so-called alloys 
'vith manganese are unstable. and me probahl,1 not true alloys, 
since the manganese can be di:-:,;ol\·ed out, leaving a tungsten web 
or network. There are seYeral alloys with iron and nickel; with 
nickel alone, and with iron and chromium. Alloys of tungsten 
and titanium and tungRten and zirconium haYe been used with 
g·ood success as filamentR for incandeRcent lamps. Allo~-s of 
tungsten, with copper and inm; iron, copper and aluminum; 
iron, titanium and carbon; imn, columbium and tantalum, are 
m·ailable. 

Carbides of tungst1~n and ehromium are extremely hard, and 
resist acids well. 

Iron a11d steel alloys: The allo.)·R of tungsten with iron 
and steel arc by far the most important. Those with iron are 
kno\\·n as ferro-tungstens, and fi'JTo-alloys. Their chief use is i.n 
the manufacture of tungsten steels. Those with steel are krwwn 
as tungsten steel, wolfram steel, high-,;peed steel. 

Fcr1'0-lungstc11: The feno-tungstens commonly carry from 
30 to s;:; per cent. of tung,;ten. 'l'hey are sometimes classed ac­
eording to tile percentages of earbon and tungsten into: a_, high 
('m·bon and medium tungsten; b, high 1·arbon and high tungsten; 
c, lo\\· carbon and Iligh tung,;ti'IL Those having the higher per­
centages of tungsten are fa yo red. Tile following are typical: 

w Fe c 
1. .................... 60.92 28.38 
2 .... . . . . . . . . . . . . . . . . . 83.90 12.10 3.30 

3 .. . . . . . . . . . . . . . . . . . . . 78.80 10.90 3.20 

4 .. . . . . . . . . . . . 84.30 14.90 .72 

5 ............. . . . . ... 85.79 13.50 .60 

6 ............ 85.15 14.12 .45 

7 .... . . . . . . . . 71.80 24.35 2.58 Mn .78 

'l'he temperatm·e l't'ljuired for the making of ferro-tungsten 
cannot be reached in the blast furnace. There are se\·era 1 meth­
ods of manufacture in use: 1. The direct redudion of the tung­
sten concentrates (with scrap iron, or· iron ore if necessary) in 
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a Moissan or other electric furnace; 2. The l{ossi method, which 
combines the electric furnace and a modified aluminum process. 

"" graphite-lined furnace is so arranged that the lining becomes 
thr cathode, and a carbon electrode dipping into the furnace 
cariiy fonns the anode. Scrap or bar aluminum is charged into 
the furna<:e and the current tmned on. The aluminum forms a 
molten bath in which the tungsten concentrates, consisting main­
ly of Fe \\'0 4 , (or FeO. '1'03 ), are placed. The iron oxide is re­

duced to a metallic bath in which the tungsten dissolves. The 
aluminum takes up the oxygen of the concentrates, forming ~ 

slag on the surface of the molten ferro-tungsten. This produces 
an alloy low in carbon. 3. The crushed ore or concenh'ate is 
mixed with the proper amount of iron, either metallic or in the 
form of an ore, <tnd ten to fifteen per cent. of charcoal, n like 
amount of puln·rized quartz, and five pet· cent. of scrap glass. 
'Vith rich ores or concentrates, a small percentage of resin 01' 

pitch should be added. The mixture is placed in graphite or clay 
crucibles and fused in a crucible furnace, or a gas regenerative 
furnace. 

'1'1111gstc11 steel: The effect of tungsten as a ~t<'el-hardening 

metal was known as early as 1855, but it was not until Robert 
Mushet, an English iron master, placed his "special steels'' on 
the market a few years later, that an~· commercial use was made 
of the knowledge. The Mushet steels contained tungsten in vary­
ing percentages from 6.4 up to· 10. They were known as self 
hardening, or air hardening, or high-speed steels. l t was later 
discm·ered that tools made of the :\Iushet steel, reheated to ~l 

yellow heat, and cooled in a current uf air, possessed greatet· 
hardness and greater cutting-efficiency. TLe :\Iu~llet steels con­
tained less tungsten and more manganese than the ayerage high­
speed steel of to-day. The special qualities given to steel hy the 
addition of tungsten depend upon a nice balancing between the 
carbon (manganese) and tungsten. ReYeral contain d1romium 
also. "'ith :1;/ of tungsten and O.!Y{ c·arbon, the tena('ity of the 
steel reaches its maximum, and its ductility is not materially dc­
<Teas\'<l. As the percentage of tungsten rises from 9 to 16, the 
steel becomes ,·ery hard and brittle, bnt its efficien(·y in cutting 
tools is greatly increased. Beyond 1 G~/ of tungsten, the steel 
becomes softer and tougher and the cutting efficiency decreases. 

Taylor aJl(l "Thite, of Bethlehem, Pa., recommrnr1 the follow­

ing steels: 
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w Cr e 
1. For cutting hard steel .. 8.5 4.0 1.25 
2. For cutting soft steel. .. 8.5 3.0 0.75 to 1.0 

'l'he analysis of one of their best high-speed steels, the "'A. 
\Y.,'' shows: Tungsten, 13.3:,; chromium, :J.3;:; carbon, 0.55jt. 

H. M. Ho>Ye (Iron, Steel and Other ~\.lloys) gives the follow-
ing ranges for 1mmy of the tungsten steels: 

W . . . . . . . . . . . . . . . . . . . . . . 3.44 to 24.00 
Cr . . . . . . . . . . . . . . . . . . . . . 0.00 to 6.00 
C . . . . . . . . . . . . . . . . . . . . . . . 0.40 to 2.19 
Si . . . . . . . . . . . . . . . . . .::n to 3.00 

Total .......... . ·±. 05 to 35.19 

Xickel is also added to some tungsten steels. 
In an iron-working machine, when a cutter made of hard 

carbon steel develo1:s a tempemture, through friction, of about 
500c F .. it begins to lose its temper. This fact limits the speed 
at which the machine may be run. 'l'he tungsten steel cutters 
do not begin to soften until a temperature of 1,000° F. to 1,200° 
F. is passed. The tools are completely restored by reheating to 
a very high temperature and cooling in an air blast. They are, 
therefore, not strictly r-;f'lf-hardening. It is also found that the 
higher the tem1Jerature used in reheating. the higher may be the 
temperature developed by friction !Jefo1·e the tool will soften. 

The usl's of tu11ystr·JJ stcd: 1. The tougher grades are be­
ing used for armor plate. and the harder for heavy projectiles. 
Edge toolr-; and y:uions other kindR are being made of tungsten 
steel. 

3. The ha1·(lrT grndes are URPtl for euttE'rs for steel- and iron­
lnn·king machinery. 

3. Car springs of l1 igh eanying liUIYel· are made of the more 
elasti(· grades. Tungsten r-;teel has also been used "-ith excellent 
results for l"fl.ilway frngr-; and rails in placer-; IYhPl"C the wear is 
ver.'· heavy. 

4. Tungsten steel will 1·etain a ltigh degree of magnetism 
for a long period, and is therefore nr-;e(l for "'11Prmanent magnets," 
such as compass needieR, and (·alibr:~ting instruments. 

5. Sounding plates and wires for mnr-;ieal instruments, made 
of tnngsten steel, gi1·e :1 more powel'ful response. 

6. It is reported that hP:wy g1ms. r-:u· wheels and the wear­
ing parts of heayy machinery are heing made of tungsten steel. 
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7. An alloy containing 3G(! tungsten and G5_%' iron is used 
for Rhells for lead bullets to incl'ease their penetmting power. 

lJ[ anufacturc of tungst1 11 steel: Probably the earliest method 
of making tungsten steel wa:o; b,Y adding tungstic oxide to the 
molten steel in the crucible. Later, Mushet mixed roasted wol­
framite with pitch and added it to the crucible. The pl'oduct 
of these methods would be irregular in the percentage of tung­
sten, and would be likely to contain um·educed tnngstic oxide 
in damaging amount. 'l'hen followed the methods described be­
low, and now in use: 

1. Powdered metallic tungsten· is added to the steel in the 
crucible until the desired percentage of tungsten is reached. 

2. Ferro-tungsten of known r·omposition is added in proper 
amount. Several other processes haye been patented, of which 
the following maY be regarded as a type; tungsten concentrates 
(or ore), metallic zinc and iron are heated in an electric furnace. 
The zine reduces the oxides of iron and tungsten, forming zinc 
oxide. which is carried away. (124a.) 

The first method is favored in Germany and is largely used 
in America. The second method is more used in England, and 
the following reasons are advanced in its favor: The powdered 
metal oxidizes readily at red heat, and is likely to carry tungstic 
oxide into the steel; the ferro-tungsten unites more readily with 
the steel and with less loss; the powder is more likely to carry 
impurities than is the ferro-tungsten; the ferro-alloy costs less 
per unit of tungsten than does the powder. The lack of uniform­
ity in the earlier tungsten steel is believed by Hadfield, of Shef­
field, to be due to the fact that more or less oxide was intro­
duced with metallic tungsten. 
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PLATE XIV. 

View across Snake River Valley, from the Silver Princess Mine, showing the lower wooded 
slope and the bare upper slope with the Sarsfield Mine near 

the summit of Collier Mountain, 



PLATE XV. 

The Silver King Vein, showing a large body of milling ore. 



11:! MO="TEZr'lllA ~llXI:.:G DISTRICT. 

l)l''l'RODUC'riUN. 

LOCATIOX AXD Hr;.;TORY. 

The teni tury ,-oyered by this paper and by the aceompany­
ing topographie and geologie maps L·mbraces an area of twenty­
two miles, being a tr;td fum· miles from ea,;t tu "·est and fiye 
and one-half miles fr·om north to south, situated in greater part 
to the ea;.;t and ;.;uuth of the town of :\lontezuma, Summit county, 
Colorado. Thi;.; tlnnr lies only a few miles from the Continental 
I livide, nem· the head of tlH· Snakl· riyer. 

As great adidi.Y llas IIPI'll manifP,;ted during the past year 
or two in this old and long-neglected mining camp, it \Yas thP 
rwrpo:,;e of the SiatP Geologi,·al Sun·,._,- to indude a,; large an 
m·ea as citTuuu.;tanc''" would allow in thi,; investigation. It wa,; 
found impossible, howeyer, in the time available to ,.oYer· all 
the ground betwePII 'l\Iontezuma and the ( 'o11tinental DiYide to 
tlw l'ast, a It hough, ]!,.,.a n;.;c· of the mining O]l\'l'ations pa,;t and 
pl'esent in this l'(•gioll. sudt an ext•·nsion would han• been n·ry 
d1 ,;irabh·. It \Y<ts JH••·pssary. therefore, to make the boundarie~._ 
of the map rather arbitrar.Y. In so doing, llow1·n•r, nc>arl_r all 
the mon· important properii''" that ha1·e receiyed n•("\'Jlt atten­
tion han· lw•·11 indndl:'d. 

Thi,; 1'\'g'ion is J·•·ally one of tlw Parlie,;i dc>n•loped mining 
•1idrids in tl1P St;li ''· dating from the early sixties, when rid1 
siiYI'l' ores \\'(•J·p dis<·oYPred JH'<Il' Chihnalllla in what wns called at 
that date tlJ,. Snak\' Riwr }I ining District. 'rhat the disirid 
did 11ot den·loJ' mm·" rapidly is due in part to the distance from 
the market and to lack of tmnspOl'tation facilities; in part, 
donhtl\',;R. io the •lis,·nyer~· of ,;till 1·id1er on•s at L,·ad,·ille, to 
whid1 most of the mirwr,; W\'l'(' attrnded. ~\s the Yital matter 
of JH'OJWr transport<~ 1 ion fac-ilii i1•R is like I~· soon to be soll·ed, the 
rapid dew•lopmPnt of this camp may be confidently I'XJIP•·tl:'ll. 

FIELD "'nrtK .\Xll AcK:.:o\\"LEDIDIENTS. 

The field wor-1' was ,·m-ried on for l'ight Wl'l'kR during the 
JllOllth,; of .July and .\ugnRt, l!IO.r;;, nnd1·r· tlw direction of the 
wr·itf·r. T'Hfortnnat,·ly no :wr-nrate topographie map of the dis­
trict 1'":1R aYailable, and sn\"11 maps as did exist wet·\' utterly 
inadequate for the pmpose of a geological sunPy. It liPt·ame 
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necess<try, therdm·<·. to prep2l"l" :m a<Turate topographic map, 
and the g-n·at<'I' part of the time in the field w<ts required for this 
purposP. The topographic \Y<n·k is <'SS<·uti<tlly that of Mr. T. 
n~-\:'1' J:<•JljoYsk~- and of :.\11'. 'Yilliam :.\f. Lt-wis. both students 
in th<· N<·nim· !'!<tss of th<· ('oi<•Jado ~!'!tool of :.\Jinvs. vdw carried 
out this work as a Jlart of their graduation iltt-sis. The \York 
was done und<'I' the superYision of th<· \\Tit<·J· and of Professor 
('harks E. Rmith. 'l'he triangulation sun·<"Y that ne<·essarily 
pl'<"<"t-<1('<1 the topographic sm·n·_,. wns lii\PWisP carried out by 
the afnn'm<·Htiolw<1 students, note:-; of which will be found below. 

The lllap is nta<le on a :-wah• of 1 to 18,000; or 1,500 feet to 
the in eli, witlt <·ontour intenals of one hundred fePt. ()wing 
to the extJ·<·Hwly inaccurate loc·ation of ilu· goyernnwnt S1·ction 
corners, it lws been deemed inadyisable to put on the map the 
<"Ustomary sPdion lines. Instead of these an· to be found paral­
lt>ls of latitude and meridian li1ws, <·adt one minute apart. On<· 
sr-dion <·oJ"II<'I", lto\Y<"Y<'I', that is l'<•n<1ily a<TPssihlt-. and to IH· 
found alnwst in t:lw t-xad center of the map. has b<·Pn put on for 
thP <·ou,·<·ni<·Ju·<· of those whn nw~- wish to tie up to a c·oJ'll<'l'. 
This <·m·n<·J· is lo<"ated on the fii'st c·oJ·J·c·<·tion liu<·, and is between 
s<·ctions :::-; aHd 81>. 

Tlw writ<·J· wishes to acknowledge his gTPat indebtedness for 
JWm~· <·ourt <·si<'l-l sho\YD by ::\11'. .T. R. Hoots, resident managPI" 
of the :.\lcmtPzuma :.\Ii1ws DeYelopnwnt f'ompany, esp<·<·ially fm· 
yalnable information g·iyen as to the· ,·:uions mining properti<·s 
and for tlt<' fl'e<· ns<· of the <·ompnny's offi<·<· areommodations . 
. \dmowledgm< nts an· also due to :.\!1'. E. \\'. Fairchild and :\Ir. 
Chas. E. Nh:wtfn for further <·om·t<"sit•s, a 11<1 1 o :\lr. Etienne c\. 
Ritter and to 'rhP Enginee1·ing and :.\li11ing ,Journal for the u:-;<· 
of a map and illustmtions published in tlw .Journal. and to Mr. 
D. F. ('. Moor, of the United Rtat,•s ( ;<'olog·i<·:tl Run<·y, for ad­
yanee information as to <"edain g-<•of1<"1 i(' c·o-m·dinates. 

TnJ•nr;n.\I'II Y. 

The topography of the :.\Ionteznma dish·id is Yer~- marked, 
there being an Pxtreme differew·<· in <·leYation of about :=:.:-:no fed 

lwtwP<'ll tlw higlwst and Jo"·est point:-1. 'rhe ''ontinental TliYidl' 
runs diag·m1:tlly through the south<"a st<·rn part of the map for :1 
di~.tan('(· of :-;ix or sPYPn miles, measnr<·•1 along the serpentine 
<·um·s•· of the <Tl'SL 1'o the south and <·a:-;1 of this diYide small 
portions of P:uk <·ounty and of < '1\•aJ· ( 'rl'ek <·rmnty are included 
within the area sui"Yeyed. 
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The best known and perhaps most conspicuous peak on the 
map is Santa Fe Peak, located on the Continental Divide about 
opposite the center of the map. The highest peak, also on the 
divide, attains an elevation of 13,483 feet. To this peak the name 
Landslide Peak has been given by the writer because of two 
conspicuous landslides to be seen on its flanks, one on the north 
and one on the west side. 1\"hile the mountains of the district 
are not extremely rugged and actual precipices are not extensive, 
nevertheless most of the mountain slopes are very steep and the 
aspect of the country is decidedly mountainous. The town of 
:\fontezuma lies in the Yalley of the Snake riv<'r at an altitude 
of 10,300 feet. 

TRIANGULATION SURVEY. 

As a foundation for the triangulation system a carefully 
measured base line was laid out in the Snake River valley where 
it passes through the town of Montezuma. Courses and dis· 
tances of the base line and computations made from definite 
points in it will he found in the field notes which follow. 

Base Linr.-Field note:-:. 
Station 

A 
B1 
B 
E 
G 

Course F. S. Distance 
N. ~5o 35' 44" W. B1 260.0 
N. 25° 35' 44" W. B 410.5 
N. 25° 40' 20" W. E 2,379.4 
N. 22° 14' 20" W. G 1,381.1 

Elevation of E above G = 44.71 feet. 
Elevation of B above G = 119.8 feet. 
Elevation of B above G = 168.43 feet. 
Elevation of A above G = 177.48 feet. 

Elevation 
177.48 
168.43 
119.8 

44.71 
00.0 

~ote: Elevations of different stations on base line above 
station G were determined by using· an engineer's level. 

Ends of base lines are marked \\'ith blocks of stone and the 
el(·vations cut in the stone, also the letters S. G. 8. All calcula­
tions refer to G as zero. 

Triangttlatio11 frorn the Base Line.-Field notes. (All angles 
turned to right.) 
Sta. B.S. H.A. V.A. H.D. Elev. F.S. Remarks 
A Bl 47° 51' 140 8' 6,037.9 1,588.4 1 Monument Tip Top Peak. 
A B 175° 14' 13° 8' 7,253. 1,869.5 11 N. end Teller Mt. 
E G 226° 47' 24 12' 2,984. 1,341. 19 Cragg on Glacier Mt. 
E G 287° 53' 16° 0' 5,535. 1,592. 21 N. ridge Bear Mt. 
G E 32° 25' 18 ° 57' 4,056. 1,392. 19 Located. 
G E 93 ° 31' 17° 10' 5,297. 1,636. 21 Located. 

G E 2.73 ° 23' 19° 51' 4,898.1 1, 768.6 1 Located. 

G 84° 1' 9° 20' 11 Located. 
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Ualculations for Point 1: 
Side A-G = 4.428. 

Angle 1-A-G = 50° 40' 
Angle 1-G-A = 84° 58' 

Horizontal distance A-1 = 6,037.9 
Horizontal distance G-1 = 4,898.1 
Elevation of 1 above A= 1,588.4 
Elevation of 1 above G = 1,768.6 

Average elevation 1,767.5 

Calcttlations for Point 19: 
Side G E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,381. 
Angle G E 19. . . . . . . . . . . . .......... 133 o 13' 
Angle E G 19 ........................... 32° 25' 

Calculating-
Side E 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,983.6 
Side G 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,056.2 

Calculated from G, elevation of 19. . . . 1,392.7 
Calculated from E, elevation of 19. . . . 1,384.9 
Average of two calculations. . . . . . . 1,388.8 (Above G) 

Calculations for Point 21: 
Side G-E ............................. . 
Angle E-G-21 ........ . 
Angle G-E-21 

Calculating­
Side G-21 
Side E-21 

Calculated from G. elevation of 21. . . . 1,636. 
Calculated from E, elevation of 21. . 1,636.7 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,636.35 

1,381. 
93 ° 31' 
72° 7' 

5,297. 
5,555. 

Fielcl Notes for Stations 11, 23, 26, 29, H, and 30: 
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Sta. B.S. H.A. V.A. H.D. Elev. F.S. Remarks 
1 G 287° 1' 0° 31' 12,074. 1,356.4 11 Located. 
1 A 331° 23' 11 Located. 
1 11 40° 2' 1° 58' 11,672. 4,008. 23 Monument on Glacier Mt. 
1 11 83 ° 52' 20 0' 16,383.7 572.1 26 u. s. G. S. Monument on 

Independence. 
21 1 86 ° 20' 4° 45' 6,373. 529.6 23 Located. 
21 1 207° 31' 60 1' 6,658.1 701.7 26 Located. 
21 1 32° 40' 4° 59' 14,220.0 1,240. 29 Monument on Santa Fe Pk. 
23 1 40° 9' 3° 30' 11,572. 707.79 29 Located. 
23 1 269° 16' oo 51' 11,347. 168.4 26 Located. 
30 29 324° 33' 7° 47' H Stump in town with flag. 
1 30 60° 27' 20° 20' 4,655. H 
1 H 299° 33' 1° 41' 18,578. 545.97 30 Monument on Teller Mt. 
1 H 8° 39' 19° 53' G 
H 1 255 ° 33' 760. G 
H 1 105° 35' 7° 43' 16,778. 30 Located. 
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Calculatiuus for 11: 
Side A-1 ...... . . ................ 6,037.9 
Angle 11-A-1 ....... 127° 53' 
Angle A-1-11 .............. . 

Calculating-
Side 11-1 ................ . 
Side A-1 ............................. . 

Calculating from A, elevation of 11. . . . 1,692. 
Calculating from 1, elevation of 11. . . . 108.9 
Referred to G the elevation of 11 .. 
Referred to G the elevation of 11. 
Average ......................... . 

f'al1·ulutious for :!:J: 
Side 1-21 ........ . 
Angle 1-21-23 
Angle 23-1-21 ... 

Calculating-
Side 23-21 ... . 
Side 1-33 .. . 

Elevation of 33 above 1 . 
Elevation of 23 above 21 .... 
Elevation of 23 referred to G. 

Elevation of 23 referred to G. 
Average ... 

Ca leu lut io11s for :!li: 
Side 1-23 .... 
Angle 1-23-26 
Angle 23-1-26 

Calculating-
Side 23-26 ....... . 
Side 1-26 ...... . 

Elevation of 26 above 1 .. 
Elevation of 26 above 23 ....... . 
Elevation of 26 referred to G ....... . 
Elevation of 26 referred to G ....... . 
Average ........................... . 

Calnilatious for :!D: 
Side 21-23 ... 

1,869.5 
1,876.4 
1,872.95 

400.8 
529.6 

2,165.9 
2,168.32 
2,167.12 

572.1 
168.23 

2,339.6 
2,335.42 
2,337.51 

12,074. 
6,038. 

10,195. 
86° 20' 

6,373. 
11,672. 

11,672. 
90° 44' 
43° 50' 

11,341. 
16,383.7 

6,373. 
Angle 23-21-29 
Angle 29-23-21 

.......... 53° 4' 
............. 100° 49' 

Calculating-
Side 21-29 ............................ . 
Side 23-29 . . . . . . ................ . 

Elevation of 29 above 21 ..... . 
Elevation of 29 above 23 ............ . 
Elevation of 29 referred to G ....... . 
Elevation of 29 referred to G ...... . 
Average ........................... . 

1,240. 
707.79 

2,876.35 
3,874.91 
2,875.63 

14,220. 
11,572. 
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Calculations for H: 
Side G-1 ..... 
Angle H-G-1 
Angle G-1-H .. 

Calculating-
Side 1-H .... . 
Side G-H ......... . 

4,898. 
67° 5' 

8° 39' 

4.655. 
760.09 

Chained side G-H........... . . . . 760. 
Elevation by level of H above G. . . . . . 61.1 

('olculations for :w: 
Side H-1 . . . . . . . . . . . . . 4,655. 
Angle H-1-30 60° ~~· 
Angle 1-H-30 ...... 105° 35' 

Calculating-
H-30 ..... . 
1 to 30 .................. . 

Elevation of 30 above station 1 ..... . 545.97 
Elevation of 30 above station H. 2.268.5 
Elevation of 30 referred to G ......... 12,592.03 
Elevation of 30 referred to G. . . . . . 12,590.5 
Average . . . . . . . . . . . . . . . . . . . . . . . . 12,591.2 

16,778. 
18,578. 
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Elevations refened to Rea leYPl. "\ 11 poiut~-1 t·d(•tTed to Iu­
(lependem·p Peak a~-1 l~.GlO feet, by U. ~- n. R. 
Station 

1 
21 
29 
30 
23 
19 
G 
A 
H 

11 

Elevation Remarks 
12,038.53 Tip Top Peak. 
11,906.38 Station on ridge of Bear Mountain. 
13,146.66 Santa Fe Peale 
12,585.2 Teller Mountain. 
12,438.15 Glacier Mountain. 
11,666.0 Crag on Glacier, visible from Montezuma. 
10,271.1 Lower end of base line. 
10,448.5 Upper end of base line. 
10,317.53 On base line. 
12,144.05 North end of ridge on Teller Mountain. 
Geodetic observations on Independence Peale 
Latitude N. 39o 34' 55" .04. 
Longitude W. 105° 54' 34" .93. 

The eleyation, latitude and longitude of TndepenrleJl(·e Peak, 
given ahoye, was furnished hy :.\fr. Daniel F. 1'. :.\foo1· of the 
TTnited Rtates (ipologicnl SmTey, from original data serm·<'(l (lur­
ing· the summer of 1908. 

Owing to it~-1 high altitude :\fontezuma and the snrrounrling 
countJ·y has a most delightful and bracing summer climate, an(] 
1he h<>aY,\' snows of winter nre attested h~· the g-reat snowdrifts 



118 MONTEZUMA MINING DISTRICT. 

that remain till far into the summer on the upper slopes and 
on the shaded mountain sides even at the level of the town. 

The lower parts of the mountains are clothed with a heavy 
and beautiful forest of fir trees that extends to an altitude <)f 
above twelve thousand feet, and is found at the very doors of 
the town. This combination of rugged and lofty mountains with 
heavy forested bases and green, grass-covered upper reaches pre­
sents mountain yiews of entrancing beauty and endless Yariety. 
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CHAPTER I.-GENERAL GEOLOGY. 

INTRODUCTION. 

The Montezuma :!\lining District lies in the region of 
~lrch:ean crystalline rocks that form the Front Range of Colo­
rado. These consist of yarious schists and gneisses penetrated 
by numerous igneous rodi:s of both plutonic and effusive types. 
The schists and gneisses cover the larger part of the area in 
question, but in some pm·ts of the field are cut by a great pro 
fusion of intrusives. These last are mostly porphyritic rocks in 
the forms of dikes from an ineh or less up to one hundred feet 
or more across. \'l'ith a few exceptions these igneous rocks are 
acidic in type and sometimes extremely f'O. In a few cases rocks 
as basic as diabase occur. The plutonic rocks are to be found 
in the northern and eastern part of the area mapped. They are 
also acidic, being granites of greatly varying appearance and 
composition. They, too, are cut by acid intrusives of somewhat 
yarying character, but invariably different from those found in 
the gneisses and schists. Finally, pegmatite yeins are profusely 
developed in the schists and gneisses, and to some extent also in 
the granites. 

With the exception of quaternary deposits, sedimentary rocks 
are completely absent from this district, the nearest sedimen­
taries being found some eight miles below on the Snake River. 
The quaternary deposits are chiefly confined to glacial drift and 
moraines that hide to a great extent the rocks in the Ynlley bot­
toms and extend up the mountain sides nearly to, or in places 
well above, the timber-line. 

The rocks of this district, both schistose and igneous, are 
undoubtedly closely akin to, and in many cases perhaps identical 
with, those in the so-called Georgetown Quadrangle that lies over 
the range to the east, and that has recently been studied and 
mapped by Sidney H. Ball of the United States Geological 
Survey. It would undoubtedly be very desirable to make use of 
the same names for identical formations in the two districts, and 
such was the expectation of the writer. Unfortunately, however, 
the publication of l\Ir. Ball's paper has been delayed, and inas-
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much as it haR been deemeu desirnble that the Montezuma report 
he ineluded in the firRt annual r·eport of the ~tate Runey, ll<) 

time has been available for direr·t study of the rock formations 
of the Heorgetown Quadrangle on the part of the \\Titer. A 
letter from Ih. ( '. ,Y. Hayes, Chid Ueologisi of the l'nited 

States ( :t>ologi .. al ~m·rey. girPs the information that, owing to 
the absen('e of :\h·. Ball from the countr·y, it has been fouJHl 
impossible to select sampleR of nwks and thin Re•·i ions from 

among those collected and prepared by .\lr. Ball that might be 
KPn·ir·eahle in making a eulnp~1l'iRon between the J'nck formations 

of the districts in question. The writPr is obliged, therefore, 
to fall back upon a pap('!' Jmblished nearly three yt>ars ago by :\lr. 
Ball, giving a p1·elimium·y deseription of Rome of the rocks of 
the Georgetown Quadrangle.,. 

'l'here can be no doubt aR to tlw identity of wltat ?Ill·. Ball 

designateR the Idaho ~prings Formation with one of the Rchistose 

RE'rit:>s represt:>ute<l in the .\fout<'zuma district. 'l'his mnne, there­
fen', is auo1Jteu in tl1e preRPut pap('!'. 

It iR not so clear, ho\\·e,·eJ·, as to the i•lPntity of other for­
Illations \\'ith thoR<' of thE' Hem·gdown Quadrangle, so that it has 
heer1 found a•hisable to make m'P of lrwa I names fm· other rocks. 

'l'he gpo]ngie field wOl'k is essential!.\' that of the writer, who 
was aRsiRted p~u·t of the tir11P hy Professor Chm·h'R E. ~mith. The 
mapping of the formatiom; on Bear· :\fountain \\·as done nnde!' 
the \\Tiil'l'\; snperviRion 11,\' .\feRSI'R, J:enjnrRky anu LP\YiR. 

SCHl~'l'O~E ROCKS. 

[i/(flto 8}Jri11gs Fon11rtfion.-Tiw Idaho Springs for·mation 
•~<·•·upieR, tog<'ther· witl1 tit<' insirnRi\·e r·oekR inclosed within it. 
about one-thi1·<1 of the HI'l'~l R\11'\'t',Y<'d, and ito; to be found in tlw 
RontheaRil'I'll part of the map. It is a Rf'hiRio~e R<'ries of greatly 
\'arying f'olor ;md textm·e. 1'j!Oll tlw whole gray is the lll'Pntiling 
.. olo1· of the fn,sh nwk. but 1lw ali<'r·ed and weather·{·•l portions 
ma~· be red, yello\\' or ne:'c·ly \Yhite. Ureen •·•dm·s are almost 
c·omplet('ly ahRt'llt. 'l'IIP rof'!.~R nJ·p extremely KcitiRtose ol', at leaRt, 
thin-bedded, aml Rplit fre<plently into slabs under the infiuew·e 
of the weathe1·. 

*Si(lney l-I. Hall, l-'n·-C':1tnbrian Rocks of the G-vurgdown Quadrang·le~ Crd~J. 

,\m, JO,ll\ Sr,L. 4th R•·l'. Y"l. ~1. pp. ::71-:~~~. :\Iay, 1906. 
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'!.'he minerals most abundantly represemed in these schists 
are •pwrtz, biotite and sillimanite; less abundant, but sometimes 
locally strongly 1leyeloped, are microdine. orthoclase, acid plag­
ioclase, muscovite and magnetite, also the alteration produds 
of these minerals. 'rhe dominant and characteristic rock of the 
series may be designated a mica-sillimanite schist. The silli­
manite is colorless and occm·,.; in delicate needles more or less 
intergrown with quartz. They sometimes form parallel fibrous 
aggregates, but more often felted aggregates that appear as 
whitish spots m knots thickly strewn through the light to dark 
gray rock. On the weatllerl'tl surfa•·t· these sillimanite knot" 
stand out in stl·ong relief in raised lumps thnt JiiH} readily be 
mistaken for qmutz. ""-n examination with a pocket lense, how­
ever, readily discloses the characteristic fibrous structure. Th(~ 

centers of these knots are often composed of pure sillimanite, but 
invariably quartz is intergrown with the sillimanite at the outer 
edge. These sillimanite-quartz patches often make Ul) a very con­
siderable proportion of the rock-from one-quarter to one-third. 
The other constituents associated with the sillimanite are almost 
in.-ariably biotite, muscovite and microline, and not infrequently 
orthoclase and an acid plagioclase. The mnscn,·iie, while al 
ways present, is never abundant. In general it may be noted 
that the feldspars largely •1i"appear when the sillimanite is very 
abundant. presumably for the reason that the "illimanite has 
been formed by alteration of the original feldspathic ingredients. 
Typical mica-sillimanite schists are unusually well developed on 
the north and south slopes of Geneva Peak, not far from the 
summit. 

The normal mica-sillimanite schists grade !Jy insensible 
graduations into biotite schist,; or biotite-muscovite schists, or 
all of these into 111ore dense and le,.;s schistose quartz-feldspar 
gneisses with pe1·haps little or no llli•·a, either white or black. 
But even \Yhen the rock appears to be entirely free from silli­
manite, this mineral can usually be found by e.nl'f'nl search; or 
if perchance it lie missing completely from one narrow bed, it 
will be found in adjacent beds of the same series. 

To a Ye1·y ,;light extent hornblende schists and biotite-horn­
blende ,.;ehists m·p represented in this Idaho Sp1·ings formation, 
and form n·1·y dark-colored, narrow ban•1,.; stridly interbedded 
with thP l'P,.;t of the :-whist,;. l'snally both biotite and hornhlewlP 
are present in Yal'ying amounts. tng<'tlH·r with quartz and feld­
spars. But these locally developed horn bl~~~!de tocks are very dif-

http://hornbleo.de
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ferent in appearance from the marked!~· banded rocks described 
below as forming the hornblende-gneiss ~'erie~. 

Ve1·y extensive alteration of the schists of this formation 
has taken place nn·r wide areas. 'l'his alteration takes the form 
of further silification and is accompanied b~· the leaching out of 
the iron and the consequent disappearance of the ferruginous 
minerals, such as biotite. Eventually the rock rm1~· pass into a 
felted ag-!.!;I'Pgate of quartz grains. These bleached, near·ly white 
st·ltists. both with and without sillimanite, are found in many 
plar·es. but are ver~· extensiw in the vicinity of 'Yebster Pass. 
X ot infrequently in eonnection with the removal of the iron from 
the rock interior a lJortion of the iron may be deposited in thin 
films along the seams o1· joint,; of the rock in the form of red 
hematite. En·utually the 1·ock breaks up under the action of the 
frost and the surface becomes stl·ewn "·ith the red-coated frag­
ments so as to give an intense red ('Olo1· to a whole mountain side. 
This is H'I'Y mal'l;:ed on Red ('one to the southeast of \Yebster 
Pass; also in a broad belt stretching northeastel'l.v from the flat 
jm<t north of ~anta Fe Peale It should be noted, however, that 
J'Pil Jrainting of the rock snrfacl's iR not characteristic of the sil­
limanite schists, as the same inten,;1• Ted eolors mn~· be noted on 
liOJ']rh.ny or on othe1· 1·ock,; "·ithin the belt of alterati1m. 

The schist:;; of the Idaho Nprings fonuation, m: Ball remarks 
of the similar rock:-: in the Georgetown Quadrangle, a1·e an in­
tJ•nsely metamol'j;lwsed series, and "·ere doubtless originally sedi­
mentaries. 

'l'hey are ce1·tainly among the oldest rocks in the district, 
being cut by all the igneous rocb, both plutonic and effusive. 
The extent to which they :ne injected \vith these igneous rocks is 
astonishing and is possibly due to the t·omparative ease with 
which they m·e split h~· the upward pushing lavas. 

Strike and dip of the schists vm·y greatly. In general it may 
he said that the dip is steep and often vertical. In places con­
tortion is very much in evidence, so that the dip, and, to a less 
J•xtent, the strike, var.v every few feet or less. The strike is apt 
(o be fairly constant over com:iderable areas. In the southeastern 
•·ol'ner it is about northwe"t and in the central and eastern por· 
tions northeast. .\. very sudden ehange in the strike occurs in 
the short spa•·e between the summits of Santa Fe Peak and Geneva 
l'cnk, the c·hange being from northeast to northwest. This sud­
dE'n changl' in strike is quite possibly due to the intrusion of the 
extensi\·e gmnite mass in Geneva Gulch. As stated elsewhere, 



i\!Oi\''l'EZUl\L\ J'lll:\'Ii\'G DIS'l'RIC'l'. 

the porphyry dikes largely conform in Btl'ikv to that of the schists, 
influenced thereto, doubtless, by the J"P:tdy 1•arting of the schiBt:-: 
along the eleavage planes. 

The Hom7J7r·n!/r·-Gneiss 8erics.-'l'he Recond Beries of meta­
morphic schists that m-e to JJe found on the Montezuma map 
occupies the western and :c:•mthern thir·d and is designated the 
hornblende-gneiss series from the lllar·kecl predominance of the 
mineral hornblende. In the nmthern part these rocks come into 
contact with the ::\Ionteznma gJ·;mite, whil·h ha:-: been intrudt"d 
into the sc:hiBtose r·ock;.:, mul in the 111iddle and ;.:Jmthet·Jl por·tiun;.: 
with the Idaho 8pringB fonuation. 'l'he contaet line between 
I hese two schistose series iR a ve1·y inegular one and bears no 
direct relationBhip to the di1·e•·tion of schiBtoBe clean1ge, although 
lhe rock cleavage is the same fm· both serieB at the line of con­
tact. Xo definite proof \vn;.: found that the hornblende-gneiss is 
intrusin' in the miea-silli111anite schiBts, as both have been so 
extensiyeJ~- metamor11hosed as to greatly change what must have 
been their original relations. 

These hmnblendic rod;::-: rn·e:-:Pnt an infinite variation in 
composition and Btl·ucture. In addition to their· being strongly 
lllm·ked b)· the presence of hornblende, they an~ fm·ther charaeter­
ized by a beautifully banded :-:tructme, light and dark-colored 
bands alternating with each other in rapid snc•·v:-::-:ion. 'l'here is 
every conceintble combination in color and \Yidth of the bands and 
a corresponding variation in the mineral eomiJOnents of the differ­
ent bandB. The darker bands may be almost black-or, ntther, 
green-blaek-owing to an ex('eRBi,·e amount of hornblende. In 
addition to homblende, these dark-colored band:-: contain plagio­
clase feldspar in v:n.ving alllount. Often these twu minerals 
constitute the entire nwk, but there is likPly to be some quartz, 
and epidote, also biotite; but no mnB•·uyiic. Then again biotite 
may be the prevailing dark-colored conBtituent, in which ease 
quartz becomes also more abundant and plagiol'lase less so, and 
orthoclase lllH,Y put in an appearance. Rarely does hornblende 
entirely disappear. These dark-colored Blreaks, taken by them 
selves, might therefore be designated in diffPl'Pnt placeR as am 
phibolite, biotite-hornblende Rc-hist, hornblendic biotite schist, 
or simply biotite B•·hist. 

The light-colored bands may be almost \Yhite, but more 
customarily some shade of gmy, depending UJion the proportion 
of the light and dark-colm·ed minerals composing them. In 
general they may be said to consist of n mixture of <]Uartz, fel<l-
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spar and biotite, 1Yith or·r·asional but yery subordinate ~'ellowisll 
green epidote. n'hite mir·a may be recognized to a yet·~, slight ex, 
tent undet· the microsc011C', but hardly in tile hand Sl'eeimen. The 
feldspar consists at times of both orthoclase and microline, with 
or without plagioclase. These light-colored bands usually have 
at times a yery marked parallel arrangement of the biotite so as 
to clea Ye readily parallel to the bedding. At other times there is 
much less parallelism manifested, or en·n none at all. 

The dark-colored, hornblendic bands are rarely yery thick, 
a few inches to a foot m t\yo being the customary limits, but 
occasionally heayiet· beds of amphibolite are met with. On the 
other hand, lighter colon·u gnPissie rocks do occur without the 
presence of homblendic streaks in ~·et'i-:1in parts of this series, 
and may continue with but little Y:lriation for seYPral hundred 
feet. To such parts of the series the name granite gneiss would 
be appropriate. Indeed, it is in many <"aSPS practically impossible 
to distinguish these' from granites that haYe undergone more or 
less crushing. 

This entire set·i<·s is penet1·ated by numberless large to small 
Yeins of r1egmatite, from a quarter of an ineh up to many feet 
in width. These Yeins cut the gneissps in all directions and not 
seldom follow the diredion of the bedding, so as to make it 
dif1in11t io distingnish the yeins from the older natural light­
colored hands. TlH· nature of these 11egmatite rocks will be found 
di:-:cussed l1elow nncln the head of pegmatitPs. 

!likes of Jtm·phyr~- and of other effusi,-e igneous rocks are to 
be found cutting these gneis:-:ie. md;:s, but are vet·y much less 
numerous than is the case with the mica-:-:illimanite schist series. 
Furthermore, the di1·eetion of the dikes does not appear to be in­
fluenced to any great extent by the stl·ike of the gneisses. In this 
respect there is a marked distinction bet\yeen the gneiss series 
and the schists of the Idaho :-;prings formation. 

These hornblende gneisses are sometimes considerably con­
torted so that strike and dip al'C' constanily changing. In general 
the strike is northwesterly. as on Bear Mountain and on Teller 
~fountain. At the head of Deer < 'r<·ek it swings at·nund to north 
and south, and on the east slope of (iJa<"ier ::\Iountain a strikP of 
nnl'th 25 degrees east is recorded. The di]JS are usually steep. 
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IGNEOUS ROCKS. 

GENERAL. 

The igneous rocks of the Montezuma district are perhaps 
of more than ordinary interest from an economic point of view 
lwcamw. a,.; ""ill appear later, there is undoubtedly some direct 
eonnection between them and the ore yeins. Both plutonic and 
etiusiYe nwks an:' represented in great profusion, there being 
several distinct Yarieties of granite and many types of porphyries 
and other effusiYe rocks in dike form. Surface flow,.; and inter­
(·;dated laYa sheets are entirely ·wanting. In spite of the great 
Yal'iety shown in effusiws, with the ~light exception of a Yery 
few small dikes of diabase, no distinctly basic igneous rocks. 
either plutoni(' or effusive, occur. 

PLUTONIC RocKs. 

Jf 011 te.: umu Gl'(t 11 ite.-Covering about one-quarter the area. 
:md extending clear across the northel'n end of the district. 
is a very beautiful and characteristic granite which bas been 
named the Montezuma granite because of the fact that the town 
is built in part and perhaps entirely on the area covered by this 
rock. This granite, in accordance with the usage of petrograph­
ers. is more properly to be designated a granite, in that the mica 
present is black mica or biotite, and white mica or muscovite is 
entirel,l wanting. The color of this granite is a pinkish gray, 
owing to the presence of many large flesh-colored orthoclase feld­
spar crystals. These orthoclase crystals gin· to the rock a wry 
striking and Ilea utiful appearance. They aYerage from three­
quarters of an inch to one inch in diameter, and may be larger 
than this. but seldom smaller. They are usually so thick!~- im­
bedded in the rock that an ordinary hand specimen of three by 
fom· inclws will disclose on one face four or five or mnn· of these 
nystals. They are almost im·ariahly twinned after the Carlsbad 
la"·· Their external forms are not Yet)' sharpl~- defined, so that 
the crystals do not weather out from the rock 

The rest of the rock is composed of quartz and biotite and of 
a gra~·ish or f!:l'eenish gray feldspar. Hnder the microscope this 
last mentioned feldspar is seen to be composed of an acid plagio­
clase with considerable additional orthoclase, but no microline. 
The plagioelasc is distinctly the oldest among the li;!;ht-colored 
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minerals, and is to be seen indosed in the large flesh-colored 
orthoclase er~"stals. Titanite is present Yery abundantly as an 
accessory mineral. 'l'he minerals of this granite have not undvr­
gone crushin.~ to any appreciable extent. 

The Montezuma gTanite would doubtless make a very beau, 
tiful building stone, parti•·nlarly suitable for decorative stones, 
such as eolumm:. ancl like""ise for monuments. With proper· 
railway faeilities 1:roYided, a market for the stone ought to be 
readily found. 

8unlrr Fe Gmnif,·.-'l'his gTanite is so named because it 
fonns the ltiglw;.;t point of Santa Fe Peak. and for the further 
renson that on this peak this r·ock o•·t·ln·s in well,defined dikes, 
which method of uccmTenc'"· as will be seen lntt·t·, is a striking 
J:PI'nlinl'ity of this granite as compau·d with tlw Montezuma 
granite. This type of gr:1nite was nowhere seen except in .. on­
tact with the Idaho Springs formation, a lthongh it is in places 
penetrai •·d h.Y pmpl1yry dikes ::mel in orw cmw in Gene,·a Gulch 
h~· an unusuall~, larg'' ma;.;s of porph)T~". The largest eontinuous 
m:1ss is to be seen o11 the f'ontinentnl DiYide forming the summit 
of Lan•lslide Peak and extending to the south :mel to the north, 
west fl'om that point. This mass llwa:>nJ·•·s ahnnt thrPP-quarters 
r<f a mile in ""i•Hh an•l twi,.,. that !list:tw·r· in length. .\nother 
mass of somP\Yhat smaller dinwnsion:-: on the map, but possibly 
Pxt•·ncling· consi•l•·1·:1l•ly beyond the area snneyed, is to he found 
in r;,.n,·ya C:ulcl1. 

.\ H"t·y remal'h:a]Jl,. dr:tl':wt•·J·isti .. of this gTanii,. is the tend­
•·w·y to St"lld ont into th•· sunounding schists numerous dik<"­
likl' apoph,rsr·s. at times YI'I'Y n:tJTo'IY, eYen down to a foot or two, 
at i i111,.S se\"t'r:11 hnndi'Pil fr·d wide. Om· sneh arm extends f1·om 
iJ1,. C}coJwYa ( ;ulch st-•wk nortlJ\\':ll'<ls to n distance of o\'1'1" three 
tlton:-and feet, \\'ith ;1 \\·idth of fl'Om four hundr·ed to "ix hundred 
frd. The"'' apophys,·s. Wlll'l'e long and n:11TO\Y, :JJ'(• usually pal·­
nlld in their <·ours(' with the dl·;tY<tg•· of ilte sehist. but this rule 
is far from uni\'I'J'sal, for thPy may brenk tht·o11g·h the schists in 
lliiiSt inegnlar fashion. In some pl:to·•~s \Yhere the schist :md 
gr:tnit•· eonw tog·..ther, the two ro•·ks interlock with long·, slender 
tin~·ers. 

\i'ithin a distance of about half a mile from the boundary 
of the larger granite maRR<'S 'IYith the· sehists of the Idaho Springs 
formation. this Ranta Fe gTnniJ,. fweurs in nnmeJ·o11s dib~s ihat. 
like the narrow apopl1yses. usual!~- :1n:mge tltPJURI'l\'('" pan1llel 
to the sdristoRP deaYage. The"" dikl's Hl'P often much ion dose 
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together to map separately on a map of the sr·ale here used. 
They m:1y osr·illate with the s<·ltist eye1·y fr•\Y paces, :1:-: is the case 
along tlw t·idge running southeast from Santa Fe Peak. 

Xo metamorphism of the schists has taken place at contad 
~with thi:-; granitl·. Neither do the schists appear to h<we pt·o­
dlll'<"d any ,.ffpd on the granite, !'luch as is often ilu· case. This 
last is true not only of the lar~<"r l1osses. lmt also of the apoplJy:-;<·:-: 
and isolated dikes. There is no apprecia hle diminishing of the 
size of the grain in tli<· dikes on approaching the coHi::u·t, nor ihe 
slight<·st tenden<·.'· towards a pot'l)hyritic strudm·e. It is true 
that upon the "·bole the texture is not so coarse in tlw smaller 
dikes as it is in the larger ma:-::-:<""· but it neYer loses the hypidio­
morphic tPxture characteristic of the plutonic rock:-:, nor drws it 
approach in appearance an~· of the numet·ous porph}Ties of the 
distl·id. 

Tlw ~anta Fe gnmite is "·l1::1t may he called a normal gyan­
ite; that is. it contains both biotite and muscovite. The rock i:-: 
of a gTayish color. llPYet· reddish or pinkish; although, of cours(', 
they 111ay he. and often an·. snpPI'fieially stained "·ith iron oxid1•s. 
yellow OJ' brown. The ~rain is Y<·t·y uniform. mostly quite filw. 
JH·H"I' showing individual grains of felrlspar 11101'<' than one­
quarteJ· of an inf'll long, or thereabouts. The feldspar is all 
of one uniform whitish or gT:lyish "·bite eolor. In the eo:ll'ser 
gr:1ined portions the feldspar is inclined to be tabular. The 
tablets haye Cad:-;bad twinning· and YPt'.Y commonly show a more 
or less parallel arrangement. In cas0' such a parallel arrange­
ment is to be seen in a narrow dike, thr· feldspar tablets have 
their flat sides ll<ll'allel to thr· contad lines. 

In tlH· band :-;pecimen feldspar i:-; distinctly the most :llmnd­
ant awl r·onspienons r·onstitn<•nt. Qua dz is also a hnndant, and 
black mi .. a fairl_,. so. Th<' Inllf'('OYite is sometimPs quite inc·on­
spieuous. but may alwa~,s 11<' ,;<'I'll on <·lns.~ examination. 

In ihin sedionc; the feld,.;par is f'l'<'n to consi,.;1 of microli1w. 
mthol'la:-;•·. an alkaline plagioclase and probahl~· mieroperthite. 
Mieroline is YC'I".\. abundant in some (':i,.;P:-;, \Yhil<· in others it 
may be nlmoc;t wanting·. In the fairly cnarse-gTain<'d rock that 
forms the summit of Santa Fe Peak. and :ilso on the north slope 
of Landslide P<·nk, the larg·p tabular gmins with C:arlsbad twin 
ning pron' to bP minnlinf' and not orthnclac;e. The biotite ha:-; 
much sharper forms than is the case with the mnscoyite. and 
among the feldspars the mieroeline appears to be the oldest con· 

stituent. 
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This Ranta Fe granite yery frequently shows marked crush· 
ing of the constituents. This is almost alwa~'S to be seen on the 
quartz grains, much less pronounced on the feldR11ar:;;. 

As to age. the Ranta Fe granite is clear!~· younger than the 
Idaho ~~·prings formation, and older than some of the porphyries. 
It is more than likely that, a:;; the crushed constituents indicate, 
it has undergone more or less folding along with the schists 
since its intrusion into the latter. c\s this granite does not 
eome into contact with the ~fontezuma granite, it is impossible to 
state with certainty their relatiYe ages. Howewr, the absence 
of crushing in the ~Iontezuma granite would indicate a younger 
age for it as the intrusion must have t;iken place after extensiye 
orogenic movements had ecasr•l. 

Ecru· Jlountain Granitc.-On the summit of Dear ~fountain 
a granite occurs that closely resembles the Santa Fe granite in 
!'Olor, grain and gPJlCJ'al appearance. Its chief difference lies 
in the fact that it is a granitite-that is, a biotite g1·;mite instead 
of a biotite-muscovite granite. 'l'he feldspars are sonw\Yhat larger 
than in the Santa Fe granitP, haYe a marked p;n·allelism, and 
consist mainly of microline. 'l'his granitP is not wPll developed 
within the area of the map, oc•·nrring only in more or less crushed 
isolated patches or dikes, that can not always readily be distin­
guished from p·anite gneisses. Further west on Bear ~fountain 
this granite has a much greater development. 

EFFUSive RocKs. 

(j m n itc Porphyry.-Intimatel~' associated with the ?llonte­
znllla g1·;~nite is a rock that occurs in large dikes, or possibly in 
necks, that measure from one hundred to five hundred feet or 
more in \Yidth and several times these amounts in length. They 
are to be found either inclosed within the Montezuma granite 
or at the margin of the same. In the mineral components the rock 
is identically like the Montezuma granite and in outward appear­
ance it is often difficult to distinguish it from that rock. Out­
\Yardl.Y the distinctiYe featme is the absence of, or scarcity of, 
the large pink orthoclase cry:;;i a 1 :-;, and in general a distinctly finer 
grain. That these dikes are distinctly effusive rocks and are 
~-ounger than the g1·anite is definitely settled by the fact that at 
the margin of each dike there is a gradual transition to a very 
much finer grained rock whieh, at the actual contact, may not ap­
pear much coarser than many felsitic porphyries. Fm the above 
reasons, and also bet·ause of •·e1·iain characteristics of the ground 
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mass as seen under the microscope, this ror.k has been called a 
granite porphyl',\. Inasmuch as it is undoubtedly derived from 
a similar magma and has the same components and similar ap­
pearance, it might perhaps as well be called the :\Iontezuma gran­
ite porphyry. 

The en lor of these granite po1·l'hyries is a pinkish gra~-. In 
the coarser paris the 1·oek can nut with certainty be distinguished 
in the hand SJlecimen alone nm in the thin section from the 
:\Iontezuma granite. In the finer grained parts the ground mass 
is pinkish and contains distinct, but never large, phenocr~·sts of 
black biotite and of grayish green plagio1·lase. 

Under the microscope the porphyriti!'. sh·ucture comes out 
Yery clearly in the finer grained portions. The groundmass is 
,-ery plainly holonystalline and composed of irregular grains of 
quartz and orthnelnse. The plagioclase phenonysts are often 
sharply defined, as ar~' nlso the biotite erystnll'. ~\.slight tendency 
for mutual penetration nf quartz nnd orthoclal'e in the ground­
mass, producing \Yhat is called microlJf•gmatitif: Rtructure, is oc­
(·asionally to he noted. .\.s is the caRe "·ith the Montezuma 
granite miCI'of·line and muscovite are missing, and titanite is an 
abundant accessory mineraL 

This rock re:-dl':t:-; weathering better than does the :'IIonte­
zuma granite, and is therefore frequently to he seen forming a 
prominent cliff or a mountain summit. The prominent peak 
called :'llorgan's Peak, for instanc-e, is eumposed of this rock in 
the form of a pronourwed dike. 

A half mile ut· so southwest of :'llnrgnn's Peak, at the south­
ern edge of the Jlontezuma granite, m·~·nJ·s one of these granite 
lJorph,ny masses that is in contact like\YiRe 'Yith the schists of 
the Idaho RpringR formation. This mass Rends out into the 
schists numerouR dikes of yarying size, some only a few feet 
thick, others a hundred feet or more aeeoss. There are also 
apparently independent dikes of this r·o1·k elose to this contact 
that ma~- possibly connect with the main masR below the surfar-P. 
These small outlying 1likes and otl'shoots a1·c, when small, often 
YCI'.'- fine grained and resemble closely the rock 1lcsnibed below 
as aplite. 

Biotit1· Aplit1·.-The term aplite is nsunlly applied to fine­
grained nmsr·oyite granite occurring in dikes, but the term bio­
tite aplite, aR r·ecognized by Rosenbusch, f·;m \Yell be applied to 
the rocks in question. These rocks occur in large dikes, one of 
which is not less than one thousand feet wide, in the Montezuma 
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granite. These me gray OJ' pinkish gray, medium to fine-grained 
rocks, , .• m,.,isting almost entire!~- of quartz and orthoclase with a 

n'ry little biotite. and sho\\·ing no porphyritic structure. Under 
the minoscope the panidiomorphic structure characteristic of 
these rocks is well developed. ('lose to the contact the aplite be­
,.,.nJe:-; much finer g1·ainecl and may then <lPYelop yery beautiful 

Jlli('J'O-Jiegmatitic :;;trnl'fnreS through the intergrm\'th of quartz 

and orthoclase. ".\Ins<·oyite and microcline are wanting. 

'rhere is no doubt a t·lo:-;P relationship bet\yeen the biotite 
aplite and the granite po1·ph,YI',Y. In fact cel'tain ]IOI'tions of the 

aplite closely resemble the g1·anite pO!']'h.\1'~, and tnmsitions be­
tween the two 1·oeks are undoubtedly present. The relative age 
of tiH· two 1·•wks ('Onld not be determined, as no case was ob­
:-;ened "·here one t·nt the other. 

Otlll'r AJilif,.s.-ln tlil'l't•J'PJJi l'al't:-; of the an·a snn-eyecl occur 
tlik""· usually qnitt· SJW111, and not infrequently a:-;:-;ociated with 
pegmatites. of unifoJ'Jill.'- fine gntin and of white m· nearly white 
c·olol'. 'l'hey consi:-;t ol' 11narh-;, ol'thof'!ase and micl'Odine \dth 
Jlerhfq,s plagioeh:-;P an1l 111111-'('o\it<·. They have not bP<'n studied 
with sufficient t·m·e to jnstif,Y a JuOJ·e detailed ela:-;:-;ification, but 
in :;wme cases, at least, lll:ty he 1·onsidered as nm·1nal aplites. 
'!'hey fH'I'lll' frequent!~- in ilH· :-;('lti:-;ts of the Idaho Rprings for­
mation and in the gneisses of the hornblende-gnei:-;:-; :-;Pries. They 
also occur cutting the ~:mta Fe g1·anite. It is not <':t~',Y to dis­
tinguish them from fine gl·:tiJH•tl Jlegmatiies. 

l'ur]Jhyri1·s.-The rockR here designated as pol']dtyrie:;; all 
o<TIIJ' in dikes of gJ·P:ttl,,- ,-aJ·.Ying width and with an a]IJJONt in­
finik nniety of struc·ture. 'J'IIf•y a1·e extremely abnndant in the 
Itl;tiiO Rprings formation, a1·<· by no mean:< r:JJ't' in the horn­
blt·ntlt·-guei:-;s se1·ie:-;, aJ'f' ot·t·;t:-;iunall~- met with in the Ranta Fe 
gJ·;mitP and HPJ lear io be I'll t in•ly lacking in the :\[ontezuma gran­
ite. Tltey yar.Y from <·xt J't•mely fine g1·ained felsites to ""a rse and 
markedly porpltyritic porph,nies of the so-('nlled mi<Tograuite 
type. There is undouhi<•tlly f'onsiderable ntriatimi in the acidity 
of these porphyries, ns i:-; indieated hy the Y:H'ying- mineral com­
position; but none of tht>Jtt are basic rocks a:-; is shown by the 
presence of comparativt>ly a('itl plaginelase l'l'YNtal:-;, and by the 
nnin'J'Ral vresenee of quartz. TliP last nrtmecl minPJ':tl 1loes not. 
to he sure, alway:-; o<T1ll' in J'P<·ognizahle porphyrilit· intlividuaJ:-;, 
although it is rarely entirely lad;:ing as :-;nell. It tlo<'N, however. 
im-:>riably nc·c·m· in tlic· p,TonnflmaRs to a greater or less extent. 
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Owing to the fact that most of the porphyries have under­
gone extensive alteration, it i:-; (lifficult or perhaps quite impossi­
ble to determine with great acc-urac~· their mineral compositi011. 
and it is therefore difficult to assign Yariety names to them. 'l'hey 
appear to fall under at least thn•e heads that may be 1n·ovisionally 
designated :1:-; quartz porphyries, ~'.wnite porphyries and mon­
zonite porphyl"iPR. Structurally they yary from fdsites-that is, 
porphyries with few if auy phenocrysts (visible porphyritic crys­
tals) and then yery small and inc-onspicuous, and with a ground­
mass or body flint-like in texim'l' and composed of minutest frag­
ments of quartz and feldspar-to the so-called min-ogr·anites­
that il'. to porph~Titic rocks with few or many phenoerysts and 
\Yith a groundnta:-;:-; compm·atiY<'ly ('o;~t·se and granite-like in tex­
ture. 

The W'I'Y fine-grained porphyries and felsites occur naturally 
in mostly YPI'_\. nmTO\Y dikes-ten feet or less-and appear to be 
innn·iably gr·(•;ttly altered. In c-(•rtain section!' thPy are Yery nu­
merous. so that it il' impracticable to map them without greatly 
enlarging the scale of the map. The felsitic type of pOI')!h~TY 
is wr·y abumlant on what is gvnerally called Collier Mountain, 
more particular]~- in that part of the mountain ('omposed of the 
I'Chists of the Idaho Spring!' formation and lying between the 
Quail, Bullion and SilYer \Y:wr mines. The felsitic porph~Tics 
are usual!~- of a uniform gr·ay or drab color, but are often bleac-hed 
to nearl~- white. 

The r~oa"!'ser grained por·ph_Hies of the micTogt·anite type 
are to be found mostl~- around Webster Pass and between th:l t· 
pass and Landslide Peak, also in yarious places cutting the horn 
blende-gneiss series. They are gray to light gray and some­
times grayish pink in color and markedly porphyritic. The dike;; 
are usually quite large. The rock forming the prominent summit 
immediately west of \Yebster Pass is apparently of this t~·pe, but 
the alteration here is so great that the original character of the 
rock cannot l1P satisfactorily established. 

Some of these microgranitr· porph~-ries are quite fresh, so 
that one is enabled to determine the nature of thr hasic minerals 
as well as that of the acid ones. These rocks, judging from thr 
fresh samples studied, are quartz-orthoc-lase-plagioclase-biotite 
porphyries. In addition to biotitP a little hornblende or m-roxene, 
or both, mny at timrR he spen. The fpld::;par constituents fluctuatP 
great!~-- lmt the phPnor-ryl'ts are usnall;~ plagioc-lase. Quartz may 
almost o1· quii (' fail aR a phenOl'I'Y~'L The r·o;t nH'l' gr·ained nlrie-
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ties show feldspars from a quarter of an inch to half an in1:h in 
diameter and biotite crystals one-eighth inch or more across. 

The connection of the porphyries with the ore deposits will 
be commented on under the head of "Economic Geology." 

There is no direct evidence within the bounds of the Monte­
zuma district indicating the age of the porphyries, except, of 
course, that they are ~-ounger than the rocks that they cut. In 
the paper above quoted, Ball considers that the porphyries of 
the Georgetown Quadrangle are of late Cretaceous age. If he is 
l'nncd in this, undoubtedly the porphyries in the Montezuma 
district are of the same age. 

Diubase.-In two loealities occur a few yery sharp narrow 
dikes of extreme]~- black diabase, that cut through all other rock:;. 
One of these localitieR is on Bear Mountain at the summit closest 
to the town, and also a thousand or more feet northeast of thi.s 
summit. The dikes have absolutely sharp contacts and cut 
through the hornblende-gneiss series and granite, also probably 
through poq,hyr~-- The second loc·ality is a little southwest of 
the summit of Santa Fe Peak. Here the diabase is in equally 
sharply defined dikeR that penetrate the schists of the Idaho 
Springs formation and cut through pegmatite veins, the Santa 
Fe granite and porphyry. 

This rock, consisting originally of augite, plagioclase and 
magnetite, has had the augite almost completely altered to horn· 
blende with associated epidote and chlorite. The plagioclase re· 
mains fairly fresh. It is in the customary thin tablets that ap­
pear in thin section as laths. The structure of the rock at the 
center of the dikes is distinctly ophitic, but at the margin it be· 
comes extremely fine grained and the plagioclase crystals sho\V 
up as minute but sharply defined phenocrysts. 

PEGi'lfATITES. 

The name pegmatite is customarily given to thP very coarse­
g1·ained aggregates that occur in dike or Yein form and that con· 
sist usually of some kind or kinds of feldspar with quartz and 
either \Yhite or black mica. The mica may perhaps be alto­
g·ether wanting and locally the relative percentages of feldspae 
and quartz may greatly fluctuate. They may even pass insensi­
bly into veins of pure quartz. In point of origin they are now 
generally considered to be deposits in fissures through the in­
Rtrumentality of water and vapors or gases escaping from in­
truded granitic or other analogous rocks while in the process of 
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cooling. Such rocks are very often found around the margin of 
granite masses and especially in connection with the thoroughly 
crystalline metarnorphics at the base of the An·lw·an series. They 
are very common indeed throughout the area of the hornblende­
gneisses, and to a somewhat less extent in the 1-whists of the Idah() 
Springs formation. 

In the case of the hornblende-gneis:-;es this pegrnatitic ma· 
terial is often injected through the ro(:k in a series of branchiug; 
and interlacing veins and veinlets, and, as mentioned in cou­
nection \Yith the description of the gneisses, may appear to merg(' 
into the substance of the lighter, feldspathic bands of the gneiss. 
Again, the pegmatites may be found in dike-like masses fifty 
or more feet across, and in this ease are very coarse grained. In 
the Montezuma district the pegmatites, as a rule, are yer·y white 
and do not contain much mica, the feldspathic ingredient i,.; 
very largely microcline, at times, howeYPI", plagioc·la:-;e, or ho1li 
together, but not often orthoclase. The coarse-grained inter­
growths of feldspar and quartz, called graphic granite, are not 
common, but the similar structure on a minute St'ale, as brought 
out under the microscope, is very common in the finer graine•l 
pegmatites. 

Pegmatite veins were not obsened in the :\lontezuma gran­
ite, but are occasionally found in the Nania Fe gTanite. The.' 
are very frequently met with in the Idaho Np1·ings formation at 
contart with the dikes of Santa Fe granite, pal"iicularly whe1oe 
great disturbance of the rocks is ntanifest. In sm·h .. ases the 
granite seems to be more or less impregnated with pegmatit\· 
substance, so ns to make it difficult to determine whether the r·ock 
is granite or pegmntite. One case of typical pegmatite "·ith 
muscovite er.'·stals one to two inches acToss was ohsPJ"YP\l entirely 
\dthin the f-'anta Fe granite on Landslide Peale 

QUATER:\".\RY GEuLUtiY. 

Ocucral.-Owing to steepness of :1ll the ,-,tl!Pys and to the 
proximity to the continental diYide, no extensiye alhn·imu tlt> 
posits occur ·within the area mapped, and inasmuch as all the 
yalleys h;we been extensively glaciated, no a1tempt l1as been mnde 
to map allndnm deposits. but all sw·li m·l·as are representetl as 
glacial drift material. In the upper slopes of the monn1nin" 
aboYe timber-line the surface it-1 often covered with r·ot·k detritus 
that probably has been accumulating from before glacial times. 
No attempt has been made to map this mater·ial hnt the under-
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lying rock, so far as this <"onld lie reasonably determined, has in 
e:u·h t'aRe been mapped. 

Ulw·iol Gcology.-,Yithout doubt the entire area COllllH'ised 
within the bound of the Montezuma map was deeply buried 
beneath ice and Rnow during glacial times, and stt·ong gla<"iers 
dest·t'wled all the yaJleys to some distanl'e below the lo\\·l':-d point 
on the ~nake RiYer, shown on the map. Two !llain glacial 
streams. one coming down the Rnake Hin·t· valle~· and till' other 
following the equall~· exteu:-;iye D<'~'I' Ct·eek ya !ley, met at the 
point of Teller ::\fountain, forming the main glacic·r of the dis­
hid. 'rltis glacier \1"<11' joine•l fadher down h,Y a lm·g•· i<"e stream 
from ~t .. John's Yalley, opJio:-;itP the town of 1\fontPznllla. ""t 
this voint the glacier filled the (•ntit·e Yalle~· up to a ]eye] of over 
11.::1111 feet, or one thousand feet aboYe the town on the east side, 
while on the Bear :uountain Ridt· the i('e stream stood at a still 
higher lewl, owing to the ac\'es:-;ion of accessOl'y glacial streams 
from Hear .:\fountain. ThiR gla•·iL·r of the Snake River valley 
joined itself to a still more fm·midahle glacier that came down 
( 'hihuahua Creek from the Yicinit.Y of Argentine Pass and <lr:1y'R 
Peale 

'l'hi:-; ]Jeriod of maxiunuu exit•ttsiou of the icc is tum·ketl on 
both sides of the \a]Jpy by a gl:u·ial moraine that •·ou:-;i:-ds usually 
of 1-'P\'et·al mot·e ot· les:-; sltal'] '· lm tlllllt,.. ky, parallel-running ri tlg<>:-;. 
'l'liP lllaterial of these moraines l'ousists of p:ntially rounded and 
sonteiillJf':-; :-;c'l'atehed bould•·t·:-; of nod;::-;, sw·h as ma,Y lot' found in 
ea('h \'ai'L' along the sides of the Ya]]p~· farther up strP:tuJ, and that 
Jtl:ly ht', therefore, and often :ne, quite different from the nwk~ 
llJ:On which the nwt·aine III<t.Y lie. "\s the bouldct·:-; funning a 
gin•Jt lltontine are ne•·P~sarily •·om1wsed only of t·od;:s found on 
the :-;ame "i•h· of the ntlle.Y highPt' up stream, it follows that the 
material of t\\·o moraines on opposite sides of a yalJey IlWY Jw 
\'Pt',Y different from each oilwr. 'l'l1i" is yet·~· plainly the •·a:-;<' 
\\·ith the lateral moraint's on the ea:-;t :mel west sides of the ~nakP 
Rin"r, OJ!Jro~ite the town of .:\lmtt(•zmlw. (In the left or west sid(• 
the material is romposed entirely of nwks of the hornhlende-gneis:-; 
:-;(•J·i(•:-;, while on the east side tlw morainal material is <·ompos<·tl of 
sillitn;llli1l· :-;c·hist \Yith frequent gT:tnite and porph:yt·y fragments. 
Farthe1· down on this side there naturall.Y appears mixed with the 
afot'l'Jiwntioned rocks also hlod;::-; of ":\fontezuma granite and 
aplite. '!'he moraines of the ( 'hihuahua valley, on the contnu·y, 
are •·omJIORPtl to n very large extent of Montezuma granite, as this 
rock extends some ways up this valley on both sides. 
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,\ second series of morainal ridges is likewise to be seen at 
an eleration of about 300 feet abure the to\\·n, or· 7110 feet lower 
than those just def.leribed. Tl1ese lower moraines repn·scnt the 
upper lir11it of the ice stream at a later glacial epu<·li. :-;nch a 
m01'air1e is well deveJor1ed at the lO,eOO-foot level on the east side 
of the valley, opposite the Fisherman mine, half a mill' below 
town. 

Between these bro Jines of lateral moraines the ra lley sides 
are naturally corered to a greater m Jess extent \dth glacial 
drift, as is aJ:.;u the case with the ndley bottoms ]I(']O\Y the lerPl 
of the lo\H'l' moraines. where the mater·ial may assm11e the char­
acteristi<·s of a ground moraine. Higher up the rall<·.n; the 
upper limit of the ice and of the drift naturally 1·ise until they 
are at ot above timber-line. 

All this morainal mater·ial, whether as di::;tind moraines or 
as scattered drift. is mapped as such onl~- in i'as<· the underlying 
rock is so deeply buried that its character can not reaso11ably li<· 
determined. 

IAII!dslirlr-.s.-'rhree landslides \dthin the !listrict have taken 
phwe \\·ithin compamti\·eJy recent times-so r·ecent, in fad. that 
\'Pgetation has not been able to get a foothol<l. ,\ll three of tlH·se 
o<·cnt on m· near Landslide Peak. One lies on the north nnd 
east slO]Je of this peak on the Geneva ( ;ulch side; another· lier-; 
on the west slope of the same 1:eak; and the third ur>:n· the west 
base of the r·i!lge that extends southerly along the continental 
divide from Landslide Peale The first two !':!ides are COll!JIOI':e<l 
entirely of :-;anta Fe granite, and the last or mol':t southerly of 
the three mainl.r of this same rock. In each case an immense 
mass of J'<wk lws ln·okeu bodily away from the n•r·.r l'teep moun-
1ain side and slid downwards, breaking into smaller fr·agments 
al' it descended. The material now lies hear1ed up in a jumbled 
mal's of broken fragments of rock. 
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CHAPTER H.-ECONOMIC GEOLOGY. 

INTRODUCTION. 

The }fontezuma Di>:t rict lie>: in the midst of a broad zone, 
fn·•pwn tly referred to as the ''sull'hide belt," that runs in a north­
east to southwest course, beginning with the mines of Gilpin 
:md of Clear Creek County and continuing past GeorgetmYn and 
~il Yer Plume to B1·eckenridge and Leadville and beyond. In all 
this belt the ores are characterized by great diversity of mineral 
contents and by the prouuction of seYe1·al metals. namely, gold 
and silyer among the precious metals. with lead, zinc and copper 
fnmi:-;hing the bulk of the product . 

. ~s alread~- state•l. the }fontezuma District was first worked 
in the early :-;ixties. Lut has never been mined on an extensive 
seale, owing in part, doubtless, to lack of transportation facilities. 
In the earlier days natmally only the richer pay streaks carrying 
ltiglt yalues in silver or gold \Yere worked, while the much more 
•·xtensi Ye low-graue o1· milling ore \Yas either not mined at all or 
\Yas left stacked in the stopes to await the time when it could be 
handled at a profit. In other cases there was th1·own over the 
dumps much ore that should be available for milling purposes. 

\Yithin the past two years there has been a healthy revival 
of interest in the camp, and seyeral extensive development pro­
.k,·ts haye been started that involve the running of tunnels of 
,-ousiderable length, the furnishing of electric power, and the 
pi·u,·iding of suitable milling facilities. 

The amount of development work thus far done in the dis­
trict is not such as to permit a very thorough study of the ore 
deposits, but sufficient ha>: been accomplished to allow a fairly 
aeeurate presentation of the essential features. Owing to the 
exr·eptional steepness of the mountain slopes, mining has been 
•lone almost entirely through adits, usually run in on the vein. 
This is also largely true of the prospecting. prospect shafts being 
n·r~· ff'w and insignificant. For this reason no attc11tpt has been 
made to map prosped>: unless they are tunnels. Tunnels are 
1·epresented by a Y, the stem pointing in the di1·r•·lion of the 
tunnel at the mouth, but not necessarily indicating the dirrction 
of the vein. }fany small prospect tunnels and probably some 
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important ones, may be missing from the map, as it was impos­
sible in the time available for the suney to locate all tunnels, 
espeeially in the heayiJ~- wooded portions. 

'l'HE VEIN SYSTEMS. 

Thl'n· are two distinct yein systems in this district, one 
having a general north!::'ast-south"·t·st din·ction, l'l'l',Y strongly 
marked, running across the entire area mapped and extending 
well b!::'yond the confines of the map to the region between Gray's 
Peak and Argentine Pass; the othe1· striking between northeast 
and north, and mostly c·onfine1l to the eentral and northern part 
of the distt·it·t. The first system of wins has a more nearly east 
and west strike in the western part, as. for instance, at the ·wild 
Irishman Mine west of the northern end of Glacier }fountain; 
while towards the northeast, espeeiall; rwyond the area mapped, 
the system changes to a more northerly strike. 

Most of the ore bodies Ol'l'tll' in this northeast-southwest 
system, although the other l':_YI'tl'lll of n·ins sometimes has good 
oi'I', esJtPc-ially at tlwit· junction with the main s~·st1·nt. as is illus­
tr·ated hy the Bullion ::\fine. Some of tlw Yeinl' of thP first R~·stem 
are >et·y persistent and haw• been worked at intenals for SPYeral 
miles. The most Jlronounced of these is the vein of the Rilwr 
\YaYe ::\fin<' on Ranta Fe Peak, which is continued as the 8iln•J· 
( 'ord Yein on the east side of the di1ide, and has Jweu traeed to 
and beyond the PennsylYania mine near "\ t·gentine. !ll'yond the 
limits of th1· map. The veins of this sy:-dc·m var~- in dip from 
YPrtical. :ts at the Ril1er \Y:ne ::\fine, to about 4:-i) at the Chau­
tauqua ::\line. 'l'lw dit·er·tion of dip is g·l'lll't'ally north,yesterl.L 
Most of the dips n n· very steep. 

For th1· a I'I'Olti}Ja u_Ying map, showing· the n·iu s_nd t'lllS of t Jw 
district tht• RUI'I'~".Y is indebted to the conJ·lt·s_,. of ::\it·. Etienne _\_ 
R.itter, wlt11 Jil'i'J;ared tltc· map, and tn Tlw Engim·criug· :1nd ::\fin­
ing· Joumal, which pnlilished it in i'onnection with a paper· on tht· 
:\fontezuma Mining District. 
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MAP OF :\!01'\TE'ZUlllA :\liKING DISTRICT, SHOWING LOCATION 01!' 
MINES. 

1 Grand Union, 2 St. Lawrence. 3 Maid of Orleans <ilhl<lof Orleanse), 
4 Chihuahua, 5 Rosalie, 6 Pella, 7 Bertha, 8 Fifth uf July, 9 Grey Eagle, 10 Little 
Chief, 11 Chicago, 12 Buda, 13 Climax, 14 Lucky Baldwin, 15 Silver Wave, 16 Silver 
1 'h<>r<J. 17 l\Iary Ann, 18 Great Republic, 19 Challenger, 20 Sulllrise, 31 Delaware 
Extension. ~~ Dda\\·ctr~_·. :.::·; Pennsylvania, 24 Pr·nnsyh·ania Extension, 25 Lone 
Jack, ~1; \Yaterloo, ~7 <.>lcl Settler, 28 Surprise, 29 Silver \'ling, 30 Eureka, 
:n ( ~alifurnia, 32 SuniJil r~t. 3.f \Yild Irishman, 35 Silver Prince, 36 Centennia1, 
:;7 <!•·ncral Teller, 38 :\Ja.rxon. 39 Condor. 40 Woodchuck, 41 \Yalkc•r, 42 Little 
Emma, 43 Eclipse, 44 Itaska, 4o Scotia, 46 Defiance, 47 Chautauqua, e~ Samp><<~n. 
-~:1 Ru~tler, 50 Radical, 51 Radical, Jr., 52 Carrol, 5·3 Braganza I~'xt~·n~i(lll, 
:i4 Hrag-"nza, 55 Atlantic, 56 Sarsfield, :)7 Yellow Jacket Extension \'lest, 5S Yell<>w 
Jackc-t. ,,!> Yellow Jacket Extension, 60 Arctic, 61 New York, 62 Potosi, 63 Tunnel 
Lo<le 1'\u. 7. 64 Olcl Timer, 65 Silver King, 66 Moscow, 67 Denver, 68 Celtic, 
69 St. Elmn, 70 Tiger, 71 \'lindsor. 72 St. Coud. 'i:J Best. 7.J Baltic, 75 Revenue. 
76 Bullion Extension, 77 Bullion, 78 Aorta, 7!1 \Y<eukegan, SO E:rie, 81 Champion, 
·'2 Bertha, ,;J C) ,·ert. 84 Cashier, S5 Venus, 86 Silver l\1 cdal, ~7 Charles Comstock, 
-'·' Red Jackr·t. ':> Red Jacket Extension, 90 Thunderhnlt, 91 Arapahoe, 92 Botts, 
:<:] Tip Top, !>4 ~Ionitor, 95 Tunnel Lode No. 5, 97 Ballarat. :1S Rose, 99 Qu:dl, 
100 Harrison, 101 Yorkshire, 102 Adder, 103 Fourth of July, 104 Don Pedro, 
105 Hunkidori, 106 Erickson, 107 Meteor, 108 Rudolph, 109 Howard, 110 Sylvia, 
111 Gold Bug, 112 Rotschild, 113 H<~tsl'l>ilcl No. 2, 114 Peruvian, 115 National 
Treasure, 116 Silver Ledge, 117 Minerva, llS Whrlle. 119 Silver Falls, 120 Baalbec, 
121 Tenth Legion, 122 Rip van Winkle, 123 Little Chief, 124 Little Chief Extension, 
125 Lone Star 126 Lone Star Extension, n7 Q11een of the West, 128 Queen of the 
West Extension, 129 M. & N., 130 Liberty, 131 Marion E., 132 Yankee Doodle, 
133 Cross, 134 Florence-Belle, 135 Lelia, 136 Susy, 137 Maggie T., 138 Golden ~ule, 
169 Simon, 140 Bullion King, 141 Flossie, 142 Santlago No. 9, 143 Santiago, 
144 Centennial. 
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(~IIARAC'l'ER OJ<' THE Vr•JINS. 

Ocncml.-'l'he Yeins of this camp are mostly replacement 
Yeins; that is, the •·o1mtry l"ui"k has been to a gn·a!<'r or less 
extent minemlized, and the origi1Ial mineral:-: replaced h,,- the Ol'I'S 

and gangue material, l1y means of circulating waiPJ'. The ore­

bearing water ha:-: found its '"'1~· along fraeture lines in the •·unn 
ll',Y rock and penetrated the rock on each :-:ide of th•' fisRun• for a 
yarying distance. In some cases, howen'r, the water, finding an 

open spact', has filled the space with on'. thus fonning a tru•' 
fi.ssure Yein. Such veins often show a rmu·kPrl erustified sl ru•·­
ture. They may vary in width from a hadioH of an inch to 
two or three feet, and are likely to contain ltigh-gT<IIl•· smelting 
ore. This is the case with the Silver \Yan· ::\litw, which shows 
a streak uf :-:melting ore se,·<'ral feet wiu•'· tTsually the "pay 
streak" is much nan·ower, perha11S an inch m· two, anu is to be 
found sometimes on one side, sometimes on tlw other, or, again, 
in the •·Pnl<'r of a vein. At times more than one such rich f'h'''"k 
of ore may or·•·ur in tlw same ,·eiiJ, in whi"h •·ase tlw two siTL'aks 
may be of different character, as in the Chautanqua n~in, where 
two three-inch streaks o .. cur, one of galena and the ntlwt· of zin<' 
blende, separated by f'C'Yeral feet of milling ore. 

The replacement products ar<' more apt to be or•'s of a mill­
iHg grade. Xaturally. in a l'amp without proper trnnspndntinn 
or milling facilities, this class of ore has not been extensiYt>ly 
worked, and hence little opportunit~- is given to study such ores. 
It is impossible to say, therefc;re, to what •·xl<'nt these ores may 
c'xist in the •·amp. Sw·h a body of ore has lwen "-,.lJ exposed in 
the Silw1· King vein of the Sil\'PJ' Prineess Mine, wh<>l'P the win 
measures not less tl1an ten or twi'IY<' feet in the sl "Ji''· as li!JW 

exposed. ( ~Pe plate Xo. XIV.) .\s \Yill he s<'en from the descri11· 
tion of the ore giYen hPlo\Y, the SII<'<'~'Ssfnl mining of this Jarg<' 
bod~- is a question of proper milling treatment . 

.\Tatun~ of Ganqltt'.-'l'he most nbnnrlant gnngne material 
is quartz. In the •·nsf' of the fissure Yc'ins this mineral is nsnnlly 
more or less well rT.n<tnllized. nnd is to be found lining Yng holes 
nnd larger fissur·Ps. In the repLH'<'Ill!'nt prodnds tlw quartz is 
apt to make np the gTent bulk of the J'<wk, nlthongh in such ens•·s 
it may be mixed ~with other altl~ration prodn..t s or \Yith J'l'lllllants 
of the original rock minerals. Other gang·ne minerals usually 
associated with the quartz, but in gt·eatly Yarying aJIIOnnts. are 
siderite, the carbonate of iron, HIH1 barite or 1wm·y spar. as it is 
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more <·nmmonly call<'<l b~- the miners, a sulphate of barium. 
These last two mineral:;; may be entirely ·wanting or el~e present 
in one part of a vein nnd sparingly present in other parts. Again, 
one or the other ma~- locally oc..-ur nearl~- pure, as was noted in 
the ca~e of barite at the f-\iher \\"nn· Mine. 

The siderite occurs in light bro1Yn to dark brown, also gray 
and pinkish. The pink color is probn lily due to the admixture 
of some manganese, as is also the fact that this mineral weathers 
blac·ki~h on l'X}Io~ure to the air. It usually n<·<·m·s in minute 
nyst:Jl,.: that measure from 1-8 to 1-H; of an inch in diameter and 
slto1Y~ the form of w:t J·pe<l rhombohedrons. In a northeastern 
<·xtension of the SilYer \Ying ::\Iim· this minL·J·al is disclosed in 
a test-pit a~~ewinted ·with lead <1nd zinC" sulphide~ anel occurring 
in a solid streak fin· o1· six inc-lw:;; wide. The mineral is of a 
<1eep liJ'o\Yll color and is !'Onrsely nystalline, (he indiYidual 
gTains measuring half an inch to an inch in diameter. 

The barite oe·em·:;; in thin, milk-white tabl<'l ~. or in e·cmrse­
gJ·ained nggTeg:l1e·s of the sanu·. It iB YC'i'.'- apt to occur in 
~(Teak~ of o1·e l'idt in galena. 

'l'lu· Jhtul-IJI'IIriug J/ iul'l'llls.-Tlit> principal values in this 
tamp han· been in the· ]l:tSt Biln·J· and gol<l, e·~lw<'i:tlly the former, 
while the bulk of 11Jc· metal,.: aee in the form of l<,ad and zinc with 
~nbor<linate· ··oppe·r. The siln·t· ,,c·e·urs aR ruby silver, brittle 
~j]ye·t· and natiYe• "·in· sihc•J', tlw tirBt named being the one C"har­
aeteriRtie of the eli,.:tJ·ic-1. · ~ilYer, like\Yi~e. oc·e·.m·s to Rmne extent, 
l'<'J'lne·ing l<·nel in the g:tle·na, \Yhich is more or !eRN arg<'ntife·rons. 
Rilye·r an<l p;old haYP al,.:o been pmeluced in e·omwdion with 
hiBmnth. Tlw golel elof'~ not nc·•·Hr in YiBihle form, b11t in small 
;mwun1 ~ iH<·IoN<·cl in or a",.:ociat<'el with tli<' sulphide·,.: of silver, 
]pad and zint·, aiHl <'"J:<'<·iall,Y of c-opper. 

L<·;t<l and zinl', in tlJc• fonn of the mine1·als g-;tlena and 
sphalerite, are u~nally intimat•·ly mi:x•·ll tog·etlH•J', but tlwy may 
o<'t'lll' e·Yen in tiH· Rame Y<-ill in ~e·p<H:t(<' Bit·•·aks, wltil'l1 may pet·­
haps unite and i'<'Jla!·at<· ag·ain. Zinc is mneh the nwrt· abundant 
of i It<' two metal,.:, and J:uge ]Jo<lit·;.; of the zim· snlphi(le at·<' 
lmmYn to O<Tm· a,.: in the 'ri ge1· !IIi m· on the north end of C: laci<·r 
Mountain. 

('op]Wl' is n;.;nall . .- p1·c·~<·nt in contpn1·atiYely Bmall amounts 
:md im·arialii.Y in th<· fm·111 of ('hall'opy1·ite. It is interesting to 
note, JunY<'Yer, and :1l~o encouraging·, that in some of the deeper 
mine~. as at the Siln-r \YaH", the chalt'op,nite seems to be com­
ing in in much gTt>atPr amounts. 
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'l'he milliu~ o1·e of the ~il I'Cl' Kin~ yein, nl1oYt' rdPITed to, 
is an interesting as \H'll ns artisii('nlly beautiful oi"<'. Its int.·rest 
as \Yell as its l11·auty lit·s in the ass•wiation of prai'l i•·all~- all the 
more common minemls of the g:mgiH· and of the ore propt'l'. It 
eonsists of crystalliz<·tl quartz, l•:Iril<· and pinkish sitlt·rile, with 
which are assol'i:tted dark, resinons-looking splwki·itt>, ('tJaJ·se. 
gn1nular and souwlimPs <T_YsiallizPd g:Ilena, and a sn1all aJ11ount 
of crystallized dwl copyri te. 

Jlillcml UIIIJ!III.-Heliable information''" to the mineral out­
put of the camp in the past or :1:-: io the an•J·:Ig~' ,.i .. hurss of the 
more prominent Yeins is not ;w;Iilable. This is due to the fad 
that there'""" JH·af'iit·;tlly no 111iniug done from 1:--~u:: to about a 
year or n ye;n· aiHl a half ago, and :-;inee mining o]JI'I';Itiom; \Yen~ 
started only a ft·\\· carload lol:-; haYe been :-;hippt·d to mill m· 
smelter, the m·•· h:wing been sta..J,ctl to await the erection of a 
suitable mill and the construction of a railroad. 'l'he following 
data furnished l•y ~II·. J. R. Hoots. l't'l'ident manager of The 
~fontezuma ~Iines 1 )(•yelopment Co111p:m~·. may he of ininest as 
showing the natm·e of the milling ore of' the Siln'l' King mine, 
referred to ahon•. These are smelil'l' returns on fifteen cnrlo:ul 
Jots shipped in 1K!1:2. 

Car 1 .... 
Car 2 ... .. 
Car 9 

'-'· . . . 

Car 4 .. ..... . . . . ...... 
Car 5 ... . . . . . . . . . . . . . 
Car 6 .. . . . . . . . . . . . . . . 
Car 7 .... ..... 
Car 8. . . . . . . ......... 
Car 9 .. .. . . . .. . . . . . . . . 

. car 10 . .... . . . . . . . . . . . 
Car 11 ................ 
Car 12 ... .. '. . .. . . . .. 
Car 13 ................ 
Car 14 ... . . ........... 
Car 15 ... .... . . . .... 

Au Ag 
0.17 25.8 
0.03 53 
0.03 54 
0.08 46.5 
3.80 9~ 

0.82 21.5 
0.05 38 
0.12 14 
0.05 37 
0.04 38 
0.05 30 
0.05 34 
0.05 31 
0.02 40 
0.04 34 

Pb 
62.9 
45 
41 
33 
37.8 
65 
32 

7.9 
~5.5 

25 
~1 

27 

30.5 
40.6 
39.G 

Zn 
3.8 
8.9 

12 

10 
6.9 

14.7 
15.9 
17.4 
16.9 
15 
13.7 
13.4 

1\11'. Roots aJ:.:o informs the writer that three cars of ore were 
shipped from the Sarsfield mine in lHo:-:. from which smelter re­
turns ga,·e an m·tTagl' of $-!~.30 per ton. 

Aside from the data given above, all other n vai Ia hie informn­
j inll consist" of indi,·idual iissay:-; and statements 111:1de from 
J'ecolleetion by oltl-time miners. 'l'hese statements, while hardly 
J·eliable enough fo1· publication, ;tgJ'l'<' in thr fact that the camp 
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produced, in the early days before the fall in the price of silver, 
much Yer~· rich ore. 

One authentication of this statement has recently been puL­
lished by Professo1· Frank B. Yan Horn, in a paper entitled 
'·Occunenee of Proustite and Axgeutite at the California Mine, 
near ~lontezuma, ( 'olorado."•· l'rof. Yau Iloru de~·:cribes some 
sections of yeins l"t••·eutly given to the ('asp ;o;..JIOo] of Applied 
Science coming fm!ll the alJo\"1' nanH'tl propel"1.Y. Refening to 
proustite, he says: 

"In September, 1\30:2, the largest pay streak of the 
vein widened to about ~1 inches and assumed a distinct­
ly l1anded strudm·t·. with galena and sphale1·ite irregu­
larly mixed on each side; these were followed by sideriie. 
al>'o s~·mmetrical, "·hile in iltt> center was a streak of 
uwssin' proustit1· \\·ith finely intermingled quartz, whil"h 
was more or less drnsy. Tlti:-; :-;lreak \\'HS usually about 
:.l inches wide, but in one instan•·e amounted to 1J 
inches." 

.. '.:-; to the argentiie. he says that the spet"imens v:ny from ~ 
to 3 inches in width. and a1·e usually wnssin· a111l finely granula1·. 
but in :-;ontL' ea:-;es an~ !JUite co:nsl'ly g1·anulal". 

Oriyiu and Gcolur;i,· Position of tlu· rcins.-The ore bodie,; 
haYe not as yet been deYv!oped to a sufficient <lPpth to justify 
any \"!'!'.'' sweeping dednd ions as to the origin of the ores, 01· as 
to the probable extent of the deposits. 'rhere is a CPdain amount 
of oxi•l:ttiun produds to be seen in somP of the wmkiugs. and to 
some PxtPnt, at lea:-;t. the on~ has l11·•·n leaehecl out !'lose to tlH· 
surfa1·e li.r 1lescending waters, as is >'ltuwn by the ;ron •·ap of 
some of the Yeins. But upon the whole, the el'l'•·•·l of descending 
waters does not :t]IJII'al" to be \'L'I'.)' grea(, as the sulphides come 
in most •·:tt'Ps either to the sul'f:tce or close to it. Certainly a 
se•·(mdm·~· sulphide enrichment lw,; uot takeu place to any gt·eat 
extL·nt. 'rhis is pal"ticulal'!y marked in the copper ore, whicll 
im·arialJiy •·•msisis of chalcopyrite. neyer of chalcocite, as woulJ 
be expected if a secondar~, enridtuwnt had taken place. It is, of 
course, pnssible that such bodies may haYe once existed only to be 
planed off by glacial adio11. and it is more than possible that this 
is the PXplanation of the scm..-ity of oxidation products. It 
would seem, therefore, that the m·•·s of this camp ha,·e been de-

*BulL GeoL Soc. of Am., VoL XIX, 1908, pp. 93-98. 
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posited by rising waters alone, or essentially so, which fact would 
be very favorable to their continuance to great depth. 

Geologic Position and Age of the Veins.-The veins of the 
Jlontezuma District are not confined to any one rock formation. 
They are found in both of the schistose series, in the intrusive 
porphyries, in the granite porphyries and aplite, and in both the 
Montezuma and Santa Fe granites. It is undoubtedly tru•~, 

however, that the ore-bearing veins are much more abundant i11 

the vicinity of the porphyry dikes than where such dikes do not 
occur or are only occasionally seen. For this reason, perhaps, 
they are more abundant in the area covered by the schists of the 
Idaho Springs formation than elsewhere. A vein of ore is very 
apt to run along beside a porphyl'y dike, but it does not neces­
sarily occur at the contact nor continue along the dil'ection of the 
contact, but it may cut across the dike and leaye it altogether. 

Again, the veins do not have any direct connection with the 
strike and dip of the schists and gneisses. In fact they seem to 
be entirely independent of the schist cleavage, as a vein frequently 
strikes at a very small angle with the strike of the schist or gneiss. 
Likewise there appears to be no connection with the pegmatite 
veins except insofar as they may happen to cut one of them. 
'fhey must be younger than the porphyries, as they cut through 
them. 1'heir period of formation, then, must be later than that 
of the youngest of the rocks of the district. If the porphyries 
are of late Cretaceous age, the period of ore-formation can not 
have begun until the Tertiary. 

The ore bodies lie along lines of extensive rock jointing, 
<:~nd, perhaps, of faulting, and therefore along lines of weaknes~. 
It is along these same lines of weakness that the porphyry dike-; 
occur. Possibly this is the only reason for the close connection 
between the ore veins and the porphyry dikes. There is proJ,_ 
ably, however, a closer connection than this. It is a well-known 
fact that most regions where the precious metals abound are also 
regions of extensive igneous rocks. 'fhis is especially true of 
Colorado and other western mining regions. The waters escap­
ing from great igneous intrusions, or the waters brought in con­
tact with such intrusives, are supposed to bring up the ores from 
the depths and to deposit them along water courses on the way 
up. Without entering into a discussion of the different theorie" 
ihat attempt to explain these generally admitted facts, it may 
suffice to point out that the presumably heated waters that de­
posited the ores may llaYe derived their heat. and po:<sihly their 
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mineral content, from the gnmite masses now visible on the suL·­
face, but mOl'e likely from extensive igneous masses below the 
surface, but connected with the various dikes of porphyritic rocks. 

As stated aboYe, the veins may, to a greater or less extent, 
be faulted, but if so the faults are strike faults~that is, the direc::­
tion of slipping is parallel to that of the vein. Cross faults that 
fault the yein in the ordinary sense, and cause portions of a vein 
to be disconnected, appear to be altogether wanting in the camp. 
::\Iiniatmc slips of a few inches, or perhaps n YE'l'Y few feet, have 
been noted in the rock formations, but no faults great enough to 
materially interfere with the following of a yein. 

IRON ORE DEPOSITS. 

Kear the head of tile ~nake River·, and likewise at the head 
of Geneva Uulch, occur bog-ir·on ore deposits of some consider­
able extent. These lie on the surface, being l"Overed only by a 
few inches, or at most by a n·ry few feet, of soil and vegetation. 
They are mostly soft and frillble, of a light to dark-brown color, 
and are usun lly nry light and porous. The deposit in Geneva 
Gulch extPnds only a little \Yays into the territory covered by the 
map, being· mostly east of the district suneyed. In the Snake 
Valley is a long, slender, irregular area, about a mile long, covered 
by this deposit, and another very small patch a little further up 
stream. These bog-iron or limonite deposits ha,·e not been ex­
tensively deYeloped, only a few carloads having been shipped out 
for use by the smelters as a flux. Test-pits sunk at different 
points indicate a deposit from two or three feet to eight or ten 
feet in depth. Exact analyses are not at hand, but the ore is saiu 
to be extremely pure. "\s the (·oyering is very light, they could 
doubtless be worked at low cost for mining. 

These iron ore deposits are clearly of very recent origin. 
They are in fact still accumulating. The source of the iron 
oxide is to be sought in the red stain so prominent on the surfaces 
of the rock fragments that cover the mountain slopes above these 
deposits. It is this iron oxide stain that causes certain parts of 
the mountains to assume a brilliant red color. These films of 
red oxide of iron are attacked by the carbon dioxide of the air 
and the iron in the form of the carbonate carried down in solu­
tion and precipitated in the bogs at the base of the mountain 
slopes. 
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'l'HE FOO'l'HILLt-i F( >R~L\'!'I( IX~ OF ~OR'l'H CEX'l'RAL 
COLOIL\DO.•· 

'l'he agP:-;, or stratigraphie ]tnsitions, of the formations which 

eompose the foothills of North Central Colorado. haye long been 
in tlonht. Earl~- explon·rs. finding few fossils or none in these 
bedR, ·and hence unable to make exaei t·orrelationR. gan· them 

tentatiYe names, based upon lithological resemblance to forma­
tions found el:-;e,Yhere whose ftoRitions in the geolngit·al column 
were RUIJfJtWetl to be known. Later worke1·:-; in the field continued 
the uRe of those names, often without t·antioning the reader as to 
existing doubtR, but gmdually those tlonbts became more prom­
inent in the g1·uwing and Rt·:tttered litl'nltnre of the subject.t 
Fossils found both north and south of this area in formation,; 
supposed to be Ryncluonous madt~ caution in nomenclature deRir 
able until eorrelation of our formation:-; with those of adjacent 
areas could be established. Rome fo:-;:-;ils reported from the 
nortltt>l'n portion of the field l't·enwd of :-:ufficient import:mee to 
suggeRt the advi:-;ability of further work in that region and the 
trai'ing of the formations thence Routhward. Consequently bYo 
parties working under the Colomdo Geological Rurvey spent ten 
days or more in the field in .June, l!HI7. between the ('aehe la 
Poudre and the northern bound:t1·y of< 'olo1·:Hlo. and in October of 
the ,;ame year work was resumed at that stream :tnd pushed south­
ward to Boulder. 

The resultR of thiR work. t·oupled with that done lty othPl'~-' 

further south, Rumewhat l'ltange the gt>ologit· map of Eastent 
( 'olorado and definitel.Y determine the :tgt' of :tt least the loweRt 
of the setli menta1·y forlllations uf the region. The topograph i I' 
Rheets of the Fnited 1-\iates G!'ologiud Nnn-ey for Boulder, Xi\Yot . 
.\It. Olympn:-;, LtwPland, Ft. ( 'ollinR, and Livermore Quadmngh•:-; 
\YPl'P nRed aR a base map. ThP last tlll't'P \\PJ·e not then published, 
but phntogntphic o·opi<•:-; were kindly ftunished lty the 1-\m-yey. .\ 
considerable portion of the work in Li yermm·p ( ~nadr:111gle waR 
tlOJJ(' h,Y Profei'ROl' R. n. Crawfonl, nl· .. TameR T'nderhill, ~Ir. G. 
~·. TlotldR, and ~h·. I:. H .. Tn('k:-;on . .\Ir. II. \Y. < 'l:tti\'Ol'thy :tRRisted 

''The numb<'r' refer lo the bibliography at the end of this paper. 
tFor discussion of the histolT of Carboniferous problems in Colorado, in 

the main correct, see Girl)'. U. S. U<"ui. Sur., Prof. Paper No. 16, pp. 97-121. 
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for RPYeral dayR in Loveland Qnadrangle, l\fr. ~- A. Rohwer in 
LiYennore Quadrangle, and "JIJ". ~\!bert Dakan ar-r·ompanied the 
writer to Perry Park and .3Ianiton Park, where his knmdedge 

of the region and it,; geologic features greatly expedited the work. 

ToPOGRAI'HY. 

The topography from Boulder northward nearly to BellenH' 
is. on the whole, simple, but more complex and quite different 
from BelJeyue northward. The foothills rise abruptly from the 
plains into long, high, usuall~· north-south ridge,;, the persisten('e 
of whit'h exposes to view certain horizons fur long distances, 
making it possible to ac·tnnlly trace the strata from the northern 
boundm·y of the state far southward without losing sight of the 
resistant horizons exn'l't for a few 1·ods where ,;tn•ams from the 
mountains haYe cut through the 1·iclgeR and c·oyered their yalJey:-; 
with del11·is. EYen the softer ,;I r:tla in the intenening yalJeys 
nw~ be traced for c·mu-dderable di,;hmc·ec;, though exposures are 
not as C'ontinuous. These ridge,; and intenPning Yalleys form 
the dominant featm·ec; of the foothill,; landscap>,;, and bear a well· 
definc·cl J·Plation to litlwlo:..:~·. ''"hile their ,;trike bears definite 
relation to the direetion of the dip. The plains c;lope gently from 
the base of the foothill,; eastw:1nl into the ~onth Platte valley, 
\\·hieh i,; c·m11paratiYely ,;hallow. on>J· one hundrPclmiles wide next 
to tlw foothillR. but nwc;ked to a great extent by ilie minor valleys 
of its tribntariPI'. \Yhert> the stream,; eme1·gp from the foothillR. 
particnlarl.Y in the J:oulde1· Dist1·iet, they have cut to some depth 
into the yielding ( 'n·tnr·cons shall's, swinging to :md fro as the 
cutting Jn·ogi·l·SsPcl. :md thuR forming fine Nei·ies of tenac·es, com­
monly ('ailed ''ml:'s:ts.'' 

North of the ( 'adH· la Poucli·c· ,;neral large folds, with axec; 
nmnin.l!; in Y:trions dii·<•c·tionR. lin Y<' spread ont the foothills into 
a !woad and flat al'<':t as eonq:arrcl \\'il"h the noulclPI' Qmulrangl<', 
the ioltographie slJPPIN clearly c;howing the dilfPI'('IlCr. The beRt 
expuRui·c·s of the entire series from gmnite to "I htkota '' are PaRI 
of Box Elclc>r pnst-offic·e at the \Yyoming line, at ( hYl ( 'anyon north 
of BellPnH', and a little sonth of \\"Pst from LO\'I:'lancl. 

FoLDS ~\ND F~\ uLTs. 

Tlic Yonual Jluurwlinc.-The sedimentary nwk,; are upturned 
at Y<trying angles ll]tOn the basal ,;]opes of tlw Hcwky ~fountains, 
flattening· out as they ]tass under the plains (Figs. 1 and 2). .\ t 
Boulth·1· the dips are very strong, and in plar·(':-; the strata a1·e 
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,-ertical or even oyerturned, hnt northward the dip in some pl~wes 
is less than tweln• degrees. 'l'his monocline is persistent through­
out the region, eXl'l'pt where it becon1es a limb of a syndine, and 
everywhere any change in the dhedion of the dip finds instant 
exp1·ession in a change in the direction of the strike of the ridges. 
Csunlly the strike is approximately north-south :md the dip 
easterl,r, but in the Livermore Quadrangle t\Yo east-\\·est synclines 
produce northerly and southerly dips, with approximately cast­
\\'est str-ib_. fm· many mill's in the limbs of the folds \Yhich corre­
spond to the norlllal monocline. 

Echelon Folrl.s in tlu· Southern .lrca.-?\em·l.Y all of the folds 
south of Bellevue :n·e dic;tindl)- e1·lwlon and result in throwing 
the foothills several miles to the eashntrd north of Boulder. The 
most im1Jortant of theRe folds are at Arkins (nol'thwest of Love­
land), Carter Lake (\\·ec;t of Berthoud) and Rahl•it Jfountain 
(northeast of Lyons). There are some smaller ones of the same 
typr. In the WI'St limb the dip iR almost inY:niaJ,Jy much stronger 
than in the east limb, bnt not in the east mem he1· of the double 
fold at Rabbit Mountain, whel'e w<· find the r:1c;t limb with much 
stronger dip. Tlw Rabbit :3! onntn in and . \ l'l;:ins folds form :1 
prominent he:11llam1 proj1Tting in1" the pin ins for c;ome distanl'e. 
The latter is the lm·ger, and i he antieline has h•·•·n erode< I so 
as to expose the quartz-schist ,.me in the form of a high mountain 
flanked hy the remnants of i liP sedimentaries. At the northern 
end of this fold :nP t\yo faulic; of importance; one, if not both, 
with a throw of hundreds of feet, and strike west of north. 

The Carte1· Lake fold is rathf'l' complex, especially to the 
northwest, hut affords a beautiful example of a narrow north­
south anticline standing out as a long hill \Yith steep sides, its 
apex eroded a\\'UY and a 1lt><'P valli·y excan1ted along the longi­
tudinal axis, cutting \Yell into the Fountain. 

Folds of tl!c NortluTn Arl'(t.-The Bellevue fold, west of Ft. 
Collins, is a domP. The Cadte la Poud1·e has cut through the 
ove1·lying- forlllations deep into the Fountain, leaving the east 
limb of the fold exposed in a fine l'!iff. 

North of the Carlw Ia Pondre lhe Li,·ermore and Red Jfuun­
tain s~·nclines extend far baf·k into the mountaim:. The anti­
f·lines wliif·lt c-onnected the t\\·o, an11 also connected them \Yith the 
normal monoeline to the north and south, have beeu eroded a\\·a.Y, 
leaYing the granitil' eores exposed. In the western part of the 
Red Jfonntain syneline denudation has been carried to such an 
extent that even till' lower Fountain is represented only by rem-
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PLATE XVI. 

Bellevue fold, looking north of east, with the village at south end of fold. Lyons 
formation at the top of cliff, Fountain at the base. 

Sand Creek fold, looking south. The cliff is the Lyons formation, with a little 
Fountain at the base, and the Lykins sloping upward from the top of the cliff to the 
top of the hill, 
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nants, so that we have now exposed virtually the original sea­
bottom upon which the sediment<wies were deposited, somewhat 
dissected by recent erosion. 

Southeast of Box Elder post-office, a short distance south of 
the "\Yyoming line, is the Sand Creek fold, a very fine, narrow 
anticline, for·Hting an elongated hill, its longitudinal axis about 
north by east. ),_s in case of the folds in the southern area, the 
dip of the west limb is much greater than that of the east limb. 
~and Creek cuts directly through the anticline \·t·ry nearly at 
1·ight angles with the longer axis, cutting through the Lykin:-; and 
L~·ons and into the Fountain. The s.mcline to the west is a 
,-alley occupied by the Lykins. This Yicinity affords perhaps 
the best place in the region to study the enti1·e serie:-; from the 
granite to the "Dakota." 

There are numerous minor folds and faults. .\ll of the folds 
of any importance announce themsehes before the h:t ,-eler rea('hes 
them by changes in the strike of the dominant ridges, except the 
Sand Creek anticline. The folds are shown in detail in the 
accompanying maps, from which a better itlen may be obtained 
than from any possible description. 

The uniformity in the direction of the dip in the normal 
monocline through thousands of feet of strata from the granite 
to the upper part of the Cretaceous, with the almost total absence 
of discovered unconformity, indicates a YPI'Y long period of 
deposition upon a somewhat uniformly subsiding sea bottom. 

The sucee:-;sion of formations in the r·egion, ns nO\Y understood, 
is as follows: 

_ { Quaternary-Alluviu. m ~nd terrace gravels. 
Cenozoic T ·t· _ lVI' , 1 Ankaree sandstone. 

er ran.- 10< ene i Brule clay 

Mesozoic 

Palaeozoic 

Cretaceous 

Laramie 
M t I Fox Hills 

on ana ) Pierre 
C 1 . d 1 Niobrara 

0 ora 0 -1 Benton 
"Dakota" ( ?) (Probably partly Comanche J 

.Jurassic 1 Morrison 
i Sundance 

Triassic (?)-Lykins (in part) 

{

Permian (?)-Lykins (in part) 

. {Penns I van ian ) L:·ons . 
Carbomferous Y I Fountam 

Mississippian 

Proterozoic I Algonldan 
(Archean 
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T!te formatiom-: •lel'ignate•l Fountain, Lyom:, Lykinl-4, and ~1m· 
ri:,;on, have usually been grouped together under the name .Jura· 
'l'riat-:, or "Red Beds," the latter r·eferring to their dominant color, 
but the Fountnin of this region is now known and the Lyons 
confidently believed to be Pennsylvanian. 

These forlllations Y~u-y somewhat and are not always sepa 
rated Ly sharp lines, owing to the fact that it was apparently 
a long period of continuous deposition, but in a general way they 
ma;r be rPndily distinguished on both lithologic and topographie 
grounds. 

PRE·CARBO:\'IFEROUS. 

ArdtcUII.-TIH· sedimentaries usually rel't UJ:uu a floor of 
eroded and often much \\·eathered granite and gneiss forming 
J•art of the granitt·-gm·ist-: ··omplex of the Front Range. In the 
\"i<"inity of J:ox Elder the granite has a decided tcn•leney to 
de,·elop tna•l·l'tool fonns in weather·ing. 'l'hat the erosion of these 
)dTltean 1·oeks has furni:shed most of the material for the deposi· 
tion of the "Red Beds" is Jtt<mifest. 

Alyo11ki1111.-Frow ~outlt Boulder Canyon southward and 
soutlmestwar·d to Coal and Ralston Creeks, a distance of about 
tweJye lllilPs, is found a \'er·y ;mcient quartzite. It has not been 
carefully studied as yet, nnd its exact boundaries have not been 
defined except at the contact with the Fountain fon11a tion from 
~onth Boulder to Coal Creek. It has been briefly noted by Mar· 
,-ine (3ri, p. ];_:!IJ, Fenneman (13, p. :21), and Van Rise (37, p. 
:t~:J), but apparently on]~- the northern end '"as exalllined by the 
two Iatte1·. 'l'owm·d ('oal Creek it is in contact with the Fountain. 

Thi:-; •1uartzii" is llw:-;tly white, in some places coarsely con­
glnllleratie, l'Xhibitiug both true bedding and cross-bedding planes 
and plainly showing that it consists of metamorphosed sand­
"tom·N nnd •·•mglolllerates. In places thin strata have developed 
into heaniiful quartz "ehist, ~while occasional small lenses are 
YPry little altered and closely resemble portions of the Fountain. 
The dip is quite unifomt!y southeast but varies in angle from 
~:;;:c· to 90°. The dip of the o\·crlying Carboniferous and Mesozoic 
fonuations is m·al"ly ra"t and about :2s·=·. Clearly the quartzites 
were Nomewltat tilted and then planed off before the Carl1nn~ 

iferous beds \YCl'C' laid upon the upturned quartzite edge,;. 
Furthermon>, the direction of the shore lines of the more aneient 
l"-'l"io•l \H'l"e Jlmbably qniiP different from those which prevailed 
frolll the ('arboniferous to the final retreat of the sea at the close 
of the ( '1·et:u·eous. 



FOOTHILLS FOR~IATIOXS OF NORTHEH:'< COLOIL\DO. 1 ;)') 

\Yest of Loveland and Berthoud is another la1·ge area of 
quartzite and quartz-lltiea owhists, long ago noted by .\larYine 
(3G, p. 140). It is. much more schistose than that at ('ual Creek 
and South Boulder, with interpolated granite mnsst>s which 
increase in importance to the west\\·ard. In a general \Yay, the 
dip of these schists is to the northeast and the angle is yery high, 
while the o\·erlyi11g formations dip to the east at a lower angle. 
affording another fine example of unconformity where the actual 
contact is exposed, though the dip of the older formation is quite 
different from that at l'oal Creek. 

CAnD< >C\ IFEROUS. 

Fountain F'ormation-Pcnnsylwniun.-This fonnation con­
sists chiefly of yariegated <·onglomerate:,; nnd sandstones, with 
O<T:tsional bands of limestone in some places. all resting upon 
a g1·anite-gneiss floor except where the qnadziles and schists 
inten-ene. It is mostly red and pink, but \Yith white patches. 
streaks and spots, perhaps resulting from unequal original dis­
trilmtion and subsequent leadting out of iron oxideH which 
furnish mo:,;t of the coloring matter of the Red Beds. .\ t a little 
distance the white so tones the red as to giYe the whole forma­
tion a uniform pinkish color. sharply contrasting with the pun•r 
red of the unTl,Yiug Lyons formation from Lefthand norllnYard. 

Eldridge ( 1:!, p. 53) has noted that in the Denver Basin the 
conglomerates are usually loosely agglomerated, but in some 
places are hard and compact and difficult to distinguish from 
the granite, from the debris of which they are formed. 'rhe sallie 
is true of those beds in the region nmth of the Denver Basin. At 
Boulder the conglomerates are quite resistant, forming the second 
ridge or series of "hog-backs," including the well-known "Flat 
Irons'' back of the Chautauqua ground~-:. There the Lyons, 
instead of crowning the ridge, as it does further north, rests 
some distance down its east slope, and the n1lky. instead of 
cutting into the Fountain, as it does further north, cuts into the 
g1·anite or the g1·anite-Fountain contact. 1 l'ulllpare Figs. 1 and 
:2.) 'rhe Fountain conglomerates being quite friable nol"ih of the 
DenYer Basin, their erosion uniformly form:,; a valley back of 
the Lyons e:,;earpment, and, in fact, is ehiefl~· res]JOnsible for the 
existence of the escarpment. In the Ft. l'ollins and Loyeland Quad­
rangles and northern part of Boulder Quadrangle the Fountain 
forllls the l.ase and usually the Lyou~-: the top of the ei'\('<Hpment, 
tht• eliff being 1n·oduced by thP undermining of the more J·p~istaut 
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Lyons formation, while the more gentle east slope follows 
approximate!~- the dip. In Livermore Quadrangle the Pennsyl­
Yanian limestones. which are assigned partly to the upper Foun­
tain and JI<U'tly to the Lyons formation, and do not extend south 
of the Cache la Poudre, often form the crest of the escarpment, 
with the upper Lyons well down on its east slope. On Left­
hand ( '1·erk and at some other places we find a compromise, the 
upper Fountain being non-resistant, with a resultant Yalley, while 

PLATE XVII. 

Fig. 24. Generalized section at Boulder. 

Fis. 25. Generalized section in Northern Larimer county, 

Fig. 26. Generalized section at Left-Hand Creek, 

the lower Fountain is resistant and extends well up the granite 
slope of the mountains, as shown in Fig. 3. Possibl.Y the lower 
lJeds in such places represent an earlier period of deposition, or· 
at least the earlier filling in of the troughs of the eroded granite 
surface when subsidPnce of the sea-bed began and before it had 
]Jrogressed sufficiently for general deposition to commence, the 
strata oyel'lapping and admncing shoreward with continued sub­
siden('e. Emmons (e, pp. 18-19) suggested that the basal 
deposits where these conglomerates and sandstones are thickest 
might be C'arboniferous, equi,·alent to the Fountain; but the 
upper JIOl'tions and the oyerlying Lyons are no\Y considered Upper 
Carboniferous and equiYalent to the Fountain, which leads to a 
strong SUS]1icion that the lower deposits in such places may be 
Lowe!' Carboniferous, a suspicion emphasized by the finding of 
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Lower Carboniferous fossils at the base of the conglomerate, only 
400 or 500 feet below the Lyons formation in Livermore Quad­
rangle. The conglomerate was derosited upon an eroded gnmite 
surfacP, and, therefore, as the shore began to subside, deposition 
would first commence in the tnmghr-: of the uneven surface, which 
would be first invaded by the encroaching sea. Consequently, 
the formation nu-ies from a few hundred to ut:tny hundred feet 
in thickness. The planing of the original t·elief by shoreline 
ct·ur-:ion as the sea advanced in the Boulder I >istTict and Denver 
Basin has been discussed by Fenneman (14, JIJI. :20:J-:n4; see, also, 
Crosby ~. p. 144), the discussion appl~·ing with equal force, how­
ever, to the entire region from Denver to the \Yyonting line. The 
actual c-ontact of the basal conglomerate and granite is usually 
coneraled by debris from the west slope of the contar-t valley, but 
\Yhen it can be seen it often showR the uneven surfnee. .\t Red 
;\fountain, north of Livermore, the sedimentaries, including most 
of the Fountain, lt;t\·e been stripped from the granite ll.Y erosion 
for a width of three miiPi':, leaving thin remnants scattered over a 
plain Rlightly uis~Pcted b~· recent erosion, but r-leal"ly exhibiting 
a portion of the original sea-bottom upon which the conglom­
erates were laid. The condition of the feldspar in the arkose 
portions of the eonglomerate indicates deposition at a rate 
approximating the dil':integration of the granite of the adjacent 
shore, and doubtless the upward building of the formation and 
the subsidence were about equal. In Livermore and Fort Collins 
Quadrangles, muclt of the conglomerate is en Icareous, effervesc­
ing ft·f>ely in dilute hydrochloric acid, but further south it is 
much Iesr-: so, or not at all. 

In the Boulder District and Denver Basin no fossils have 
been found in the Fountain and Lyons formations and none 
northward in Colorado except in northern Larimer County, where 
brachiopods of Paleozoic type are uniformly found. Emmons 
:md Eldridge, in the Denwr Basin Monograph, pla•·Pd the Fonn­
tnin, Lyon~':, and L.' kin" formations together in the Triassir· 
sysiettt, under the name \Yyoming~' subdividinl-!: it into Upper 
Wyoming (= Lykins) and Lower ·wyoming I= Lyons+ Foun­
tain). Fenneman, in his Boulder Bulletin, gave to the Upper 
\Y~·oming the local nallle Lykins and subdivided Lower Wyoming 
into two member~':, correlating the basal conglomerates with the 
Fonntain formation of Whitman Cross (4) and calling the over-

*This must not be confused with the Wyoming conglomerate of the 
Fortieth Parallel Survey, which is Tertia.ry or Quaternary. 
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lying "Creamy Sandstone" the Lyons. He still retained all three 
in the Triassic system, but with a query and footnote ( p. 20), 
quoting Darton (per Eldridge) to the effect that Lower Wyom 
ing· is of PPnnRylYanian age. Gidy (17, pp. 101, 107, 10fl. 110) 
fails to distinguish behYeen Upper and Lower Wyoming, and 
supposes that the Fountain iR entirely belo"· the "'yoming, for 
"·hich supposition the reason does not appear. The Denver Mon­
ograph and Boulder Bulletin touch only the southern portion of 
the area now under discussion, where no fossils han• been found 
to aid in aRrertaining the age of these formations. There seemR 
no doubt about the Fountain as recognized by Fenneman at 
Boulder being the same as the conglomerates underlying the 
Lyons and resting- upon granite and quartz-schist from Boulder 
to the north line of the state, aR I have followed the formation the 
entire distance and found it ever·ywlterP fairly exposed. Com:e­
quently, if Dr. Fenneman's correlation of the Boulder District 
conglomerates with the Fountain is r·orrect, as it appears to be, 
then all of the conglomeratPs below the L~·ons in the area now 
unde1· discussion are Fountain. Darton, who was familiar with 
the Fountain in the region from whiPh it was first described, also 
considers our conglomerates Fountain. 

\Vhite (3~1·. p. 176) found no fossils in these formations at 
Spl'ing· Canyon, soutlnwRt of Fort Collins, or at Box Elder, near 
the \Yyoming line (thoug-h we now kno"· two fossil horizons at 
tll(' latter pla(·P), hut in :1 latPr paper (40, p. 1:14) he n·ports the 
following speri(•s from nm·lh\vPsi· of Bellevue: Hct.:·ia woostr·1·i 

(= EWIII'trio u·oo8f1Ti). 8pil'ifcr mr-kymonlmi/18, 8jli1'ifrrin.t 

lw/njdiealo, 8piriqr'/'(f Sltbtilita, Hr-111ipronitr8 rTI'IIistrio (=Or­

tlzotllde8 en·nistrirt), .l.topli,I!Zlwu rudi8 (= .I. 1'urlc) and an 
nndetermined gaster·oltO(l, all discovered by 3Jr. L. C. \Yooster. 
He qnotes 3f r. \\' ooster thus : 

"They wer·e obtained from some pc·bhleR in a con­
glomerate resting upon the eroded face of the granite, 
:1~ miles west and 18 111iles north of G1·eeley, Colorado. 
A portion of the pebbles of this conglomerate was evi­
dently derilecl from the granite upon which it rests.'' 
Dr. \\.hite then adds: 

"He found no Carboniferous strata in situ in that 
rrg;ion, hut it is evident that the 'pebbles' whirh contain 
ihe fossils here notir-ed have not been transported to 
an.Y ronsid(·mhle di,;tan('e from the ledges from which 
they were deriyed." 
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'l'his implies that he considered the "pebbles" transported 
t·emnants of an older fonnation, a matter discussed further on, 
here only pausing- to say that it \\'uuld l>c interesting to know 
just >Yhat those "pebblp,.;" were, as it is not impossible that they 
were chert concretions formed i 11 sit 11, instead of being pebbles 
from older formations. /< ~he s~me lllait•J·ial, which _was in ye~y pou~ conditi?n. :or 

II IdentificatiOn, has been re-exannned by Gn·ty ( 11, pp. ~~h-~2' I. 
who assigns the fm::sils to the :\Iississippian stage (Lower Carbon· 
iferous), and identifies the SJief'ies as follows: ZapMcntis sp .. 
Orthothetes inCll'fJIIIIlis, Spiri/'1'1' ('('tltronatlls, 8pirifcr sp., 
8emin11la lwmilis?, Emnetria. troostcri, and 11 /cnrotomaria? sp. 

Cannon (1 pp. :!~J ~3J) hm: tlesn·ibed the twt·m-rem·e of Car­
boniferous fossils in loose che1·t boulders \ddely scattered alon~ 
the plains adjoining the foothills of the Front Range in the 
Denyer Basin, which I haYe examined, and wltieh appear to he 
identical with those at Perry Park and perhaps came from that 
region OI·iginall.r. The.'· are of the same charat·t er as those found 
near Box Elde1·, hereinafter desnibed. 

Darton ( 8, pp. 80-82) has the following to say of the 
Northern Colorado foothills: 

"The Fountain. or Lowe1· ·wyoming, extends for 
many miles along the Front Range, lying di1·ertl.' on the 
irregular surface of the crystalline rocks for the greater 
part of its course. ., '" ·* The Upper Carboniferous 
limestone, which is found in the northern portion of the 
Front range near the "'Yyoming state line and in the Cnle· 
bra Range, appears to merge into the Fountain red beds, 
which I believe are precisely equiYalent to the Lower 
Wyoming of Eldridge and the Badito formation of 
Hills, and represent the """msden formation and overlying 
Tensleep sandstone of the Bighorn Range and the Minne­
lusa of the Blad;: Hills. 'l'he g1·ay sandstone which gener­
ally marks the summit of the lower red beds appears to 
be the same as the Tensleep sandstone of the Bighoms 
and the sandstone which usn ally occurs at the same 
horizon (Upper Minnelusa) in the Black Hills. Upon 
this sandstone there lies the principal upper series of 
red beds, the Upper Wyoming of Eldridge, a formation 
clearly se]>nrable in the Front Range zone in f'entral and 
X orthern ( 'olorado. This st•J·ies has been found to r·on­
tain, near its base, a persistent and characteristic laye-r 
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of limestone, usnall~' YPI'Y thin in Colorado, which separ­
fl tes a thin series of fine-grained red beds below from a 
thick oyerlying nwss of fine-grained gypsiferous beds 
aboYe, presenting 1n·eeisely the succes!'ion uf Opeche and 
S·pearfish red beds with intenening ~Iinnekahta lime­
l'tone found in the Blaf·k Hills and Eastern \V)·uming. 
This sequence is clear at La Porte, L~·ons, Boulder, ~for­
rison, Perry Pa1·k, and the Garden of the Gods, in Colo­
l'ado; hut, approaching- the .\rkansas RiYei·, the region of 
the typical Fountain fonllation, this upper gypsiferous 
series appears to thin and end. * ·» •· In Box Elder 
\Talley. in the foothills of the Rocky Mountains, at the 
"'~·oming state line, there are exposures of limestones 
containing Pennsyhanian fossils, oYerlain by fine grained 
gypsiferous red beds of tlie Chugwater formation, which 
in turn are capped uniformly by the Sundann' formation, 
or marine Jurassic. The,;e npper red beds continue far 
to the south, but the Pennsylvanian limestone n1pidl:y 
g·iyes place to f'oarse sandstones, mainly of red color, 
\Yhich extend for many miles south as the basal member 
of the sedimentary series. These coarse beds are always 
separated from the Ch11g-water formation by a sandstone 
which overlies the Pennsyhanian limestone in \Vyoming. 
"·here I have designated it the Tensleep sandstone. This 
fmndstone is mostly a fine-grained, regularly bedded J'Ock 
from !iO to 200 feet thick, varying in color from gray to 
red. I believe it to be an important horizon marker. 
Thr most northern exposures that I examined in Colo­
rado were in Owl (':myon, "·hif'lt is a small branch of 
the f'ache Ia Poudre drninage that is followed hy the old 
nwin road from Denver to Larnmie." 

To avoid confusion, it will he noticed that he first refers to 
ihe Tensleep as a gray sandstone, bnt lnter explains th:1t it vm·ie,; 
in f'Olor from p;ray to 1'('11. 'l'hronghout most of the region under 
discn:-;,;ion this sandstone i,; a uniform red, though sometime,; pink 
or gray, and is belieYed to be the exact equivalent of Fenneman's 
Lyons sandstone. The region from Owl Canyon to the Wyoming 
line, "·hich was missed by Darton, has been cove1·cfl with some 
care by the Colorado G<>ologieal Snney, and his statement that 
the Upper Carboniferous limestone "appears to merge into the 
Fountain red beds," and that it "rapidly gives place to coarse 
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sandstones, mainly of red color, which extend for many miles 
south as the basal member of the sedimentary series," is certainly 
misleading. This series of limestones is everywhere underlaid by 
a considerable thickness of conglomerates and sandstones, so that 
the stratigraphic equivalent of the limestones in passing south­
ward would be the top of the Pountain and the overlying Lyons 
sandstone, a matter more fully discussed under the Lyons 
formation. 

The present survey, starting about two miles beyond the 
Wyoming line, found for a distance of eight miles southward 
into Colorado, uniformly within a few feet of the base of the 
conglomerates, chert nodules (:2S, pp. 491-49:2), mrying from bvo 
inches to a foot in diameter, containing fossils assigned by nirt,r 
(l\ISS.) to the Mississippian stage (Lower Carboniferous)-"the 
same fauna which occurs on the east side of the Pront Range at 
Canyon City and elsewhere"-and identified by hin1 as 8zJiJ·ifrr 
centronatus) Cranacna sulwllizdi('(( ,-nr. lwrdinye11sis and 8piri­
ferina solidirostris. The important facts connected with them 
are: (a) Their uniform occurrence at the same horizon for such 
a distance. (b) The approximate uniform it~- in thickness of the 
conglomerates, sandstones, and limestones overlying this horizon 
and underlying the Lyons sandstone. (c) The lack of a dis­
covered break in the continuity of deposition of the conglonwrates. 
(d) The nodules have the appearance of formation in situ, enclo,.;<· 
coarse sand and gravel, and are in a matrix composed of granite 
debris, but could not themselves haYe been derived from the gran­
ite with recognizable fossils embedded in them. (e) 'Ye found 
nowhere underlyinf!; this horizon anything but ronglomerate of 
the same charar·ter and the gTanite or gneiss base, except at one 
point just south of the 'Yyoming line, where we found a thin 
calcareous sandstmlf•, which was either just above or just below 
the chert. (f) Thr failure of a thorough search along the line 
of contact of the granite and conglomerate to I'e\·eal any ol(ler 
formation from whir·h they could possibly have been deri\·e(l, tlw 
certainty that these norlnles embedded in material much Jess 
coarse could not haw been transported any great distance, the 
fact that they are not wnter-worn, and the prohahility that any 
older formations are deep]~- eovered by overlap of the conglom­
erate. 

The conclusion seems inedtable that the brachiopods, "·hose 
fossil remains are contained in the chert nodules, were living when 
the basa 1 strata nf the conglome1·a tes in that vicinity were being 
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deposited, and hence that the lower part of the Fountain there 
is either Mississippian or Ye1·y em·ly Pennsylvanian. The same 
is likely true of the more southerly locality from which the 
"' ooster fossils came. "\ t Perry Park we found a fauna in part 
the same in a cherty limestone about 50 ur 60 feet above the 
granite, and oyerJaid apparently conformabl.Y, by coarse sand­
stones and conglomerates which appear to be equivalent to the 
Fountain, the relations being about the same as at Box Elder. 
The apparent confonnity of these foi·nrations m1s noted also by 
Lee (:\J, p. fl7; see, also, Girty 17, pp. 169, 170, 187, 209, ~17), 
but other known fads raise a doubt as to its l'P:tlity. .\s the 
\Yhole t·onglotllerate, 1'-::lndstone, and limestone series of the region 
up to the Lyons fonnation is not thicker in the Box Elder Valley 
than the f·narst" sawl,.;tone and conglomerate usu:tll.Y art• from 
Denver to the Cache la Poudre, and at Perry Park, it might be 
fairly, though not neeessaril~-. inferred that the base of the Foun­
tain from ncun·1· wn·thward is eYerywhere as old as the ~fissis­
sippian stag<', and that the base of the thicker portions lllay be 
eYen older. 

On the other hand, however, Finlay (15, pp, 58U-5Sfl) has 
l'e!Jm·tcll a ,.;mttbtone which ltc call!' the Gleneyrie, of Pennsyl­
vanian age, beneath the Fountain formation at Manitou, the fol­
lowing l'tatements being exi 1·aeted from his paper: 

"The Paleozoic section to the east of Pike's Peak, 
( 'olonHlo, in the ~fanitou region, is f·mnposed of four 
IIH'lllbl'l'R, as follows: (1) ), __ basal Cambrian sandstone; 
(~) a limestone series, the lmvr·r half of which is Ordo­
,·it·ian (the age of the upper half is still in doubt) ; 
1 ::) a fo,.;sil-bearing sandstone of Pennsyhanian age; 
:tnd I J) the Fountain formation, arkose sandstones, 
gTi 1 s and conglomerates, the lower members of which are 
almost t·pJ'tainly of Pennsylvanian age, while the upper 
members 111a~- in the end be definitely correlated with the 
Permian and Tri:-tsRie. The purpose of the \\Titer is to 
describe the sandstone member (3) in the series :1s 
given above. It has not previously been described. 
It contains the onl~- identifiable plant remains of 

Pennsylvanian age which hm·e been found thus far 
in the Rocky ~fountain region. These fossils make 
possible it:-; safe t·orrelation with the Upper Carbonif­
erous of the East. The Fount:-tin beds appearing in the 
section next al)I)YC cannot, therefore, be older than the 
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Pennsylvanian, and the occurrence in them of brachi­
opods which han· been recently found, points to their 
being of Pennsylvanian age. * * * The formation i" 
below the unconformity at the base of the Fountain. 
_,_ -r.- ·* A collection of the:-:e fossils was made and for­
warded to Dr. David White, of the United States Geo­
logical Sm·n·y. Lcpidorlcnrlnm oboratum and Lr-pid()­

dr-lldron aculcatlfm were identified by him. Dr. "\Yhite 
Ita:-: pointed out to the writer that these speciPs indica1P n 
horizon equivalent to the Pottsville of Pennsylvania. 
The Fountain formation next :1 hove in the series, resting 
on the Gleneyrie sandstone and separated from it hy an 
nnconformity with oyerlap. has a thickness of on1· a 
thousand feet. ., -x- ¥.- Fossils from the Fountain are 
Pxtreniely rm·e, and only two genera, braeltiopods, han• 
been found in tliP Manitou region. 'k * * Dr. n:. II. 
nirty has kindl.v examined the specimens and referred 
them tentatin·l.v to Orbiclfloidr-rt manlwtta11Cnsis. "\Yitl1 
iliPlll a single prodnctoid shr'll, resembling Jfarqillifrro 
in!Jrata, has been collected, but the specimen is not suffi­
c-iently good for identification. Orbiclfloid('(t manlwt­

frfi/('/ISis has a "·ider range than the Cal'lwniferous, bnt 
its occurrence at this horizon points strongly to the Penn­
"Yhanian age of the Fountain beds near ~Ianiton.'' 

The existence of an upper Pennsylvanian fton1 beneath the 

Fonntain and 1,000 feet or more below the top of it at GlPIJP_nie. 
and th<' occurrence of a Mississippian fauna at the base of the 
Fountain and within 500 feet of the top of it in the Box Elder 
"\~allp~-. is an im·onsistPnc~- to be cleared up hy future """1·k. 
c\mong the possibilities may be mentioned: ( :l) That tlw CCI]' 

relation of a fauna with a flora whose Rocky :Mountain history 
ir-: hut little known ma~- be misleading and dangerous, ar-: the flora 
may han• been accelerated in this region or the fauna retarded, 
though there is hnt little basis for this suggestion. (b) The pos­
sibility of an undif'<'OH'l'ed peri"d of erosion or non-deposition 
following- the Mississippian stag<' at Box Elder, which would a<'­
count for the ~fississippian conglomerate in :-:neh dose strati 
graphi<' 1·elation t .. the Pennsylvanian lime:-:tonef'. The fad that 
the ha:-:<' of the Fonntain is mostly ··on1·ed in the Box EltlPr 
region, with oui1TC1)1S small and :-:~·aii~·J'Ptl. makes th .. questiou of 
r-onfonuiiy difficult to :-:uln·. "\\'ith our present knowledge it is 
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impossible to make an exad correlation of the thin stratum of 
.'.lississippian at the base of the sedimentaries in northern Lari­

mer County with anything ~·et found between the Cache la Poudre 

PLATE XVIII. 

Manitou. f?ould<Zr.- Box Eldczr. 
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Fig. 27. Generalized geologic columns from granite to Lyons sandstone at Box Elder, 
Boulder and Manitou. 

and tile ~onih Plaii(', though the material itself strongly suggw;ts 
tile Mississippian at Perry Pm·k. a little south of the Platte. 

-When we come to the upper part of the conglomerate series 
the case is much more simple, fo1· it;; upper limit is markPd from 
Box Elder to DenYer by the ha,.;e of Fenneman's Lyons sandstone 
(=Darton';; 'l'ensleep anrl Eldridge's "Creamy sandstone"). 
Darton (10. pp. 10, :37) and Cross and Howe (5, p. 491) have 

file:///-/s/s/
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rec'ognized \\'hat is apparently the same sandstone as the upper 
limit of the Fountain at Manitou and Glent'yrie, and I have found 
it at Perry l'ark, southwest of Denver. 'l'his ,;andstone has been 
h-Dc·Pd from the Wyoming line to South Boulder Peak by the pre,; 
ent ~m·n·y, and through tlte Denrer Basin by ErnmonR and l<:ld· 
ridge, and forms a rery definite horizon. 

In and immediately below the L~·o11s iu the Liwrmore Quad­
rangle is a series of limestone bands ntt'ying in thic:knPss np to 
~G feet or more, which pinch out in the Cac-IH· la Poudt·e Val!Py. 
They contain a fauna "·hich we hare submitted to Dr. G. H. 
Girty, of the rnited ;-;tates Geologic·al Smvey, who R<I_YS PISS.) 
they are "Pennsylvanian, but I belie,·e rather old Pennsyl\·anian, 
older at least than Knight's 'Permian' from the Red I:c·dR of Wyo­
ming. This is tentatire. however.'' He identifies the speties as 
follows: Dcruya n. sp., Productus cora, l)roductns ncbmsl."I·JJ.~is. 
8ilil'lfer rock!JIIIOJdauus, 8qlWII11llaria pciple;J·a. A illUOcoclin sp., 
,V au I i lw,; sp., Phillipsia aff. JJUtjor and undetermined crinoid 
stems. The limestones in which these fossils were found ('on1 a in 
numerous fragments of crinoid stems, and OcTur on the fac·e of 
the escarpment. A little of the Fountain conglontet'ate is found 
in places overlying and between these limestone bands, ch'arly 
indicating that the lower beds belong with the upper Fountain 
rather than with the Lyons. The Fountain conglonll'rates in the 
Box Elder region are mostly calcareous. In a lower horizon, hut 
a few feet above the Mississippian just north of Bnx Elder Creek, 
we found Jlyalina szwllozci, which is also considei'ell Pennsylva­
nian. The conc-lusion is safe that at least the gteater part of the 
Fountain is Pennsylvanian. 

On the whole the Fountain is quite nu-iable. In many places. 
as at Owl Canyon, besides limestone bam1s. there at'e al,;o thin­
bedded, fine-grained sandstones, particularly in the upper half. 
much resembling the Lyons sandstones of that region, but farther 
south in passing upward to the Lyons the conglomeratL·s finally 
cease so abruptly and so entirely, with a marked change of color 
when seen at a little distance, that it is usually not difficult to 
find the dividing line between the two fonnations. As \Yould be 
expeeted in coarse material deposited in somewhat tumultuous 
water, these conglomerates in placeR show considerable cutting 
and filling. The rather abrupt change in the chat'adc•J' of mate­
rials from Fountain to Lyons over sud1 a long shore line is very 
interesting. 
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Lyons Formation.-( h'vJ·lyiug the Fountain t'<lllglomenttes 
and limestones and apt•arently conformable tlt<'l'I.'With, is a fine­
grained, regularly bedded sa1Hh:ione, varying in .. olor, hardness, 
and thickness of bedding, but usually unmistakalJI<· in its de­
marcation from the underlying Fountain and '"·"l'l.l'ing Lykins, 
so as to form an important horizon marker all along the foot­
hills of the east side of the range. It was dt•signated the Lyons 
formation by Fenneman (1~:. p. ~;J 1 in the Boulder District, the 
Creamy sandstone by Emmmts 11~. p. 19) in the Denver Basin, 
and the Tensleep sandstone by I ,nl'ton ( 8, p. S1; 10, p. 10) in 
tht• Owl Can~·on region. It l~;1s also been recognized in the 
l\Ianitou:-Gleneyrie region l•y Dadon (10, p. :l7) and Cross and 
Howe (5, p. ±Dli and b~· th<' pl·t·sent smTe~- at T'Pny Park. As 
notetl under the Fountain formation, the L~·uns usually forms 
the l'l't>St of a west-fa .. ing nwaqnnent, the Fountain exposed 
beneath it in the steep we:-t slope, the Lykins cnye1·ing the foot 
of the 111ore gentle east slop<· m· occasionally extending well up 
toward the crest. Ac<·tmling to Darton (S, pp. SO, :-:~. :-:±) it is 
:)() feet thick at Owl ('anyon, Larimer County, sn fP!'t thick at 
Lyons, Boulder County, and in general from 50 to 200 ft'et thick, 
but at Owl Canyon he i~~t·lntlt'd only the upper part. "\t Four· 
mile Can~·on, north of Boulder, it is at least 300 feet thir·k, ac-eord­
ing· to Fenneman. 

At Boulder and at son~t• othe1· places thiR :-;andRtone ir-; very 
hard. At Stout, Lal'iuw1· ('unnty, it is nws:-;in'. yieltling huge 
h!ol'ks of building stone. In lllan~- places the t·ross-bedding is 
J·emm·kable, na('hing a maximum angle of :::J -.. .\ t Lefthan<l 
it iR rather thin-be<ltlt 1l, the noss-bedding Yery regular and strong. 

Lithologicall,,- thiu l<ll'a! heels at some hurizons in the Foun­
tain dose]_,. res<"uddt· tltt• LyonR, but they afford no difficulty, as 
the thi .. knl.'ss, 11ositiou. uuifmmii_r, and topographic importanel' 
of the Lyons, and the fact that it lllay be tmced from 'Wyoming 
to ( 'olorado ~priugs almo:-;1 "·ithout losing r-;ight of it, render its 
J'('('llgnition easy . 

. \s noted under the Fountain formation, Darton excludes 
the Pennsylvanian liuwsiout·s fro111 the Lyons formation at Owl 
( 'anyou. and sa.rs ihe.Y pass into the Fountain. This is appar­
l'nil_,. erroneous. From Boultle1· to the Cache Ia l'oudre these two 
formations are sharply <li!Ierentiated, and neither t·ontains any 
important limestones. .\ t Owl t\myun, about seren miles north 
of the ( 'ndte Ia PoudJ·t·, >:1 rong limestones al'e found whic-h <ll't' 
underlaid by Fountain and overlaid by Lyons, these limestones 
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PLATE XIX. 

Looking east through Owl Canyon. The ridge in the foreground is crowned by 
Pennsylvanian limestones, with Fountain conglomerates at the base. 

Rid;e making, cross-bedded sandstone in the lower part of the Lykins formation, south 
of Owl Canyon, looking north, with Carboniferous limestone ridge on the left, and 
Dakota-Morrison escarpment showing dimly on the extreme right. 
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continuing thence sixteen miles northward to the state line and 
far beyond. Inten·alated with the lower limestones at Owl 
Can~·on are beds indistinguishable from the Fountain, while 
with the upper limestones are sandstones like the Lyons. The 
next to the top limestone is the best horizon for brachiopods. 
other beds containing many Cl"inoid fragments, "·hich also extend 
well down into the Fountain. The species of brachiopods are 
mentioned under the Fountain formation, and as there noted are 
Pennsylmnian and tentatiYely considered rather eal"ly Pennsyl· 
\·anian. Tracing the escarpment southward for six miles the 
limestones practically disappear, bringing the Lyons-like sand­
stones together in the upper part and the Fountain-like beds 
together in the lower part, the Fountain and Lyons becoming 
sharply differentiated and continuing thus in their extension 
southward. The upper limestones appear to pass very definitely 
into the Lyons. Renee the Lyons as well as all or nearly all of the 
Fountain must be considered Upper Carboniferous of the Penn· 
sylvanian stage. 

PERMO-TRIASSIC? 

Lykins Fon11ation.-Conformably overlying the Lyons is n 
series of variegated, mostly thin-bedded sandstones and shales. 
rather friable, chiefly deep red in color, with thin limestone 
bands, the upper part usually gypsiferous. In the Boulder Dis­
trict Fenneman (13, p. :.?4) muned these beds the Lykins forma 
tion. It is the exact equiyalent of the Upper Wyoming of 
Emmons (1:.?, p. 20) in the Denver Basin and the Chugwater of 
Darton (8, pp. 84, 87) in Northern Colorado. In the Denver 
Basin monograph it is given a thickness of 4SG-585 feet, Fenne· 
man makes it 800 feet in Four-mile Canyon, north of Boulder, 
and Darton giyes it a thickness of ::so feet at Lyons and 520 
feet at Owl Canyon. Though it varies greatly in thickness and 
in stratigmphic details, its general characters are constant 
throughout the region. As a whole the formation is non-resist­
ant, the greater part being concealed by the debris in the lateral 
north-south valleys caused by its destruction. 

From Owl Canyon to Little Thompson I haye mapped as 
part of the Lykins a more resistant sandstone, strongly cross­
bedded, which forms a ridge in the Yalley and \Yhieh sometimes 
extends nearly to the top of the east slOJle of the Lyons escarp· 
ment. It is difficult to distinguish from the Lyons sandstone 
and should perhaps be assigned to that formation, but is uni­
formly separated from the latter everywhere north of the Little 
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Thompson b.Y shata lithologically resembling the Lykins. In 
approaching Little Tlwmpson Canyon these inienrening beds 
rapidly play out, bringing the sandstone "·hich is mapped as 
L_Yldns into eontact with the Lym1s and making the former the 
('rest of the escarpment, almost covering the latter. ( Ree Fig. 

Lyki/?s 

Fig, 28. A. East-West section, showing ridge of cross-bedded sandstone in the Lykins 
formation west of Fort Collins, B, showing apparently the same sandstone crown­
ing the Lyons escarpment north of the Little Thompson. 

:2~. 1 Theme ~outhward it i:-; doubtful if the two Rand:-:tones (·an 
be recognized a:-; distinct formations, and nowhere haYc I found 
a noticeable unconfonllity. A.R the hnJ sandston!':-: after coa­
le:-;(·ing form an ah11oRt verti(·al Pf-:(·arpment, if they are distinct it 
is JJractically inqlw-:sible to I'L'Jli'Psent the LyonR on the map, yet 
northward they are quite di:-;tinct. The one which i~ mapped a~ 
Lykins in the northern region ]'<tRRP:-: beneath the "( 'rinkle<l" 
:-:andstone of Fenneman's report, "·!Jidt i:-: but a f('\\. feet aho,·c 
the Lyons just north of Boulder. This problem i:-; worthy of 
further inn·1·d iga t iun. 

In some plan•:-; ('Pl'tain strata of the Lykins are yer_v massive. 
though soft, and portion!' of the formation are locali_Y calcareous, 
in addition to disti1wt thin limestone bands. 

In the abReiH'P of paleontologi<"al eddence this formation 
has been usual!~- a:-;signed to Tria:-:si(·-.Tnrassic age. It seems 
quite likely, however, that the base of the L~·kins ma.v represent 
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Permian tilllP, as the immediately underlying Lyom: is upper 
Carboniferous. The upp"l' pm·t of the L~·kins i:-; Jn·obahly Triassic 
m· .Jnnissi(', a:-; it ii4 oYerlaid hy known .Jur·asi4i<· in .\"orthern Colo· 
rado, though it ii4 llllRRible that l'art of the .Tm·;l,si4il' and TriaRsi<· 
is J·epre:-:PHt<><l hy the general unconformity lwtween the L~·kin;;; 

and the .\I onis011. I~. p. ~1.) c\ t Chaquaqna Creek, Las 
Animai4 I 'onnty, Darton colleded from the npJler layers of the 
Red Beds, lwneath the l\foiTison, "a bon<~ that has been identified 
a;;; Belodon, indi<·ating Triasi4i<· agt•" 1 :lli, p. I iii::; rl, p. 4!)8). \Yill­
iston 141. pp. ::::.'-:-:\:)11; i4P<'. ali4o, Hay ~II. pp. ~!14-:311111 says 
HallujJit., ,.i,·tor. from 1·ed :-:an<l:-:1 one near I 'anyon I 'ity, indicates 
upper TriHi4i4iC. The beds from \YlLich tlH'i4P fosRili4 were obtained 
m·e pi·o],;tldy equiYalent to UJ'I'''r Lykins. I ;il'ty (11, pp. 101· 
10:2) has shown that Dm·tou'i4 :t!IPged Permian fossils from l\for· 
rison are too <lonbtfnl to be <·onsirleJ·ed. 

81tJI'IuJII'I' .l!arinr· B('(k-The 1n·oblem of mnrine .Jurassic 

in the XmtliPI'Il I 'olm·ado foothilli4 ii4 in a YeJ·y unsatisfactory 

l'ondition. EuiiiJOlli4 (1:2. p. ~11 i4:t.\s that the .Jurassic sea was 

Rhut out fro111 the Hocky :.\Ionntaius of Colorado; yet Professor 

lteorgv and hii4 1•:n·ty, in lfllll, I'Ollected /klcutnitr·s rlcll81!8 and 

l)·"·udou/OIIulis r·urta. uwi·inP .Jnl':lssil' species, at Hahn's Peak. 
Routt I 'onnt.Y, fl-om bed;;; o<·<·upying a llllRitioH silllilar to that of 
tlw Xorth I '<'Ill r:1l I ·olm·arlo .Jul':ls:-:il' \Yith r<'f<•J'<'Il<'<' to the RO· 

<·ailed .. Pakota," and we han· i41'"dmeu;;; abo from near .\Ieeker 
coller:tPd by Prof<·i4sol' F. H. Hopkini4. I >a don 1~. p. !.l6) says: 
"The Rnnda!ll'<' fonnatiou pXIPIIIlK only a f<'\\' miles into Colo· 
1·ado f1·om tl11· northward, finally thinniug out." Then in his 
Owl I ';m~·ml i4<'dion. at ji:lg<' ~~ of the Rame \York, he places above 
the I 'hugwat<•J' a se1·ie;;; of i4ha I<' and i4HndstuHr· ''with .Jurassic 
t'o~i4ils." It is unfOJ·tunatP that "'" are not info1·nwd more def· 
initely al"•nl" ti1P:-:P fossils and the <lata upon which he bases his 
;;;tatement ('OH<·(•J·Hing the thinning out of the Rnndance. On 
11age ~1 he in<licatl'i4 that he marl" no exaHiination north of Owl 
I 'auyon. and in his next i4Pdi ou, n01·thwest of La Por-te, he rests 
.\foiTii4oll hedi4 direc-tly upon the I 'lmg\Yater ( =- Lykins 1. Hay· 
dPn 1~1. p. ll!li fnnnd "(),,f/'1'11 a111l fragmeHti4 of Pcntacrinus 

asteri8Cit8 on Dox Elder I'I'l'l'k in yellr"" ;;;andRtOJw:-: and r·lays." 
.\s thP .Tnnli4Sil' r·liff;;; foliO\\' nox El<lPI' Yalley fol' Reveral mileR, 
the 1·xad l<wality of this <lii4<'o\'<'I'Y is unkiJo\Yil, and \H' haY<' 
failed h• find any f'oRsil;;; i11 till' ,·icinit~· c·x<·ept a fresh-water 
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gasteropod (r11lrllfll st·llbl'iilll j[, & H.) fonnd hy Professor 
( 'r:ndord in the :\lonison lime·dmw. 'Yhile the ~·ellm\· sand­
ston'' <lot'S not appem· ~onth of tlw ( 'adte Ia l'ondre, so far as 
''olor is <·mwe1·ned, it i~ doubtful if the color is of importnnr>e, 
and the sandstone may be represented by a yery similar sand­
stone whidt has not the yellowislt tinge. "\ <'Oill]>:tl'ison of the 
enti1·e .Jm·assir· sed ion at Box Elde1· ( '1·eek, wlle1·e the marine an1l 
fresh-wate1· formations are admittedly both repi·t•st•nted, with 
that sonth of west from Loye]and, thirty miiPs south of Box 
Elder f'r·eek, impre~o:st•s one witl1 their· similarity in thicknl's~o: and 
IIIOl'e i nq:m·ta n t gem· I· a 1 charadt•I'S, though di ffel'i ng ~o:oHiew hat 
in mi11m' details. 

It st't'll!i" to he tiH· gener:d opinion of gt•nlogist~-: who han• 

\Yorked in the region that marine .Jm·n:-;sil' does not exist in the 

DenYl'I' Basin and theJH·e ~o:<mtlnyard, but the IJlll'~-:tion of the 

manner nnd plaee of its di~-:appearaw·t· needs furth<·J· im·estigation, 

in Yiew of the fad that determinati,·e fossil~-: h:m· been foun1l in 

but few ltwalities nnd not throughont the snpposed .Jurnssi<· 

strata. 

'l'hl' nm·thern IJtaJ·iul' beds are ~-:aid by U:u·tou to be separatt·tl 

from thl' Lykins by nn unnmfon11ity, just as is the jfo!'l'i~oll for­

mation fm·ther ~-:oui l1. ( !J, ]J .. '-'~- 1 

Jforri.~IJJI F<JJ'III(ttioii.-Thi" fon11ntion in th1· llem·er Basin 

has bel:'n dt>snibed by E11mton~-: and Eldr·itlgt• ( 1~. pp. ~~. till) 

as ~00 fe~ct of ut:l r !~-:_, sandston!'~. nnd thin I i 111 l'~o:tones, more 
arenacl"OUN abore, l'~'~'·utially a fol'utation of fl'l'~h-water marls. 
limited :IIH>n· by the "Dakota'' "'nlll~-:toup and bel<>\\' hy the hro\Yn 
or· pink L,d;:ins ~o::tJH1"t on!:'. Tltl· "l'dion at L_,onf. i;,: giyen by 
Darton 1 :-;, p. !17) :1" ~-!i'i feet of gr·eeni~h. gn1y, l'ed, maroon, 
and buff shales and saud~-:tone, while north of La Porte lime­
stouPs :nl' r·eported hy thl' sa1ue author. A.t Boulder, as noted 
by Fenneman ( l:J, p. ~G), tlw foJ·mation a" a whole i,; much 
lighter in •·t>lur· than the Lykins, and "a rery llllll'h generalized 
section would present the hells in the following ordt·r·, beginning 
at the Lase: Nand~toJH'N, day~-:, limestones, l'l:ty~-:." The lime­
stones in ~o:o11JI' plat'l'~', a~-: at Nouth Roulde1·, a I'(' :Jo to 40 feet 
thick. 'l'ht· present \niteJ· has found those •·ontpact limestones 
between tilE' upJH'l' :\I oni:-;on shale~ and tl1e Lykin~-: sandstones 
nt all good l'Xpoc:m·< c: fl'Om the Rt. \'1·ain io "Tyoming. The 
basal ~o:aJHl~o:tone is ahJ!o~o:t Jmre whitt• at ~o:o!IJ(' pla<·l'~' near Boulder. 
as ic: thP c:andstone Ol'l'Up~·ing a 1-'imilar· po:-;ition jul't ah<>YI' the 
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pink upper Lykins at Box Elder, which latter is supposed to he 
below the marine Jurassic. 

Stanton (36, p. 657) says the ::\Iorrison in the foothills of 
the Front Range and similar beds in ·wyoming, Montana and 
Western Colorado are all non-marine. Emmons (12, p. ~1) also 
mentions the non-marine character of the Morrison in the Denver 
Basin. The Inoceramus which Darton l10, p. ~2) says was found 
at Garden Park was not found in place, and was probably from 
( 'mnanche strata, as Dr. Stanton says ( :\fRR.) that he has found 
what appears to be the same species in the latter horizon within 
a quarter of a mile of where Hatcher's specimen was found. 
There is no basis for Darton's inference. 

A widespread, gentle, uniform orographic movement seems 
to have occurred just prior to the deposition of these beds, result­
ing in an unconformity at their base which is usually difficult to 
deted and finds expression in difference in strike, ratlwr than in 
dip (12, p. 22; 8, p. S:?; 10, p. 21). 

The ::\Iorrison has usually, though not alwa~·s, been referred 
to .JuraRRi(' age because· of the reptilian fauna, and has been called 
the """\.tlantosaurus fled~." Recently Darton (8, pp. :3-±, 30, 5.'-\, 
GG; 10, p. 21; see, also, Hovey :n, pp. 216223; 12, p. 23) an­
nounced that the ::\Ionison is Cretaceous and the probable equiv­
alent of the Comanche. I~ee (:1:1, pp. :q;:.:l;-)2) suggested the 
l'ame connection. Stanton (36, p. (jfil) haR shown, however, that 
the Morrison passes beneath the Comanche. The latter writer, 
while leaYing the age of the ::\Iorrison an open question, Rays that 
the "Dakota forlllation is mm·e closely connected with the Co­
manche serif',; than iR the ::\IoniRon" ( 8cicncc, XXII, p. 7iifi), and 
that in thP northern area the l\Iorrison rests on the Sundall(·e, 
which is not considered the latest Jurassic. (36, p. 660.) The 
nJOst that c·an be definitely said is that the ::\Iorrison is either 
npper Jurm:sk or lower Cretaceous, and more likely the former 
than the latter. 

The :\I on·ii'on iR usually found in the wrst fa('(• of tlw 
'"!lakota" (',;('arpment, rnueh of it being ~-m-eJ·e~l with talus, \Yhil'!t 
renders it a hard formation to thoroughly sJ ndy. 

CRETACl.WUS. 

Comanelw For111ation.-This formation iR clis('nssed under 
the next. 

''Dal;otu" FoJ'JJwtioJI.-ThiR formation rests upon the :\lor­
rison, in some places probably unconformabl~', according to Dar-
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PLATE XXI. 

Gypsum beds in the Lykins formation, southeast of Box Elder postoflioe, looking 
northeast. 

Valley in shales, between the upper and lower "Dakota" sandstone, at Owl Canyon, 
looking northeast. Fossils on the inner slope of the right hand ridge. 
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ton, who also rq)()J"t:-: ( S, p. !l!l 1, that "north of Bt•ulah for st·Yel·al 
mile:-: the l lakota sandstom' lit':-: diredl,,- on tiH' Fountain forma­
tion, but prolialily 1 he :'llorri:-:ou beds formerly t·un~l·ed the region 
and we1·e 1·emoyed by pre-Dakota erosion." He recognized a 
general, tl1ough unimportant unt·tmfOI·mity at the top of the 
.\Ioni:-:on throughout Eastl~J·n ( 'tdol'ado and "\Y.\ o1ning (:i(i, p. 
(i5:':). "\.fine exposure mndt· li,Y a t·:uwl c·xt·ay:il iou on the uorth 
:-:ide of the ( 'ad1P Ia Poudr·t• l't'n'a 1:-: the l'OHtad of this formation 
with the uppe1· :'lloni:-:on. 'l'h<c> latter thrJ·t· t·on:-:ists of fine, 
:-:trudtueless blue ela~-. pa:-::-:ing :dnnptly into the basal "Dakota" 
conglomeJ·a1t>, whieh re:-:t:-: on an uneYen ],t·ll of the ela~-. The 
abrupt ehange all along the foothills from fin<' day to l·om·se 
!'onglomerate i1:-:elf :-:nggt·:-:1:-; an unconformity. .\n upper sand­
stone aut! lowf'l' sandstone ,.;eparated by shalt·:-: "l'tl'ongly suggPst 
the ·Dakota' :-;a Jl(]:-:tone, Fm;on t·lny, nnd Lakota sandstone of the 
Blal'k Hill:;;," ntTOrding to llmton, but this :-;ngg<'l'1t•tl t·orr·elation 
i:-; doubtful. The upper :-:allll:-;1 o1w member is often, though not 
alway:-:, a Yel'.Y hard, fine-grain<d :-::m<l:-;tone, an<l the base of the 
lower member is u~ually a hm·cl l'Onglonw1·ate. The formation, 
a:-: a whole, gt~nentlly makp:-; a :-;trong ridge o1· so-l'alled til·st hog­
back in the 1'<'gion mult·1· t]i:-;t·n:-;:-;ion. This ri<lgt> is the m'ost 
easterly linP of foot hi 11:-:, fol'm ing :1 sharp line separating the 
Ureat Plain:;; from the mountain:-;. It oftPn tliYideR into two, or 
eyen three, 111 in or ridges or hen..Jw:-;. 

Taken together, ilie:-;e tln<'P 1neullwrs. wllil'h are remarkably 

unifm·m throughout Eastern ( 'olm·:t<lo, haYe, until \Yithin n few 
years, hP!'ll <·ou:-;idered togPJlw1· as fresh-\\'ater :-:tntta under the 
nau1t' "1 )akota," the I'UIJJ'o:-;ition being that the time rquivalent 
of the ( 'ouJmJdH· had uot h<'<'ll <li:-;t·oYt'1't•t] o1· \\':IN missing. Re­
eently the di:-;,·o\'<:'1',\' of nuuin<:' fos:-;il:-; of f'omaul'he age in the 
medial :-;hale mPmhe1· nem· T\\·o But1e:> in l'I·owt·1·:-; l'ounty, and 
on Purgatory HiYel·, t\\'en1y milt>:-; sontll of La .Junta, b.Y Uartou 
I !l, p. l:!ll l and L(-e 1::::. p. ::-1-::1 l~:t:-; modified tilt· former Yiew:-; 
on that :-;nhjed. They thonglll that thes<c> fo:-:sil:-; ocr·urred in the 
J!ol'J'i:-;ml, but ~tanton (:lli, p. Iii;:!) has :-:hown that \'iew to be 
iw·on;•d. lie reports that 111!• .\loni:-:ou dino~nm·:-; are ~00 feet 
below t lw ('omanehe fo:-::-;i I:-;, an<l that i!H· U]IJ H·r sandstone of 
the ~'O-l'alled "Dakota," "·hel'e it pa,.;ses under tliP Benton at the 
lattel' Ioc·ality, contains a trne "!lakota" t1ora :mel i:-: sepm·ate.t 
from the underlying ( 'ommwhe hy an uneonformit~-. The ( 'o 
mand1e formation i:-; al:-;o l'E'liOl'tt d at ('anon ( 'ity by ~tanton. 

Eldridg-e (1:!, p. nJ 1 :-;ny:-; thnt no nuuine fn,;,;ils haYe been found 
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in the Vakota of the ll<"nYer Basin. In ilH· ~··n~<' in whi"h he 
used tlw term Dakota, that "·as ;il~o il·ue for the region north of 
the lJenvn Ba~in untilr·<·•·eJJtly, but l•r. t4t:mton and i:hi~ \Hiler 
]Jan• now found IuoCITIIIJIIIS, Ostrca, etl'., at almost f'Yt'l'Y good 
exposm·e of the medial shales from ti ve miles north of Bon lder 
to • h\'1 • '.tnyon in :Xmthern Larimer Couuty, though tht·y are Hot 
determina ti ,-e. 

TIH· unifmmit~- of the tripartite dunadt>r of the formatinu 
along 1 ht' foothills of the Front Hange and thP 11 i~·-u\'<:'1',\' uf 

('omandre fo~~il~ in tlw medial memlwr <t1 • 'anyou City and 
elsewhere southward, strong!~ sugg .. ~t that al l••:1~t part of tlw 
medial sllales and the lower sand~touP UlellllJ\·1' in the Boulder 
Di~trid and nortllward may be tile tinw e<IUin11Pnt of the 
• 'onwndw. Tile fossil~ of the northern an~ a are u~ually in WI',\' 

poor· .. ondition. )d nuious plat·('~ in the middle and uppPl' por­
tions of the shah~~ are found large nullllwJ·~ of Us//'('(( of one 
or more S]Jl'\'it's, apparently Ulltlt·~··ribed. with a ~mallPI' numlH·r 
of lttuct·tmut/s indistinguishable from 1. luuiatu.~ Hd!l., <1 ~pet:i<'~ 

wltit:h i~ wry abundant in the middle and U]JJH'l' Benton O\'l'l'­
lyiug the "Dakota" throughout the 1·egion. .\.t 0\\' I • ':llly•m 
HJHl west of Berthoud I h:t\'P found ~•·vera] ~p<'<·iuJen~ of .I rit·ulo 

dosely related to .l. linyuifol'mis E. and H., a ~p~'d<·~ ~ai1l by 
"\leek to nUigP "through the Fort Piene and Fox Hill~ Or0up~" 
in the upper· ]J it-:~om·i region, crediteil to t!JP UJ!Jif'l' Fox Hi!b in 
the f)enyer· f:a~in ~Jonograph, and 110( fonwl lo\\'1'1' thaiJ the 
Hygiene ~;melstone member of the Piene in ::\m"thern • 'olur·ado, 
Ro that without per-fect specimens mw may well hf'sitatP about 
considering our • hd • 'an_nm and l:PJ'thoiHl ~pe<·inH·n~ i1lentical 
with Tin!fuiformis. 

A" yery fine exposure nwde l>y an inigation l':lllal a little 
south of '~'<'~t fl·om Lm·eland. sl1o"·~ the n~ual ~:tlllh·done :1t t·itE' 

lia~p J'P~ting upon ~!unison cia~"~- The uppPr part of this sand­
stone im-liHle~ LJ,It'l'~ of bla.-k and ln·o,yn shalf's and :Ill the upver 
part !'ont;tin~ numerous fossil plant fragments, unidentifiable . 
. -~boYe the ~:mdstone lies about 1:-iO fePt of shalt•;; and ~haly 

sandstones. These shales are blal'k 1>1·low, but al>o\'1' the lower· 
third thin bP<l~ of brownish ~anilstoue begin 1o come in, l>ei'Olll­
ing mm"e abundant up,Y:11'1l, until tow;n1l the top the shales dis­
appem· and the shaly sandstones p:t'-'~ gr<l(lually into the uppe1· 
sandstone member, at the hase of whid1 again ot·l·m· plant frag­
ments. .\t about the middle of the shal<'~ •w•·m· the usnal 
oy~lf·I·~ and fttl!t't'l'tiJIII!S, with some fish bones. .\bout n mile 
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sonth of there two teeth, identified by Dr. J. W. Gidley, of the 
T'nited States Geological Sm·n'y, as probably a species of 
plr',.;insaur, were founrl associated "·ith similar fish vertPbr:c>. 

\Benton Format io11 
( 'ulurrrclo Group. I 

~ ).'iobrara Formation 

Benton Fornwtion.-This formation is rPmarkahly ('onstant 
tln·unghout the region bordering the foothills of Ea,.;tern Colo­

l'ado. It rests upon the uppr·r "Dakota'' sandstone, :md thl'ough­
ont mo,.;t of the region OC('lll'S at the very edge uf the plains. 

'l'he formation consists dtie11y of black shales at11l thin-bedded 
blaek limestones, with a ft.'\\' hnnl bands of bluish or grayish 
limestone from a fc·"· indt(•,.; to a foot in thiekness, i11 the upper 
half. In the lowr•J· lt:tlf an· se\·nal st1·ata an i])(·h or two in 
thid-:ness, composed moslly of the voorl~- preserved shells of an 
undesnibed speeiPs of oysll'r. Lar·ge quantities lmve been 
broken out at sevpt·al plan•s in the effort to obta!n specimens 
showing specitk charadns sufikiently well fOI' desniption, with­
out success. In the liuwstones of the upper half Inoceramus 
Ia lJ iu tus is found in a lmndame. a:-;~ociated with an undetermined 
oy:-;tpJ· and several "lJecii•:-; of cephalopod. This furllla tion is 
almost im·ariably capped by a sandstone o1· sandy shale remind­
ing one of the Pugnellus sandsto11e to the southwest but we have 
found in it no organi(· remains exc·ept casts of supposed worm 
borings and seaweeds. In a general wa~·. the In\\-('\' shales, the 
ntedial shales containing hard limestones, and the upper sandy 
,_;Jwles with their immediately underlying black shales, seem to 
IH:o the respectiYe eqnin1lents of the Graneros shale, Greenhorn 
limestone and Carlile sltalP and sandstone of the Pueblo Quad­
t·angle (HI, p. 5GJ; 18; ~9; 30). Good exposures oc-etll' fhe miles 
not·th of Boulde1· and west of Berthoud. 

Xiu!J'rara Fon11atiou.-In the reports and maps of the For­
tieth Parallel Sune.Y, this name is also applied to the 'l'ertiary 
fOI'mations of Northern Colorado. The Niobrara appears to 
rest conformably upon the Benton. At the base is a hard, mas 
:-;ive. compact, fine-grained limestone, in appearance much re­
sembling the Inoceramus lal1iatus bands in the upper Benton. but 
thicker-bedded, not separated by shales and containing great 
numbers of InoccraJJIIIS dcfonlliS; a large, Yei·y r·om·px bivalve 
with prominent coni'enti·ic undulations, quite unlikl' the smaller, 
flatter, less strongly undulating species of the Benton. This 
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shell is often coyered with Ostrca wngesta, a small oyster which 
forms a flat base and then turns abruptly upward. Near the 
center of the formation is found a lime-shale zone composed of 
Ost1'ca C011UCSto attached to large, flat Inoceramtts whose specific 
identity can not be made out. This horizon is pet·sistent from 
Boulder to Owl Canyon. The upper· part of the formation con­
sist:;; of yellowi:-;h sandy shales, somewhat more resistant than the 
overlying Pierre shales and mndt lighter in color. Most of tlH~ 
way from Little Thompson to Owl Canyon this horizon forms a 
steep east-facing yellowish slope, the angle of tlte slope being 
approximately the sallie as the dip of the strata. In the Arkansas 
Valley the lm,·et· ?\iobnna lw:-; been called the Timpas and the 
upper part the ·"pishapa (1:-:, pp. 566-7; 29; 80; lfjJ. If the 
:-;mne diYi~ions are to be applie(l in the northel'll field, the divid­
ing line "ould proLabl~- be at the top of the Ostrect coniJCSfa 

horizon. 

The Benton and Niobrara are often grouped together under 
the name "Colorado formation," but as they are entirely distinct 
in the region under discussion, it seems best to treat them sepa­
rately. As with the foothills formations, their east-west hori­
zontal limits are narrow, seldom cwcupying more than half a 
mile in width. The several members of the :Niobrara have a 
tendency to form two or three low, north-south ridges, the more 
persistent and prominent of which is t!Je basal limestone. The 
best exposures we have found in Northern Colorado are five 
miles north of Boulder, at Little Thompson, and at Owl Canyon. 
The basal limestone may be found almost an}'\Yhere along the 
foothill line, es11eciaJJ~- at the mouths of foothill gulches. 

~ 
Pierre Formation 

Montana Group. 
Fox Hills Formation 

Pierre and Fox Hills formation:-;, often considered together 
under the naJtlt' of Montana Group, but more often separated a::; 
a matter of ~-onyenience, ~·onformabl~- m·erlie the Xiobrar:1 and 
consist of 7,000 or 8.000 feet of Jllat'ine stmta. ('hiefly cla.r shale~, 
sandstones and irregular len:-;t•s of limestone:;;, the limestonea 
being confined to the Pierre. Th<' Fox Hills formation, com 
prising a few hundred feet of the upper pal"t. i:-; mostly a seriE:s 
of rather :-;nft Randstones, usually of a greenish yrllow color in 
contrast \Yith the :-;late-colored Pient· :-;ttata. The 1liYiding lii.Je 
is rather uncedaiu, and the line of cmJtat·t i~ seldom well ex 
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posed. The Fox Hills marks the beginning of the final retreat 
of the sea. 

The Piene (·onRistR mostly of cia~- shales, with a thick and 
persistent sandstone ('ailed the Hygiene at about the top of the 
lower third (13, p. 31; :::G. p. 179). "'bile man~- of the fos­
sils are common to both groups, yet each liaR a dwracteristi(' 
fauna. Bac-u.lifl'8 RpiJ .. 8euphitcs nodosus. Hctaoc·c•J'rts spp .. 
Ptyclwcems spp .. Fluccnticcnrs zrhitficlrli. LuciJIIt occideHfalis, 
InoccmJJtllS spp .. :-..·uutilus rlcl;uyi. A._ltclwm :-;pp., ~lnisomyon 

spp., Ano111ia ntl'tifonHis. Ostrcu inonwta. and others are some­
what common in the middle an<l lower Pierre. but seldom or 
neyer found in the Fox Hills of Xorther·n ('olm·ado, whill' 
r'yli1-luw Rp .. licntalilllll gmeile, Jfoclm JCI/J'I'I'IW11U, Jf. alta, 

Y uc-ula spp., and l"cn iclla lw mil i.~. though common in the Fox 
Hills. are rare in m· absent from the Pierre exl·ept the upper 100 

feet or so(~:=:. pp. 9D-10±; :.::-1-. pp. 1-!!1-15:.::; :.::1;, JllJ. 18-1--1!1:.::). 
Lara111ie Forlilafion.*-'fhis formation, consisting of sand 

Rtones and shnleR and containing the coal beds of :X or·thei'll 
('nlomdo. east of the mountainR. marks the close of Cretaceou:;; 
deposition and the final retreat of the sea from the region. 
The faunas of the Colorado and :Jlontana (houps are strictly 
marinP. The L::-namie faunas. on the other hand, are of 
braekish-water and fresh-water typPR, and indicate a period of 
low-lying slwres and marshes. ~ome of the lmYPl' sandstones are 
locally difficult to distinguish from the upper Fox Hills. but when 
seen in lar·g-e nms,<~R at n little distance, they generally have a 
somewhat lighter C'olor than the Fox Hills, and usually the Fox 
Hills yields mm·ine foRRils such as CanliJIIIJ, J!al'fm, T!f'utolium, 

Yuculu. etc .. which '"ill not be found in the Laramie. ~\.!though 

two Laramie :-;pe<·ies, Ost /'('(( yluiJm and lfelu 11 in lf'iJOm i 11 ffCJI8is,. 

nre fnquently found in Fox Hills Rh·nta. they ueed mislead no 
one. a:-; in RJ]('h ('af'<'S they are associated with m:1rine Rper·ieR. 

TERTIARY. 

The Tertiary formntions which 011('<> probably <·on·r·Pd the J'l'­

gion up to the foothilllirlP, haYe l1eeu ('nt away throughout mm~t 
of tlw area under di~('lH:sion by tlw Rtreams ,v]Jidl haYe aided 
the ~outh Platte in ('aning its br·cw<l ynlley ( ~:.. pp. :.::51-:.::5~), 

leaving portions. howe,·er, abutting on the foothills near the 
\\'yoming line. and from qoJden southward. 

''A" to the name, ,;ee Veatch, Journ. Geol., Vol. XV, pages 526-540; 
Cross. Science, Ynl. XXVIII, 1908, page 128. 
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CoarHl'. wmall~· mH:onsolidated graYel". including boulders 
uf l'Onsiderahle :-;ize, .. urer the llll'HaH, whieh were funned hy the 
s1l·eams t·ntting into tlw •·ret;Jt·eous shalt·:-; a:-; they leaye the 
mountain gult·hes. 'l'he:-;e gr;n·elR haYe been deposited by the 
wandering of the sil·t•auJs in theil· tlowmYal·d <·utting·. 'l'he only 
fo:-;:-;il I haYe seen hom them i:-; a single water-worn 1uammoi.h 
tooth fouud on LoYe1·':-; Hill at Boulder. In places these deposits 
are consolidated by a t'akm·euu:-; <"ement. 

ErruPTIYE Hut 'KS. 

Durin)!; the pi·ugl'l'":-; of th" present Wtll'k nothing haR been 
done \Vith tlw dikes and oth!:'l' intrusin· l)Qdies of erupti\·e rocks 
"·hieh are found in tlw foothills from Boulder to Lyons. 

The \'almont dike ha:-; been the subject uf study by Hayden. 
t '1·uss. I>i llt·l· and FennPman, and the latter has also mapped and 
reported upon most of the intniHin· bodies of the foothills.~· The 
important bod~· indi .. att·t1 :-;unthea:-;t of L~·un:-; on the map al'com­
panying the present tepmt cloes nut appear tu haye been reported 
before, awl limited iillll' and adn•I"Hl' l'Ondition:-; of weather haY" 
prevented ddailed exa111ination. Superficially it appeared to 
be of the same general nature a:-; the others along the foothills 
whieh lwn· been studied by Dr. Fenneman. ;\u intrusin•s were 
noted in tht• sediment;tries north of the ~t. \'rain Yalley. 

Et'O:'\OMIC GEOLOGY . 

• \brief summary of the economi<" p1·odnds of the formations 
hereinbefore diseu:-;sed mn.v he useful. 

Gvp.~llm.-A thiek bed of gyp:-;nm nt·<·m·:-; in the Lykins forma­
tion in the Liyermore Quadi·anglt•. It i:-; "·p]] expo,.,ed at 0\Yl 
Canyon. and uu Rand • '1·et k ea:-;t of I:ox Elder poRt-offic-e. It 
(HTlHS in the same way and nt tht· :-<alii<' horizon at Perry Park. 
southwest of Dem·el'. 

Lillll's!rJIIC.~'l'he limestones of the Lykins, :'.[onison and 
-:\'iobnnn fonnations have been burned for lime for lor·al u~e all 
along the foothills. 'l'he hnsal limestone of the Xiolinwa ha:-; 
been most u:-;ed. The T'ennsyh·:minn limeNtones are now being 
extensively quarried at BnglesidP, just sonth of Owl ('anyon. fo1· 
m'<' in the sugar fndories of X orthern Co lorado, to which the 

*F. ,.,.._ Hayden, 7th .. \nn. Rept. for 1S78, p, ~n. \Yhitman Cr()~~- U. S. 
Ueo1. Sur., M')n. XX-VII, pp. :2~1/-:io~. J. S. Diller, lT. S. <i-eol.. Sur .. 
Bull. No. 160. !'!'- 261-264. N. M. Fenneman, U. S. Geol. S'ur.. Bull. 
No. 265, pp. 36-40. 
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material is tnmsporte<l hy a short lm1nell railroad connecting 
with the ( 'olorado and ~onthern at Ft. Collins. 

('/ay.-Fire cln~, is found in the .. Dakota" and Laramie. 

The former has l1een USI'd extensiYely at Golden. "'\Vest of Ft. 
Collins •·by from the lower Benton :;oltales has been used for brick 
making, hnt the workiugs are now abandoned. Three large bril'k 
viants at Boulder me using mi<ldle Pier-re clay and one at Trilby, 
south of Ft. Colliits, gets ils snpJll." from the bas" of the Pierre, 
the kilns of the latter ll<'ing l•wated at the railroad sume distance 
from the c: lay lmnk. 

Buildiny 8tow·.--"\.t Doultln, and iu a fe\\' other plan's, 
thP .. Dakota .. :-;aud:-;tuues luwe IHt'n u:-ced to a n·ry li111ited exteut 
ltwally, lllostly foi' foundation rmrposes. "\.t Boulder and Lyons 
H'l'.)' <'xteusin' tJll<ll'l'ies han' ]Jt'~'n operated fot many years in the 
Lyous sand,.;tone, furnishing employment to a large number of 
men. 'l'he stone is n•J',\' hard and does not \\'<•ather easily. From 
Bellevue to ~tout and at "\.tkin,; are hu·ge quarri<'" in the Lykin,; 
sandstone, and at the fonmr locality the Lyons is also quarried. 
Lo .. ally the Fox Hilb, Laramie, and Hygiene sandstones haYe 
been used to sonw extent fOl' raneh buildings. At Boulder and 
in some otlte1· plal'es the \\'ater,woru boulders which occur all 
along the e<lg<· of the plains ate rapidly •·oming into use for 
otnamental retaining walls, foundatiou~ and other purposes. 

, l rt esiu 11 l ra tcr.-Tlt<' .. Uakota'' sandstone, which is impo1·, 
tant for artesian wate1· in the "\.rkansas Yalley, is too deeply 
buried from Dem,er northward to be ;wailable. The llygiew·. 
Fux Hills and Lnramit· sandstones may furnish good watt•t· SU]l­
plit'~ in mauy piH<'<'I', but han' not ypt been much •·xploited. "\n 
nnd(•rstanding of their po~itioul' and !·hamde1·ist in: iR also im­
pol'tant in 01·d~cT to ayoid ~ePp;'g<· in irtigation pmjeds. 

l'ct mlcum .-'l'he oi Is of the Boulder and Florence districts 
are found in tile l'ienP fm·lltHtion. There is no reason to doubt 
that ~ystematic exploration will dewlov ot!t('r important <1il'trieb 
in tile ,;alii(' formation aloug til(' ('dg•· of tlw plains from Floren<·(' 
to 11orthern Larimer County. 

f'oal.-'l'he l'oal of ::\odh('I·n Colot·:ulo < ast of the mountain>~ 
is found in the Laramie formation. 

HISTORICAL GEOLOU 'L. 

I:I·ietly stated, the geologit·al hi>~tmy of the t·egion, ,;o far 
a~ it is diRI'iosed l•y th(' f•Yiden•·e, is ;:~ follows: 
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In what is <·onsidered pre-( :ambrian time, depo:-;ition of sand­
stones and ('onglomerates wa:-; in progress, but the distribution 
of land and water and direction of shore-lines wPre quite different 
from the conditions "·h ich pr<'v:!iled from C\trboniferous to tile 
end of Cretaceous time. How long the pre-Cambrian conditions 
('ontinued we can not ascertain, as the evidence is partly de­
stroyed and partly ~·m·ered h.Y later deposits. Between pre­
Cambrian and ('arboniferous time the prp-( 'am In-ian deposits were 
partly removed by erosion and partly metamorphosed into 
quartzite, qum·tz schist, etc., the remnants now expose<! were 
elevated, tiltt•<l, !'Ompkxly folded into the granitP and the result­
ing mountains planed off. At m· prior to the beginning of C:n·­
boniferous time, an approximat<·l.'· north-south shore-line was 
established corresponding in a g< neral way to the present axi:-; 
of the foothills. with tl1e land m·t':l tu the west of that lim' and 
the sea to tlw <':tst, and :t long period of subsid('Jl<'e began. Tht> 
planing of th<· land area brought down and deposited a lo11g the 
shel\·iup; shore great quantities of coarse sand and gravel \vhi!'h 
built up the s< a bottom ahout ns rapidly as subsidence pnweeded. 
thus preventing the Pxistence of deep \Yater for a long distan<·<· 
off shore. :\Ienntime tl1e subr-ddP1we caused the s<'a to constantly 
encro;wh upon the land, so that the newer strata kept m·erlapping 
the older . 

. \t tl1e beginning of L.nms time, the l'!tarader- of tlw matP­
rials dPpositing ('hang-ell to fine sand. Rnhsidenn· and <!Pposition 
continued through L~·kins time, prnh:1hl.Y with deeper \Yater. 
During ~r orri~on and perhaps part of ''Dakota" time the S<'<l was 
apparentl~- shnt out from the region l•y some barrier, as indicated 
by fresh-1Yate1· l•:'rls; but suhsirll'll"<" must have <·ontinued, as the 
medial "Dakota" shalr·s contain marinr fol"sils and ovrrlie the 
Morrison in such a wn,r as to show th:d the Rra then l'<'<~ched n 
much higher level with referenf·e to th!· adjacent land. Dm·ing 
Benton, ~inln;~J·a, and Pierre time, the indications are that thf' 
sea in the r1•gion now rrprP:-;<·nted by tl1P edg(' of the plains 
reached a gn·:1ter depth than thrretofore. Hn\\· far tlw shorr­
line had thrn retreated westwa1·d we han' now no way of know­
ing, as the formations haw bern planed off the mountains, but it 
is inconcein1hle that it ~·onld ht' less than several miles. 

There \Yas probably a distinct shallowing of the sea toward 
middle Pierre time, an1l again in eal'ly Fox Hills time as the 
rdreat of the sra begm1. Though \Ye h:we direct evidence of the 
oYerlap of strata caused h~- the encroachment of the sea dtning 



( ':ul" miferous time, we have no stwh eYiden('e of the reverse 
process toward the do,'<' of ( 'rdaeeous time, lwntnsp these forma­
tions han' been pl:tlll'll hack a long ways from their ol'iginal edge. 
nuring Laramie tilll(' bn1ekish-watel· and fresh-watel' ('OJHlitions 
]'H'Yailed, with low-lying shores and nJaJ·RheR. 

This long and alnw,;t unln·oken period of ,;ubsil!l'lH'e is 
(Illite J·emarkable, and at it,; l'!o,;e the earlie,;t d<"]'OSit,;, originally 
Ia i1l at about sea ]eye], had doubtless sunk to the depth of 10,000 
It'd !Jelow sea ]pyeJ, fm· \H' find oYel'lying thosp earliest rle­
posits about 10,000 fPI'I of strata, nearly all of whidt werP 
deposited in the Rea . 

. H the dose of Laramie time occurred a period of general 
PJ·o,;ion, represented l1y an unconformity. 

I )uring Tertiary time, thick deposits were formed h_,. ,;tl'eamR 
and probably in small Jak('R, and the uplift of the entire region, 
:H·,·ollJ]'anied hy differential uplift of the mountain region, 
bl'Ought the mountain pl;tteau into existence, tilted the foothills 
foi'JJJ:ttiom.; intu their present attitude, and raised the <>1lge of 
tlw pl;tins to an altitude of about n mile al1ove "<':\ level. That 
thi,; w:t,; tlw result of t!Jt' tilt i11g of the entire region a11d not 
mm·<>l_,. the retreat of the 1-'l'a into deepening basins, seems a 
n<>,·p,;,;;u·y conclusion from tit<> eYidenc·e. 'Yith the gradual up­
lift of the mountailt:.; began thP <·utting of the deep got·gp,; which 
han• transformed the m·iginal plateau into a series of approxi­
mately pa,.;t-\\·e,.;t l'anyon,.; and I'OJTP,;ponding di,·ill<'~-' m· ridges. 
~o ,;tt·ongly i,; the idl?a of ,;nd<len uphe:wal in the constrndion of 
our mountains entrerH'hed in ilw pnhli<· mind that it is 1liffieult to 
gd rid of, llllt it sPC'JJIS quite certain that they m·t·p l1l'onght into 
th<'it· Jll'l''l'llt ,-ondition hy being slo"·ly elP\':ttPd from Rea le,·el, 
and just as slowly c:\1'\'('<l iltto gukhes and ridges l1y the Y<'l',Y 

,;tl·r:nnR no\\· at wm·k. Thr Rh'eants lt<tYe also 1'1lt away the 
'l'l'!·tiary dPpo,;i1!' hom Ool<l<>ll JW<tl'ly to 1\'yollling. and <'Hi deeply 
in1 o the <'rlgeR of tlw ! 't·<>ta('eonR formations, while at thP Rame 
tint<> denuding the nwmt1ains of the nnmetamorphm'Pil Rrdimen­
tary t·ock,; whif·h at oil<' tillle ,;nrely ~-,wet·e!l them fot· a di,;tance 
of S<'\.<>J·;il miles ha!'k fl·olll the foothills line. 'l'his lH'OI'PRR iR 
still g·oing on, pe1·haps as rapidly aR eyer, an<l it i:.; not at all 
1·ert:tin that the pro,-<,,s of tiltil1g· and uplift haR yet ,-e:tRf'<l. 

ThiR repnl't i,; the J'(',;nlt of a review of the liter·atm·p he;ning 
directly or indirel'tly npon the snbj!'l'i. and a prolong<>!] Rtudy of 
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the formations in tlle field hom the southern line of Bonlder 
< ~ounty to the nmthern l•mmdary of the state. 

There are no krw,,·n ~Pdimentary formation~ in the easterli 
foothills of Xorthern < 'oloJ"ado earlier than Cal'lw11iferou~. ex· 
•·ept quartzites and quar·tz-~dtists snuthw<·~t of Boulder and west 
of Berthoud ami LoYeland, which are tentatiYel~' "~~igned to the 
.\lgunkian. Tll~'Y t>xtend inegularly back into tltf' granite. 

'l'he l~<u·ml •·m1glomer·ates "nd sandsi o1ws of thP Red Bed'· 
until rc•·entl.'· :~~signed io Trias~i•· ~tge. and h_,- Fenneman .. or­
J·elated 'Yith tl1P Fountain formation, ha,-e now bPen traced 
through to Northern Larimer County and found to li•· eq ui ,-;~ l••Jl t 
to beds l'Ontaining Upper <'arboniferous fo~sils in the upper part 
and Lower (\u·honiferou~ at the b:J~e. 'l'hi~ fonnation rest~ upon 
gmuite and gneiss Px•·ept where the qual'izites and ~t"!list~ •w•·m·. 

The oyerlyiug fine-g1·ained sandstone, •·rtlled the L_nms hy 
Fenneman, lw~ been tra .. <·d nlmo~t •·nntinnously from Peny 
!'ad;: to \\'yoming, and from its :Jss<wintion with the C:u·hon­
iferous limestones in tl1P northel"n m·ea it is helieYr<l to ]H' al~:• 

{'pper ( ':~rhonife1·ous. 

~o e\·idence has been found bearing upon the age of the 
Lykins formation (upper l..'art of Red Beds) in ~orthem Colo­
rado ex<·f'pt it~ shatigraphic position between "Cpper <';nhonif­
erous and .Jm·a~si .. strat:J, whieh, .. onpled with the fad that there 
is no known lmt·onformity below, and the o<Tnrrent·•· of Triassk 
fos~ils in the upper part of what appean; to he its oqnivalc>nt in 
Ronthern Colnra<lo, suggest the 1n·obal•ility that it is Pet·mian 
below and Trinssi .. above. 

The L_d;:ins i~ overlaid in the Tlenver Basin !.,_. the ~[oni­
snn, n fresh-water formation of .Jnrassi•· age. To tlw north 
mnrine .Jurassic strata, likely equivalent to the ~nndnnce fonlln­
tion, intenene~. f-:<'parnting the ~[nnif-:on from the Lykins. 

The exaet stratigmphi<· position of tlit> ~o-•·alled "'Dakota" 
formation in this region is not satisfac-torily as .. <'dained. Tl1P 
three members, •·onsisting of an upper and a lmvPI' sandstonr· 
and intervening shales, h:we hitherto always been ,-ousidere-:1 
Dakota, and decl:wed to he of fresh-water origin. The clif-:•·m·e1·y 
of marine fossils in the medial ~hale~ fron1 Bouldt'I' to Xol'tht>J'Il 
Larimer ( 'onnty disp!'O\'t'f-: the lattl'I' proposition, hut the.'' al'e 
not determinative of the ag(' of the heels. In apparently equh·n­
lent beds of Rnutliern ('oloi·ado, < 'omant"!Ie fos~ils han· heen fonud 
in the merlial ~halt•s and D:d.;:ota plants in the upper sanclstOIH'. 
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\Yhich suggest:-; that the upper sandstone in Northern Colorado 
is likely Dakota, and the remaining beds Comanche. 

'Ve have no new information coneerning the Benton and 
OYerlying Cretaceous and Tertiary formations, which are well 
known along the western edge of the Great Plains. 

The pre-Carboniferous history of the region is obscure and 
little known. From early Carboniferous to the end of Creta­
ceous time there was an almost continual subsidence of the sea­
bottom, its rate approximately coinciding with the rate of de­
position, so that the sea never attained great depth ir. this r<'gion, 
although the total subsidence must have reached over 10,000 
feet, as shown by the thickness of the deposits. The shore-line, 
at first approximately coincident \Yith the present axis of the 
foothills, slowly encroached upon the land or present mountain 
area, the extent of which encroachment is unknown, but must 
have been at least ten or fifteen miles. Temporary interruptions 
iu the subsidence are marked by slight unconformities and thin 
fresh-water deposits. ~\ t the end of Cretaceous time the sea 
retreated, and during 'l't>rtiar~- time the entire region \Yas lifted 
over a mile above sea level. the great foothill monoeline was 
f'teepened, the mountains reared far abcwe the plains, and thick, 
fresh-water deposits \Yere laid oyer the more or less upturned 
edges of the CrPtaceous str$lta. ~fore rcf'ently these Tertiary 
beds have been eroded from most of the region undeJ' discnssion 
except along the northern boundm·y of the state. 
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lXTRODCCTIOX. 

'l'he Halms Peak region has for over forty years contributed 
to the mineral output of the state. Its remoteness from trans­
portation facilities and from metallurgical plants, and the lack 
of reliable information in the shape of maps and reports have been 
regarded as drawbacks which have prevented it from developing 
into an important camp. The coming of the ''::\Ioffat Road" to 
~teamboat ~prings, ::0 miles distant, ha~ improved the transpor­
tation facilities. To remove the last of these hindrances, the 
State Geological Survey undertook to prepare a general geological 
outline of the area. A party consisting of R. D. George, James 
Underhill, R. D. Cn1wford and B. H. Jackson, spent the month 
of July, 1907, mapping the geological formations and investi­
gating the mineral possibilities. The result is the geological out­
line and map here presented. Many generalizations have been 
necessary, and many details haye been omitted, especially in 
discussing the structural features. The lack of a topographic 
base map detracts seriously from the Yalue of the results. 



CHAPTER I.-GENERAL DESCRIPTION .~ND STRUCTURE. 

FIELD WORK AND ACKKOWLEDG~IE0'TS. 

The work on which the present report is based was done in 
Jul~-, 1907, by Dr. James Underhill, Mr. B. H. Jackson, and thP 
writers. The primary control was based on data prepared by the 
U. S. Geological Suney.* 'Yith Hahns Peak and Sand Mountain 
('Yhitehead) as a base, secondary triangulation was carried over 
the district by means of a Johnson plane-table. Tertiary point;;; 
were located b~- intersection and resection with a pocket sextant. 
Details were tied to the control points by means of pacing and 
compass readings with a Brunton pocket transit. Geographic 
positions in general may be considered reasonably accurate as 
they appear on the map. In the southeastern part of the district, 
however, the scarcity of points rising above the timber precluded 
adequate t1·iangulation, and necessitated the taking of long sight:-: 
with the Brunton transit. 

The field party made constant use of the maps prepared by 
:\Il·. Hoyt ~- GaJp*·"·, of the U. S. Geological Survey, to accompany 
his report of 1 lte district. Although Mr. Gale spent but a few 
day;;; in the field, his topographic map was found to be both quan­
titatiYely and qualitatiYely accurate in a high degree. It needed 
only slight ehanges based on better control to make it of great 
,;en·i(·p in mapping the geology. His geologic work was accurate 
along the lines of his traverses. Such changes as the present 
surwy has made in his geological map are based on more detailed 
study than :!\Ir. Gale could possibly make in his ha,;ty examination 
of the region. 

The State Suney wishes to acknowledge its indebtedness to 
:\lessrs. C. E. Bla('kburn, Pat :!\fagill, A .. C. Smith and others for 
courtesies in the field. 

POSITIO:\'. 

Hahns Peak dlla~?;e. at the south foot of Hahns Peak, is the 
('ounty seat of Routt county. It is about thirty miles from 
Steamboat Springs, the present terminus of the Denver, North­
"·estern and Pacific Rnilway, the "Moffat Road." Columbine, the 
only other village in the district, is about four and a half miles 

*U. S. G. S. Bull. 201, pp, 92-93. 
**U. S. G. S. Bull. 285, 28-34. 
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from the village of Hahns Peak. A daily stage runs from Steam· 
boat Springs to both of these towns. 

The region was mapped by the Fortieth Parallel Suney and 
the geology described by S. F. Emmons. In 1905 Hoyt S. Gale, 
of the U. S. Geological Suney, made an examination of the field 
and published a reconnaissance map with his report. A bibli­
ography at the end of this paper, page 229, includes other articles 
and reports on the region. 

PHYSIOGRAPHY. 

Topography: The southern part of the district lies in the 
drainage basin of the Elk River, the northern part in the basin 
of the Little Snake. Hahns Peak, the most prominent point in 
the region, is at the eastern extremi(1· of the Elkhead Mountains, 
a group formed by volcanic activity of late Tertiar;v or Quater· 
nary times. The peak has an elevation of 10,862 feet:•- and is 
between 2,600 and 2,700 feet higher than Hahns Peak village. It 
can be seen from long distances rising above the surrounding 
peaks. From the south it appears as a symmetrical cone, but 
from other positions of observation it is seen to be a somewhat 
ridge-like elevation, descending much less abruptly toward the 
north than toward the east, sonthand southwest. Farwell Moun­
tain has nearly the same eleYation. Many other peaks are from 
200 to 1,500 feet higher than the surrounding country. 

In Red Park, Little Red Park and the southwestern part of 
the area mapped the streams have a moderate to slight gradient. 
For some distance ahn1·e the point at \Yhich W'illow Creek enters 
the pre-Cambian area the stream meanders in its flood plain, 
which is several hundred feet wide. At this point a temporary 
base level has been established, because of the high resistance of 
the metamorphic rocks. 

Landslide Topography: This feature, which is characteristic 
of the regions underlain by shale, finds expression in several places 
in the Hahns Peak district. One of the best examples is seen on 
the west limb of the syncline northeast of the peak. Here the 
thiek beds of Mancos shales, haYing a considerable dip and over­
lain by conglomerate, have slid, in successive sections scores of 
feet across, down the slippery bedding planes toward the creek. 
The ~esulting relief, though not high, is Y\:'l',Y hummocky on a large 
scale. 

*Gale, H. S., T!. S. G. S. Bull. 285, p. 28, 1906. 



196 HAHl\::S PEAK REGIOX. 

Another good example may be seen in the Mancos area west 
of \Yillow Cn•ek. The surface of the }Iaw·os shales rises rather 
rapidly toward the west, and is in places covered by a consider­
able accumulation of disintegrated material and small patches of 
'Yyoming gravels. A few springs issue from the shales, and in 
the vicinity of these landslide topography is Yery common. In a 
few instances the slides have formed basins, which enclose boggy 
areas of small size. These slides have in numerous instances left 
surfaces of the Mancos shales exposed. The landslide topography 
is observable from 1.000 to ~.000 feC't back from Willow Creek. 

Water Supply and rc!fCtatiou: Much snow falls during the 
long winters, and lies on the high peaks and many timbered slopes 
until late summer. The melting snow and the precipitation of 
the rainy season in July and early August furnish abundant 
moisture for the hea,·y growth of timber and other vegetation 
which is characteristic of this district. Spruce, pine and aspen 
flourish, and, together with the rank growth of grass in their 
shade, are doubtless responsible in large measure for the accumu­
lation and retention of the black soil which is so common in 
numerous localities. 

STRUCTURAL FE.\TllRES. 

The Hahns Peak region contains two rather distinct strue­
tural types: a. That characteristic of the meeting place of sedi­
mentary formations with a recently uplifted complex of ancient 
metamorphic rocks, upon and against which they rest; b. That 
characteristic of sedimentary formations intruded by igneous 
rocks in bodies of yarious forms, such as dikes, sheets and lacco­
liths. The first structural type is well exemplified by the eastern 
half of the area, whilP the (·entral and '"estern half illustrate the 
second type. 

FOOTHILLS TYPE. 

In the eastern half are found sedimentary formations, rang­
ing in age from Carboniferous to Tertiary, upturned against the 
ancient gneisses and granites. The strike and dip of the flanking 
formations Yary "·idely from place to place. The dips range 
from a few degrees to Yerticality, and in one or two places actual 
overturns are found. The present attitude of the strata is doubt· 
less the result of many factors, such as the extent of the upward 
movement in both the sedimentary and the metamorphic rocks, 
the regularity of tlw floor upon which the sedimentary rocks 
rested before the upheaval, faulting along the zone of contact, 



PLATE XXIT. 
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Section showing structure along a northwest-southeast line crossing Hahns Peak and Grouse Mountain. 
Vertical scale is double the horizontal. 
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both within and between the two types of rocks, the warping of 
the floor below the sedimentar_y rocks before, during and after 
the main movement, the regularity of the ancient shoreline, the 
character of the sedimentary rocks themselves, and subsequent 
erosion. 

It is Yery evident that the upward movement was greater 
in some 1:a1·ts of the Park Range than in others, and it is quite 
possible that these differences were very local. The floor upon 
which the sedimentary formations were deposited was, for the 
most part, rather uniform and even, but exposed contacts show 
that irregularities existed, and that depressions were filled first. 
thus bringing formations of widely different age into contact 
with the ancient gneisses at points quite near to one another. 

Faulting "·ithin the :;;edimentary 1·ocks is evident in seyer·al 
places, and movement within the more yielding formations was 
very pronounced. Brecciation and shearing are common phe­
nomena. 

That warping of the ancient rock surfa<:e has occurred is 
eYident from the isolation of t"ertain areas of sediments and the 
dome and basin-like sb·uctmes they now present. Erosion has 
undoubtedly played an important part. The best illustrations 
of the structural features of the first type are to be seen between 
Twin and Grou:;;e Mountains and in the :lJ'ea east of Red Park. 

In the eastern part of the southern Mancos area the rocks are 
on edge, and in one place :;;how a slight overturn. The dip gradu­
ally decreases "·est\Yard in a series of anticlines and synclines 
until the formation pa~se~ unconforumbly under the Tertiary 
:;;andstones. 

Ih~CCOLITHIC TYPE. 

'l'he <:entral and "·estern part of the area is a region of sedi­
mentary formations intruded hy igneous rock,; of Y:uious kinds, 
in yarious forms of bodies, and of different ages. In th(> Tertiary 
area to the north a great series of basaltic dikes forms an amphi­
llll'atl'e opening to the mnthwest. The longest of these is over 
three miles in length and forms a great, irregular curve, from the 
western end of which numerous roughly parallel dikes trend 
northwestward. "'rost of the dikes are nearly vertical, and many 
"ho"· fine examples of columnar structure, the columns lying in 
different positions in llifferent dikes. Contact metamorphism is 
nowhere pronounced, but is obsen·able at a number of points. 

The laccolithic form of intrusion consists of a more or less 
lens-shaped bod.'· of igneous rock haYing an arched cover, generally 
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of sedimentary rocks, such as sandstone, limestone and shale. 
Molten rock, forced up through a vent in the earth's crust, arches 
the rocks covering the vent, and they remain as a cover over the 
mass of molten rock. The arching of the covering rocks allows 
the molten mass to spread laterally, so that a laccolith is fre­
quently many times as wide as it is high. Of the laccolithic form 
of intrusion Rabns Peak and Grouse ::\fountain are the best ex· 
amples. 

There is no certainty that the formations which now flank 
them ever completely covered the igneous masses. But many facts 
make it highl.r probable that Hahns Peak was once a true lacco­
lith, covered lJy the Cretaceous formations. On the northwestern 
shoulder a mass of almost horizontal Dakota lies within a few 
hundred feet of the summit, awl a little farther to the east a 
narrow band of Dakota, dipping with the slope of the mountain, 
almost connects with it both above and below. ~till higher up on 
the northwestern side, probably within ~00 feet of the summit, 
Dakota quartzite and baked shale are found, but their attitude 
could not be determined. On the western side, while the Dakota 
rocks were arched up into an almost vertical position, they were 
covered by the porphyry. In one place a tongue or sheet of por­
phyry seems to hm·e followed the shales of the Dakota. leaving one 
of the sandstone members on one side and one on the other. On 
the south side again, a sandstone, probabl~· the Dakota, is pene· 
trated by a tunnel, at an elevation of nearly 10,000 feet. On the 
southeastern slope, at a point along one of the ditches, there is an 
exposure of Dakota, with porphyry above and below it. The 
tunnels of the Hahns Peak Gold Mining and ]!illing Company 
show that dikes radiate from the central porph~TY core. It seems 
probable that the Dakota formed the immediate cover over the 
porphyry on the north, northeast and a part of the northwest, 
and that the porphyry ln·oke through to a higher horizon on other 
parts of the mountain, but it probably remained covered by the 
later Cretaceous rocks until erosion exposed it. 

The evidence in the case of Grouse ::\lunntain is not so con­
ducing, but there are still facts which point umpistakably to the 
laccolithic structm·e. This is also true of Peak and Iron moun­
tains. 
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CHAPTER !I.-HISTORICAL GEOLOGY. 

PRE-CA i\IBRIAN. 

The Hahns Peak region is along the much disturbed area 
between the pre-CarulJrian mass of the .Park Range on the east, 
the Tertia1·.r \·olcanic gToup known as the Elkhead ~lountains to 
the northwest, and the great sedimentary plateau which stretches 
far to the west. A large part of the eastern half of the map is 
within the pre-Cambrian area. 'rhe rocks, like those of similar 
areas in the Rocky Mountain region, are a vast complex of schist, 
gneiss, gneissoid granite and granite, with isolated areas of 
quartzite. 

No attempt was made to differentiate on the map the various 
members of the series. In parts of the area the changes from 
one rock type to another are so numerous, and the mingling of 
the various members of the series is so intricate, that separate 
representation of the lithological units would be impossible on a 
map of one inch to the mile. 

In general it may be said that the schists are the oldest 
member of the complex, but there are areas of schist which do 
not belong to the fundamental formation of the region. These 
are the result of intense local metamorphism, and, from them as 
centers, the alteration decreases outward until, without any evi­
dence of an actual ehange of formation, the rock becomes gneis­
soid granite. The more ancient schists mrely show marked dif­
ferences of structure, though variations in composition are fre­
quent. In places the directional structure is regular and constant 
for considerable areas, but for the region as a whole it was 
impossible to discover any prevailing dip or strike suggestive of 
a sedimental"y origin. This is not strange, since OYei· large areas 
the schists are far exceeded in volume by the intruded granites 
and gneissoid granites. These vast intrusions, belonging to widely 
different ages and cutting not only the schists, but all rocks of 
greater age than themselves, haye profoundly changed the struc­
ture of the earliest rocks, and, age by age, have added greater com­
plexity to the pre-Cambrian series. 

In composition they range from quartz-mi(·a- to quartz-feld­
spar-hornblende-schists. The quartz-mica-schist varies widely in 
the proportion of the two minerals, resembling in this respect the 
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great qnartzite-mica-s!"ldst sel'ies of tlw Big 'l'ltompsou n·gion east 
of the range, where the rocks are undoubtedly of sedimentary 
origin. ~IuscoYite is often abundant, and chlorite is a Yery com­
mon alteration product from both hornblende and biotite. Con­
siderable areas are found in which both composition and texture 
suggest a sedimentary origin, but near these may be others in 
which not the slightest hint of a sedimentary ancestry appears. 
The amphibole-schists are not so prominent as are the mica­
schists. These also ym·~- wide)~- in the relative importance of the 
constituents. Quartz is always present; and mica is rarely absent, 
though it may be yery poorly represented. The amphibole is 
commonly black or dark greenish black, and is often quite fresh 
looking. The schists rich in amphibole resist weathering much 
better than do those in which mica predominates. Garnets of 
both pink and c-innamon color are yery common in certain areas, 
and occur both disseminated and in bands. In size they range 
from one-sixteenth of an inch to two inches in diameter. Bands 
of massive garnet a foot wide occur toward the divide farther 
south. Feldspar seems to form a connecting link between the 
schiRts and the gneisses, and the feldspathic schists are commonly 
closely related to the latter. In many places the same rock mass 
may show bands of highly micaceous quartz-mica Rr-ltist in con­
tact with bands showing at bPRt but a poor gneissoid structure. 

Intrusive granites of nU'ying age haYe suffered varying de­
grees of metamorphism, but the extent of the change is h~- no 
means directly proportional to the age. The location with respect 
to certain lines and zones of IYeakness has had an important bear­
ing upon the structure. Those farthest away from the lines of 
movement show only a slight degree of change, while those along 
the line are profoundly altered. The gneisses including those carry­
ing biotite as their principal dark min!:'ral with subordinate horn­
blende are the most abundant, while others having hornblende in 
exceRR of the biotite alr-:o occur. Alteration prior to the develop­
ment of the present structures seems to haw• determined in some 
instances the relative importance and the distribution of the min­
erals now present. But in other caR!:'S the distribntion seems to 
haye been determined entire!~- hy the origin of the rock and sub­
sequent segregation resulting from dynamic metamorphism. 

The gneissoid granites an' structural!~- intermediate between 
the gneisses and the granites, and gradations from one to the other 
are common. The granites and gneissoid granites indudC' many 
Yariations in texture and composition. Porphyritic forms are 
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common in both. The phenonysts are mainly orthoclase. Very 
coarse and Yery fine textures may be seen in contact near the 
borders of the diorite on Farwell mountain. In color the granites 
range from gray to rather dark red. 

Dikes and small intruded bodies are H'l'.Y common, e~peciall,v 
towm·d the diYide and on the head ~water;; of the Elk River to the 
south of the map. These dikes include aplitic granite, granite, 
pegmatite, porphyritic granite, diorite, quartz-porphyry and occa­
sionally diabase.or basalt .. In size they range from mere stringers 
and Yeinlets to dike-like bodies which can hardl~- be classed as 
dikes. Pegmatite dikes or veins are eyerywhere, and locally are 
very abundant. As usual, they present a very wide variation in 
the proportion of the constitutent minerals. 

In the walls of deep, narrow valleys, gulches and canyons the 
intruded bodies are shown in every position from horizontal to 
vertical. This is notably true of the headwaters of the Elk River. 

Qual'tzite occurs in the southwestern part of the pre-Cam­
brian area, near the southern border of the map. The commonest 
form is a dense bluish-gray rock, breaking with a chonchoidal 
fracture. But in places lamination is prominent, and is generally 
parallel to the bedding. :\fica is present in varying quantity, and 
is responsible for the parallel, platy, almost schistose, structure 
sometimes observed. While this area is the only one in which the 
rod~ "-a~ obsened in placP, debris wa:;; fouml at other points. 
especially to the southwest and northeast of the outcrop, and at 
much gTPater ele,·ation. 

RED BEDS. 

"Under this geneml name are included rod's which may range 
in ag-e an~·where from f'm·boniferous to Jurassic resting upon the 
eroded surface of tlw pre-Cambrian formations, and presenting 
a smoothly irregular surface to the overlying- marine Jurassic­
the Sundance. Lithologically, the series includes sandstones, 
;;hales and limestones, but the sandstones greatly predominate. 
In color the rocks range fl-om deep brick red to pink and gTa_v. 
ThP bedding is generally distinct, but quite variable. 

Outcrops showinp; both the lower and upper eontacts were 
not seen, but several exposures of the basal beds and several 
shmdng the upper strata were examined. On King Solomon Creek 
the basal beds r-onsist of friable, brick-red sandstones and sandy 
shales, "·ell bedded, but crumbling readily to a loose, bloek:v talus. 
On Beawr Creek, east of 81·onse Mountain, the rocks are of the 
same general type. but are more massive and more feldspathic. 
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An excellent exposure (not mapped) on the slopes of Iron moun­
tain presents Yery heaYy-bedded, (·oarse-grained arkose in places 
approaching a pebbly conglomerate in texture. Southeast of Far­
'Yell Mountain, what appear to be the basal strata are coarse, 
pinkish to reddish sandstones, massively bedded, and weathering, 
by gradual disintegration of the surface, into rounded outlines. 
Feldspathic sandstone debris was found in the creek, but no 
strictly arkose strata were seen in place. The formation was 
overlain by a strong limestone carrying marine Jurassic fossils, 
and did not appear to exceed seventy-five feet in thickness. 

The upper strata are exposed in contact with the porphyry of 
Grouse Mountain at certain points along tlH~ Jmassie contact 
east of Beaver Creek. They resemble the exposures of Red Park 
and King Solomon Creek. On Iron :\fountain the uppermost beds 
below the porphyry are yellowish gray sandstones of coarse tex­
ture, followed by irregularly bedded, mottled, reddish-brown and 
white sandstones. 

In structural features the rocks included in the Red Beds 
resemble the Fountain and Lykins of the Boulder area, east of 
the range. Cross-bedding, flow-and-plunge structures, heavy, 
pebbly strata and alternations of sandstone, shale and shaly 
sandstone are common. In general the basal members are coarser 
and more massive than the upper, and bear a resemblance to the 
Fountain. The upper strata are more friable, shaly, and of deeper 
color, and resemble the Lykins. 

The Fountain has yielded Carboniferous fossils, but the 
Lykins has afforded no organic evidence of its age. It may, there­
fore, stand anywhere between Upper Carboniferous and Jurassic. 

The relations of the series to the underlying pre-Cambrian 
suggest a progressive adyance of the sea over an eroded surface. 
The depressions were first filled h~· coarse, in places pebbly, 
granite debris-arkose. Before the higher elevations were cov­
ered the character of the sediments changed, and they wrrr over­
lain by finer, mm·p daye~- material. This accounts for the vari­
able character of thP basal strata from place to pl:lcr. 

The rocks of the upper eontact are also variable, and there 
again is evidence of an erosinal inten-al between the Red Beds 
and the Sundance. 

JURASSIC. 

Wherever the Jurassic overlies the Red Beds in the Hahns 
Peak district there is a gradation from one to the other, such that 
it is impossible to determine the base of the younger system within 
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a stratigraphic range of many feet in most parts of the field. 
Consequently, where the two appear in a horizontal or nearly 
horizontal position in areas of low relief, the boundaries between 
them, as shown on the map, should be conside1·ed as only approxi­
mate. The zone between the undoubted Red Beds and the un­
doubted Jurassic is remarkably variable in character. In at least 
three places strong limestone bands \Wre seen in contact with 
the Red Beds, while elsewhe1·e sandstones and sandy shales form 
the greater part of the transition zone. 

These variations in the lithological character of the transi­
tion zone suggest an unconformity between the two systems, and 
the Jurassic would seem to have been deposited on an irregularly 
eroded surface of Red Beds. 

An entire section of theJurassic is not known to outcrop in 
the district. Hence the maximum thickness is unknown, and the 
stratigraphi<: relations of the several beds seen in the various 
exposures were imperfectly correlated. 

Limestones, clays. sandstones and sandy shales are present, 
and, in outcrops removed some distance from the Red Beds and 
from porphyry masses, range from dark to light gray. The prin­
cipal limestone occur·s near the base, and is dark gray, compact, 
and breaks with a conchoidal fracture. The basal part weathers 
into thin, platy blocks, ranging from one to three inches in thick­
ness, ancl is followed upward by more compact beds, ranging from 
ten inches to two feet in thickness. It is irregularly jointed at 
right angles to the bedding. Brachiopods were found within a 
few feet of the contact with the massive red sandstone. The lime­
stones of the .Jurassic are not likely to be confused with rocks of 
other periods, and are perhaps the most persistent of the system 
in the several exposures. There are seyeral strata of this rock 
intercalated \Yith beds of clays and sandy shales. The only lime­
stone observed outside the Jurassic is in the Mancos formation, 
which carries characteristic fossils, and is in most places sepa­
rated from the .Jurassic by outcrops of the Dakota. 

The clays and shales are, as a rule, friable, but are in some 
exposures considerably indurated. 

The sandstones occur in several horizons, and in at least one 
instance, east of the area mapped, the highest beds exposed have 
a wry considerable thickness. In some eases the Dakota overlies 
the limestone or shale, with little or no sandstone intervening. 
These facts strongly suggest the presence of an um·onformity. 
The sandstone is gra.v to pink, thick to thin bedded, and shows a 
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wide range in hardness. Near some porphyry inb·usions, notably 
west of Columbine, the rock is decidedly quartzitic through silifi­
cation. This bedded sandstone is especially abundant in the east 
part of the district, where the rock, in color, texture, :-;tructure 
and composition, strongly resembles the Lyons sandstone of the 
foothills east of the front range, but is not so han! ;Js the latter. 

In the west part of the district all the memben; of the Jurassic 
weather to a pink soil, which is Yery easily confused with the 
weathered soil of the Red Beds and the recent smticial deposits. 
A good example of this can be seen on the Columbine 1·oad, about 
midway between Columbine and Hahns l'eak Yillage. \Yc:-;t of 
this point, and also on the slopes of Iron .\fountain, the sandstone 
passes from a light gray to a deep red a:-; the porphyry contact 
is approached. .\Iany detached flagstones strongly resemble those 
of the Red Beds; others show a fine line of demarkation between 
red and white at right angles to the bedding. (_'lose to the con­
tact the sandstone is freakishly mottled, as well as hardened. It 
is inferred that the coloring and the :-;harp contmsts in color, 
while they may have been produced in part by contad metamor­
phism, have largely been brought about l•y solutions circulating 
through the contact zone. These solutions lllay haw had unusual 
efficiency, because of their high temperature. 

The Jurassic limestone on the southeast slopes of FanYell 
mountain is of a bluish-gray color on fresh surfacef', but weathers 
to gray and dove colors. It shows indistinct stratification, except 
in the much-weathered portions, where the strata range from a 
few inche~ to bYo feet or more in thickness. :-;imple tests indil·ate 
that ii. is a rather pure limestone. 

Professor Junius Henderson, paleontologi:-;t of the S<tn·rcy, 
has identified the following characteristic fossils of the marine 
,Jurassic, Sundance, from this locality : 

Belemnites densus. 
Pseudomonotis curta. 

?\ o fresh water .Jurassic fossils were found in this region. 

CRET.\CEOFS. 

It is probable that, ptim to the deposition of the I lakota 
formation, the region was exposed to erosion fo1· a J•etio(l of un­
known, but possibly brief, duration. The best eridence of an 
unconformity at this horizon is found in the basal l·onglomerate 
characteristic of a rapidly enn-oaclting sea and in its relations to 
the underlying Jurassic, which are similar to those in other parts 
of the state from which an unconformity haP been repol'tt:'1l. 
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Dakota Ji'unnat,ion: 'l'his formation is the most prominent 
of the sedimentary series, because of its wide distribution and 
resistance to weathering. It possesses an economic interest, in 
that both conglomerate and quartzite have been prospected for 
tlle precious metals, witll some degree of success. 

Wheneve1· tlle base of the formation is exposed a bed of con­
glomerate is present. '\Yater-worn pebble;; of flint and chert, witll 
some quartz, predominate, and are firmly cemented by a ver;y 
hard siliceous matrix. The conglomerate grades upward into a 
quartzite and fine-grained sandstone, almost white in color. 
Toward the top of tlle formation quartzites and quart11itic sand­
stones alternate '"itll sllales in beds several feet tllick. The 
top of tlle uppermost bed of sandstone and quartzite is llere taken 
as the contact between tlle Dakota and the oyerlying ::\Iancos 
formation. 'l'he Dakota shales are black to !Jluish-black, consid­
erably indmated in some exposures, and thick to thin bedded. In 
a number of instances the thin bedding seems to llave been brought 
into prominence by folding, since the same beds, traced to 
places wllere the disturbance has been less intense, appear to be 
thick bedded. Examples of this may be seen along tlle Dakota 
ridge, extending from Grouse :\fountain northward to the point 
where it is cut off by the porphyry of Twin Mountain. Cubical 
jointing is common in the thick-bedded shales and in the quartz­
ite, and surfatTS of the joint blocks are often stained with iron 
oxide. The maximum thickness of the Dakota formation is prob· 
ably not less than 175 feet. 

Both the ;,;andstone and conglomerate are in most places 
hard and flinty, due to a high degree of silicification, which has 
produced true quartzite and I[Uartzite-eonglomerate. This ex­
treme alteration may haye been brought about by the deposition 
of silica in the interstices of the rocks from waters whose solvent 
power had ]JPI'Il greatly in('J'I':t;;ed by heat from the porphyry 
intrusions. The conglomerate does not show evidence of shearing 
stresses, whi('h produce a lenticular form in the pebbles of 
quartzite-conglomerates den•loped through dynamo-metamor­
phism. Both the quartzite and the 1·onglomerate are much 
jointed, and in many places are badly fractured. 

The effects of the very thorough shaking up to which the 
region has been subjected are more apparent in these beds than 
in the formations which readily yield to stress. East of the Front 
Range the basal part of thP "Dakota," particularly in the southern 
part of the state, contains Lower Cretaceous (Comanchean) 
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fossils. But, so far as the writer~ are aware, this is not true of 
the Dakota west of the front range. No fossils were found in 
this formation in the Hahns Peak field, and its assignment to the 
Dakota is based on its stratigraphic position and its lithologic 
characters, which are unmistakably the same as those of the 
"Dakota" east of the range. 

ill an cos Format ion,: The Mancos formation conformably 
overlies the Dakota, and is composed chiefly of thick-bedded car­
bonaceous and calcareous shales, "·ith a few thin strata of lime­
stone and thin-bedded shales. Ironstone concretions, such as 
characterize the Pierre formation, are present in some outcrops. 
Nothing is known of the original thickness of the Mancos in this 
district, since it has long been exposed to erosion in recent times, 
and, as noted elsewhere in this report, snffered erosion before the 
deposition of the Tertiary sediments. 

Fossils are plentiful in the more l'akareous beds, which in 
places emit a marked bituminous odor when struck with a 
hammer. .At one point in the syncline, northeast of Halms Peak, 
spring waters issuing from the shales m·e strongly charged with 
hydrogen sulphide. Professor Hender~on has identified the fol­
lowing fossils from this formation in the Hahns Peak district: 

Baculites gracilis, 
Inoceramus dimidus, 
Ostrea congesta, 
Prionocyclus wyomingensis, 
Scaphites warreni. 

He states that they are characteristic of the Colorado gToup, and 
are usually considered as being restricted to the Benton, except 
the Ostrea congesta, which was found at a higher horizon than at 
the eastern base of the Rocky Mountains in Colorado, where it il'l 
confined to the Niobrara. 

Many fish scales were found, but were too poorly preserved 
for identification. 

LMamic Formation: This formation will be treated with 
Tertiary, for reasons stated below. 

POST-AL\:\C'OS ('0:\GUI.\!ER.\TE. 

In several places a bed of ver.Y f'oarse conglomerate rests 
unconformably on the Mancos formation, and reaches a thickness 
of twenty feet or more. One of the best exposures is about a milP 
northwest of Hahns Peak. } ... smaller one occurs near the top of 
the mountain on the west slope. Other occurrences were observed 
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on the south slope of Hahns Peak, and within the syncline north­
east of the peak. Loose boulders from the disintegrated con­
glomerate are numerous on some of the slopes, as well as in the 
stream terraces in the southwest part of the district. 

The conglomerate contains sub-angular pebbles and boulders 
from the older sedimentaries and pre-Cambrian metamorphics, 
firmly cemented. There is little doubt that the material came 
companttiYel~- short distau1·e:-4, and it is Yet·:r probable that it W<lK 
deposited by streams. In fad, if the material of some of the 
present stream beds were to be consolidated, a similar conglom­
erate would result, in which later eruptiyes would find a place 
among the pebbles. 

/ Gale"" noticed coarse conglomerates in several places in the 
distric-t, but was in doui.Jt as to their stratigraphic position. He 
also descrii.Jes similar boulders and pebbles in the placer~-~- de­
posits nl'<lt' Lay, west-soutlnYest of llahns Peak about fifty miles. 
\Yllile admitting the possibility that the material in the Lay 
placet·s may haye been deriyed from the Uinta )lountains, Gale 
suggests the Park Range as the more prui.Jable source. He also 
describes a bed of conglomerate overlying the uppermost Creta­
ceous strata nonconformably, south of the plaeer field and ex­
tending \\'l'Ki \Yard, where it passes beneath the Browns Park beds. 
'rltis bed of conglomerate, he states, may be tra1·ed continuomdy 
eastward to Fortification creek, north of Craig. This point is 
about fifteen miles from the outcrop at Lay creek. Gale states 
that this bed might be expeded to carry Yalues, and suggests the 
same origin for the ('ouglonH't·ates and the boulders of the placer 
deposit, and that both the pebbles and gold of the Lay placers 

-----........._ .. were deriYed from it. 

"~ similar conglomerate, of great thickness in places, is found 
in tlw ex.l l"PIJte nortlnn~:-;tl't'Il part of Colorado a tHl in adjoining ter­
ritol'y, where it has lwL'Il 1h•snibed b.Y Powell.*u The formation 
\Y<l:-4 migin:illy wide!~- i'pread, but is now exposed only in isolated 
patdJeK, which unconformably m·erlie Yal'ions formations of the 
'rertiat·y 1wriod, in diffet·ent exposures, and in other places overlie 
Jnra-Tri<tK and Cnrbonifprom; beds. Powell attributes the deposi­
tion of tlwKe 1·onglomerates to '"sub-areal agendes, chiefly the 

*L:. S. G. S. Bull. 285, p. 30. 
**Gale, Hoyt S .. Gold Placer Deposits Near Lay, Routt County, Colo. U. s. 

G. S. Bull. 310, pp. 84-95. 
***Powell, J. \V. Bishop Mountain ConglnmPra tc. Geology of the E'astern 

Portion of the Uinta Mountains and a Region of Country Adjacent Thereto. 
U. S. Geol. S'urvey of the Terr. 1876, pp. 169-171. 
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;,dion of ntins and :-;treaw:-;." Emmou:-;* think:-; they are in a 
mf'asure a littoral or beach deposits, but there are evidences 
which seem to show that they extend to distances of bwnty and 
thil'ty miles from the shore line. 

After :\lancos times, and beginning at an unknown date, the 
region was exposed to actin' erosion for a period long enough, 
apparently, for the entire removal of the Mancos formation from 
the northwestern pm-t of the field. It is also probable that at this 
time a drainage system altogether different from the present 
drainage became established, and perhaps reached maturity. This 
is mentioned belu\\· in connedion with the \\'.yoruing conglom­
erate. 

Lammic lf') all(l 'l'ertiurv Poi'Jil.a.tions: It is impossible 
to differentiate the Laramie formation and succeeding Ter­
tiary sediments thmughout the greater part of the field. How­
~~n't· .. in the soutJnye:-;t and nol'thwest parts of the distrid, aU<l 
beyond the limits of the map in the directions mentioned, there 
is a H'l'Y considerable dejJOsit of :-;andstone, which is lithologically 
similm· to th{' Laramie and is in a similar stratigraphic position. 
The sandstone is nearly white, and composed chiefly of poorly 
cemented quartz sand. Cross bedding is general. In the north­
WP:-;t part of thP field this formation i:-; cut into terraces 200 to 
300 feet high. Here the Laramie ( ?) apparently rests unconform­
ably on the ,Jurassic, but in the southwest part of the district it 
ovel'lies the Mancos shales. 

The interruption of deposition, and an apparent erosion 
period prior to Laralllie \ '!) timPs, and the continuous sedimenta­
tion through at lPa:-;t a part of the Tertiary period, make the 
logical grouping of thi:-; sandstone with the Tertiary rather than 
the Cretaceous. No fossils were found above the .:\fancos. One 
section of these formations, just beyond the western border of 
thP map, showed approximate!~· 1,200 feet of sandstones. The 
lower members of the series wet·e somewhat more 1·onsolidated, 
and on exposed surfaces showed a j)f'l·uliar dull, whitish, earthy 
spPt:kling, suggesting- the kaolinization of minute feldspar sand 
grains. Turtle-back jointing was also quite common. .\J)Qve this 
series were hundreds of feet of a wt·.v soft, friable sandstone, 
more decidedly 'l'ertia1·~· in character. 

*Emmons, S. F. ·wyoming Conglomerate on Muddy Mountain, Southwestern 
Wyoming. Geol. Survey of the Fortieth Parallel, \'ol. 2, p. 189. S~e. also, same 
volume, p. 205, on a Conglomerate in the Green Rh·er Basin. 
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Lake Beds: The best outcrops of the Lake Beds arc along 
the banks of Willow creek and its tributaries. Clays and friable 
sandstone make up most of the formation. The beds are white, 
gmy, yellow, pink, and in occasional outcrops are almost red. 
Gray and yellow, perhaps, are the prevailing colors. The pink 
and reddish varieties are easily confused with the weathered 
Jurassic rocks and with recent surficial deposits along stream 
courses and on the slopes in tlte Yicinity of porphyry. \Yest of 
Hahns Peak village, near the border of the map, there is a bed 
of dark-brown limonitic sandstone, which is very resistant to 
weathering. Elsewhere the Lake Beds are poorly consolidated, 
and are easily removed by erosion. In weathering on the banks 
of streams the_y scale off in slabs parallel to the weathered sur­
faces. 

PLEISTOCE:'\E Xi'\D RECEL\T. 

UlaC'i8tiun: In the eastern part of the district, particularly 
on the north and east slopes of Farwell .Mountain, are moraines 
and morainal materials more or less reworked by water. Toward 
the summit the moraines are very recent in appearance, and tbe 
striae and grooving of the surface of the rocks are still very 
clL·arly defined. 'l'wo or three small lakes owe their existence to 
morainal damming by glaciers moving from the peak. Farther 
down the slopes the evidences of glaciation decrease greatly, and 
there is a very rapid change from the freshly planed surfaces 
to those on which the striae and grooving are found only in pro­
tected places, and further, to those which were nm·er glaciated 
or which have lost all evidence of glacial erosion. But far be_yond 
these limits are to be found glacial boulders and smaller detritus. 
On the headwaters of Elk river, in the Slavonia area, to the east 
and southeast of the map limits, moraines are numerous, and 
glaciated surfaces show by their delicate striae that they were 
ice-covered at no distant period. 

The "\Yyoming Conglomerate is composed largely of pre-Cam­
brian material~ from the east. In some of its characteristics it 
closely resembles glacial detritus reworked and deposited by 
water. 

Alluvium: A very large alluvial area oc!'upies the broad 
angle between Beawr and Willow creeks. It is safe to say that 
the Mancos underlies a large area north and east of "\Villow 
( 'rPPk, and that the pre-Cambrian formations extend f:onsiderably 
farther west of Beaver Creek than the map shows, but the absence 



HAHNS PEAK REGION. 211 

of outcrops of these rocks and the thickness of the alluvium made 
it desirable to map the whole area as alluvium. 

The deposit is of the usual character, and includes, through­
out most of the area, a rather heavy covering of dark soil under­
lain by heavy days, sands, silts and gravels. Old placer pits 
show that in places the surface soil aml loam or silt reach a depth 
of several feet. Below this gravel, sand and angular rock debris 
occur in alternating layers. Most of the gravel is fairly well 
rounded, but the porphyry and other debris is angular or sub­
angular. In a few places large deposits of subangular gravel 
suggest the breaking up and redeposition of a conglomerate simi­
lar to the Post-Mancos Conglomerate. In other places deposits 
resembling worked-oYer morainal matrrial occur, and here and 
there thick beds of a pink or reddish ~and of rn 1 her angular habit. 
The placer deposit, being worked by the dredge, included all these 
mrieties of material, but the larger sand deposit:;; lay west of the 
placer ground. 

Deb1·is: Certain areas of considerable size are mapped as 
debris. In a number of instances it would haw been a rather 
safe guess to extend the boundaries of the older formations so 
as to cover mueh of these areas, but the deposits were of such 
thickness and extent that it seemed wise to give them recognition. 

The delH'i~ 1liffers from place to place, according to the source 
from which il ~·omes. That nem· the porphyry areas is composed 
ret·y large!~- of fragments of porphyry, decayed porphyry, with 
clay and soil. It is rarely of the character of ~tream-deposited 
material, and frequently shows no eri1lence of having been stream 
moved. 'fhe higher parts consist of angular talus. Farther down 
the slope more and more fine material, the product of disinte­
gration, is mingled with the coal'se, and still farther down it is 
I'OYered by a soil supporting vegetation. 

Kear the quartzite areas, and in places at considerable dis­
tance from them, the debris contains a large amount of quartzite. 
In places the character and arrangement of the material suggest 
flood deposition, but such areas are not large, and are so situated 
with reference to present drainage lines that such an origin is 
easily possible. 

THE IG~),TEOr~ W )( 'KS. 

PORPHYRIES. 

~While tlH•J'P are sewral rat·ietirs of porphyry in the district, 
they may, in th(' main, be considered closely related·phases of a 
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series ratller than distinct tyves. Tlley include rliyolite, dacite, 
latite, andesite and quartz-basalt. Althougll quartz is seldom 
absent, it is never predominant. Texturally the rocks range from 
essentially felsite, with few and small phenocrysts, to porphyr.r 
with feldspar phenocrysts two inches in diameter. 

It is practicable to discuss the porphyries in only a general 
way, since I·ealJy fresJt rock does not OCCUr in the exposures, and 
the few tunnels and shafts of the district do not pass through 
the weathered zone. Distinct contacts between different mrieties 
are probabl_y few, and in any case are so difficult to trace that 
no attempt has been made to represent them on the map which 
accompanies this report. 

Field relations show that there \Yei'e at least two eruptions, 
separated Ly a considerable interval of erosion, and it is possible 
that each of these eruptions is one of a series in a period of vul­
canism. One of the best exposures observed occurs on the slope 
uf Little .Jlountain, in what are con:-:idered 'l'ertim·y sediments. 
Just above the Tertiary beds is a mass of debris ten to twelve 
feet thick, containing pre-Cambrian and porpllyt·y boulders. 
Above the deln·is is a stream-laid bed of saudy clay, gnn·el and 
boulders. The \n·athered porplly1·y of the edge of the Little Moun­
tain body overlie:-: the sti·<'am-laid deposit. There has evidently 
been a radical change in surfa .. e drainage, apparently brought 
about by the latet-:t eruption. 'l'hat the drainage wat-: changed by 
crusi a! movement long after the porphyry had been exposed to 
erosion, and t!Jat the decaying porphyry which overlies the 
stream-laid depot-:it is sli•h·-rock, seems very improbable. Other 
evidences of mme than one eruption are mentioned in the de­
scription of the rhyolites of Halms l'Pak. 

RI-I'lOLITE .\2\D Iti-IYOLITE PORPIIYitY. 

On and near the top of Halms P<'ak m·e two ,·arieties, which 
\Ye shall consider as the "earlier rhyolite" and "later rhyolite," 
respectively. \Yltile the two may differ widely or but little in age, 
the presence of an eruptiYe contact i:-: certain. and the relati,·e 
age of the two porpllyrys is reasonably evident. 

Hc~rlicr Rllyolite: This is the "white porph,ny" of the 
highest point, which shades from almo:-;t \vilite to light pinkish 
gray, with but little trace of dark mineral apparent to the naked 
eye. It varies from a rhyolite-porphyry, in which phenocrysts and 
ground mnss are about equal in amonnt, to a felsiti•· phase, witlt 
only a few small pllPnoer,vstR. Feldspar phenocryRts fa I' on t. 
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number the quartz. But few reach their 111aximnm diameter of 
1 em. They are usually more or less kaolinized, but a few retain 
a glassy luster. Quartz phenocrysts arc sparingly present in 
som!' specimens; in others they occur in considerable numbers, 
and are generally 1 to 3 mm. in diameter. Hq~·ula t· r·t·.nd a I outline 
is absent. Svccimens taken from pro"peds at the (•outact (':l ny 
numerous small cubes of pyrite. 

The microscope shows orthoclase· to be the principal plwuo­
crystic feldspar in some cases, but frequently plagioclase exceeds 
the orthoclase in numbers. The quartz phenocr·ysts are l'otToded 
and embayed. and many enclose portions of the ground mass. 
Many orthoclase cryRtals haYe suffered resorption similar to the 
quartz. The biotite has been largely replaced hy kaolin. 'l'he 
ground mass appears to haYe been originally very glassy, but is 
now more or less devitrified. 

At the contact with the later rhyolite there is a narrow zone 
of breccia, in which fragments of the white porphyry arc cemented 
by the later intrusion. Here, also, are numerous small fissures, 
in which chalcedony, quartz and metallic minerals in small 
quantity have been deposited. 

Later Rhyolite: This rock, which is medium gray, \Yith a 
bluish tinge, contains phenocrysts of feldspar, quartz and biotite 
in a dense ground mass. The feldspars range in diameter from 
6 mm. to 1 mm. or less, and are much kaolinized. The average 
size of the quartz phenocrysts is somewhat less than that of the 
feldspars, and while some show a hexagonal hi p,nami!la I outline, 
the great majority of them haYe been rounded hy resorption. 
Quartz Yaries greatly in amount from place to plaee, and is 
absent from :1 few specimens. In some eases the small hiotite 
nystals retain their luster, but in most of the rod~ cxpo,;('(l they 
han• been greatly altere(l, and even eompletely replaeed or weath­
ered out. 

In addition to the minerals recognized by the eye :tlone, the 
Ill icroscope shows apatite and magnetite. The groundmass has 
becollt<' partially er~·stallized. The rock is so badly WPathf't·ed 
that comparative!~- few feldspar phenocrysts can be detf't·mined. 
HoweYer. plagioclase seems to exceed orthoclase in allwnnt, and 
in one quartz-free specimen all the determinable feld"pars are 
plagioclase. It is possible that the rock grades fl'om m ica-ande­
site to plagioclase-bearing rhyolite. 

Rhyolites of Unkno1cn Ilelatirc ,lrtc: In compo"ition tlte 
several varieties of rhyolite differ, as a rule, in tlt0 relatiYe pro, 
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portions of thP constituent minerals rather than in the minerals 
themselves. "\Jthough the texture yaries, the phenocry:-;ts are usu­
ally large, and equal or exceed the groundmass in volume when 
the rock becomes a rhyolite porphyry. The groundmass weathers 
so much more readily than the feldspars that on certain slopes 
well-preserved 3nd perfectly formed crystals of orthoclase up to 
two inches long can be found in numbers. :Many specimens with 
much-weathered greenish 'groundmass carry glassy orthoclase 
phenocrysts half an inch or more in diameter. Quartz pheno­
crysts with a diameter of half an inch are rare. The quartzes 
are almost invariably rounded by re-solution, although a few have 
a well-preserved hexagonal bipyramidal form. This mineral is 
generally present, and in some cases exceeds fel<lf'par in amount, 
but as a rule it is subordinate to feldspar, and in places almost 
disappears. Some specimens carry biotite in greater or less 
amount, but it is generally much weathered. 

Microscopic examination proves plagiol'lase phenocrysts to 
be nearly uniYersally prP,;ent. -nThere the rock approaches dacite 
in composition, phenocrysts of orthoclase are rare or absent. Ex­
tinction angles of the plagioclase are usually low. Nearly every­
where the groundmass is more or less devitrified. The rhyolite 
porphyry on the timbered hill about three-fourths of a mile south­
west of Hahns Peak Yillage contains augite in considerable 
amount. 

Specimens of rhyolite porphyry from a dike at Slavonia are 
reddish-gray, and shmY a great number of pink feldspar pheno· 
crysts, 1 to 5 mm. in diameter. "\hout an equal number of rounded 
quartz phenocrysts 1 to 2 mm. in diameter are present. Small 
biotite crystals are numerous, replaced in some instances by epi­
dote or muscovite. Both feldspar,; are somewhat kaolinized, and 
the orthoclase is usually flecked by small muscovite crystals. The 
groundmass is made np of quartz, feldspar, biotite and epidote. 

A quartz-poor tuffaceous rhyolite occurs iJ1 a dike on the east 
slope of HahnR Peal;:, It contain,; numerous Rntall biotite flakes, 
occasionally glas.f'y orthoclase phenocrysts and a few small pheno­
er:n;ts of quartz. Thin sections show much secondary quartz. 
The groundmasR "'aR probably original!~· a glaRR, but is now in 
part crystallized. 

DACITE PORPHYRY. 

Dacite porphyry occnrs on Iron Mountain, Grouse Mountain. 
the northeast slope of Hahns Peak, and at oth0r points in the 
field. Probabl~· in some of these plar·PR it iR merely a modification 
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of the rhyolite. In texture it is similar to the rhyolite. Quartz 
varies from a minor constituent to the predominating pheno­
crystic mineral. Plagioclase crystals are abundant and mostly 
under 6 or 8 mm. in diameter. Some show striae on cleavage 
faces. Small biotite crystals are very plentiful. 

All the feldspar phenocryRts observed in thin sections are 
plagioclase, with low extinction angles. The quartzes are in­
yariably rounded by resorption, and of,ten enclose portions of the 
groundmass. In some slides the groundmass is felty, with numer­
ous lath-shaped feldspar microlites in a base which is largely 
anisotropic. In others, small xenomorphic crystals of what ap­
pears to be feldspar compose most of the groundmass. 

LATITE AND LATITE PORPHYRY. 

Latite of varying texture is exposed on the peaks, near the 
western border of the area mapped. One variety is almost white, 
speckled by a moderate number of small, shiny biotite flakes. 
About an equal number of small, lusterless feldspar phenocrysts 
are present. Quartz is all but absent. Under the microscope the 
feldspars prove to be largely plagioclase, some of which are inter­
grown with orthoclase. The groundmass is composed mostly of 
feldspar in microscopic form. 

Latite porphyry in the same general locality contains numer­
ous feldspars 5 to 15 nun. long, and small biotite crystals in a 
dense gray groundmaf<s. The largest feldspars are orthoclase, with 
a glassy luster, but of the smaller most are plagioclase, determin­
able only under the microscope. Besides lath-shaped feldspar 
microlitPs with tluxi4•nal arrangement, the groundmass contains 
considerable interstitial material, which cannot be resolved under 
the microscope. 

A specimen of latite porphyry from a point about three­
fourths· of n mile southeast of Hahns Peak f'Ontains numerous 
sanidine phenocry;;;ts nearly 2 em. long, and many smaller feld­
spars in a green groundmass. Some of the smaller phenocrysts 
show twinning striae in the hand specinwn. Small quartz pheno­
crysts are sparingly present. The microscope shows nearly all 
the smaller feldspars to be plagioclase, with low extinction angles. 
The larger orthoclase crystals enclose plagioclase. What appears 
to have been biotite was originally present in considerable 
amount. Much secondary calcite and less quartz is scattered 
through the partly devitrified groundmass. 

There is n small exposure of reddish-gray latite on the south 
slopP of Farwell mountain, near the border of the. diorite. Numer-
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ous very small phenon,vsts of pink feldspar and patehes of epidote 
are the only constitutents identifiable with the unaided eye. 
Microscopic examination shows that the original dark constit­
uent, which was probably biotite, has been eompletely replaeed 
b:v epidote, with chlorite and magnetite. Orthoclase and plagio­
clase are present in nearly equal amount. The groundmass is an 
aggregate of feldspar, secondary quartz, epidote and magnetite. 

ANDESITE . 

. -"" much-weathered andesite, with pronounced flo\\· :-dt·ndure, 
is found on a dump about half a mile northeast of Columbine. 
It carries numerous hornblende phenocrysts, fewer biotites and 
man~- feldspars, all of which nre in an a1h-anced stage of altera­
tion. Some of the feldspm· phenocrysts are completely replaced 
by calcite and kaolin, but many retain the albite twinning, seen 
only under the microscope. The groundmn:-;s is partly devitri:fied. 

QUARTZ BASALT. 

Quartz basalt is found in seyernl dikes near the western 
border of the area mapped-on Peak ~fountain (c-olored as por­
phyry on the map), and in greater quantity on Whitehead or 
Rand Mountain, southwest of the area under (·onRideration. Ex­
cept the Peak ::\fountain basalt, all cnny both olivine and quartz, 
and are dense and wry 1lm·k in color. 'l'he dike cutting the por­
pllyry ne<n the Columbii1e mnd slHm·s megascopic phenocrysts of 
pyroxene, biotite and qu:u·tz. Of these the pyroxenes an' fewest 
in number, and rarely over 3 mm. long. The amount of biotite 
Yaries greatly in different parts of the dike. The quartz pheno­
.-ry:-;ts are also irregularly distributPil. and are appreciably 
rounded by re-solution. In addition to the phenonysts. small 
patehes of serpentine at·e numerous. 

In thin section most of the serpentine is seen to be pseudo­
morphous after olivine and possibly pyroxene, but one section 
shows that it has been deposited in l'avitif'R. A few small auto­
morpl1ic crystals of olivine are still present. The freshest biotite 
is deep brown. but much of the mineral is badly altered. The 
groundmass iR that characteristic of basalts, and mnges from 
111icroerystalline to glassy. 

In the dike southwest\\·ard from the Yillage the olivine has 
been largely replaced by carbonates of i1·on, calcium and magne­
sium, with a colorless isotropic substance, which is probably opal. 
Olivine was originally pt·esent in great amount. .\ugite is present 
in the form of phenoerysts, in aggregates, and as minute crystals 
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and anhedrons throughout the groundmass. Biotite is absent. 
'l'he groundmass is similar to that of ordina1·y basalts, but nm­
tains considerable isotropic matel"ial and much carbonate. The 
basalts of ~and .:\lountain differ from those described chiefiy by 
the presence of feldspar phenocrysts. 

Peak ilfou111aiJ1 Type. Quartz-l•asalt form:-; the core of l'cak 
Jlountain, which risp:-; conspicuously abu\·e the surrounding 'L'er­
tial"y sandstone. It is light g1·ay in eolor and of low speeific 
grm·ity. The latter is l;ngely due to the YPsicular character which 
is ve1·y apparent under a hand lens. Phenocrysts of biotite 1 
to -illlm. in diameter, and smaller augites are numerous. From 
one to ten quartz phenoc·1·ysts may appear ou one face of the 
hand speeimcn (3x4 inches). Their maximum diameter is 
1 em., but most of them are smaller. 

As seen in thin sections the biotite encloses portions of the 
groundmass and apatite nystals. A.ugite Ol·<·urs as phenocrysts 
and aggregates, some of which are intergrown with biotite. It 
is also abundant in the groundmass. The quartz is corroded, 
and some phenocrysts are surrounded by bands of serpentine. The 
groundmass is composed of feldspar, augite, biotite, magnetite, 
apatite and possibly a small amount of residual glass. 

OLIVINE BASALT. 

The basalt of the dikes west of Little Red Park is t!Je most 
basic rock in the district. It is microcrystalline except for a 
few minute olivine crystals which can be detected with the naked 
eye. Though brittle, it breaks with a yery uneyen fracture, and 
weathered surfaces in joint plains have a peculiar pitted apppear­
ance. Much of the basalt is compact, but amygdaloidal structure 
is common. The amygdules are small; few have a diameter of 
lcm. Apophylite occurs in most of the cavities. 

The microscope shows that olivine and pyroxene make up 
about half the rock. Polysynthetieally twinned lath-shaped feld­
spar microlites, small crystals and grains of magnetite, apatite 
microlites and a Yariable quantit;y of glass, ''"ith a little serpen­
tine make up the remainder. The other half is composed of feld­
spar, magnetite, apatite, serpentine and glass. 

DIORITE. 

The area mapped as diorite includes several widely differing 
forms of di01·itic roek and in one or two places gradations to a 
rof'k of the granodiorite type. The boundaries as shown on the 
map are only approximations. The northeastern part of the area. 
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with the exception of a few lJOints, was deeply snow covered. and 
much of the southwestern part is loaded \vith talus. In addition 
to these obstacles, the compass proved H'l"Y unreliable. 

The textural varieties of the rock range from those so fine 
that the grains are not eaRily distinguished without a lens to 
others in which the hornblendes reach a diameter of an inch, and 
the feldspars one-half inch. Transitions from one texture to 
another are generally gradual, but in a few places the change iR 
so abrupt as to suggest an intrusion of the coarse grained rock 
by a finer. Luster mottling, due to the exposure of the large, 
brilliant cleavage fares of hornblende g·i,·es some areas of the 
rock a striking beauty. 

In structure there are also wide differences. The great 
volume of the rock is massive, but gneissoid and en'n schistose 
phases are common. A platy structure is also developed over 
considerable areas. Abrupt changes of stmcture may be observed 
in a number of places. Spheroidal sundering occurs even in the 
fresh rock of massive structure. 

The mineral compm:ition varies almost as widely as does 
the texture. 'rhe coarse, gneissoid forms are richest in feld­
spar, while the luster-mottled rock is ril"l1est in hornblende. The 
rock is remarkably fresh in appearance. Even small flat blockR 
show but a thin, weathered crust. 

The feldspars of the coarsest roek, where fresh, are blue 
and show a fine play of colors on both basal and pinacoidal cleav­
age faces. Twinning strim are common in this phase. Dark 
minerals vary in quantity from about a third to three-fourths of 
the rock mass. Hornblende, more or less chloritized, is the chief 
dark mineral, but a few small crystals of dark mica and irregular 
grains of black iron ore can be seen in the coarser variety. 

Dike-like bodies of aplitic granite are somewhat numerous 
in certain parts of the area, and toward the eastern extremity 
of the area it is very much ('Ut up by stringers, dikes and veins of 
ntrious types of granite--aplitie, gneissoid, porphyritic and peg­
matitic. In places the diorite forms merely boulders and blocks 
in a granitic network. Along its eastern border the diorite holds 
blocks of included schist, gneiss and fine granite. 

In thin sections the feldspars are lath-shaped and often show 
Carlsbad or pericline twinning combined with the universal albite 
twins. Extinction angles are those of labradorite. Inclusions 
of apatite are common. The hornblende, which is green and 
strongly pleochroic, is usually in aggregates of small anhedrons. 
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Br·uwn, pleochroic biotite is very subordinate in amount to the 
lwrnbleude, with wllich it is frequently intergr·own. It is not 
present in all tile specimens examined. Black iron ore in skele­
ton nystals and formlet's grains is fairly common. 

In all probability tile rock was originally a gabbro or dia­
base witll opllitic or diabasic texture. Botll the hornblende and 
mica sllow evidences of their secondary origin and many have 
been der·iyed from more than one variety of pyroxene. 

GABBRO. 

The wall rock of tile Snowbird mine, which is nearly due 
nmth of Columbine, four and a quarter miles distant, is a gabbro, 
dosely related to the diorite of Farwell Mountain. The gabbro 
is exposed over a considerable ar·ea, but the contact with the 
older rock was not traced. It is a fine-grained, dark colored rock 
in whieh the unaided eye tan detect tile twinning strire of the 
feldspars and recognize brownish-black mica as one of the dark 
minerals. The greater part of the dark constituents is augite, 
determinable only under the microscope. It is hypautomorphic, 
haying crystallized later than the feldspars, and in many cases is 
intergr·u\Yn with the biotite. Green hornblende is not infrequently 
seen around the borders of the augite crystals as an alteration 
product. Black iron ore is associated with the ferromagnesian 
<'onstituents. Hlightly more than half the rock is plagioclase, 
which is similar to that of the diorite but with less regular out­
lines. 

CONTACT META ~IORPH !Sl\I. 

In addition to the very general metamorphism of the Dakota 
sandstone and conglomerate and less general metamorphism of 
tile ,Jurassic sandstones noted in the descriptions of those forma­
tions, a thorough change has been effected in the sedimentaries 
at the contact with the porphyry masses. Fracturing of the 
country rock for short distances almost invariably accompanied 
the intrusion of porphyry. By the ingress of the molten rock 
into the fissures formed, extreme metamorphism was produced in 
many cases. Tile Mancos and Dakota shales are indurated and 
in some instances altered to pocellainitc. Perhaps brecciation 
is more pronounced in these shales than in any other rock except 
the Dakota quartzite. 

Good exposures at the erupth-e contact are uncommon and 
the effects of metamorphism are not easily observed. One of tile 
best placPs for studying the phenomenon i,; near the top of 
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Iron Mountain on the southeast slope. Here the prophyry in its 
passage upward has dragged with it the edge of the sandstone 
beds, gi,·ing them a strong dip away from the porphyry mass. In 
addition to the coloring mentioned in the description of the Ju· 
rassic sediments the sandstone has been transformed to a 
,;tructureless quartzite, which breaks with a conchoidal fracture 
and shows little or no evidence of the original sand grains. 

Similar intense metamorphism may be seen at the conta•·t 
of the Mancos shales with thc porphyt·y of Twin Mountain, a 
mile northeast of Hahns Peak, where the shales are baked to ~~ 

very hard porcellainite which rings under the hammer and breaks 
with a smooth conchoidal fn1dure. This marked ("ilange extends 
in places with but slight decrease in intensity for a distance of 
15 to 20 feet from the contact beyond which the effects gradually 
decrease until at 40 feet from the contact the shales han' their 
normal appearance. In other places the intense metamo.,rphislll 
is confined to a band not more than 8 or 10 feet wide. Similar 
phenomena are observed at the contact of the Hahns Peak por· 
phyry and Mancos shales directly east of the peak. 
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CHAPTER III.~ECONO.\IIC OEOLOGY. 

THE PLACERS. 

Tile Hallu~ l'eak placers were di~co\·ereu by Joseph Hahn in 
1 81iiJ. and actiYe work was begun on them in 1866. While the 
actiYity with which the placers have been worked has varied, 
probably not a yem· has passed in which there has not been some 
gold taken out. The total production of the region is a matter 
of uncertainty and will never be known. The "estimat<:>:;" are 
the merest guesswork, as is Rltown by the fact that they range 
from $200,000 to $15,000,000. The more conservative astimates 
place the amount at from $200,000 to $500,000. 

The attempts to locate the lode from whieh the placer gold 
came have resulted in a reasonably thorough examination of the 
region by prospectors and others. But, up to the present, no 
mines of large promise have been opened, and the souree of the 
gold is yet a matter of doubt. The mines which have yielded 
the most~the Tom Thumb and the Minnie D.-have, strangely 
enough, giYen absolutely no aid to the solution of the problem, 
since they have yielded mainly silver and lead, and practically 
no gold in a form which eould satiRfactorily account for the 
rather coarse placer gold of the area south of the peak. 

"\ number of theories have been advanced to account for the 
gold, but none of them is backed by convincing field evidence. 
The most popular theory is that tltP gold eame from the por­
phyries of Hahns Peak. In suppol't of thiR Yiew are the follow­
ing facts: (a) A ver,r large percentage of the debris of the 
placers is porphyry. (b) The drainage from the porphyry area 
is toward the placerR. (c) The contac·t between the sedimentaries 
and the porphyry is everywhere more or less mineralized. (d) 
And free gold has been found in the porphyry near the contact. 
(This last statement has been made hy reliable men in the dis­
trict, but has not been confirmed hy the writers.) (e) The por­
phyry is said to assay regular!~- from a trace to 60 cents per ton 
in gold, while oecasional assays reaeh $1.50 per ton. Another 
theory is that the gold came from the Dakota formation, and 
partir·nlarly from the basal conglomeratic member. In support 
of this view are: (a) The fact that, loeally. the conglomerate 
pans gold. (b) Some of the hranrhes of Beaver Creek, ·ways 
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Gulch and other tributaries of Willow Creek drain an area from 
which Dakota has been removed by erosion. ( l") Placers haYe 
been worked along the streams flowing through Little Red Park, 
which also drain an area from which Dakota has been eroded, 
(but in which porphyry still remains). A third possibility is that 
the gold was derived primarily from the metamorphic rocks 
of the pre-Cambrian area. The drainage from the west slope 
of the Park Range would bring the products of erosion from 
the granites, gneisses and schists and deposit them along the 
gentler slopes of the range, and on the plains to the west. 
The facts bearing on this view may be stated as follows : (a) 
Grains of placer gold are found attached to and partially sur­
rounded by win quartz. (b) Pebbles of vein quartz, schist, 
granite and gneiss m·e found in the placer gravels. ( l") 'l'he 
metamorphic rocks contain many small quartz veins while the 
porphyries show few or none. The ·wyoming (~onglomc1·ate which 
on·urs in isolated pa1dtes is composed largely of "l..n·hean ma­
terial. There is evidence that at no very remote time this con­
glomerate, which is certainly 11ost-Mancos in age, and possibly 
late Tertiary, on('e covered a very large area in the vicinity of 
Hahn's Peak. Two or three panning tests of the conglomerate 
yielded colors and it is reported that a small body of the dis­
integwted rock, near < 'olumbine, gave good results when worked 
as a placer. 

The structural features of the conglomerate suggest deposi 
tion from running water 1·ather than deposition in lakes. It 
was never very firmly consolidated, and conse<1uently would be 
l'mnpletel~- broken down in the process of erosion, and the gold 
would be con centra ted at no great distance from its secondary 
source in the l"Onglomerate. In several parts of the area mapped, 
especially in the southern and southwestern, there are deposits 
of graYel more or less cemented. The materials of these are 
very similar to those of the conglomerate. In a few places the 
relations are such as to suggest that they may he remnants of 
the same conglomerate "·hich was less firmly l"Cmented at a dif'­
tance from the igneous intrusions around the pt'ak. In other 
areas they are evidently of more recent deposition and ma~- be 
the product of the erosion of the conglomerate. Panning tests 
of these gravels along \\"illow Creek yielded a few Wl"Y fine dust­
like colors. 
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"~ ~erious ob,;tacle to the working of 'the placers by sluir-in~ 
and hydr:mlicking is the absence of sufficient gradient to dispose 
n·:Hlil;r of the tailings. 

A small amount of mining it> donP almost eyery ~·ear, but 
the volume of gravel moved is small. The general character of 
the deposit is such that dredges should encounter no serious ob· 
stal'les in that 1·e~anl. But the supply of water is limited and 
the ground !'an be worked only from excavations filled with water 
to float the dredge:,;. The Iowa Hnhns Peak Gold :Jiining ('o. 

holds 500 acres of patented ground, on "·hit·h it has placed au 
SO-horsepower bucket-ladder dredge haYin~ a ('apacity of 500 :rardH 
per day. The operation of the dredge has not proved profitalile, 
and it is now idle. The failure is probably due to the faulty 
construction of the dredge rather than to the lack of gold, sine~' 

reliable tests have shown that the graYel in that vicinity should 
pay well under proper dredging conditions. The graYel at the 
point where the dredge was at work in the summer of 1907 hat] 
a depth of about eight feet. 

Messrs. C. E. Blackburn and 'rhos. A. Brown have put in d. 

hydraulic plant, which is now in operation. A clean up in .July. 
19·09, ~-ielded 150 ounces (Troy) of gold. 

LODE MINING. 

Lode mining has not yet ]Jroved successful or remuneratin·. 
Two mines-the 'rom Thumb on the west side of the peak, and -
the Minnie D., near Columbine-haye taken out ore of excellent 
grade, but thl' absence of good transportation facilities and the 
distance to the smelters made the cost of mining and treatment 
so high as to leaye no profit for the operators. The Tom Thumb 
produced a limited amount of ore on whidt the returns showed 
values of $GO to $70 per ton in silver and lead. The last "·od: 
was done nbont 18D7, under lease, by ?1!1·. I':1t ?IIagill, who reports 
that he took ont a small shipment which ran over $90 per ton, but 
that the proilts \Ye1·e nothing. 

'l'he "'oi·king~ consist of t\YO tunnels, ea("h about 200 feet long, 
a shaft iJO feet deep and a winze :iO feet. Considerable stopin~ 
was done from the lower tunnel \Yhich follows the brecciated 
contact of a pale pinkish gray rhyolitic porphyry with the whiter 
porphyry so abundant on the peale This contact is near the 
face of the mountain. A purplish porphyry also occurs, but 
is not abundant in the lower tunnel. "·hich is about 50 feet below 
the upper. Slipping and minor faulting are common, and have 
proved favorable for ore deposition. Blocks of the white por-
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phyry were found coated with ore-mainly a silYer-bearing ga­
lena. In places, weathering has changed part of the galena to 
cerusite (lead carbonate). 'l'he ore carries a small amount of 
gold. Shipments are said to have amounted to :200 tons of ore, 
part of which went to Denver and part to LeadYille. The only 
available assa~- of a shipment was that of nine tons which ran 
2 ounces of gold, 52 ounces of silver and 51.8 per r'c•nt of lead. But 
this was probably higher in gold than the an·rage. From \Yhat 
can now be seen in the mine the m·e filled nalTO"' seams and 
formed crusts over blocks of porphyry in the breecia zone. 'l'oo 
little work has been done to proye the mine either a possible suc­
cess or a failure. 

The full workings of the ~finnie D. were not accessible. 
They consist of a Yertical shaft :325 feet deep, an adit of about 
300 feet and some exploratory wmk from the shaft. 

The following log of the shaft was furnished by ~h. ll. 
Stukey, of Steamboat Springs: 

FEET. 

Black shale ................................... . 
Quartzite, white to gray ........................... .f:2 
Shale, mostly black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Quartzite and fine eongloinera te. . . . . . . . . . . . . . . . . . . :J;J 
Limestone and dolomite ........................... l.JO 
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'l'he stra1a are nearly horizontal and represent Cretaceous 
and .Jurassic tinw-nw limestone and dolomite belonging to the 
latter. The vein is rather well defined and varies in width, reaeh­
ing a maximum of about four feet. The distribution of ore in 
the vein is said to he inegular. Yarious assays are reportf'd, 
hut probably the returns of a small shipment to Leadville may he 
regarded as representative so fm· as gold and silve1· are t·nn­
ce'rned. This is reported to have given fl..J2 ounees gold and 
8.32 ounces silver per ton. An ascmy from the vein, given by Mr. 
E. L. \'\'bite in the report of the Bureau of .'\Tines for 1D05-G, page 
132, giws 0.1G onnees gold and 82.52 ounees silver per ton. 

The tunnrls of the I-I:thm~ Peak Gold ;\fining and Milling 
Compan~· are on the northwest slope of the peak. at elevations 
of 9,200 and 9,GOO feet. The longer one is D50 feet in length and 
follows a eourse X. 80° E. From this tunnel a win11e was sunk 
60 feet, following a seam of ore. From the bottom of the winze 
a drift waR dl'in•n 100 feet northward. The tunnel startR in 



HAHNS PEAK RIW!Ui\'. 

Uaku(u quartzite, passes through Jural-41-iil· sandstone and lime­
stone and into sandstone again. At :l5 feet from the breast a 
lJUartzite dips 30 degrees in a north \\'esterly direction. Shale 
band:-; O!'l'ut· at two points. I>il\('~ of pmp!tyry and rhyolite !'l'os:-; 
the tunnel at several points. Pyrite is found in Clmsiderabl<> 
qwmtity tlmmglwut the tunnel. It c:(·(·m·:-4 in two forms: \Veil­
defined n·ystals of small size, and in bunthes ranging from one­
half inch to two inches in dialllete1·. The bundles are soft, finely 
granular and resemble mmTasite. The ore is in gouge-lik<' or 
talrose scallls and consists of dark 1·uby silver and galena, as­
sociated with pyrite. Thirty-five tons of ore were taken from tlil' 

winze and drift, and it is reported that the ore beennlC riclwr 
with depth. Assays of selected samples range as high as $300 
and $400, mainly in silver. High gold values m-e reported from 
the winze. 

The lower tunnel is in ±1'0 feet and is intended to rea('h the 
lead followed by the winze. It is reported tlwt a shipment of 
1GO tons from the Silent Friend ga ye J'(>tmns of over $80 per ton. 

The Southern C1·oss Tunnel is owned by Robert ~lclntosh 
and Richard Paulson. It is driven 800 feet into the south side 
of the peak, at an elevation of about !.J,,-;oo feet, and is in porphy1·y 
practically all the way. At about 400 feet from the portal a 
shaft was sunk 90 feet in porphyr,Y, but part of the way it is 
said to have followed a quartzite (Dakota) contact. .At 1:lG 
feet from the p01·tal the tunnel ll<IScl'l-4 into a highly kaolinized. 
decayed porphyry, parts of "·hich are distinctly plastic. This is 
about 1:20 feet through, and is followe!1 hy a fault brecc-ia and a 
black shal.Y band. The remainder of the tunnel is in hard whitr 
porphyry similar to that already describrd, page :21:2. The fault 
zone crossing the tunnel resembles the contact between the Cn~­
taceous rorks and the porphyry along thl' diteh on the southeast 
slope of tlw pl'ak. Consillernhlt> min!•t·alizntion has occune<l 
along the fault zone and thin seami' of galena and silver minerals, 
mainly ntliy silyer, Wf'l'P forme(l. "'hile good assays may be 
had from selected material, the quantity is not promising. 

The Oro-Cache Tunnel, on the t>ast side of the peak, was 
driven h,Y T. H. :Jliller, :Jiike Conlon, E. ( '. Stimpson, C. E. Black­
hnrn an(l H. Fanis. It f'onld not h· \'Xaminetl, but the dump 
shows much disintegrated white porphyry with distinct pyritil' 
mineralization. The tunnel is 600 feet long. ~ o ore "·as fonml. 
Many other tunnels, Yar~·ing from a few feet to four hum1J·(•(l, 
han· been driven into the peak in the hope of fimling the smm·e 
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of the IJlaeer gold. ~ome of the men interested in these are 11. 
}!organ, E. Bernette, F. Sandhoffer and E. D. Young. Some of 
the work has yielded just enough promise to emourage further 
search, but much of it has been entirely barren. }lost of these 
tunnels han' been abandoned, but on some of them work is still 
being done. 

Little pits, shafts, and tunnels are very numerous in the 
vicinity of the peak. The absence of any mineral indications in 
their neighborhood leads one to the conclusion that most of the 
work was done where digging "·as easiest, with no serious thought 
of mining, but merely to hold the claims. 

The principal compnn:y operating in the district is the Hahns 
Peak Gold }fining and }Iilling Co. The principal properties de­
veloped l•y the company m·e the Hoyal Flush and the Silent 
Friend. They haYe recently purchased the Minnie D. and haYe 
taken an option on the Tom Thumb. They have put in an air 
compressor and are using air drills. As soon as the developments 
demand it a mill will be built. 

On FanYell }fountain between forty and fifty claims have 
been located. Only a few of these have been developed farther 
than the assessments required. The country rock, as may be seen 
from the map, belongs mainly to the metamorphic series. This 
is cut by dikes of aplite. gmnite. diorite and basalt. Sm~ll 

stringers of quartz are very numerous in the gneisses and schists. 
Copper carbonates. azurite and malachite, in Yel'Y small quantity 
(frequently only stains), accompany the quartz in many cases. 
These copper indications han' led to the location of most of the 
claims. 

All those claims on w'hich work has been done were ex­
amined. }fN•srs. James and Ilel1l'y Campl,el! have sunk a shaft 
over 100 feet deep and Ita w taken out a small amount of copper 
carbonates and a little cha h·opyrite. The ore carries an average 
of $5 to $6 in gold. Mr. E. F. Carr has a shaft about 75 feet deep. 
Messrs. Miclwel Conlon and Frank Sandhoffer have struck ore 
which runs $15 in gold. The Buckle brothers have had assays 
which ran ns high as $i'i7 pc·r ton in gold and copper. The ores 
are usually in lenses and stringers of wry irregular width and 
yalue. Some locations are near. or along the contact with in­
truded rocks. 

Bornite and chalcocite were seen at two or three places. No 
commercial ore bodies had been reached when the prospects were 
visited. 
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'l'he tlnowbird mine is north of Columbine, beyond the limits 
of the map. 'l'he development, in September, 1908, included a 
shaft ~G feet deep, a tunnel about 200 feet long, a tunnel 5e feet 
long and a drift of GO feet. The country rock is a fine grained 
gm·issoi(l gabllro. 'l'he vein matter in the :;;haft is 111:tinly quartz 
stained with copper. Specimens showing native copper and na­
tive silver were found in the progress of the work. The vein is 
several inches wide and strikes about N. 8 degrees \\'. The 
:200-foot tunnel was drin'n on the lead, but at the time of visit 
was in bad condition. The gabbro is disintegrated. A small pile 
of ore showed some natiYe copper. Specimens obtained in 1907 
:;;howed chalcopyrite, bornite and chalcocite. The longer tunnel 
is :385 feet below the shaft. This also follows the lead, but the 
amount of quartz has decreased. For the last 150 or :!00 feet 
the tunnel follows a yein of siderite. Little or no COJil'Pr occurs, 
but assays have shown as high as $14.00 in silver. 

The Slavonia camp is on the head waters of the Elk river. 
outside the map limits to the southeast. The district is well 
within the metamorphic m·ea. The prevailing rock is a gneiss 
\\'hi(·b, on the one hand, grades into a gneissoid granite, and 
on the other into schists of various compositions. Cntting the 
main country rock are dikes of quartz porphyry, granite por­
phyry, granite and diorite. The vein formation is that char­
acteristic of the metamorphic rocks. Zones of movement and 
:;;hearing have developed quartz lenses and stringers-sometimes 
grouped, sometimes singly. In places these form what might be 
called a vein system. The ores include those of copper, le~ul, 

zinc, silver and gold. :Nickel has been reported, but tests by 
the "Titers failed to sho"- its presence in the sampl0s taken. 

It is reported that about forty locations are recorded, but 
only a few of these lwve been developed beyond the asses:;;ment 
sta1-'.l'. 'l'he Ethel daim. owned hy C. E. Blaekburn and T . .cL 
Bl'O\Yn, shows a Yein zone of considerable width. The ore is 
galena and sphalerite carrying silver in important amount. The 
l\Iartha Yranesich claim, on the east side of the creek, is owned 
by l\f. Malich, P. Smilanich and ),T_ Rayakovid1-showed a rather 
promising development. There was an open cut on the bluff 
face and a tunnel 1±5 feet long at a 10\n'r level. The open cut 
sho\ved a mineralized zone over sewn feet wide in which the 
sheared gneiRs was impregnated with chal!'opyrite, bornite. sphal­
erite and galena. ·while the whole face was mineralized th0n• 
were richer stringers follo"·ing the gneissoid structure which was 
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almost vertical. 'l'he tunnel follows the course of the vein. 
Timbering prevented a detailed examination of the walls, but 
the breast was in ore similar to that exlto~<'d in the open cut. A 
picked sample from the fac·r of the tunnel nssayrtl $62.00 in 
copper, lead, zinc and silver. 

The· ~lavonia No. 4 is another claint on 'vhich ('onsiderable 
"·ork hal' been done. The character of the vein is similat· to 
1 hat of the \'ranesidL On the divide beyond Slavonia proper a 
number of daims have been located, and some work has been 
done. One, on a spur of the range, carries much copper-bearing 
r.n·ite and a little chalC'npyl'ite. The deep snow prevented the 
C>xamination of most of these higher elaiml'l, but some exposures 
near the daims showed much pyritic mineralization and heavy 
gossan. No ore bodies of commercial size han• been opened 
in the Shwonia camp. 

The Hahns l'eak region in general lll:ly be ealled, even yPt. 
an unrn·oyt•t1 area. It is true that much work has been done. 
and that compm·atively little of value has been dist·overed out­
side the placer ground. But so far as much of the work is t·on­
cerned, it has been done in an unscientific. unminerlike fashion. 
Sites for tunnels and shafts lwve been taken haphazard, in many 
instances probably because the assessment work eould be done 
at these points more easily than elsew!tPre. \York once begun 
"·as continued in the ill-chosen places to "avoid the lol's" of the 
money already spent. 

\\'bile it seems to the writers doubtful whether the distriet 
"·ill develop into a mining eamp of importance. they !tel ieve that 
it is still worthy of a certain amount of well-directed effort. A 
numlHor of the prospects mentioned in this report deserve further 
investigation. But the random expenditure of monPy and effort 
is unwise. 
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