


















































and crenulations have been sheared out. Feldspar within the ISRSZ (Fig. 4c). Evidence of both

and quartz crystals within the ISRSZ are coarse ductile and brittle deformation is found in rocks
grained and relatively unaltered (Fig. 4b). Sericiti- = within the ISRSZ, whereas evidence of ductile
zation is weakly developed in rocks outside the deformation is characteristic of rocks outside the

ISRSZ but is usually strongly developed in rocks ISRSZ. Fracturing, grain-size reduction,

Table 1. Table shows sample number, rock unit from which sample was collected, brief description of each
thin section, and general location of each sample in relation to the Idaho Springs-Ralston shear zone.
Photomicrographs of samples NE4, NE5, NE9, NE15, and NE16 are shown in Figure 4.
NORTHEASTERN TRANSECT

Sample Unit Brief description of thin section
NE1 Xb Moderate sericitization; some quartz and feldspar strained; quartz fractured.

NE2 Xm | Weak sericitization; some quartz recrystallized; minor strain apparent in feldspar.
NE3 Xf Weak sericitization; strained quartz.

NE4 Xf Little sericitization; strained feldspar, recystallization, and-grain size reduction of
quartz; microcline twinning of feldspar. Photomicrographs Figs. 4E and F.
NE5 Xf Little sericitization; strained feldspar, minor recystallization and grain-size reduction

of quartz; microcline twinning of feldspar. Photomicrograph Fig. 4D.
NE6 Xb | Moderate sericitization; strained quartz.

Shear NE7 Xb | Moderate sericitization; strained, fractured, and recrystallized quartz.
zone NE8 Xb | Strong sericitization; grain-size reduction and recrystallization of quartz.

B e |

NE9 Xb | Strong sericitization in places; recrystallization and minor strain apparent in quartz;
fractured feldspar. Photomicrograph Fig. 4C.

NE10 Xf Strong sericitization; strained, fractured, and slightly recrystallized quartz.

- -

NE11 Xb | Strong sericitization; intensely altered and weathered; microcline twinning of feldspar.
NE12a Xf Moderate sericitization; fractured quartz; minor recrystallization.
NE12b | Xb | Moderate sericitization; biotite crenulations preserved; recrystallization and minor
fracturing of quartz.
NE13 Xf | Weak deformation throughout; some recrystallization of quartz; microcline twinning
of feldspar.
NE15 Xf Minimal deformation and strain. Photomicrograph Fig. 4B.
NE16 Xb Moderate sericitization; biotite crenulations preserved; weak microcline twinning of
feldspar. Photomicrograph Fig. 4A.
SOUTHWESTERN TRANSECT
Sample Unit Brief description of thin section
SWi1 Ygd | Minor sericitization; minimal deformation and strain.
? SW2 | Ygd | Minor sericitization; minimal deformation and strain.
i SW3 Ygd | Moderate sericitization; minor grain-size reduction of quartz.
: SW4 Ygd | Weak sericitization; fracturing of feldspars.
Sz:iaer SW5 | Ygd | Recrystallized quartz; some strained quartz.
. SW6 | Ygd | Moderate sericitization; recrystallization of quartz.
+ SW7 | Ygd | Ductile deformation of feldspar; grain-size reduction of feldspar; minimal sericitization.
SwW8 Ygd | Minor sericitization; fracturing and recrystallization of quartz.
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recrystallization, and pressure shadows are com-
mon features found in feldspar and quartz crys-
tals within the ISRSZ (Figs. 4d, 4e). Microcline-
twinned plagioclase is found within the ISRSZ
and adjacent to the Idaho Springs fault (Fig. 4f).
This cross-hatched twinning occurs as twins
propagate through individual orthoclase crystals
in response to an applied stress. This type of
strain-induced twinning occurs under ductile to
brittle-ductile conditions at temperatures between
475-600°C and is typically more prevalent near
major fault zones (Wilson and Coats, 1972).

Thin sections of rocks collected from the
northeastern transect provide the best evidence of
increased deformation within the ISRSZ. Rocks of
this transect include biotite gneiss (Xb) and felsic
gneiss (Xf). The northwest margin of the ISRSZ
cannot be determined conclusively from thin sec-
tion analysis. Samples NE1 to NE3 northwest of
the ISRSZ are generally weakly sericitized, exhibit
minor to moderate deformation, but have no
biotite crenulations preserved. Between Chicago
Creek and the mouth of Fall River, rocks are
clearly affected by the ISRSZ. Samples NE4 and
NES are near the northwestern boundary of the
ISRSZ and exhibit only weak sericitization but
also contain microcline-twinned feldspar. Samples
NES6 to NE11 define the ISRSZ best. Sericitization
is moderate to strong in these samples and biotite
crenulations have been obliterated by shearing
such that foliation defined by biotite rarely devi-
ates from the northeast trend of the ISRSZ. Grain-
size reduction and recrystallization of quartz is
widespread, and larger quartz crystals are strongly
strained and fractured.

Microcline twinning is present in feldspars of
several samples both within the ISRSZ and adja-
cent to the Idaho Springs fault but is not found in
the thin sections of rocks collected outside the
ISRSZ. Locally microcline twinning may be
indicative of intense strain under ductile or brit-
tle-ductile conditions (Wilson and Coats, 1972).
The proximity of this type of twinning to the
Idaho Springs fault suggests that it could have
been active during the later stages of ductile
deformation associated with the ISRSZ. Samples
NE12 to NE16 are south of Chicago Creek and are
only weakly to moderately sericitized and
deformed. Samples NE12 and NE16 have pre-
served biotite crenulations indicating that the
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southeastern margin of the ISRSZ probably coin-
cides closely with Chicago Creek.

Samples collected from the southern transect
are granodiorite of the Mount Evans batholith.
Samples SW4 to SW8 are within the ISRSZ north-
west of Chicago Creek and are moderately to
strongly sericitized. Feldspar is sheared slightly in
a ductile fashion, but angular fragments of
feldspar indicate brittle deformation as well.
Quartz grains commonly show grain-size reduc-
tion and recrystallization. Pressure shadows are
present in some fractured quartz grains, and
quartz appears to replace feldspar in some places.
Samples SW1 to SW3 are southeast of Chicago
Creek. They are relatively pristine and show little
deformation and only minor to moderate sericite
alteration. These characteristics indicate that the
southeastern margin of the ISRSZ coincides
roughly with Chicago Creek.

Thin section analysis along both transects
clearly demonstrates a dramatic increase in defor-
mation adjacent to and northwest of Chicago
Creek, thus defining Chicago Creek as the
approximate southeastern boundary of the ISRSZ.
Grain-size reduction and fracturing indicate brit-
tle deformation within the ISRSZ, wheras recrys-
tallization and possibly microcline twinning sug-
gest a component of ductile deformation.

STRUCTURAL CONTROL OF
MINERALIZATION

Although mineralized veins in the Idaho Springs
district are largely a product of the Laramide
orogeny, the orientations of these veins were
influenced by Precambrian structures. The
Precambrian development of significant zones of
weakness and strong northeast-oriented foliation
in the Proterozoic basement rocks of the Front
Range was the first step in the formation of the
northeast-trending Colorado mineral belt. In the
Idaho Springs region, this zone of weakness is the
ISRSZ. The formation of deep-seated, northwest-
trending faults occurred syntectonically, or slightly
thereafter. An essential control of ore formation
was a deep magmatic source which served to cir-
culate these fluids (Rice and others, 1982). Early
Tertiary and Upper Cretaceous porphyry dikes
and small intrusive bodies, ranging in age from
69 to 59 Ma (Rice and others, 1982; C.E. Hedge,
oral communication, cited in Sheridan and Marsh,



A. Sample NE186, biotite gneiss from
north-eastern transect. Biotite
crenulations are preserved indicating
this rock has not been sheared.

B. Sample NE15, felsic gneiss from

north-eastern transect. Relatively
unaltered, coarse-grained feldspar and

quartz.

C. Sample NES9, biotite gneiss from
north-eastern transect. Brittle deformation
and strong sericitization (brown).

. Sample NES5, felsic gneiss from

north-eastern transect. Strained feldspar
with weak twinning and deformed
cleavage planes.

E. Sample NE4, felsic gneiss northeastern
transect. Grain size reduction and
recrys-tallization of quartz (light) at a
feldspar grain boundary (dark).

F. Sample NE4, felsic gneiss from

north-eastern transect. Microcline twinning

of orthoclase.

Figure 4. Photomicrographs of selected thin sections from the northestern transect. A and
B samples collected southeast of the ldaho Springs-Ralston shear zone. C through F

samples collected within the shear zone.



1976), were injected along the Precambrian zone
of weakness, generally parallel to foliation and
the overall trend of the ISRSZ. Northeast-oriented
Laramide compressional stress induced north-
northeast- to east-trending fractures in the already
weakened and strongly foliated ISRSZ. The frac-
tures predominate in the more competent rock
units such as migmatite (Xm), pegmatite (YXp),
and felsic gneiss (Xf). Biotite gneiss (Xb) in the
ISRSZ has very few fractures, probably because
most of the stress was absorbed by slip along foli-
ation planes. Southeast of the ISRSZ there are few
such fractures; the rocks here experienced signifi-
cantly less strain, and foliation tends to be oriented
northwest, roughly perpendicular to Laramide
compressive stresses. Hydrothermal fluids, proba-
bly associated with early Tertiary and Upper
Cretaceous magmas, flowed along deep-seated,
northwest-trending Proterozoic faults to shallower,
generally northeast-trending Laramide fracture
openings and junctions (Harrison and Wells, 1959;
Lovering and Goddard, 1950). As pressure and
temperature decreased, and where restricted
channels flowed into open spaces, ore minerals
precipitated (Lovering and Goddard, 1950). The
origin and location of Laramide fracture sets is
therefore of great significance.

During the Laramide the average direction of
horizontal compression in the Front Range was
N 72° E (Erslev and Selvig, 1997). Theoretically,
when a conjugate fracture model is used, strike-

slip fractures should occur between 30° and 45°
from a given maximum compressive stress. When
a maximum stress orientation of N 72° E is assumed
(Erslev and Selvig, 1997), predicted fractures should
occur as right-lateral fractures oriented between N
27° E and N 42° E and as left-lateral fractures ori-
ented between N 63° W and N 78° W.

Detailed investigation of Laramide fractures
in the Central City-Idaho Springs area by
Harrison and Moench (1961) indicated a horizon-
tal compression direction trending roughly N 70°
E. Stereographic diagrams of their data collected
near Idaho Springs show a predominance of frac-
tures (cross and diagonal joints) oriented between
N 50° E and N 75° E and fractures generally per-
pendicular to the maximum compressive stress
(longitudinal joints) oriented between N 20° W to
N 40° W (Harrison and Moench, 1961, Fig. 10). In
the Idaho Springs district mineralized veins have
strikes with a range of orientations but average
about N 62° E (Moench and Drake, 1966). The
majority of the veins occur along right-lateral
fractures (cross and diagonal joints), whereas
fewer veins occur along left-lateral fractures (lon-
gitudinal joints). These fracture orientations do
not coincide fully with predicted fracture orienta-
tions, but the predominance of right-lateral frac-
tures oriented at an average of N 62° E suggests
that the strongly developed, N 60° E-striking foli-
ation within the ISRSZ played an important role
in fracture development and mineralization.

ECONOMIC GEOLOGY

MINERAL RESOURCES

The mineral resources of Idaho Springs have been
well described by Rice and others (1982),
Schwochow (1975), Moench and Drake (1966),
Harrison and Wells (1959; 1956), Lovering and
Goddard (1950), Burbank (1947), and Spurr and
others (1908). A brief summary of these reports is
given herein.

Parts of three precious- and base-metal mining
districts lie within the Idaho Springs quadrangle
(Fig. 1), and each has been mapped and described
in detail. The mining areas include the Idaho
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Springs district (Moench and Drake, 1966), the
Freeland-Lamartine district (Harrison and Wells,
1956), and the Chicago Creek district (Harrison
and Wells, 1959). The principal ore metals are
gold, silver, lead, zinc, and copper, listed in order
of decreasing importance (Streufert and Cappa,
1994). Ore minerals are pyrite, sphalerite, galena,
chalcopyrite, and tennantite, small amounts of
various silver-bearing minerals, and trace
amounts of metallic gold (Schwochow, 1975).
Mineralization took place about 59 Ma near the
end of the early Tertiary to Late Cretaceous peri-



od of porphyry intrusion (Rice and others, 1982).
The ores occur as lodes in generally northeast-
trending fracture-filled veins in the Proterozoic
basement rocks northwest of Chicago Creek and
as placer deposits along Clear Creek. Minor ore
metals include uranium, molybdenum, and iron
(magnetite).

Ore bodies in the Idaho Springs area have
been mined since their discovery in 1859 (Spurr
and others, 1908). Mining, especially of gold, was
most productive prior to 1942 but has been
episodic since. For example, production figures
for the Idaho Springs, Chicago Creek, and
Freeland-Lamartine districts during the years
1932 to 1945 totaled 124,642 oz of gold (Vander-
wilt, 1947), whereas from 1946 to 1958 production
of gold in all of Clear Creek County was only
34,586 oz (Del Rio, 1960). Davis and Streufert
(1990) estimated a total of 730,000 oz of gold pro-
duced in the Idaho Springs, Freeland-Lamartine,
and Chicago Creek mining districts from 1859 to
1990. For more mine production figures in the
area, the reader is referred to the U.S. Bureau of
Mines Minerals Yearbooks.

The Little Warrior Mine (also called the April
Fool Mine) produced small amounts of uranium
ore in 1960 and 1961 from a pegmatite body on the
south side of Squaw Pass Road at the east end of
Warrior Mountain (Mason and Arndt, 1996). A
sample of this pegmatite collected during this
investigation contains 97 parts per million (ppm)
uranjum,; it also has an anomalously high molyb-
denum content of 321 ppm (written communica-
tion, Intertek Testing Services, 1999). Some peg-
matite bodies contain magnetite crystals up to sev-
eral inches in diameter. Pegmatite east and south-
east of Idaho Springs, on the Squaw Pass quadran-
gle, has been mined for muscovite, microcline,
beryl, and columbite (Hanley and others, 1950).

Industrial mineral and construction material
resources in the Idaho Springs region include
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sand and gravel, crushed aggregate, and riprap.
Sand and gravel resources are in modern stream
channels and Quaternary terrace and moraine
deposits primarily along Chicago Creek, Clear
Creek, and Soda Creek. Many of the Proterozoic
rocks are potential sources of good quality
crushed aggregate and riprap.

GEOTHERMAL RESOURCES

The Indian Springs Resort is located on the
east side of the mouth of Soda Creek. The hot
springs that serve this resort were first developed
commercially for bathing and swimming in 1863
(Repplier and others, 1982) and are the only
known hot springs in the area. The resort is fed by
three springs and three hot water wells, the most
recent of which was drilled in 1996 (J. Maxwell,
oral communication, 1999). Temperature of the
geothermal waters ranges from 68° to 127° F, and
flow rates are between 1 and 36 gpm (Repplier
and others, 1982). At the time of this report, a
total of about 100 gpm of hot water was available
to the resort, and the average water temperature
was about 120° F (J. Maxwell, oral communica-
tion, 1999).

The areal extent of the geothermal waters has
been estimated at only 1.52 sq mi (Pear], 1979).
The hot springs are thought to be fault controlled
(Repplier and others, 1982). The southern exten-
sion of the Idaho Springs fault lies just south of
the hot springs and may serve as the conduit for
these geothermal waters. It has not been deter-
mined if the waters represent deeply recirculated
meteoric waters or if they originated as magmatic
fluids associated with Laramide intrusives
(Repplier and others, 1982). The geochemistry
and geothermal characteristics of the hot springs
have been described by Barrett and Pearl (1978),
Pearl (1979), Coe and Zimmerman (1981),
Repplier and others (1982), and Cappa and
Hemborg (1995).
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