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Abstract

Sofl disturbance in well-prospected mining districts
reduces the applicability of traditional surficial
geochemical exploration techniques. The Central City
district is a classic example of a well-prospected base and
precious metal mining district. A surficial geochemical
study over mineralization was carried out with the objective
of characterizing the trace element dispersion haloes around
base and precious metal vein structures in this area. The
purpose was to develop a geochemical exploration tool to
detect vein structures in contaminated mining districts.

Free sulfides are present in abundance in the soils
near areas where the ground was disturbed by mining
activity. To reduce the effects of this contamination, a 30
minute cold HC1 digestion was integrated with the MAGIC
extraction system. This method selectively dissolves Fe-Mn
oxyhydroxides fn the soil, but dissolution of sulfides is
minimal. The concentrations of Ag, As, Au, Cd, Cu, Fe, In,
Mn, Mo, Pb, and Zn were determined using this method.

Even though numerous interrelated factors affect the
dispersion of elements in the surficial environment, a
simple and significant geochemical exploration tool was
fdentified. Soil pH is the most important variable

controlling the mobility of Fe-Mn oxyhydroxides in the
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surficial environment. Soil pH can be lowered significantly
by the oxidation of subcropping sulfide-bearing veins.
Ratioing of statistically standardized Fe and Mn
concentrations of the oxyhydroxide soil component
accentuates this predictable chemical condition. This
potential exploration tool is applicable in contaminated
districts even where steep slopes prevail and soil profile
development is poor. The locatfons of some potentially
mineralized and unexploited structures were fdentified.
Results obtained from this study have established a
basis for the direction and utility of future detailed
surficial geochemical exploration studies in this and other
similar mining districts. The methodology developed in this
study can be used to locate veins which have been projected

fnto an area, but which are not visible at the surface.
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Introduction
Ob jective

The objective of this study was to characterize the
surficial geochemical expression of mineralized structures
in the Central City district. Once this has been
accomplished, surficial geochemical exploration models for
the base and precious metal veins in this area can be
developed.

Little developmental work in the district has included
geochemical exploration methods. Primary alteration about
veins in this district is typically very restricted in its
extent away from mineralization. The detection of these
structures using |ithogeochemical technigues requires sample
spacing which is very close and prohibitively expensive for
the purposes of exploration. In general, when outcrops
exist, the location of alteration and/or mineralization can
be defined more efficiently by visual inspection rather than
by analyzing the samples chemically.

Most ore in the Central City district was discovered as
a result of visual Inspection of exposed rocks and by the
application of basic prospecting principles which were often
fntuitive. Even though soifl cover is poorly developed on
the steep slopes in this area, it is often deep enough to

conceal outcrop in many places. Where outcrops were not
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well-exposed, trenching by prospectors was extensive. Even
though this method was often effective, it was (and is) far
from efficient. Many trenches were dug (by hand) which did
not reveal mineralization. Furthermore, the nature of
mineralization is somewhat sporadic. A mineralized
structure, several feet in thickness, can close to an
unnoticable hair-line fracture or be displaced by faulting
within a distance of a few tens of feet along strike.

The district is mature in terms of ore discovery and
development at or near the surface. It is perhaps because
of this fact that surface geochemical exploration techniqgues
have not been employed in this area. Disturbance of the
surface resulting from mining activity contamination and
problems with steep slope geochemical dispersion, have
undoubtedly reduced the appeal of surficial geochemical
exploration methods. It seems likely, however, that some
mineralized dilational zones which are not exposed as
outcrop may not have been uncovered by the trenching of
prospectors.

A surficial geochemical orientation survey was carried
out in order to address and alleviate some of these
exploration problems. Such an orientation survey would
provide an indication of the utility of surficial

geochemical exploration methods in a contaminated
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mineralized area, i.e., the Central City district. If a
useful surficial geochemical exploration tool could be
defined for this area, then such a tool might certainly be
applicable and quite useful in many districts in the world
which are similar in overall character to the Central City

district.

Location and Access

The Central City mining district is located in the
Front Range portion of the Colorado mineral belt. The
Colorado mineral belt has an irregular outline and trends
northeast-southwest across the generally north-south
trending Southern Rocky Mountain Range (Figure 1). The

Central City district is arbitrarily bound by latitudes 39°

46’ 25" and 39° 49’ 25" and longitudes 105° 28’ 25" and 105°
32" 00", directly north of the city and district of Idaho
Springs.

The study area includes the area outlined on Figure 2
on the south side of Maryland Mountain, located in Gilpin
County about 0.5 mile northeast of Central City and about
0.5 mile northwest of Black Hawk, Colorado (SE 1/4, Sec. 1
and NE 1/4 Sec. 12 T3S, R73W). Black Hawk is accessible by
State Highway 119 and is connected to Central City by State
Highway 279 0.5 mile to the west (Figure 2). Maryland

Mountain is positioned between Chase Gulch on the south and
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Location map of Central City district and the
Colorado mineral belt

(from Sims and Barton, 1962)
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Figure 2. Location map of the study area
(modified from United States Department of
Interior Geological Survey Black Hawk and
Central City 7.5 Minute Topographic
Quadrangles, 1972)
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North Clear Creek on the north. The middle of the southwest
boundary of the study area is located 0.5 mile from State
Highway 119 on Chase Gulch road. The Sans Souci Mine and
Bonanza Adit are located on the south side of Maryland
Mountain. The portal of the Sans Souci Mine is at 8600 feet
of elevation. The Bonanza Adit has been driven
northeastward into Maryland Mountain and its portal is at

8290 feet of elevation.

Topography and Physiography

The Central City district is on the east side of the
Front Range with elevations ranging from 8,000 feet in the
east to about 9,750 feet in the west. The elevation of the
Maryland Mountain peak is 9,203 feet (Figure 2). North
Clear Creek, flowing south of east against the northern
boundary of Maryland Mountain, forms the main drainage in
the district. Relief in the district generally does not
exceed 1,000 feet and it more commonly consists of high
gently rolling hills (Sims, and others, 1963b). Most
streams in the district are intermittent, which made the
earliest placer-type gold production in the district

difficult.
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Previous Work

Geology

The earliest reports on Gilpin County and the Central
City district were published by Rogers (1883), Rickard
(1898), and Collins (1910). Bastin and Hill (1917)
published the first comprehensive U.S. Geologfical Survey
Professional Paper describing the economic geology of Gilpin
County and surrounding area. Lovering and others (1929;
1930; 1935; 1938; 1950; and 1953) have published reports on
the Colorado Front Range. The U.S. Geological Survey
geologic map of the Central City quadrangle was published by

Sims, and others in 1964.

Geochemistry

Lovering and Goddard (1938) published chemical analyses
of the igneous rocks in the Front Range in order to better
understand their genetic development. Sims and others
(1961; 1962; 1963a; 1963b; and 1982) published some of the
best known and most recent research results on the Central
City district. Sims and Barton (1961) have studied the
geochemistry and fluid inclusions of sphalerite in the
Central City district in order to determine hypogene
temperature zonation relationships.

Tooker (1963) studied the chemistry and mineralogy of

hypogene and supergene altered rocks in the district. Rice,
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and others (1982b) determined the timing of precious and
base metal mineralization in the Central City district by
direct and indirect methods.

Budge (1982) studied trace element dispersion in
wallrocks around base and precious metal veins in the Idaho
Springs district, directly south of the Central City
district. The most recent known work at Maryland Mountain
is a Master’s thesis by Ann Kramer (1984), covering ore
controls in the Smith Gold Mine located on the southeast
side of Maryland Mountain. Little known surficial
geochemical work has been used to address the exploration
problems related to surficial cultural contamination
existing in the vein-type base and precious metal mining

districts of the Front Range.

Investigation Approach and Methodology

Dispersion of trace elements in soils on the southern
portion of Maryland Mountain is controlled by climatologic,
botanical, topographic, geomorphic, chemical, pedological,
biochemical, mineralogical, and cultural processes. It is
understood that the quantity of data considered in this
study is only a very small proportion of that which would be
necessary to adequately define all processes acting upon
this system. This is not to say, however, that the proper

selection and analysis of a small portion of data can not be



T=2993 9

used to resolve a problem such as the one addressed in this
thesis.

Certain minerals and trace element-bearing compounds
which are distinctly anomalous, relative to those in the
wallrocks, exist in the soils over and proximal to
mineralized structures. These phases are dispersed by
processes which include those in the partial list above.
Mineral phases and elemental species are segregated and
redistributed as the rock and soil moves downslope. The
following pages describe the methodology which was necessary
in order to define the geochemical dispersive process,
related to mineralization, which is presently occurring at
the surface of Maryland Mountain.

Surveying methods were used to accurately locate all
surface pits and alteration structures in the area at a
scale of 1 inch equals 100 feet in order to provide detailed
sampling control (Plate 1). Surface geochemical soil sample
stations were accurately located in three detailed sampling
traverses oriented perpendicular to the vein structure
traces. Details of the surveying procedure are presented in
Appendix I. A sample interval of 10 feet was used where the
sampling line crossed the traces of observed surface vein
structures, and 25 feet where vein structures were not

observed (Plate 1). Detafls of the soil sampling procedure
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are presented in Appendix I1.

Representative mineralized rock samples were collected
underground from stopes in drifts off of the Bonanza Adit.
Pulps of these samples were prepared by crushing, splitting,
and sieving to U.S. Series -60 and -200 mesh. The heavy
mineral fraction was separated from the -60 mesh fraction
using a Wilfley Table. A sulfide selective hot sulfuric
acid-bromate digestion and organic extraction method (MAGIC)
developed by Clark and Viets (1981) was applied to the -60
mesh concentrate and -200 mesh pulps to separate trace
elements from interferring matrices. These data were used
to establish relative abundances of various elements in the
known mineral ized structures. Representative analytical
data for these mineralized samples are presented in Appendix
Via.

The 208 soil samples collected were prepared for
analysis by separating them into U.S. Series -10 to +60,
-80, and -230 mesh size fractions. The -10 to +60 soil
fraction was prepared in order to evaluate the effects of
clastic trace element dispersion. The -80 mesh soil
fraction was chosen for analysis because it is a standard
used by industry. The -230 mesh soil fraction was chosen in
order to evaluate the effects of hydromorphic trace element

dispersion.
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Four digestion/extraction methods were applied to the
three soil fractions during preliminary analysis before one
fraction and one method were determined to be the best. The
four methods tested included a hot nitric acid digestion, a
hot sulfuric acid-bromate digestion/MAGIC extraction (Clark
and Viets, 1981), a 24 hour cold HCI1 digestion/MAGIC
extraction (Clark, personal communication, 1985), and a 30
minute cold HC| digestion/MAGIC extraction (Clark, personal
communication, 1985). The hot nitric acid digestion method
was used to analyze all soil samples (-80 mesh) for Cu, Pb,
Zn, Cd, Fe, and Mn. The 30 minute cold hydrochloric acid
leach was deemed most significant of the four methods,
however, and was employed with the -230 mesh soil fraction.
This method is selective in that it dissolves a substantial
proportion of Fe-Mn oxyhydroxides in the soil, but
dissolution of base metal sulfides is minimal and the
dissolution of pyrite is virtually nil. The 30 minute cold
HC1l digestion was integrated with the MAGIC extraction
system (Clark, personal communication, 1985) and the
concentrations of Ag, As, Au, Cd, Cu, Fe, In, Mn, Mo, Pb,
and Zn were determined in all samples. Flame and graphite
furnace atomic absorption spectrophotometric methods were
used to analyze the extracted trace elements in aqueous and

organic solutions. The -230 mesh soil fraction was the most
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appropriate choice for this analytical step because this
fraction possesses the highest relative total grain surface
area and it logically contains the highest concentration of
Fe-Mn oxyhydroxide coatings. In summary, the sampling
design and the analytical methods used were selected for the
purpose of detecting pre-mining geochemical dispersion and

not the effects of mining activity contamination.
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Geology of Central City District

General Geology

The Central City district is located within the
Colorado mineral belt. The trend of the Colorado mineral
belt appears relatively independent of the structural grain
in the Southern Rocky Mountain Range. However, it does
trend roughly parallel to the regional grain of the
Precambrian basement rocks (Figure 1).

The Precambrian rocks in the district consist of
interlayered gneisses, granites, and pegmatitic units.
Microcline-bearing gneisses with some interlayered biotite
gnefiss and pegmatites are the common hosts to ore veins.
Wallrocks of felsic and intermediate compositions host ore
locally.

Precambrian rocks of the Front Range are overlain
nearly everywhere by Paleozoic rocks which dip steeply away
from the uplift. Mesozoic rocks are found directly upon
basement rocks near Breckenridge. Tertiary sedimentary
rocks are found locally in the Front Range on the upturned
ends of Paleozoic and Mesozoic rocks and on some basement
rocks. Sedimentary Tertiary rocks in the northern Colorado
Front Range are primarily clastic in nature, while those in
the south include interbedded shale, algal |imestone, tuffs

and lavas (Lovering and Goddard, 1950).
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During late Cretaceous and early Tertiary time, the
Laramide Orogeny produced uplift and folding of the present
Rocky Mountains. Intrusive activity during the Laramide
Orogeny was common in the central portions of the Rocky
Mountain Range and less pronounced elsewhere. Relatively
older Laramide intrusions are generally small irregular
stocks while the relatively younger intrusions form long
thin dikes in the Central City district. The intrusive
rocks are porphyritic and include granodiorites, quartz

monzonites, bostonites, and quartz bostonites.

Rock Units

Precambrian

Precambrian gneisses in the Front Range have been
grouped by Spurr, and others (1908) into an older
Precambrian Idaho Springs formation and a younger relatively
thinner Swandyke Hornblende Gneiss unit. Generally, later
workers (e.g., Sims and others, 1963a) do not retain this
nomenc lature (for these rocks) but rather describe them

compositionally (Table 1).

Interlayered Gneisses

Most of the Precambrian gneisses in the Central City
district are microcline-quartz-plagioclase gneisses and

sillimanite-biotite—-quartz gneisses. These are often
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interlayered with other gneisses including 1ime-silicate,
cordierite-amphibole, and amphibolite types (Table 1).

The microcline-bearing gneiss is typically gray in
color, medium—grained and generally well foliated. In hand
specimen it may appear massive. Weathered surfaces are
commonly 1ight brown and pegmatites are often randomly
distributed throughout this common gneiss.

The biotite-quartz-plagioclase gneiss and the
sillimanite-biotite—-quartz gneiss are most often found
interlayered with each other. These two gneisses have
variable compositions and are usually distinguished from one
another by their color. Local accessories in the biotite
gneisses include garnets.

Veins in the Central City district are commonly found
fn the microcline—-quartz-plagioclase-biotite gneiss. Veins
are also localized in discrete layers of amphibolite, 1ime
silicate gneiss, skarn, and cordierite-amphibole gneiss
(Sims, and others 1963b).

Taylor (1976) suggests that interliavered tuffaceous
sedimentary units, rhyodacitic and dacitic tuffs were
metamorphosed to produce the feldspar-rich gneisses. Calc-
silicate gneiss and amphibol ites are thought to be
metamorphic derivations of graywackes, impure carbonates,

and basaltic flows. It is thought that a relatively short
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time elapsed between sedimentation and the initiation of
metamorphic activity. Metamorphic grades reached the upper
amphibolite facies as evidenced by the presence of

sillimanite and cordierite in some gneisses.

Granitic Rocks

Colorado, in the Precambrian, was characterized by
three major plutonic events. The Boulder Creek granite was
the first batholithic granite to be intruded in the central
Front Range during the Boulder Creek Orogeny 1750-1690 m.y.
(Hutchinson and Hedge, 1967). The Silver Plume Disturbance
Thermal Event took place 1470-1390 m.y. ago and was
responsible for emplacement of the Silver Plume granite and
its equivalents (Hutchinson and Hedge, 1967). The Silver
Plume granitic bodies are dispersed throughout the Front
Range and are given different local names (Lovering and
Goddard, 1950). The third Precambrian, Pikes Peak Plutonic
Event, was responsible for the relatively restricted
emplacement of the Pikes Peak granite 1027 to 1053 m.y. ago
(Hutchinson, 1959; Hedge, 1967; Hutchinson and Hedge,

1967 and 1976; and Hedge, 1970).

Very few granitic rocks are exposed at the surface in
the Central City district (Figure 3). The nearest surface
exposure of the Boulder Creek granite to the Central City

district is in the Georgetown quadrangle south of Idaho
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Springs. A biotite-muscovite Silver Plume granite is

present in the Central City district.

Pegmatites

Four types of pegmatites, distinguished on the basis of
mineralogy, texture, and structure are found in the Central
City district (Sims, and others 1963b). The most
common type is a white to tan coarse—-grained, weakly
foliated generally conformable rock. Its minerals Iinclude
quartz and feldspar with some biotite and magnetite.
Locally, pods of coarsely-crystalline quartz less than I

foot thick are present within the study area.

Paleozoic and Mesozoic

There are no Paleozoic or Mesozoic rocks in the Central
City district. Paleozcoic and/or Mesozoic rocks may have
been deposited in the Central City district but would have
been stripped away following deposition because of uplift

during the Laramide Orogeny.

Cenozoic

Tertiary lgneous Rocks

The following list gives the six Tertiary intrusive
porphyry types which are present in the Central City
district, from oldest to youngest, as named by Sims, and

others (1963b).
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(1) leucocratic granodiorite porphyry

(2) alkalic syenite porphyry

(3) quartz monzonite porphyry

(4) bostonite porphyry

(5) trachytic granite porphyry

(6) quartz bostonite porphyry

Younger, small quartz bostonite porphyry rocks (6) are
found at Maryland Mountain but outside of the study area

(Sims, 1964).

Breccia

Breccia structures occur underground within the Bonanza
Adit as well as on the surface within the study area. On
the surface, the breccia has a distinct melanocratic
appearance relative to the adjacent gneiss. The breccia
fragments are both angular and rounded and include
quartzite, schist, and the predominant gneiss. Individual
breccia fragments generally range from 0.5 inches to 6
inches in longest dimension, though some fragments are
significantly larger than this. The matrix consists of a
quartz monzonitic(?) material. Visible sulfides (i.e.,
pyrite) are present in the breccia. Magnetite
concentrations in the breccia are high, sometimes reaching
as much as 5%.

The form of the breccia units on the surface is very
irregular and, occasionally, apparently discontinuous. The

number and distribution of breccia structures in the
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subsurface is very difficult to correlate with those on the
surface.

Where the dilational hydrothermal vein structures
intersect breccia structures (in the Bonanza Adit), the
precious metal grades (especially gold) increase
sfignificantly relative to the adjacent ore (Cullar, personal
communication, 1985). The breccia structures appear to have
been intruded prior to or perhaps during the initiation of
displacement along these fault structures. Some breccia
structures are intersected by fault structures, but the
distribution of breccia structures in the study area is not

limited to the known fault structures.

Structure/Tectonics

Precambrian deformational development occurred during
two separate tectonic events in the Central City district
(Moench, and others, 1962). The earliest stage produced a
ma jor fold system with axes bearing north-northeast.
Disharmonic folds and abnormal anticlinoria-synclinoria were
produced as the rocks responded plastically.
Recrystallization of the rocks facilitated the development
of gneissic texture.

A notable structural feature in the Central City
district, which formed during the earliest stage of

Precambrian folding, is the northeast-southwest doubly
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plunging Central City Anticline (Figure 3). The crest of
the northeast plunging portion of the anticline passes
through the peak of Maryland Mountain. Strata generally dip
northwest and southeast, symmetrically, away from the crest
of this anticline, though some locally overturned units are
found.

Granodiorite and biotite-muscovite phacoliths were
intruded near the end of the earliest Precambrian folding
phase. These intrusions are equivalents of the Silver Plume
granites emplaced 1470-1390 m.y. (Hutchinson and Hedge,
1967).

The later less extensive stage of Precambrian folding
was accompanied by intense cataclasis with fold system axes
bearing approximately north 55 degrees east superimposed
upon the earlier structural features. The Idaho Springs-
Ralston shear zone is the principal Precambrian shear zone
in this area and it averages about 2 miles in width. It
trends north 55-60 degrees east and extends from east of
Georgetown, 23 miles to the northeast. The location of this
shear zone roughly corresponds with the southeast margin of
the Colorado mineral belt. Shearing activity along this
zone is considered to have been the primary cause for
development of the younger Precambrian foliation. Movement

along the ancient shear zone is also known to have occurred
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during the Paleozoic and Mesozoic eras, with minor
reactivation during Tertiary time (Tweto and Sims, 1963).

The Central City district contains a complex network of
faults with various trends. These faults can be catagorized
into five major groups (Sims, 1982). Two of these fault
groups were first active in Precambrian time while the other
three groups were first displaced during the Laramide
Orogeny.

The oldest set of Precambrian faults in the district
trends northwest and extends for miles across the Colorado
mineral belt. This fault set consists of discrete faults,
shear zones, and silicified breccia reefs. Many of these
faults underwent extensive reactivation during the Laramide
Orogeny and some contain Laramide-related felsic porphyry
dikes. Displacement along these faults during the
Precambrian was left lateral strike-slip on the order of
several hundred feet. Some relatively minor oblique and
vertical displacement occurred along these faults during
Laramide orogenic activity.

The relatively younger set of Precambrian faults in the
Central City district trend north to northeasterly.
Displacement along this fault system is thought to be
dominantly strike-slip, but the direction of displacement fis

unknown. These faults also suffered minor reactivation
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during the Laramide Orogeny and some have been intruded by
Laramide-related felsic porphyry dikes. Since a full
understanding of the displacement direction and displacement
magnitude of all Precambrian faults has not been attained,
the Precambrian stress fields which were active in the
district can not be fully defined.

The three sets of faults which were first offset during
the Laramide Orogeny are generally short and display small
magnitudes of displacement. These Laramide-related faults
also host most of the mineralized veins of economic
importance. All three fault sets display dominant strike-
slip displacement, though local dip-slip is common.
Displacement along these faults generally does not exceed a
few tens of feet. Most of these faults were formed after
the peak of Laramide igneous intrusive activity. Vein
mineralization was concurrent with Laramide fault
displacement and many veins have been brecciated by syn- or
post-depositional fault reactivation.

The three Laramide fault sets from oldest to youngest
fnclude an east trending group, an east to northeast
trending group, and a northeast trending group. The east
trending group displays left lateral displacement while the
relatively later east to northeast and northeast trending

sets display right lateral displacement (Sims, and others,








































































































































































































































































































































































