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Original geologic mapping was published by Tweto (1974). New geologic mapping, sampling for
cosmogenic radionuclide exposure chronologies, and associated fieldwork was carried out during
the years of 2011-2015 as part of the National Cooperative Geologic Mapping Program (NCGMP)
FEDMAP project titled Cenozoic Landscape Evolution of the Southern Rocky Mountains. Additional
funding through the NCGMP—-FEDMAP program and geologic mapping was provided by Frothingham
and Shaw during the field seasons of 2015 and 2016. Ruleman, Frothingham, and Shaw carried out the
new geologic mapping and cosmogenic sampling accompanied by Caffee and Brugger. Goehring
formulated the cosmogenic chronologies reported herein.
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Dashed blue line shows the inferred Last Glacial Maximum (Pinedale Glaciation) ~22-20 thousand years ago (ka). Elevations and ice-covered bedrock knolls indicated by both field evidence and cosmogenic nuclide dating of glacially scoured bedrock surfaces and deposits.
Rock unit patterns show generalized direction of foliation as interpreted from field measurements.

Table 1. °Be and Al cosmogenic radionuclide sample data and age analyses. Samplingwas carried out following established procedures outlined in Gosse and Phillips (2001). This included recording elevation, latitude, longitude, and top ograp hic shielding data for each sample location, which accounts for any hindrance to "Be production from the surrounding skyline. Ages of samples were
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DESCRIPTION OF MAP UNITS

[Soil classifications from Birkeland (1999). This map comes with a shaded relief base.
When that layer is active, the colors on the Correlation of Map Units and the Description
of Map Units may not exactly match unit colors on the map]
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SURFICIAL DEPOSITS
ARTIFICIAL FILL AND MINE WASTE DEPOSITS

Mine waste/artificial fill (latest Holocene)—Consists of granule- to boulder-

size fragments of broken and relocated country rock and engineered
material for stabilization purposes. Heaps of mine waste are included in
the unit and common adjacent to adits and prospect pits throughout the
region. Thickness generally 1-20 meters (m)

ALLUVIAL AND MASS MOVEMENT DEPOSITS

Alluvium (Holocene and latest Pleistocene)—Subangular to well-rounded

pebble-, cobble-, and boulder-sized clasts interbedded with silt and sand
primarily deposited along tributaries of Homestake and Busk Creeks,
along with smaller active streams, tributaries, and washes. Unit includes
floodplain and lower terrace deposits (less than 5 m above active stream
channels). Soils typically have a weak A/C or A/Bw/C profile. Deposits
locally include silts and clays accumulated in kettles and other depressions
and gravelly deposits back-filling channels cut during deglaciation of late
Pleistocene glaciers associated with deposition of unit Qtp. Deposits
locally include minor colluvium, sheetwash alluvium, debris-flow
deposits, and till. Thickness approximately 1-5 m

Alluvium and colluvium, undivided (Holocene and late Pleistocene)—

Poorly to moderately sorted sheetwash alluvium, perennial-stream, and
colluvial deposits occurring primarily along hillslopes and within
topographic depressions. Unit primarily consists of angular to subrounded
clasts in a silty sand matrix being locally derived from the surrounding
country rock. Clasts range in size from pebbles to boulders. Locally,
debris-flow, hyper-concentrated flow, slumps, till, and rock fall deposits
are included. Estimated thickness 1-5 m

Debris-flow deposits (Holocene and late Pleistocene)—Poorly sorted to

unsorted deposit consisting of angular to subrounded, pebble- to
boulder-sized clasts with a sand to clay matrix. Deposits are mostly
mapped where late Pleistocene glaciation undercut steep cliffs of
metamorphic rocks along the northern shore of Turquoise Lake and Busk
Creek. Most deposits are characterized by hummocky, micro-topography
with about 1-2 m of relief and diagnostic levees trending in the direction
of transport. Debris-flow deposits and associated processes locally occur
within units mapped as landslide deposits (QIs) and till (Qtp and Qtb).
Estimated thickness 3—5 m

Landslide deposits (Holocene and late Pleistocene)—Poorly sorted, fine- to

coarse-grained, angular to subrounded clasts in a silty sand to silty clay
matrix. Deposits generally lack stratification. Mode of deposition
primarily by surface creep and earthflow mechanisms. Commonly
characterized by hummocky topography with irregular, discontinuous
escarpments about 1-2 m in height trending perpendicular to the slope
direction. Large, landslide complex along the southern side of Busk
Creek and northern flank of Bald Eagle Mountain was initiated due to
post-glacial collapse of the adjacent frost-shattered bedrock with the
demise of the Turquoise Lake glacial complex about 13,000—12,000
years ago (ka). Contemporary rates of block expansion and dislocation
range from about 1.0-3.6 millimeters per year (mm/yr) from the interior to
margins of the landslide complex (Coe and others, 2013). Other landslide
deposits and complexes exist where glacial till has been redeposited as
landslides due to post-glacial collapse of oversteepened lateral moraines
(for example, northern side of Porcupine Gulch). Most Qls deposits
postdate the Last Glacial Maximum (LGM) in the region approximately
22-20 ka (Mason and others, 2011; Coe and others, 2013; Ruleman and
others, 2013; this report [table 1]). Estimated thickness ranges from 1-10 m

Talus deposits (Holocene and late Pleistocene)—Poorly sorted, angular to

subangular, pebble- to boulder-sized rock fragments deposited along the
base of steep cliffs and promontories. Clasts may be as much as 5 m in
diameter. Unit commonly forms aprons, cones, fans, and protalus
ramparts deposited by rockfall, rockslide, and rock and snow avalanche
processes. Deposits are primarily clast supported with a silty sand matrix
occurring at the toes of steep slopes and below cliff faces. Locally includes
debris-flow and landslide deposits, where surface runoff has concentrated
and remobilized deposits. Locally, especially north-facing aspects,
deposits contain interstitial ice at depths greater than 1 m, but no
indication of rock glacier growth and movement is observed within these
deposits. Thickness generally ranges from 1-10 m

GLACIAL AND GLACIOFLUVIAL DEPOSITS

Rock-glacier deposits (Holocene and latest Pleistocene)—Poorly sorted to

unsorted, cobble- to boulder-sized, hummocky and lobate deposits along
valley walls down to elevations of approximately 10,800 feet (ft)

(3,290 m) above sea level. Unit consists of a veneer of matrix-free,
angular cobbles and boulders that mantle a thicker mass of rock rubble
containing a matrix of finer rock fragments. Lower part of unit locally
contains interstitial ice, ice lenses, or an ice core. Rock fragments on and
within rock-glacier deposits are primarily derived from steep slopes and
upslope cliffs chiefly by rockfall and locally by rockslide and avalanche.
Orientations of curvilinear ridges and gullies on rock-glacier deposits
indicate downslope motion. Most of the rock-glacier deposits in
Colorado are of latest Pleistocene or early Holocene age (Meierding and
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Figure 1. Geologic setting of the Homestake Reservoir, Colo., 7.5' quadrangle (modified from Ruleman and others [2018]). Black box indicates location of mapped
quadrangle. Major Laramide and older structures shown by heavy black lines. Faults having definitive Pleistocene activity shown by heavy red lines. UAV, Upper

Arkansas Valley; AR, Arkansas River.
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Birkeland, 1980), but mantle relict ice bodies formed during former
glacial episodes. Active rock glaciers in the Front Range, north of the
region, have estimated rates of movement of 1-10 centimeters per year
(cm/yr) (White, 1971, 1976). Thickness 20—50 m

Outwash gravel of Pinedale glaciation (late Pleistocene)—Pebble, cobble,

and boulder gravel with a silty sand matrix interbedded with sand and
sandy pebble layers and lenses underlying terraces grading to unit Qtp.
Clasts are subrounded to rounded and generally <1 m in diameter.
Deposit is locally clast supported with little to no matrix. Maximum
deposition of unit is correlated with the LGM (Pinedale) about 22-20 ka
and higher-energy glaciofluvial deposition to have waned or terminated
by about 14-13 ka (this report). Pedogenic soils typically have an
A/Bw/C profile. Clast composition consists of chiefly Proterozoic
metamorphic rocks derived from the surrounding region. Height of
terrace treads above active stream channels ranges from 3—10 m. Source
is primarily reworked till of Pinedale glaciation along tributary streams.
Mapped and differentiated adjacent to the Turquoise Lake inlet. Small
unmapped, remnant deposits of this unit can be found along active
drainages but are discontinuous and generally thin due to the erosive
geomorphic environment during the LGM about 22-20 ka and its
deglaciation. Thickness varies with geomorphic location within the
basin, but generally ranges from 1-5 m

Till of Pinedale glaciation (late Pleistocene)—Subangular to subrounded,

unconsolidated, pebble- to boulder-sized clasts in a clayey, silty sand
matrix. Deposits generally poorly sorted to unsorted. Clasts range up to
10 m in diameter and are competent with very little weathering. Deposit
is characterized by steep-crested lateral moraines and undrained
hummocky depressions within terminal and recessional moraine
complexes deposited directly by glacial ice. Locally has sorted and
bedded lenses of sandy gravels deposited by subglacial streams.
Convoluted and disturbed bedding due to minor glacial advances is
locally preserved. Soils on deposits are generally characterized by weak
to moderately developed Bw horizons, but locally have weak Bt horizons
of stage I development. Clasts are chiefly unweathered and competent,
except where older deposits have been reworked into deposits of Qtp.
Age of deposits are constrained by Beryllium-10 ('°Be) and
Aluminum-26 (*Al) cosmogenic nuclide ages on exposed surface
boulders that generally range from about 22—13 ka within the quadrangle
(table 1). Other studies within the region indicate Pinedale glaciation to
have occurred between 30—12 ka (Madole, 1986; Nelson and Shroba,
1998; Benson and others, 2004, 2005) with the LGM being about 22—
20 ka and a possible ice advance or stagnation at about 15.5-14.5 ka
(Brugger, 2007; Briner, 2009; Mason and others, 2011; Young and
others, 2011; Ruleman and others, 2013). Complete deglaciation of the
northern Sawatch Range occurred by about 14—13 ka (Ruleman and
others, 2013; 2018) (see table 1). Estimated thickness is 3-60 m

Till of Bull Lake glaciation (late middle Pleistocene)—Subangular to

subrounded, unconsolidated, unsorted and lacking bedding and
stratification, pebble to boulder gravel in a clay, silt, and sand matrix.
Deposits generally lie downvalley from Pinedale terminal moraines (unit
Qtp). The original depositional surface morphology has been eroded and
smoothed. Boulders are partially to mostly buried on the surface and
clasts are more weathered than that of unit Qtp. Boulders in unit Qtb
commonly have oxidized weathering rinds 3—5 mm in thickness and are
readily friable. In this northern region of the upper Arkansas Valley, soils
on these deposits are generally A/Bt/C profiles with a 20-30 cm-thick
argillic horizon oxidized to slightly red chromas. To the south of the
quadrangle, soils on deposits of this age commonly have stage 11
pedogenic carbonate development, but within the mapped quadrangle,
Qtb deposits typically have stage I carbonate development and locally
discontinuous stage II pedogenic carbonate. Deposits are correlated with
those dated in the adjacent Front Range of Colorado with °Be and *°Al
cosmogenic radionuclide exposure minimum age estimates of 101+21
and 122426 ka (Schildgen and others, 2002). Thickness varies based on
geomorphic position, but is generally estimated to be 5-20 m

PLIOCENE? TO LATE CRETACEOUS INTRUSIVE ROCKS
Rhyolite (Pliocene? or Miocene?)—Fine-grained, white rhyolite and light-

gray to black flow-banded vitrophyre. Occurs in north-trending dike
system on eastern flank of Sawatch Range, from south edge of
quadrangle to north side of Longs Gulch, and in scattered small dikes
elsewhere. This rhyolite and a rhyolite breccia, occurring to the east
within the Leadville North, Colo., 7.5' quadrangle (Ruleman and others,
2018), are the youngest intrusive rocks recognized in the quadrangle.
Tweto (1974) inferred an age as young as Pliocene or late Miocene based
on evidence of hypabyssal intrusion indicated by extensive development
of vitrophyre

- Latite breccia (Oligocene)—Highly altered latite and quartz latite porphyry

Tl

calculated usingthe CRONUS-Earth online calculator ver. 2.2, following the time-invariant scaling model of Lal (1991) and Stone (2000). Uncertainties are reported at the 1 sigma level (o) (about 9 percent external uncertainty; Balco and others, 2008). Consistent with past studies within the region, no corrections for erosion or snow cover were applied, which allows for comparison with previous 391°03%'37 . 2 nE =l
"Be chronologies reported for the upper Arkansas River valley and central Colorado (Guido and others, 2007; Briner, 2009; Ward and others, 2009; and Young and others, 2011) when adjustments for production rates are made. JXSES%TN M,_?SJSTC%;;'E PANDO
[Latitude and longitude in North American Datum 1927 (NAD 27); dd N, decimal degrees north; dd W, decimal degrees west; m, meters; cm, centimeters; g/cm®, grams per cubic centimeter; cm/yr, centimeters per year; E+, exponential base 10; mg, milligrams; Be, beryllium; qtz, quartz; g, grams; conc., concentration; std., standard; Al, aluminum; ka, thousands of years (kilo-annum); int, interior; ext, exterior; %, percent; --, no data]

Sample identifier Latitude Longitude Elevation Thickness Density Shieldiflg Erosion rate Be carrier Mass qtz "Be/9Be Error '"Be/’Be 1"Be Error '"Be "Be conc.  Error '’Be conc. Be AMS std. 2A1/77Al Error *Al/"?Al A1 Error Al Al conc.  Error **Al conc. Al std. 6AL/Be "Be Age Rel: Unc. Rel. Unc. Al Age Rel: Unc. Rel. Unc. 20A1 Age/

(dd N) (dd W) (m) (cm)  (g/cm?) correction  (cm/yr) (mg) (2) (x10%%) (x10"%) (atoms) (atoms) (atoms/g) (atoms/g) (1015 (10°%) (atoms) (atoms) (atoms/g) (atoms/g) (ka) (int) (ext) (ka) (int) (ext) "Be Age

CR-CO-HR-01-11  39.33011  106.4082 3,341 3 2.73 0.99 0.00 0.2705  6.79 212367 6.7921 3.76E+06  1.24E+05 5.53E+05 1.83E+04 07KNSTD 500.51 20.1648 241E+07  9.74E+05 3.55E+06 1.43E+05 KNSTD  6.41235768614353 13,195 438 896 12,204 495 1,166 .92489579386131 39722307

CR-CO-HR-02-11  39.32831  106.417 3,450 3 2.73 0.99 0.00 02793 7417 226.555 9.8323  4.15E+06  1.84E+05 5.59E+05 2.49E+04 07KNSTD 1,122.33 50.9018 2.78E+07 1.26E+06 3.75E+06 1.70E+05 KNSTD  6.71413386103306 12,241 547 908 11,971 546 1171 .97794297851483 NAST 'I{%“S".frf\}’éﬁf LE,\A,\(?F\{TILHLE

CR-CO-HR-03-11  39.35245  106.4234 3,524 3 2.73 0.98 0.00 0.2881  6.982 222771 8.65827  4.20E+06  1.68E+05 6.02E+05 2.40E+04 07KNSTD 601.581 26.4621 2.86E+07 1.26E+06 4.10E+06 1.80E+05 KNSTD  6.81412130859081 12,993 520 928 13,015 575 1,265 1.00169321942584 (le'zfni‘“; | (Rﬁ:g”mifgnd

CR-CO-HR-04-11  39.35044  106.4121 3,450 3 2.73 0.99 0.00 0.2728  9.922 336.449 10.1348  6.05E+06  1.86E+05 6.10E+05 1.87E+04 07KNSTD 888.432 38.4499 4.01E+07 1.73E+06 4.04E+06 1.75E+05 KNSTD  6.61811204530715 13,553 417 904 13,161 574 1276  .97107651442485 CtL=R2020) oths, 2018)

CR-CO-HR-05-11  39.35169  106.378 3,304 3 2.73 1.00 0.00 0.288  19.597 662.779 16.1912 1.27E+07  3.12E+05 6.47E+05 1.59E+04 07KNSTD 1,774.11 69.9893 8.24E+07  3.25E+06 4.20E+06 1.66E+05 KNSTD  6.50025502609462 15,502 382 995 14,866 592 1,417 .95897303573732 29015

Cblk-3436-2 - - - - - - - 0.2876 - 4.54159 1.43035 - - - - - - - - - - - - - - - - MOUNT MOUNT LEADVILLE

Cblk-3436-1 - - - - - - - 0.2828 ~ 4.41875 1.18352 - ~ - - - -~ - - - - ~ - - - - - - - - ~ CHAMPION MASSIVE SOUTH

CR-CO-HR-07-11  39.25737  106.4822 3,682 3 2.73 1.00 0.00 0283 19914 710.952 17.4247 1.34E+07  3.30E+05 6.71E+05 1.66E+04 07KNSTD 3,265.78 103.087 8.89E+07  2.81E+06 4 4TE+06 1.41E+05 KNSTD  6.65110917891957 12,883 320 827 12,543 398 1,156 .97360863152992

CR-CO-HR-08-11  39.25931  106.4771 3,682 3 2.73 1.00 0.00 0.2825  17.761 2,516.63 383943  4.74E+07  7.25E+05 2.67E+06 4.08E+04 07KNSTD 9,566.13 321.992 3.03E+08 1.02E+07 1.71E+07 5.75E+05 KNSTD  6.39101208961966 47,925 741 2,956 44,834 1,541 4233 .93550339071466

CR-CO-HR—-09-11  39.26566  106.485 3,627 3 2.73 1.00 0.00 02775  51.627 8,389.71 103.156 1.56E+08  1.91E+06 3.01E+06 3.71E+04 07KNSTD  21,658.7 501.35 LOIE+09  2.34E+07 1.96E+07 4.54E+05 KNSTD  6.5056743904202 57,784 723 3,534 55841 1,330 5,113 .96637477502423 39°07'30"

Cblk—3509—1 - - - - - - - 0.2808 - 3.93318 124111 - - - - - - - - - - - - - - - - - - - - Index map showing map area in yellow, and adjacent

. S s e e - . AN e

Cblk-3835-2 - - - - - - - - - - - - - - - - 2.14788 3.09566 - - - - - - - - - - - - - if available.

Cblk-3835-1 - - - - - - - - - - - - - - - - 1.28052 1.84548 - - - - - - - - -

CR-CO-HR-01-15  39.36029  106.4896 3,627 3 2.73 1.00 0.00 0.2894  37.1230010986328 1,320.36 23.879 2.55E+07  4.62E+05 6.87E+05 1.24E+04 07KNSTD 4,234.28 109.296 1.74E+08 4.48E+06 4.68E+06 1.21E+05 KNSTD  6.80696991327569 13,667 248 846 13,714 357 1,240 1.00343894051365

CR-CO-HR-02-15  39.36017  106.48977 3,627 3 2.73 1.00 0.00 0.2674  46.4869995117188 1,549.02 292964  277E+07  5.24E+05 5.95E+05 1.13E+04 07KNSTD 2,150.04 56.2794 2.00E+08 5.24E+06 4.31E+06 1.13E+05 KNSTD  7.23496537773483 11,377 217 707 12,444 328 1,126 1.09378570800738

CR-CO-HR-03-15  39.36002  106.49004 3,627 3 2.73 1.00 0.00 0.2609  50.1650009155273 1,868.82 321205  3.26E+07  5.60E+05 6.49E+05 1.12E+04 07KNSTD 2,783.46 70.8658 2.38E+08 6.07E+06 4.75E+06 1.21E+05 KNSTD  7.31630456381456 12,862 223 793 13,961 358 1,261 1.08544549836728

CR-CO-HR-04-15  39.36833  106.48904 3,545 3 2.73 1.00 0.00 0.264  24.7320003509521 927.879 18.3557 1.64E+07  3.24E+05 6.61E+05 1.31E+04 07KNSTD 1,452.05 47.1622 1.12E+08 3.65E+06 4.54E+06 1.47E+05 KNSTD  6.86450777697456 13,849 275 865 14,018 457 1,297 1.01220304715142

CR-CO-HR-05-15  39.36803  106.48937 3,545 3 2.73 0.99 0.00 0.261  22.1450004577637 844.829 16.8638 1.47E+07  2.94E+05 6.65E+05 1.33E+04 07KNSTD 4,018.8 122.466 1.17E+08 3.56E+06 5.27E+06 1.61E+05 KNSTD  7.93620038192057 13,992 281 875 16,136 497 1,484 1.15323041738136

CR-CO-HR-06-15  39.36832  106.48926 3,545 3 2.73 0.99 0.00 0.2694  27.3649997711182 944.73 19.2057 1.70E+07  3.46E+05 6.21E+05 1.26E+04 07KNSTD 1,285.38 42.0784 1.18E+08 3.87E+06 4.32E+06 1.41E+05 KNSTD  6.95147991635168 12,975 264 812 13,282 436 1,230 1.02366088631985

CR-CO-HR-07-15  39.3695 106.4851 3,450 3 2.73 0.99 0.00 0.2696  30.306999206543 1,175.81 19.6695  2.12E+07  3.54E+05 6.98E+05 1.17E+04 07KNSTD 1,506.95 47.9921 1.44E+08 4.60E+06 4.76E+06 1.52E+05 KNSTD  6.81713326853859 15,367 259 946 15,408 496 1,424 1.00266805492289

CR-CO-HR-08-15  39.36948  106.48501 3,450 3 2.73 0.99 0.00 0.2664  14.6569995880127 479.506 10.645 8.52E+06  1.90E+05 5.81E+05 1.29E+04 07KNSTD 2,168.87 83.0614 5.74E+07  2.20E+06 3.92E+06 1.50E+05 KNSTD  6.74133788881907 12,902 287 816 12,762 491 1,209 .98914896915207

CR-CO-HR-10-15 3927922  106.49874 3,697 3 2.73 1.00 0.00 0.2623  50.2540016174316  10,522.5 107.537 1.84E+08  1.89E+06 3.67E+06 3.75E+04 07KNSTD  12,370.2 429755 1.25E+09  4.35E+07 2.49E+07 8.65E+05 KNSTD  6.78472381447243 66,271 688 4,035 66,987 2405 6422 1.01080412246684

CR-CO-HR-11-15 3927808  106.49824 3,682 3 2.73 1.00 0.00 0.2637  36.3400001525879 6,256.03 64.3355 1.10E+08  1.13E+06 3.03E+06 3.12E+04 07KNSTD 31,1054 1,073.89 7.58E+08 2.62E+07 2.09E+07 7.20E+05 KNSTD  6.87785705147357 56,201 587 3414 57,737 2,047 5,504  1.02733047454672

CR-CO-HR-12-15 3927754 10649722 3,676 3 2.73 1.00 0.00 0.2716  30.7369995117188 7,682.92 75.6508 1.39E+08  1.37E+06 4.54E+06 4.47E+04 07KNSTD  27,641. 695.408 9.43E+08 2.37E+07 3.07E+07 7.72E+05 KNSTD  6.76514594725177 83,589 840 5106 84,599 2218 7,904 1.01208292957207

CR-CO-HR-13-15  39.26778  106.48619 3,642 3 2.73 1.00 0.00 0.2631  48.5270004272461 3,568.01 66.9524  6.27E+07  1.18E+06 1.29E+06 2.43E+04 07KNSTD 9,976.45 257.194 4.36E+08 1.12E+07 8.99E+06 2.32E+05 KNSTD  6.95539762762901 24,048 456 1,498 24,662 644 2241  1.02553226879574
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Photograph 2. View to the west-southwest of the Continental Divide and the Fryingpan-Roaring Fork watershed from Hagerman Pass (11,925 feet above sea level [asl]; 3,635 meters asl). Ft, feet; m, meter. Photograph by C.A. Ruleman, 2015.
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containing brecciated Proterozoic host-rock fragments. Unit occurs in a
single, small body within units Xb, YXmr, and Ygs south of Timberline
Lake in the southwest part of the quadrangle. Originally mapped by
Tweto (1974)

Lincoln Porphyry (Eocene)—Light gray to light bluish-gray and pinkish-

gray quartz monzogranite porphyry. Contains phenocrysts of mainly
orthoclase and quartz <1 cm long, and rare biotite and hornblende.
Ocecurs in a single, small body within St. Kevin batholith north of
Turquoise Lake (Tweto, 1974). Exposed as a main sill body on Cooper
Hill and the western flank of Buckeye Peak and Chicago Ridge in
northeastern part of the Leadville North, Colo., 7.5' quadrangle
(Ruleman and others, 2018). Unit is crosscut by the gray porphyry group
(Tg of Ruleman and others, 2018), mapped to the east of the quadrangle

SOUTHEAST
A 4
FEET
— 13,000
— 12,500
— 12,000
— 11,500
— 11,000

— 10,500
— 10,000
— 9,500
— 9,000
— 8,500

Divisions of Quaternary, Neogene, and Paleogene time
used in this report'

Period or Epoch Age
subperiod

Holocene 0-11,477+85 yr
Quaternary late 11.5-132 ka
Pleistocene middle 132-788 ka
early 788 ka—2.588 Ma
Pliocene 2.588-5.332 Ma
Neogene Miocene 5.332-23.03 Ma
Oligocene 23.03-33.9 Ma
Paleogene Eocene 33.9-55.8 Ma
Paleocene 55.8-65.5 Ma
Mesozoic Cretaceous 65.5-145 Ma
Mesoproterozoic 1,000-1,600 Ma

Paleoproterozoic 1,600-2,500 Ma

!Ages of time boundaries are those of the U.S. Geological Survey Geologic Names
Committee (2018) except those for the late-middle Pleistocene boundary and middle-
early Pleistocene boundary, which are those of Richmond and Fullerton (1986). Ages
are expressed in yr for years, ka for kilo-annum (thousand years) and Ma for
mega-annum (million years).

Photograph 1. View looking north from the south col
above Lake Esther in the northwest corner of the
quadrangle. Cosmogenic nuclide samples were
taken from the outcrop in the immediate foreground
and indicate the Last Glacial Maximum ice, and
previous middle-to-late Pleistocene glacial
episodes, overrode this saddle, and many others, as
one larger ice field: the middle Pleistocene Central
Colorado Icefield (Ruleman and Hudson, 2016;
Ruleman and others, 2018, 2019a, 2019b).
Photograph by C.A. Ruleman, 2015.

Photograph 3. This photograph of U.S. Geological Survey student interns Candice
Passehl and Michael Frothingham displays a cosmogenic nuclide surface exposure site
on glacially scoured Proterozoic metamorphic rocks along Homestake Creek. View is
looking south towards Homestake Reservoir, with the dam just below the skyline in the
center of the photograph. This site was occupied and eroded by the Homestake glacier
of the Central Colorado Icefield during the Last Glacial Maximum ~22,000 to 20,000
years ago (Leonard and others, 2017). Photograph by C.A. Ruleman, 2015.

Tkw

in the vicinity of Leadville and the northern Mosquito Range (Behre,
1953; Bohannon and Ruleman, 2013; Ruleman and others, 2018), but the
age of the mapped Lincoln Porphyry remains problematic. Biotite K-Ar
ages are documented in an older and younger suite, 62 and 64.6 million
years (Ma) (respectively Pearson and others, 1962; McCalpin and others,
2012), and 44.1+1.6 Ma (Marvin and others, 1989). Supporting,
younger, fission- track dates of 36.7+3.9 and 48.6+6.6 Ma on apatite and
40.14+3.9 and 41.543.7 Ma on zircon (Mach, 1992) have been obtained
from rocks of very similar composition and appearance to the Lincoln
Porphyry mapped to the east within the Climax, Colo., 7.5' quadrangle
(McCalpin and others, 2012), although they may not be the same unit.
Based on geologic mapping by Tweto (1974) and the complex intrusive
history of the region, we speculate that the older Paleocene ages are
measurements of xenolithic bodies and inclusions of the older White
porphyry, with ages of 71.8-64.1+0.9 Ma (Cunningham and others,
1994; Kellogg and others, 2017; Ruleman and others, 2018)

Tku Unclassified porphyry dikes (Tertiary and Cretaceous)—Generally white,

red, yellow, and brown, highly altered and sheared porphyries of various
composition. Exposed as a northeast-trending dike on the headwall east
of the Isolation Lake cirque basin

White porphyry group dikes (Paleocene and Upper Cretaceous)—White

to yellowish brown, fine-grained cryptocrystalline to aphanitic
porphyritic rhyolite and monzogranite. Composed primarily of visible
quartz and biotite <2 mm in a fine-grained groundmass of quartz, biotite,
and plagioclase. Common accessory minerals include magnetite, zircon,
apatite, and hornblende (Cappa and Bartos, 2007). Generally exposed
across the southern half of the quadrangle in east-west-trending dikes. To
the east and southeast of the quadrangle dikes continue across the western
flank of Mount Zion as sills subparallel to bedding within the Minturn
Formation on the Leadville South quadrangle (Ruleman and others, 2018)
thickening to the south-southeast into domed sills and small stocks in the
Mount Sherman quadrangle (Bohannon and Ruleman, 2013). Unit includes
the Pando Porphyry of Tweto (1951; 1974) dated at 70 Ma (Pearson and
others, 1962), 71.8 Ma (Cunningham and others, 1994) and a more recent
U-Pb zircon age of 64.1+0.9 Ma (Kellogg and others, 2017)

Granodiorite (Late Cretaceous)—Fine- to medium-grained, gray biotite-

hornblende granodiorite. Intrudes biotite gneiss, impure quartzite, and
St. Kevin Granite (Ygs) with sharp contacts. Distinguished from St.
Kevin Granite by lack of muscovite. Occurs in a small stock at West
Tennessee Lakes in the north-central part of the quadrangle and within
concealed dikes along the central-eastern portion of the map

PROTEROZOIC IGNEOUS AND METAMORPHIC ROCKS

MESOPROTEROZOIC SHEAR ZONE ROCKS

- Mylonite series shear zone rocks and pseudotachylite (Mesoproterozoic)—

Mylonite-series rocks consist of fine-grained, strongly foliated and
lineated rock including mylonite and ultramylonite occurring in discrete
shear zones. Textures show evidence for grain-size reduction,
porphyroblast and porphyroclast rotation, and mineral elongation in
plastically sheared rock (Shaw and others, 2001; Lee and others, 2012).
Hosted by biotite gneiss (Xb), hornblende gneiss (Xhch), and impure
quartzite (Xhcq). Mylonitic foliations typically trend subparallel to host-
rock foliations, although they locally crosscut the older fabric (Lee and
others, 2012). Locally overprinted by pseudotachylite and mylonitic
pseudotachylite. Exposed in the Slide Lake shear zone in the northeastern
corner of the quadrangle (Frothingham, 2017), and north of the Homestake
Reservoir quadrangle in the Homestake shear zone. Electron microprobe
uranium-thorium-lead (U-Th-Pb) monazite dating from the Homestake
shear zone suggests deformation ca. 1.42—1.38 billion years ago (Ga)
(Shaw and others, 2001). Pseudotachylite consists of black to dark gray
veins of amorphous fault rock <1 cm thick. Locally mylonitized and
recrystallized to fine-grained biotite (Merson and others, 2015). Occurs
as foliation-parallel veins filling brittle faults, and as injection veins at an
oblique angle to the fault plane. Contains rapidly quenched
disequilibrium melt and clasts of wall rock formed during brittle, high
temperature, and high strain rate seismic slip (Allen and others, 2002).
Hosted by biotite gneiss, impure quartzite, and St. Kevin Granite. Occurs
in association with ultramylonite on ridge northeast of Homestake Peak
(Shaw and others, 2001; Lee and others, 2012; Allen and Shaw, 2013).
Exposed in the Slide Lake shear zone, St. Kevin Granite east of
Homestake Reservoir, and north of the Homestake Reservoir quadrangle
in the Homestake shear zone (Allen, 2005; Shaw and Allen, 2007)

MESOPROTEROZOIC AND PALEOPROTEROZOIC IGNEOUS

AND METAMORPHIC ROCKS

- Pegmatite and aplite (Mesoproterozoic and Paleoproterozoic)—Fine- to

coarse-grained to megacrystic, white to light-pink and red, inequigranular
quartz-feldspar-biotite-muscovite rock. Biotite is the main mica. Forms
zoned, linear dikes and irregular intrusions typically with fine-grained,
“chilled,” aplitic textures formed towards the margins. Pegmatites within
and proximal to the St. Kevin batholith locally include sparse black
tourmaline and beryl (Tweto, 1974). Pegmatite and aplite are similar in
composition, but aplite is generally light pinkish brown to gray, fine to
medium grained, and leucocratic, which can be similar in appearance to
the Mesoproterozoic St. Kevin Granite (YQs), and especially the
finer-grained, marginal phases of Ygs. The unit does not show
mesoscopic evidence for solid-state plastic deformation

Monzogranite, granodiorite, biotite gneiss and schist, and pegmatite,

Yhd

undivided (Mesoproterozoic and Paleoproterozoic)—Medium-gray to
black, grayish-pink, light-pinkish-brown to light-brown, fine- to coarse-
grained biotite gneiss and schist profusely intruded by Ygs and YXp.
Mineralogy is generally consistent with the parent rock and younger
intrusive complexes consisting of biotite, hornblende, plagioclase,
microcline, and quartz. Unit is mapped around the peripheries of the St.
Kevin batholith and associated stocks and other textural or gradational
phases where the intrusive component and country rock are in relatively
equal proportions. Contacts commonly correspond to Tweto (1974)
migmatite unit excluding older in situ migmatitic biotite gneiss.
Exposures show complicated intrusive relationships and assimilation of
country rock consisting predominantly of unit Xb in this region.
Ptygmatic folding, boudinage, and sigmoidal structures are common.
Xenolithic bodies have diffuse boundaries and locally internal, intense
ptygmatic folding. Unit was mapped in regions adjacent to the St. Kevin
Granite that are pervasively intruded by granite and pegmatite to
distinguish this intrusive complex from areas of migmatite with evidence
for in situ melting (for example, biotite selvages around granitic
leucosomes) of metamorphic and meta-igneous rocks (Ruleman and
others, 2011; Bohannon and Ruleman, 2013; Kellogg and others, 2017)

Diorite dikes (Mesoproterozoic and Paleoproterozoic)—Scattered dioritic

dikes of various mineralogic compositions and ages. Some probably as
old as granite of Cross Creek, and some are younger than St. Kevin
Granite (Tweto, 1974)

Hornblende diorite (Mesoproterozoic)—Gray, dark gray, to green, medium-

grained hornblende-rich diorite. Distinguishable from metalamprophyres
(Yml) by lighter color and lack of strong foliations or lineations. Truncates
Paleoproterozoic host rock foliations. Hosts metalamprophyres and St.
Kevin Granite in places. Occurs in elongate pod on the East Fork of
Homestake Creek and in scattered dikes near Homestake Reservoir,
Upper Homestake Lake, and Slide Lake. Occurs in dikes throughout the
region (Tweto, 1974). Dashed where rafted in St. Kevin Granite. Solid
line where in situ as original intrusion, dashed line where hosted as
pendants in younger St. Kevin Granite and mixed rock

- St. Kevin Granite (Mesoproterozoic)—Medium- to coarse-grained, gray to

light-pinkish-gray and pinkish-brown, euhedral equigranular to
porphyritic, massive to locally weakly foliated biotite-muscovite
monzogranite, with local gradational changes to granodiorite and other
textural variations (Pearson and others, 1962; Tweto and Pearson, 1964;
Tweto, 1974, 1987). The main batholith is characterized by a central
region of coarse-grained monzogranite grading outward into medium-
grained monzogranite and fine-grained foliated monzogranite and
granodiorite with seriate-to-porphyritic texture commonly having
Carlsbad twinning in aligned microcline phenocrysts. Within the map
area, medium-grained, euhedral monzogranite is the common phase of
the main plutonic body. Silicified, quartz-rich zones are mapped along
the central-eastern portion of the map (Tweto, 1974) and indicated by
dark blue, solid lines within unit Ygs. Rb-Sr isochron age is 1,390+60 Ma
(Pearson and others, 1962), and a more recent U-Pb age from outside the
quadrangle is 1,442+14 Ma (Moscati and others, 2017). Hydrothermally
altered St. Kevin Granite, unit Ygs(a), bounds the north and south sides
of the central region of Turquoise Lake along a generally north-trending
fault zone. Farther north along the same north-trending fault zone,
sheared and brecciated St. Kevin Granite, Ygs(s), is mapped between
Porcupine and Longs Gulches and along the ridge between Homestake
Reservoir and East Fork Homestake Creek

— i
Metalamprophyre (Mesoproterozoic)—Dark gray, brown to gray green,

mafic, ultrapotassic, foliated and lineated, porphyritic dikes (Yml

dikes). Matrix modal mineralogy includes on average 35 percent biotite,
30 percent potassium feldspar, 20 percent quartz, and 15 percent
hornblende (Frothingham, 2017). Porphyroblast modal mineralogy
includes on average 60 percent hornblende and 40 percent biotite.
Metalamprophyres display strong foliations near their margins, and
moderate foliations near the center of the dikes. Foliations are defined by
compositional banding of feldspar and quartz in felsic lenses, and biotite
and hornblende in mafic lenses. Strong grain shape preferred orientations
in biotite, and moderate grain shape preferred orientations in hornblende
also contribute to foliations. Lineations, when present, are defined by
elongated porphyroblasts of hornblende and biotite. Porphyroblasts are
mostly undeformed near dike centers and are strongly elongated near
dike margins. Occur in highest concentrations in the northern half of the
quadrangle and northwestern quadrant as east northeast-trending,
subvertical dikes, approximately following preexisting foliations in
Paleoproterozoic biotite gneiss. Metalamprophyres are also found in
lesser concentrations in the southern half of the quadrangle as discon-
tinuous pendants hosted by the younger, intrusive St. Kevin batholith.
Whole rock x-ray fluorescence (XRF) geochemical analyses by Barbery
and others (2013) suggest that metalamprophyres were emplaced as
calc-alkaline lamprophyres to lamproitic lamprophyres, based on
classification by Rock (1987). Metalamprophyres were metamorphosed
and deformed broadly contemporaneous to deformation in the adjacent
Homestake shear zone ca. 1,420—-1,380 Ma (Shaw and others, 2001)

- Unclassified granite (Paleoproterozoic)—Pink to gray, medium-grained,

equigranular, biotite granite. Other minerals include quartz, plagioclase,
and microcline. Distinguished from St. Kevin batholith by lack of
muscovite. Intruded by metalamprophyres (Yml). Occurs in small body
west of Homestake Reservoir along the contact between biotite gneiss
(Xb) and hornblende gneiss (Xhch)

Xdi Biotite-quartz diorite dikes (Paleoproterozoic)—Gray to dark-gray medium-

to coarse-grained moderately to strongly foliated diorite. Limited to the
southwest quadrant of the map as two north- and one northeast-trending
dikes. Inferred to be related to granite of Cross Creek (Tweto, 1974)

Xb Biotite gneiss (Paleoproterozoic)—Gray to brown, foliated, biotite-rich

quartzofeldspathic gneiss, locally migmatitic. Modal mineralogy
includes on average 55 percent quartz, 20 percent biotite, 10 percent
muscovite, 5 percent sillimanite, 5 percent potassium-feldspar, and 5
percent opaques (Frothingham, 2017). Locally contains garnets as much
as 1 cm in diameter. Foliations are defined primarily by compositional
banding of quartz-rich leucosomes and biotite-rich melanosomes. Felsic
leucosomes are on average between 1-10 mm thick, but may be as thick
as 1 m. Melanosomes, primarily consisting of aligned biotite selvages,
vary from less than 1 mm to more than 10 cm thick. Foliations are
straight in high-strain lenses and are structurally chaotic and disorganized
in low-strain lenses. Biotite gneiss occurs as the primary basement rock
in the northern half of the quadrangle, and as large (>1 kilometer [km])
pendants within the St. Kevin batholith in the southern half of the
quadrangle. Biotite gneiss is highly interfingered with other units such as
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Figure 2. Oblique view to the north of the Homestake Reservoir 7.5' quadrangle geologic map with adjacent physiographic relationships.

The location of photograph 3 is marked by star.

hornblende gneiss, impure quartzite, and impure marble in the northern
half of the quadrangle. Biotite gneiss is interpreted to be part of a
metasedimentary to metavolcanic supracrustal succession (Tweto, 1987;
Allen and Shaw, 2013), originally deposited ca. 1,785-1,770 Ma
(Wallace, 1993), and metamorphosed in the amphibolite facies ca.
1.71-1.63 Ga (Shaw and others, 2001). Correlated with similar
metasedimentary rocks within the adjacent Gore and Front Ranges with
detrital zircon U-Pb ages ranging from about 1,785-1,750 Ma (Kellogg
and others, 2008, 2011)

Hornblende gneiss (Paleoproterozoic)—Gray to dark gray, weakly foliated,

and locally sheared hornblende and plagioclase-rich gneiss (Frothingham,
2017). Modal mineralogy includes on average 60 percent hornblende,

30 percent plagioclase, 5 percent biotite, 5 percent chlorite, and trace
opaques. Minor quartz and microcline may also occur when adjacent to
other quartzofeldspathic gneiss. Foliations are defined by moderate to
strong compositional banding. Weak grain shape preferred orientations
also contribute to foliations. Hornblende-rich melanosomes vary from 1
to 100 mm thick. Foliations are straight in high-strain lenses and are
structurally chaotic and disorganized in low-strain lenses. Hornblende
gneiss occurs primarily in the northern half of the quadrangle as part of
an about 2-km-wide, east-to-west-trending band of highly interfingered
biotite gneiss, impure quartzite, and impure marble. Hornblende gneiss is
interpreted to be metavolcanic in origin (Tweto, 1987). A prominent
east-west-trending shear zone, Xhch(s), lies within unit along the north
side of Paradise Lakes

Impure marble (Paleoproterozoic)—White, light to medium gray, to bluish-

green, weakly foliated calc-silicate gneiss to a nearly pure marble
(Frothingham, 2017). Modal mineralogy on average includes 45 percent
clinopyroxene, 40 percent calcite, and 15 percent microcline. Other
minerals include biotite, quartz, feldspar, hornblende, orthopyroxene, and
chlorite. Foliations are rarely observed on the outcrop scale or thin
section scale, unless mixed with other hornblende gneiss or quartzo-
feldspathic gneiss. Impure marble displays hackly weathering in outcrop
and reacts to dilute hydrochloric acid. Impure marble occurs primarily in
the northern half of the quadrangle in part of a 2-km-wide, east-to-west-
trending band of highly interfingered biotite gneiss, hornblende gneiss,
and impure quartzite. Individual marble lenses are rarely more than 1 m
thick. Impure marble is interpreted to be metasedimentary in origin
(Tweto, 1987)

Impure quartzite (Paleoproterozoic)—Light gray to gray green, weakly

foliated, nearly pure quartzite, to a moderately gray, biotite-bearing,
quartzofeldspathic gneiss (Frothingham, 2017). Most occurrences have
average modal mineralogy of 45 percent quartz, 30 percent potassium
feldspar, 20 percent biotite, and 5 percent sericite. Rare occurrences have
modal mineralogy of nearly 100 percent quartz. Weak foliations are
defined by moderate grain shape preferred orientation of biotite. Biotite
foliation bands are generally less than 1 mm thick. Relatively pure
quartzite lenses may be up to 10 m thick. Impure quartzite occurs
primarily in the northern half of the quadrangle in part of a 2-km-wide,
cast-to-west-trending band of highly interfingered biotite gneiss,
hornblende gneiss, and impure marble. Most common lithology of
undivided unit Xhc of Kellogg and others (2017). Impure quartzite is
interpreted to be metasedimentary in origin (Tweto, 1987)

EXPLANATION

Contact—Long dashed where approximately located, short dashed where
inferred. Short dashed contact lines projected above surface in cross
section indicate hypothetical orientation

Fault—Long dashed where approximately located, short dashed where
inferred, dotted where concealed. Question mark where identity or
existence questionable. Fault attitude tick shows dip. Arrows show
direction of movement (on cross section only)

Normal fault—Dotted where concealed. Ball and bar on downthrown block
Fluvial terrace scarp—Hachures point down scarp

Landslide scarp—Hachures point up scarp

Crest line of moraine—Sense of symmetry unspecified

Lineament—Of probable and suspect tectonic origin

Silicified zone—Silicified quartz-rich zones within the St. Kevin Granite
(unit Ygs)

Mylonite zone—Mylonite-series rocks consist of fine-grained, strongly
foliated and lineated rock including mylonite and ultramylonite
occurring in discrete shear zones. Hosted by St. Kevin Granite
Ygs(s), and hornblende gneiss Xhch(s). S indicates sheared.

Vein—Dashed where approximately located, dotted where concealed. Vein
attitude tick showing dip. Slickenline arrow showing grooves or
striations on vein surface, showing bearing and plunge. Veins in
central and western parts of map chiefly pyritic quartz-sulfide in
composition and silver bearing.

Inferred Pinedale glacial maximum—On cross section only

Foliation trend—Trend of foliation as interpreted from field measurements.
On cross section only

PLANAR POINT FEATURES

Inclined foliation—Showing bearing and plunge. Inclined lineation arrow
showing bearing and plunge

Vertical foliation—Showing strike

Vertical lineation

Horizontal lineation—Showing strike

Inclined porphyry dike attitude—Showing dip. Only appears in unit Tg

Inclined metalamprophyre dike attitude—Showing dip. Only appears
on unit Yml

Prospect pit or shallow shaft

Shaft—Showing rock unit label and depth to formation observed in shaft
in feet where available

Tunnel—Long line points in direction of tunnel entrace at surface
Caved tunnel—Long line points in direction of tunnel entrace at surface

Sample location—Showing sample location and identifier for '’Be and
%A1 cosmogenic radionuclide sample data and age analyses in
kilo-annum (ka). See table 1

Location of photograph and number

AREAL FEATURE

Shoreline—Showing open water

GEOLOGIC SETTING

The Homestake Reservoir 7.5' quadrangle lies at the northern end of the Upper
Arkansas Valley, where the Continental Divide at Tennessee Pass creates a low
drainage divide between the Colorado and Arkansas River watersheds. The entire
geology of the region has been mapped at various scales from adit to broad regional
syntheses by many workers (Behr, 1935; Pearson and others, 1962; Stark and Barnes,
1935; and Epis and Chapin, 1975). All these structural and stratigraphic relationships
were ultimately combined into a four 7.5' quadrangle compilation by Tweto (1974).
Within our new map, we update much of the legacy nomenclature and remaining
interpretations, which inherently refines the differentiation of geologic units,
placement of contacts and structures, and the resulting geologic interpretations.
Specifically, we have reinterpreted the previously mapped Proterozoic units of Tweto
(1974) and the relationships with the surrounding country rock. This results in the
preservation of many of Tweto’s (1974) metasedimentary contact locations, but
reinterpretation of the relationships between intrusive units, structures, and the
resulting geologic interpretations. Ages of geologic units have been updated and many
of the structures have been placed within a contemporary Neogene extensional
tectono-magmatic framework. This update illuminates and permits improved
distinction of older inactive and potentially active seismogenic structures within the
map area and extends to adjacent regions. The cross section has been constructed to
show relationships between Proterozoic and Neogene structures.

The general geology of the quadrangle consists of metasedimentary Paleo-
proterozoic rocks, intruded by the Mesoproterozoic St. Kevin batholith and later
Cretaceous and Tertiary intrusive complexes, and affected by multiple phases of
tectonic deformation from Paleoproterozoic lithospheric assembly and stabilization,
through Mesoproterozoic intracontinental tectonism, to Ancestral Rockies uplift and
basin development, and culminating in Laramide mountain building and active
Neogene extension. The current neotectonic extensional framework has resulted in the
Arkansas River valley graben bound by the uplifted footwalls of the Sawatch and
Mosquito Ranges on the west and east, respectively. Subsequent Pleistocene glacial
erosion has resulted in spectacular deeply incised canyons and excellent exposures of
bedrock. North-south-trending, surficial lineaments are mapped along the eastern
margin of the quadrangle as probable strands of the Northern Sawatch fault zone
(Kellogg and others, 2017; Ruleman and others, 2017).

The Paleoproterozoic rocks within the quadrangle include biotite gneiss (Xb),
hornblende gneiss (Xhch), impure quartzite (Xhcq), impure marble (Xhcm), and an
unclassified granite (unit Xg). Metasedimentary rocks in the area are thought to have
been originally deposited as marine sediments interlayered with mafic and felsic
igneous rocks within a complex of back-arc basins and island arcs outboard of the
southern margin of the Archean Wyoming Province beginning ca. 1,780 Ma
(Boardman and Condie, 1986; Aleinikoff and others, 1993; Reed and others, 1993;
Chamberlain, 1998; Premo and others, 2007). The northernmost of these terranes was
subsequently accreted to the Wyoming province along the Cheyenne belt suture
(Karlstrom and others, 1981; Duebendorfer and Houston, 1987; Houston and others,
1989; ) during the Medicine Bow orogeny between 1,780—1,740 Ma (Chamberlain,
1998). This major continental structure divides the Archean core of Laurentia from the
accreted Proterozoic provinces to the south (Morozova and others, 2002; Tyson and
others, 2002). Continued convergence led to the progressive southward growth of the
continental lithosphere to form the Colorado Province (Bickford and others, 1986),
often considered to be the northeastern extension of the Yavapai Province (Silver,
1965, 1967, 1969; Karlstrom and Bowring, 1988; Holm and others, 1998; Whitmeyer
and Karlstrom, 2007). Axial planar foliations in isoclinal upright and recumbent folds
record continued north-south crustal shortening between 1,710-1,630 Ma (Shaw and
others, 2001) associated with deformation during the Yavapai and Mazatzal orogenic
events (Karlstrom and Bowring, 1988).

Mesoproterozoic intracontinental magmatism and shear zone deformation
followed Paleoproterozoic accretion and deformation. Igneous units include
hornblende diorite (Yhd); metalamprophyre dikes (Yml); as well as the St. Kevin
Granite (Ygs), which was emplaced ca. 1,442+14 Ma (Moscati and others, 2017). The
St. Kevin displays similar mineralogy and texture to other Mesoproterozoic granitoids
emplaced during widespread regional magmatism throughout the southwestern United
States ca. 1,400 Ma (Silver and others, 1977; Anderson and Bender, 1989; Frost and
Frost, 1997).

The margins of the St. Kevin batholith are characterized by complex
interfingering of granite with the metamorphic country rock. These areas have been
mapped as mixed rock (unit YXmr) as a means to honor the complexity of the contacts
at the scale of this map. We interpret these areas to include country rock of unit Xb
and other Proterozoic gneiss profusely intruded by and partially assimilated into
stocks and plutons of the St. Kevin Granite. These rocks were originally mapped as
migmatite by Tweto (1974); however, we have chosen to designate them as mixed
rock to distinguish them from in situ migmatite of probably Paleoproterozoic age that
is abundant north of the quadrangle. Field relations display Mesoproterozoic igneous
units intruding into preexisting metamorphic units, instead of locally derived partial
melting and migmitization of Paleoproterozoic gneiss. Dikes, pods, and small bodies
of pegmatite and aplite (YXp) are interpreted to represent both Paleoproterozoic and
Mesoproterozoic intrusions that locally crosscut or are deformed by tectonic fabrics.

The quadrangle lies immediately south of the Homestake shear zone, a major
northeast-trending Mesoproterozoic structure (Shaw and others, 2001) within the
Colorado mineral belt (Tweto and Sims, 1963; McCoy and others, 2005). An
east-west-trending, subvertical pseudotachylyte-filled fault associated with the
Homestake shear zone occurs on the ridge between Homestake Reservoir and the East
Fork of Homestake Creek. Mylonite, ultramylonite, and mylonitic pseudotachylyte of
the shallow to moderately dipping Slide Lake shear zone (Lee and others, 2012) are
mapped in the northeastern corner of the quadrangle. Shear zones are hosted in
Paleoproterozoic country rock as well as Mesoproterozoic igneous rocks. The earliest
shear deformation is recorded in metalamprophyre dikes, prior to the intrusion of the
St. Kevin batholith (Frothingham, 2017). The presence of mylonitic pseudotachylyte
in the shear zones indicates they were seismically active during Mesoproterozoic time
at a depth sufficient for temperatures to exceed 300 °Celsius (°C) (Allen and Shaw,
2013; Merson and others, 2015).
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With the onset of the Paleozoic era, shallow seas extended across this region
(Myrow and others, 2003). Although pre-Quaternary sedimentary strata have been
erosionally removed from the Homestake Reservoir quadrangle, the adjacent Leadville
North 7.5' quadrangle preserves a record of Paleozoic sedimentation and tectonics in
central Colorado. In the Leadville North quadrangle, the transgressive Late Cambrian
Sawatch Formation is the oldest Paleozoic stratigraphic unit and was nonconformably
deposited on Mesoproterozoic and Paleoproterozoic igneous and metamorphic rocks. The
Sawatch Formation is overlain by a thin succession of Ordovician through Mississippian
cratonic strata that record subtle early Paleozoic reactivation of the Homestake shear zone
along the east-dipping limb of the Sawatch anticlinorium northeast of the Homestake
Reservoir quadrangle (Allen, 2004). During the Middle Pennsylvanian, the Ancestral
Rockies orogeny began (De Voto, 1980), uplifting Proterozoic basement rock east of the
Homestake Reservoir quadrangle, which is recorded by deposition of the post-tectonic,
regressive, coarse clastic Minturn Formation in the adjacent Leadville North quadrangle
(Ruleman and others, 2018).

Following the Ancestral Rockies event, the region underwent a long interval of
erosion and lowering of the topography and was subsequently inundated by the Late
Jurassic-Cretaceous Western Interior Seaway. During the Late Cretaceous to Paleocene
Laramide orogeny, contractional deformation formed the broad Sawatch anticlinorium.
The informal White porphyry group (71.8-64.1 Ma; Tweto, 1974; Bohannon and
Ruleman, 2013; Ruleman and others, 2018), which includes the Pando Porphyry about
71.8-64.1+£0.9 Ma (Cunningham and others, 1994; Kellogg and others, 2017), were
emplaced during this time. The eastern limb of the Sawatch anticlinorium is preserved
to the east of the quadrangle along the Mosquito Range and Mount Zion region north of
Leadville.

Igneous activity continued from the Paleocene into the Eocene from 62-40 Ma
(Pearson and others, 1962; Kellogg and others, 2017). Within the quadrangle, about 40
Ma intrusive units are represented by the Lincoln Porphyry (T1), a unit which has been
mapped in adjacent areas using several local geographic names but have no substantial
compositional distinction from one another (Bohannon and Ruleman, 2013; Ruleman and
others, 2018). Based on the minimal presence of this intrusive rock within the quadrangle
and its abundance in the adjacent Leadville North quadrangle, we interpret the location of
the Tl body on the eastern margin of the quadrangle to represent the western margin of a
main intrusive complex underlying the Leadville region. As the Laramide orogeny and
igneous activity waned in the Eocene (Tweto, 1975), broad erosional surfaces began to
form across central Colorado and the Southern Rocky Mountains (Epis and Chapin,
1975). Remnants of these broad erosional surfaces are not found within the quadrangle,
but these relict surfaces are preserved farther south along the southern end of the Mosquito
Range and to the east in South Park and in the Front Range (Epis and Chapin, 1975;
Chapin and Cather, 1983; Chapin and Kelley, 1997; Kirkham, 2006; Ruleman and others,
2011; Houck and others, 2012; Kirkham and others, 2012).

Following the late Eocene erosional interval, regionally extensive Oligocene
volcanism began, generally with inception of the Rio Grande rift and associated exten-
sional deformation (Tweto, 1979; McCalpin and others, 2012). This deformation is
represented in the quadrangle by normal faulting, uplift, and exhumation of the Paleopro-
terozoic and Mesoproterozoic core of the Sawatch anticlinorium. Oligocene volcanic
rocks (unit TIb) have very limited exposure within the quadrangle, but extensive expo-
sures within quadrangles to the east (McCalpin and others, 2012; Bohannon and
Ruleman, 2013; Ruleman and others, 2018) indicate a probable much larger buried pluton
or stock along the eastern half of the quadrangle.

The western margin of the upper Arkansas Valley graben is bound by the east-dipping
northern Sawatch fault zone (NSFZ), expressed as lineaments along the eastern margin of
the quadrangle. Discontinuous lineaments and linear bedrock escarpments occur along
the trace of the NSFZ west of Tennessee Pass (Ruleman and others, 2017), but no
conclusive displacement of late Pleistocene, or Last Glacial Maximum (LGM) (about
22-20 ka), or younger deposits or other features were identified on the quadrangle.
However, relict bedrock escarpments, lineaments, and topographic depressions sugges-
tive of Quaternary displacement are present and generally trend north-northwest to the
northwest of the quadrangle.

During the Pleistocene, multiple glacial cycles eroded and exhumed the older
geology. Within the quadrangle, glacial deposits associated with Marine Oxygen Isotope
stages (MIS) 2 (about 30—14 ka) and 6 (about 191-130 ka) (Lisiecki and Raymo, 2005)
are identified; the Pinedale- and Bull Lake-equivalents, respectively. New cosmogenic
ages presented herein are generally consistent with ages of other LGM (about 22-20 ka)
and deglaciation (about 14—13 ka) deposits in the region (Young and others, 2011).
Madole (1986) defines the LGM to have existed between 30—12 ka. ’Be and 2°Al
cosmogenic radionuclide analyses indicate that most of the quadrangle was underneath
MIS 6 (that is, Bull Lake age) glacial ice. LGM terminal moraine complexes generally
yield ages of about 22-20 ka with complete deglaciation by about 14—13 ka. Cols and
benches that were covered and eroded by MIS 6 ice (that is, Bull Lake age), but were
above the LGM ice generally yield ages ranging from 80-60 ka. Following deglaciation
of the LGM, several minor cut-and-fill intervals persisted through the Holocene leaving
the present geomorphic relationships and physiography.

Sampling was carried out following established procedures outlined in Gosse and
Phillips (2001). This included recording elevation, latitude, longitude, and topographic
shielding data for each sample location, which accounts for any hindrance to '’Be
production from the surrounding skyline (table 1). Ages of samples were calculated using
the CRONUS-Earth online calculator ver. 2.2, (University of Washington, 2019) following
the time-invariant scaling model of Lal (1991) and Stone (2000). Uncertainties are
reported at the 1 sigma (o) level (about 9 percent external uncertainty; Balco and others,
2008). Consistent with past studies within the region, no corrections for erosion or snow
cover were applied, which allows for comparison with previous '’Be chronologies
reported for the upper Arkansas River valley and central Colorado (Guido and others,
2007; Briner, 2009; Ward and others, 2009; Young and others, 2011) when adjustments
for production rates are made.
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