
COLORADO GEOLOGICAL SURVEY
COLORADO SCHOOL OF MINES
GOLDEN, COLORADO

GEOLOGIC MAP OF THE MONTEZUMA QUADRANGLE, SUMMIT, CLEAR CREEK, AND PARK COUNTIES, COLORADO
CORRELATION OF MAP UNITS, 3-D OBLIQUE, GEOLOGIC HISTORY, AND CROSS SECTION

By Erick T. Bora, Ariel J. Borsook, Dustin Shockley, Yvette D. Kuiper, and Chester A. Ruleman
2025

GEOLOGIC MAP OF THE MONTEZUMA QUADRANGLE, SUMMIT, CLEAR CREEK, AND PARK COUNTIES, COLORADO
CORRELATION OF MAP UNITS, 3-D OBLIQUE, GEOLOGIC HISTORY, AND CROSS SECTION

OPEN-FILE REPORT 23-09 PLATE 2 OF 2
DOI: https://doi.org/10.58783/cgs.of2309/jjry6780

CORRELATION OF MAP UNITS 3-D OBLIQUE

GEOLOGIC SETTING
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The Montezuma 7.5’ quadrangle lies within Clear Creek, Park, and Summit counties in Colorado, and is located
approximately 70 km WSW of Denver. Proterozoic metamorphic and igneous bedrock underlies most of the
quadrangle, with younger surficial deposits such as glacial till and alluvium overlying bedrock, primarily in the
valleys. The Montezuma quadrangle was previously mapped at a 1:62,500 scale by Lovering (1935) and was
included in the 1:100,000 scale map of the Denver West 30' by 60' quadrangle (Kellogg and others, 2008).

The basement rocks in the Montezuma 7.5’ quadrangle are primarily composed of Paleoproterozoic
metasedimentary and metaigneous rocks. The main lithologies include biotite-quartz gneiss, sillimanite-biotite
gneiss/schist, and interlayered biotite-quartz gneiss/schist with pegmatites. These units have previously
collectively been referred to as the Idaho Springs Formation of Lovering (1935). Hornblende gneiss is also
exposed in the quadrangle. These metamorphosed units were intruded by Mesoproterozoic igneous rocks. Two
main Mesoproterozoic granitoid intrusions are exposed in the Montezuma 7.5’ quadrangle. The ~1442 Ma
(Aleinikoff and others, 1993; Powell and others, 2022) megacrystic K-feldspar granite of the Mount Blue Sky
(formerly Mount Evans) batholith (map unit Ygmp) is exposed in the southeastern corner of the quadrangle. The
~1424 Ma (du Bray and others, 2018) Silver Plume batholith (Yg) is exposed in the eastern and central parts of
the quadrangle. The ~38.8 Ma (Rosera and others, 2021; this study) quartz monzonite of the Montezuma stock
(PEqm) is exposed in the northern half of the quadrangle (Lovering, 1935; Warner and Robinson, 1967;
Robinson and others, 1974; Rosera and others, 2021; Shockley, 2021). Emplacement of Paleogene intrusive
rocks including the Montezuma stock was responsible for much of the mineralization within the Colorado
Mineral Belt (Tweto and Sims, 1963; Chapin, 2012).

Three main generations of folds affected the Montezuma 7.5’ quadrangle. The oldest generation of folds (F1) is
characterized by isoclinal folds in various orientations throughout the quadrangle (Shockley, 2021; Bora, 2024;
Borsook, 2025). The second fold generation is characterized by shallowly to moderately northwest-plunging
tight to open F2 folds in the southern half of the quadrangle (Fig 1B; Shockley, 2021; Bora, 2024), and shallowly
to moderately southwest- and northeast-plunging tight to open F2 folds in the northern half of the quadrangle
(Fig 1A; Shockley, 2021; Borsook, 2025). The latest generation of folds is characterized by tight to open
shallowly to moderately east- and west-plunging F3 folds primarily exposed in the east-central part of the
quadrangle (Fig 1C). Overprinting relationships can be observed between F2 and F1 folds and between F3 and F1
folds, but overprinting relationships between F3 and F2 folds are rarely exposed (Bora, 2024; Borsook, 2025).
The granite of the Mount Blue Sky batholith in the Mount Blue Sky and Montezuma quadrangles displays a
pervasive moderately north- to northwest-dipping tectonic foliation (Fig 1D; Powell, 2020; Powell and others,
2022; Bora, 2024). This suggests north- to northwest-directed shortening after ~1443 Ma. This foliation may be
coeval with F3 folds in the Montezuma quadrangle (cf. Shockley, 2021; Bora, 2024; Borsook, 2025).

Joints throughout the area are generally randomly orientated (Bora, 2024; Borsook, 2025). The quartz monzonite
porphyry of the Montezuma stock (unit PEqm) shows moderately northwest- and southeast-dipping joint sets and
otherwise randomly oriented joints (Fig 1E). Jointing in the rocks of the Montezuma stock may have been
related to the late Mesozoic to early Cenozoic Laramide orogeny, or to late Cenozoic extension associated with
the Rio Grande Rift.

Surficial deposits include one major glacial till deposit (Qtp). This unit correlates with the Pinedale (30-12 ka)
glacial period (Dahms, 2004) based on weathering patterns of boulders and clasts within the deposit, as well as
geomorphic and topographic position (Ruleman and others, 2011, 2020; Shroba and others, 2014; Kellogg and
others, 2017). Older glacial deposits are absent, as they have been overprinted and reworked by the Front Range
Pinedale ice cap and associated valley glaciers. Bedrock benches along canyon sidewalls above Pinedale till, and
along some of the higher ridges, are interpreted as marking the position of the Bull Lake ice cap and associated
valley glaciers during the 170-120 ka Bull Lake glacial period (Dahms, 2004; Bora, 2024). Rock glacier deposits
and underlying rock glaciers remain in the present landscape at elevations ranging from 3,390 to 3,780 meters
asl, as vestiges of Pinedale ice sheltered in generally north-facing cirque headwalls. Gravitational creep and
mass-wasting processes still continue with the formation deposition of alluvium, colluvium, talus, and landslide
deposits.

U-Pb LA-ICPMS GEOCHRONOLOGY RESULTS

Five igneous rock samples were collected for U-Pb zircon geochronology to constrain ages of deformation
(samples AB-394, EB-C-2, EB-SRC-1, and EB-MG-1) and to analyze inherited zircon to investigate basement
below the exposed surface rock (sample EB-MS-1).  Two metasedimentary rock samples were collected for U-
Pb detrital zircon analysis to constrain their maximum depositional ages and provenance (samples AB-499 and
Q623). Four samples of metasedimentary rock were collected for in-situ monazite analysis to constrain
deformational and depositional ages (samples 243PL, 269XAP, 397XFL, and 626XFL). These samples were
analyzed using laser ablation inductively coupled mass spectrometry (LA-ICP-MS) methods (Shockley, 2021;
Bora, 2024; Borsook, 2025). Results are summarized in Table 1 and Figures 2–5.

Sample AB-499 was collected from a was selected from a more quartzo-feldspathic part of the sillimanite-
bearing biotite schist (map unit Xsb) in the northwestern part of the quadrangle. The purpose was to constrain its
maximum depositional age, and ages of deformation and metamorphism. This sample yielded five different age
populations: ~2.68 Ga, ~2.57 Ga, ~2.01-1.80 Ga, ~1.77 Ga, and ~1.73 Ga (Fig. 2A-C; Borsook, 2025).
Weighted means of 207Pb/206Pb ages of these populations are indicated in Figure 2C. The youngest population of
nine zircon grains weighted mean 207Pb/206Pb age of 1729 ± 15 Ma, interpreted as the maximum depositional
age. Quartzite sample Q623 was collected from the Snake River Cirque to determine its maximum depositional
age, age of metamorphism, and to constrain the age of the F2 folds that deformed the quartzite and adjacent
units. The sample yielded two small ~2.57 Ga and ~1.90 Ga populations and a large ~1.77 Ga population, with
weighted means of 207Pb/206Pb ages as indicated in Figure 2F. The maximum depositional age is that of the
1768.6 ± 8.2 Ma population (MSWD = 0.73; n=82; Fig. 2C), or possibly as young as the 1713 ± 21 Ma
weighted mean of 207Pb/206Pb ages of the 15 youngest analyses (MSWD = 0.33). Based on the two samples,
deformation and metamorphism was younger than ~1.73 Ga.

Sample AB-394 was collected from a folded pegmatite (Plate 1; map unit YXp) in the northern half of the
Montezuma quadrangle to constrain the age of D2 deformation (Borsook, 2025). While nearly all data are
discordant (Fig. 3A), four populations can be distinguished based on discordia chords though data (Fig. 3A) and
on clusters on the float bar chart (Fig. 3B). They are ~1.93 Ga, ~1.71 Ga, ~1.60 Ga and ~1.42 Ga (Fig. 3A, B;
Borsook, 2025). The two younger populations cannot be explained by lead loss from the ~1.7 Ga or older zircon
and may be indicative of one or two Mesoproterozoic events. Sample EB-SRC-1 was collected from a folded
granite within biotite-quartz gneiss (Plate 1; map unit Xb) in the southern half of the Montezuma quadrangle to
constrain the age of F2 folding in the region (Bora, 2024). A discordia chord through 35 discordant zircons
yields an upper intercept of 1669 ± 18 Ma (MSWD = 17; Fig. 3C; Bora, 2024). Sample EB-C-2 was collected
from a folded pegmatite (Plate 1; map unit YXp within Xb) to constrain the age of F3 folding (Bora, 2024). This
sample contains discordant data only, as a result of significant lead loss and common lead. A discordia chord
through the six youngest 207Pb/206Pb ages yielded an upper intercept age of 1994 ± 100 Ma (MSWD = 33; Fig.
2B; Bora, 2024). The youngest single grain 207Pb/206Pb age from the sample is 1770 ± 23 Ma (Bora, 2024). No
solid conclusions can be drawn based on these samples because of discordancy due to substantial Pb loss and/or
common Pb (Fig. 3A; Bora 2024; Borsook, 2025). The data are consistent with constraints from other samples
(see above and below) suggesting that F2 and F3 folding occurred after ~1.7 Ga, and that a Mesoproterozoic
event affected the area.

Sample EB-MG-1 was collected from a large exposure of a K-feldspar phenocrystic granite (Plate 1; map unit
Ygmp) immediately east of the southeastern corner of the Montezuma quadrangle. The crystallization age,
based on the weighted mean of 207Pb/206Pb ages of the 34 concordant data with the most consistent data is
1441.0 ± 8.5 Ma (Fig. 4A, B; Bora, 2024). This is consistent with previously published ages of the Mount Blue
Sky batholith (Aleinikoff and others, 1993; Powell and others, 2022) and therefore this granite was included in
unit Ygmp (Powell and others, 2022). Sample EB-MS-1 was collected from the main body of the Montezuma
Stock (Plate 1; map unit PEqm) in the northwestern part of the Montezuma quadrangle (Bora, 2024). This
sample contained nine inherited Proterozoic zircons that fall on discordia chords with upper intercept ages of
~1.69 Ga and ~1.41 Ga, and no Phanerozoic inherited zircons (Fig. 4C). The crystallization age of the
Montezuma Stock from sample EB-MS-1 is 38.8 ± 0.3 Ma (Fig. 4D; Bora, 2024), which is consistent with
previously determined crystallization ages of the Montezuma Stock of 37.4 ± 3.0 Ma and 39.8 ± 4.2 Ma by
Bookstrom and others (1987) and 38.766 ± 0.042 Ma by Rosera and others (2021).

U-Pb in-situ monazite LA-ICP-MS geochronology was carried out on four thin sections of schist samples (Fig.
5; Shockley, 2021). All sample locations are indicated on Plate 1. Sample 269XAP was collected from a folded
biotite gneiss (unit Xsb) in Horseshoe Basin in order to date interpreted F3 folds. Sample 397XFL is from a
biotite gneiss (unit Xb) at Santa Fe Peak, and was sampled to constrain the age of interpreted F3 folds along the
antiform that approximately divides the northern and southern halves of the quadrangle. Sample 626XFL was
collected from a foliated porphyroclastic felspar and biotite gneiss (unit Xb), near quartzite Q623, in order to
date D2 deformation in the Snake River Cirque. Sample 243PL was collected from protomylonite (sheared part
of unit Xb?) along a northeast-trending shear zone ~1 km south of the map area along the ridge southwest of
Handcart Gulch. Monazite ages for all four samples can be divided into ~1.68 Ga and ~1.43 Ga populations and
are consistent with those of Mahatma and others (2022) in the adjacent Mount Blue Sky quadrangle. In the
Montezuma quadrangle, Shockley (2021) interpreted the ~1.68 age as the age of D2 and possibly also D1, and
the ~1.43 Ga monazite population as representing the age of D3 deformation, based on alignment of
Mesoproterozoic monazite grains with interpreted D3 fabrics in thin section, and on the crosscutting ~1.42 Ga
Silver Plume granite (du Bray and others, 2018).
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According to the USGS Mineral Resources Data System (MRDS) (McFaul and others, 2000; Schweitzer, 2019),
there are over 100 historic mines within the Montezuma quadrangle, primarily in the northern and western areas of
the quadrangle. All mines are metallic mines, with copper, gold, lead, gold, silver, and zinc being the primary
commodities. The main ore minerals include chalcopyrite, galena, pyrite, silver (associated with tetrahedrite and
tennantite), and sphalerite (McFaul and others, 2000). Minor ore minerals include ankerite, molybdenum, bismuth,
tetrahedrite, pyrite, and gold (McFaul and others, 2000; Horton and San Juan, 2016, Schweitzer, 2019).

In the east adjacent Mount Blue Sky (formerly Mount Evans) quadrangle, placer claims are located in the South
Clear Creek and Geneva Creek drainage areas around Duck Creek and Bruno Gulch (Powell and others, 2022).
These placer deposits are believed to be associated with polymetallic vein deposits within the Geneva Creek
headwaters and Argentine Peak in the Montezuma quadrangle (Davis and Streufert, 1990; Powell and others, 2022).

Similarly to the adjacent Mount Blue Sky quadrangle, the Proterozoic metamorphic (e.g. Xhp, Xh, Xbsg, Xb, Xsb,
Xag-1, and Xag-2) and igneous (e.g. units Ygb, Ygsm, Yg, Ygmp, and YXp) basement units do not represent
significant metallic commodities. Although veins are prevalent in these units, they are generally subeconomic in
value, with only small pyrite crystals sporadically present (Warner and Robinson, 1967; Shockley, 2021). The
general vein orientation within the Proterozoic rocks along the trace of the Harold D. Roberts tunnel is inconsistent
with the ~020° - 030° trace of the interpreted Montezuma Shear Zone of Warner and Robinson (1967), and the
Montezuma Shear Zone is better described as a zone of brittle fractures (Shockley, 2021). There is no evidence along
this fracture zone or elsewhere in the Montezuma quadrangle that Proterozoic structures controlled mineralization
(Shockley, 2021).

Arbogast and others (2011) stated that several kilometer-scale granites in Colorado (including the Silver Plume
Granite, unit Yg) are desirable as building stones due to their textures, colors, and crystal sizes. Granites make
excellent building materials as the rock weathers slowly and can withstand large amounts of pressure (Arbogast and
others, 2011). Potential local sources of sand and gravel in the quadrangle include units Qa, Qac, and Qtp although
there is no direct evidence of these deposits being collected.

Several historic metal mining districts exist within the Montezuma quadrangle. The largest of these is the
Montezuma Mining District, while the Hall Valley, Peru Creek, Geneva Creek, Snake River, Chihuahua, and the
southwestern portion of the Peru-Argentine districts occupy the smaller mining districts in the quadrangle. The
Montezuma Mining District is composed of two major vein systems. The intrusion of the ~38.8 Ma Montezuma
stock in the northern half of the quadrangle is responsible for the formation of Cordilleran-style veins, which are
indicative of a subepithermal setting about a central hydrothermal source and are temporally and spatially
related to felsic igneous centers (Pyanoe, 2015). Many of these veins crosscut the Montezuma stock.
Expressions of these veins and the mineralized rock at the surface are characterized by limonite and vuggy
quartz, indicative of oxidation under supergene conditions (Botinelly, 1979; Pyanoe, 2015; Shockley, 2021).
Most of the economic value was contained in silver, with copper, gold, and lead present in minor amounts. Gold
in the Peru Creek Mining District occurs in polymetallic veins of sphalerite-galena-pyrite-chalcopyrite + silver
minerals (Burnell, 2015). The Peru and Geneva Creek districts have previously been grouped within the larger
Montezuma Mining District (Vanderwilt, 1947; Burnell, 2015). More information on these mining districts can
be found in Lovering (1935), Lovering and Goddard (1950), and Burnell (2015).

This mapping project was funded jointly by the Colorado School of Mines and the U.S. Geological
Survey through the National Cooperative Mapping Program under EDMAP agreement G21AC10505.

Although assigned an OFR number in 2023, this report was published in 2025.
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FIGURE 1: Equal-area lower-hemisphere projections for the Montezuma quadrangle. (A) Structural Domain 1 (northern domain). (B) Structural Domain 2 (southern domain). (C) Structural Domain 3 (eastern domain).
(D) Tectonic foliations in the Mount Blue Sky batholith within the Montezuma quadrangle. F3 fold hinge lines (blue) and L3 lineations (red) were collected from metamorphic basement rocks that were intruded
by the Mount Blue Sky batholith (Bora, 2024). E) Joint surfaces in the Montezuma stock (Borsook, 2025).

BA C D E

Sample 
Number 

UTM 
Easting* 

UTM 
Northing* Map Unit Rock Type Mineral 

Analyzed Method Type of Age Age (Ma), 2σ uncertainty (N=number of analyses); populations separated by 
column if applicable; ages are weighted averages unless age range given 

AB-499 434870 4384630 Xsb Sillimanite-
biotite schist 

Detrital 
zircon 

U-Pb
LA-

ICPMS 

Detrital zircon 
age population 

2679 ± 12 
(MSWD = 
2.6, N=8) 

2567 ± 16 
(MSWD = 
3.1; N=4) 

1773.9 ± 6.9 
(MSWD = 

0.51; N=31) 

1729 ± 7.6 
(MSWD = 0.3; 

N=9) 
Q623 427363 4377984 Xqt Quartzite Detrital 

zircon 
U-Pb
LA-

ICPMS 

Detrital zircon 
age population 

2576 ± 27 
(MSWD = 
1.3, N=5) 

1903 ± 26 
(MSWD = 
0.93, N=9) 

1768.6 ± 8.2 
(MSWD = 

0.73, N =82) 
AB-394 433603 4383035 YXp Pegmatite Igneous 

zircon 
U-Pb
LA-

ICPMS 

Crystallization 
age 

1708 ± 8 
(MSWD = 
3.9, N=12)1 

EB-C-2 432093 4377451 YXp within 
Xb 

Pegmatite Igneous 
zircon 

U-Pb
LA-

ICPMS 

Crystallization 
age 

1993.7 ± 
99.7.2 

(MSWD = 
33; N=6)1 

EB-SRC-
1 

426993 4376768 Xb Granitic dike Igneous 
zircon 

U-Pb
LA-

ICPMS 

Crystallization 
age 

1668.95 ± 
17.54 

(MSWD = 
17; N=35)1 

EB-MG-1 435640 4373966 Ygmp (east 
of 

Montezuma 
quadrangle) 

Mount Blue 
Sky batholith 

Igneous 
zircon 

U-Pb
LA-

ICPMS 

Crystallization 
age 

1441 ±8.5 
(MSWD = 
1.4; N=34) 

EB-MS-1 425655 4384679 PEqm Montezuma 
stock 

Igneous 
zircon 

U-Pb
LA-

ICPMS 

Crystallization 
age 

38.78 ± 0.32 
(MSWD = 

0.93; N=59) 
243PL 430154 4371263 Xb (south 

of 
quadrangle) 

Proto-mylonite Monazite U-PB
LA-

ICP-MS 
(in situ) 

Monazite age 
population 

1681.0 ± 9.4 
(MSWD = 

0.99, N=23) 

1561 ±370 
(MSWD=4.9, 

N=2) 

1433±25 
(MSWD=0.70, 

N=4) 

269XAP 431179 4385661 Xsb Folded biotite 
gneiss 

Monazite U-Pb
LA-

ICP-MS 
(in situ) 

Monazite age 
population 

1663 ± 23 
(MSWD = 
2.4, N = 9) 

1524 ± 78 
(MSWD = 
1.8, N = 3) 

1428 ± 12 
(MSWD = 

1.20, 64 N = 
17 

397XFL 428811 4379564 Xsb Biotite gneiss Monazite U-Pb
LA-

ICP-MS 
(in situ) 

Monazite age 
population 

1647 ± 26 
(MSWD = 
6.6, N = 22 

1415 ± 14 
(MSWD = 

1.05, N = 8) 

626XFL 427258 4377906 Xb Biotite gneiss Monazite U-Pb
LA-

ICP-MS 
(in situ) 

Monazite age 
population 

1681 ± 10 
(MSWD = 

1.2, N = 22) 

1583 ± 210 
(MSWD = 
1.2, N = 2) 

*UTM zone 13, NAD83
1 Upper intercept age 269XAP2

Table 1. Summary of U-Pb geochronology data for igneous and metamorphic rocks.
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FIGURE 2: U-Pb LA-ICPMS detrital zircon data from a sillimanite-bearing biotite schist (A-C; sample AB499 
of Borsook, 2025; Plate 1) and a quartzite (D-F; sample Q623 of Shockley, 2021; Plate 1). (A, D) Concordia 
diagrams with 2σ error ellipses. Analyses >10% discordant are shown in gray. (B, E) Relative probability diagrams 
showing concordant data. (C, F) Float bar charts with weighted averages of 207Pb/ 206Pb ages for concordant data. 
Bar lengths represent 2σ uncertainty. 

FIGURE 5: U-Pb LA-ICPMS in situ monazite data from biotite gneiss samples 269XAP, 397XFL and 626XFL and
protomylonite sample 243PL (Shockley, 2021; Plate 1). (A-D) Concordia diagrams with 2σ error ellipses. Analyses
>10% discordant are shown in gray. (E) Relative probability diagrams showing concordant data.
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FIGURE 3: U-Pb LA-ICPMS zircon data from pegmatite sample AB394 (Borsook, 2025) granite sample EB-SRC-1
(Bora, 2024) and pegmatite sample EB-C-2 (Bora, 2024). See Plate 1 for locations. (A, C, D) Concordia diagrams
with 2σ error ellipses. Analyses used for upper intercept age calculations shown in colors in A and in black in C
and D. Discordia chords are all anchored at 0 ± 0 Ma. (B) Float bar charts with weighted averages of 207Pb/ 206Pb
ages for all data of sample AB394. Bar lengths represent 2σ uncertainty.
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FIGURE 4: U-Pb LA-ICPMS detrital zircon data in concordia diagrams for granite sample EB-MG-1 (A, B) and
quartz monzonite porphyry sample EB-MS-1 (C, D) (Bora, 2024; Plate 1). Concordia diagrams show 2σ error
ellipses, with analyses >10% discordant in gray and discordia chords in C anchored at 0 ± 0 Ma. 
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