U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

CORRELATION OF MAP UNITS

Intrusive
rocks

Extrusive
rocks

Sedimentary and
metasedimentary rocks

Holocene

LIST OF MAP UNITS

[See accompanying text pamphlet for detailed descriptions of map units]

Qs Surficial deposits (Holocene)

Glacial deposits (Pleistocene)
Dry Union Formation (Pliocene and Miocene)

Rock units of the Grizzly Peak caldera

Post-resurgent plutons (Oligocene)

Resurgent plutons
Late-resurgent plutons (Oligocene)
Oldest resurgent plutons
Youngest pluton (Oligocene)
Intermediate-age pluton (Oligocene)
Oldest pluton (Oligocene)
Grizzly Peak Tuff
Upper heterogeneous subunit (Oligocene)
Upper rhyolite subunit (Oligocene)
Lower heterogeneous subunit (Oligocene)
Middle rhyolite subunit (Oligocene)
Lower rhyolite subunit (Oligocene)
Caldera-Collapse Breccia
Megabreccia (Oligocene)
Clast-supported tuff megabreccia (Oligocene)
Matrix-supported tuff megabreccia (Oligocene)
Precaldera rhyolite lava (Oligocene)
Intrusive rocks of the White Rock pluton (Oligocene)

Intrusive rocks of the Italian Mountain intrusive
complex (Oligocene)
Felsic plutons and dikes of Winfield Peak and Middle Mountain
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! Intrusive rocks of the Mount Princeton pluton (Eocene)
Intrusive rocks of the Twin Lakes pluton

Intermediate-composition porphyry dikes (Paleocene)
Felsic porphyry dikes (Paleocene)
Main body (Paleocene)

Leucocratic core (Paleocene)

Mafic border (Paleocene)
Quartz porphyry, granite, and aplite (Cretaceous)
Dioritic intrusive rocks (Cretaceous)

Mancos Shale through Entrada Sandstone, undivided (Upper
Cretaceous through Middle Jurassic)

Mancos Shale (Upper Cretaceous)
Dakota Sandstone (Lower Cretaceous)
Morrison Formation (Upper Jurassic)

Entrada Sandstone (Middle Jurassic)

Maroon Formation through Belden Formation, undivided
(Lower Permian through Pennsylvanian)
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- Kroenke Granodiorite (Early Proterozoic)

Pleistocene

Pliocene and Miocene

f Oligocene

Eocene

Paleocene

> TERTIARY

CRETACEOUS

JURASSIC
PERMIAN TO PENNSYLVANIAN

MISSISSIPPIAN TO CAMBRIAN

~ MIDDLE PROTEROZOIC

~ EARLY PROTEROZOIC

Granodiorite of Sayers (Middle or Early Proterozoic)

Browns Pass Granite (Middle or Early Proterozoic)

Intrusive rocks of the Henry Mountain pluton
Leucocratic granite bodies (Early Proterozoic)

Granite of Henry Mountain (Early Proterozoic)

Intrusive rocks of the Denny Creek pluton
Leucocratic bodies (Early Proterozoic)

Main body of Denny Creek Granodiorite (Early
Proterozoic)
Kroenke Granodiorite and Denny Creek Granodiorite,
undivided (Early Proterozoic)

Diorite (Early Proterozoic)

Gneissic granodiorite (Early Proterozoic)

Granite of Mount Yale (Early Proterozoic)

Gabbro and Metagabbro (Early Proterozoic)

Amphibolite (Early Proterozoic)

Metasedimentary gneiss (Early Proterozoic)

Metasedimentary gneiss and quartzite (Early
Proterozoic)

Mixed gneiss, mica schist, and gneissic granite
(Early Proterozoic)

Contact—Dashed where approximately located. In the
Grizzly Peak Caldera, the lack of a contact indicates
a gradation between the two map units

Fault—Dashed where approximately located; dotted
where concealed. Arrow and number indicate dip
of fault plane; tick and number 90 indicate vertical

fault
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Vertical

Maroon Formation (Lower Permian to Middle Pennsylvanian)

Gothic Formation (Middle Pennsylvanian)

Belden Formation (Middle and Lower Pennsylvanian)

Leadville Limestone through Sawatch Quartzite (Lower
Mississippian through Upper Cambrian)

Leadville Limestone (Lower Mississippian)
Castle Butte Cliff Member
Red Cliff Member
Chaffee Group (Lower Mississippian? and Upper Devonian)

Gilman Sandstone (Lower Mississippian to Upper
Devonian)

Dyer Dolomite (Upper Devonian)

Parting Formation (Upper Devonian)
Fremont Limestone (Upper Ordovician)
Harding Sandstone (Middle Ordovician)
Manitou Dolomite (Lower Ordovician)
Peerless Formation (Upper Cambrian)
Sawatch Quartzite (Upper Cambrian)

St. Kevin Granite (Middle Proterozoic)

Intrusive rocks of the Grottos pluton
Leucocratic bodies (Middle Proterozoic)

Main body (Middle Proterozoic)

Mafic border (Middle Proterozoic)
Granite of Taylor River (Middle Proterozoic)

[1 sigma, analytical uncertainty of date; Sr;, initial strontium isotopic ratio; 143Nd/ *4Nd,, initial neodymium isotopic ratio; FT, fission-track; ap, apatite; bt, biotite; hb, hornblende; ms, muscovite; zr, zircon; sph, sphene; WR, whole rock; -, no data or not known; na, not applicable.

Table updated from Wallace (1993) for samples in Leadville 1° x 2° quadrangle]
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Table 1. Geochronologic summary data for dated or analyzed samples in the map area

Lineation—Showing bearing and plunge. May be
combined with tectonic foliation symbols

Approximate trend of variable attitudes

Minor folds, showing plunge

Strike and dip of igneous flow foliation

Inclined

Vertical
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39°10°
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730"

38°55'

Strike and dip of compaction foliation in welded tuff
Horizontal

Inclined

Anticline, showing plunge

——-*—>— Syncline, showing plunge

Altered zones
Iron-stained, quartz-pyrite veinlets; propylitic
assemblage at Winfield

Quartz-sericite-pyrite

Quartz-sericite; phyllic assemblage at Winfield

Potassium feldspar-quartz assemblage at Winfield

Geochronologic sample locality—Superscript number
keyed to source of data in Table 1

Sample locality for chemical analysis of dike—Chemical
analyses permit certainty of assignment to map unit.
Dikes without this symbol are inferred to belong to
map unit on the basis of petrography

Area

Approximate boundary of Collegiate Peaks Wilderness

106°50'

Base from U.S. Geological Survey, 1:50,000 SCALE 1:50 000
Chaffee County, 1, 2, 1980; Lake County, 1975; 1 if2 0 1 2
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Geology mapped by C.J. Fridrich, 1983-86, assisted by Eric Miller, Jay Wilson,
and Pat Dobson; Ed DeWitt, 1983-85, 1993-94, assisted by Bob Bruce;
Bruce Bryant, 1993-94; Steve Richard, 1984; and R.P. Smith, 1974-79

Edited by F. Craig Brunstein

Color design by Janice Dennis
Graphics design by Denny Welp
Cartography by Joseph A. Romero

Manuscript approved for publication November 28, 1935

3 MILES
e i T =

3 KILOMETERS

EH H ¢ { ; ]

CONTOUR INTERVAL 80 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929

\ TO GUNNISON

106°30'
39°10'

liee CONVERSIONS FACTORS
| Multiply By To obtain
§ § inches (in.) 2.54 centimeters (cm)
é I feet (ft) 0.3048 meters (m)
2 miles (mi) 1.609 kilometers (km)
APPROXIMATE MEAN
DECLINATION, 1998
38°52'30"
106°37'30"
106°50° 45 37'30" 106°30'

39°10' 39°10

106°22'30"
g 39°07'30"

Date 1 Method Mineral Rock type Unit name  Map unit Sample No. Latitude  Longitude 7-1/2-minute Source of data Comments
(Ma) sigma symbol (N.) (W.) quadrangle (superscript number keyed to map)
16 2.4 FT ap granite; aplite Twin Lakes Tt 73N9 39 03 56 106 23 59 Mount Elbert 'Bryant and Naeser (1980) Date reflects uplift of Sawatch Range.
19.9 4.4 FT ap granite; aplite Twin Lakes Tt 73N7 3904 21 106 27 03 Mount Elbert !Bryant and Naeser (1980) Date reflects uplift of Sawatch Range.
20 2.9 FT ap granodiorite Twin Lakes Tt TL-F-6-16 3904 14 106 24 11 Mount Elbert IRryant and Naeser (1980) Date reflects uplift of Sawatch Range. e
223 9.2 FT ap rhyolite — Kr AS-12 3908 25 106 49 23 Aspen ?Bryant and others (1990) Date reflects uplift of Sawatch Range. 106 I!Ig°05‘
219 3.9 FT ap metasedimentary gneiss o Xms C-39 3901 50 106 46 07 Hayden Peak !Bryant and Naeser (1980) Date reflects uplift of Sawatch Range.
29.9 42 Bl ap granodiorite Twin Lakes Tt 73N8 39 04 09 106 30 35 Independence Pass  'Bryant and Naeser (1980) Date reflects uplift of Sawatch Range.
319 15 FT ap granite Grottos Yg AS-1 39 08 04 106 46 09 Aspen 2Bryant and others (1990) Date reflects uplift of Sawatch Range.
329 1.1 K-Ar bt rhyolite Sawmill Tp SAWM-1 3901 39 106 36 54  Independence Pass >Fridrich (1986) None.
333 1 K-Ar bt non-welded tuff Grizzly Peak Tgu AVG-1 390348 106 19 16 Granite 3Fridrich (1986) None.
334 1 K-Ar bt fiamme Grizzly Peak Tm MA-1 39 05 05 106 34 58 Independence Pass 3Fridrich (1986) None.
33:8 1.1 K-Ar hb fiamme Grizzly Peak Tgh2 ZB-2 39 04 46 106 34 35 Independence Pass >Fridrich (1986) None.
33.9 3.9 ET zr tonalite Italian Tim 1-368 = — Pearl Pass 4Cunningham and Naeser (1975) Recalculated by Cunningham and others (1995).
Mountain
34.8 1.1 K-Ar bt tonalite Lincoln Gulch Tr2 WR-2 39 00 35 106 50 16 Hayden Peak 5Obradovich and others (1969) Recalculated by Fridrich and others (1991).
35.7 1.2 K-Ar bt rhyolite Pine Creek Tl PC-1 390200 106 41 00 New York Peak  ®Fridrich and others (1991) None.
36.8 1.4 K-Ar bt rhyolite Pine Creek Tl PC-1 39 02 00 106 41 00 New York Peak  SFridrich and others (1991) None.
37.7 1.3 K-Ar bt granite Middle Twf MMI1 = — Winfield TRanta (1974) Recalculated, this study; core from MM1, 244-255 ft.
Mountain
38.8 153 K-Ar bt rhyolite Middle Twf MM1 = . Winfield TRanta (1974) Recalculated, this study; surface sample.
Mountain
39.2 42 FT -sph granodiorite Twin Lakes Tt TL-F-6-16 3904 14 10624 11 Mount Elbert 8Marvin and others (1974) Date reflects uplift of Sawatch Range. 106°12'30"
42 38 FT sph granite; aplite Twin Lakes Tt 73N9 39 03 56 106 23 59 Mount Elbert “Shannon (1988) Date reflects uplift of Sawatch Range. 39°00"
42.7 1.2 K-Ar bt granodiorite Twin Lakes Tt T 3904 12 106 28 25 Mount Elbert SObradovich and others (1969) Recalculated by Shannon and others (1987)
442 4 FT zr granodiorite Twin Lakes Tt 73N8 39 04 09 106 3035  Independence Pass °Shannon (1988) Date reflects uplift of Sawatch Range.
45.5 S FT zr granodiorite Twin Lakes Tt TL-F-6-16 3904 14 106 24 11 Mount Elbert 8Marvin and others (1974) Recalculated by Shannon (1988). Date reflects uplift of Sawatch Range.
45.9 39 ET sph granodiorite Twin Lakes it 73N8 39 04 09 1063035  Independence Pass °Shannon (1988) Date reflects uplift of Sawatch Range.
486 45 Rb-St bt granodiorite Twin Lakes Tt T 390412 10628 25 Mount Elbert ~ 3Obradovich and others (1969) Recalculated using decay constant 6f 1.42 x 10" yr, this study.
48.7 5 FT zr aplite MY Kr AS-10 39 06 20 106 48 01 Hayden Peak 2Bryant and others (1990) Same sample as 1045 of Obradovich and others (1969).
50 7.2 BT zr rhyolite 1 Kr AS-12 39 08 25 106 49 23 Aspen ?Bryant and others (1990) None.
53.4 5 FT zr diorite - Kd AS-11 3908 10 106 49 05 Aspen 2Bryant and others (1990) None.
588 10 Rb-Sr bt granodiorite Twin Lakes Tt 4534 390413 106 25 00 Mount Elbert 10Moorbath and others (1967) Recalculated using 8751/%%Sr; of Moorbath and others (1967), this study. Location
approximate
63.8 1.4 “Ar-¥Ar  hb diorite Twin Lakes Ttm R8-28-84-8a 390018 1063312  Independence Pass '!This study Plateau age
65.3 2.4 K-Ar WR rhyolite = Kr USGS(D)G-A-82 3903 50 106 15 19 Granite 12Marvin and others (1989) None.
65.4 24 K-Ar WR rhyolite == Kr MM-01 39 07 25 106 32 55 New York Peak  !*Van Loenen and others (1989) Resembles Pando Porphyry.
68.7 23 K-Ar bt aplite = Kr 1045 39 06 20 106 48 01 Hayden Peak SObradovich and others (1969) Recalculated; same sample as AS-10 of Bryant and others (1990).
1.7 22 K-Ar bt aplite — Kr 1045 39 06 20 106 48 01 Hayden Peak SObradovich and others (1969) Recalculated; same sample as AS-10 of Bryant and others (1990).
74 22 K-Ar ms aplite S Kr HNMP 39 07 57 106 49 30 Aspen 5Obradovich and others (1969) Recalculated
451 74 FT zr granite > Yg AS-1 39 08 04 106 46 09 Aspen 2Bryant and others (1990) None. ‘
1371 35 Rb-Sr WR  metasedimentary gneiss - Xms 4580a 390730 106 41 00 New York Peak  Moorbath and others (1967) Recalculated using 1.42 x 10°'Y/yr, this study. Location approximate; initial 8Sr/*¢Sr of
Wetherill and Bickford (1965).
1400 na Rb-Sr WR metasedimentary gneiss —a Xms 4579 39 08 00 106 46 00 Aspen 19Moorbath and others (1967) Recalculated using 1.42 x 10"'/yr and #7Sr/*°Sr; of 0.706, this study. Original location
approximate; initial 87St/*6Sr of Wetherill and Bickford (1965).
1420 35 Rb-Sr WR granite Browns Pass YXbp CO-38 39 05 00 106 17 05 Granite I5Wetherill and Bickford (1965) Recalculated using 1.42 x 10°!!/yr and 878r/*%Sr; of 0.710, this study. Originally calculated
date based on isochron using several samples is incorrect, as indicated by recent
mapping by Ed DeWitt (unpub. mapping, 1994).
1436 35 Rb-Sr WR granite St. Kevin Ys CO-42 3906 30 106 3420  Independence Pass ’Wetherill and Bickford (1965) Date based on isochron using several samples. 38°52'30
1446 25 U-Th-Pb zr granite St. Kevin Ys IC-6 K 2, Italian Creek 14This study Two zircon fractions. 106°37'30"
1625 na Rb-Sr WR  metasedimentary gneiss = Xms 4582 390730 106 34 45 New York Peak  '®Moorbath and others (1967) Recalculated using 1.42 x 10" /yr and ®7Sr/*°Sr; of Wetherill and Bickford (1965), this study.
Location approximate.
1650 na Rb-Sr WR metasedimentaiy gneiss = Xms 4580b 39 07 30 106 41 00 New York Peak  '®Moorbath and others (1967) Recalculated using 1.42 x 10" /yr and 8751/%0Sr; of Wetherill and Bickford (1965), this study.
Location approximate.
1665 5) U-Pb sph granodiorite Kroenke Xk BF 176 = a Winfield 16Aleinikoff and Reed (unpub. data, Sample from 0.1 mi. southeast of Lake Rebecca. (I) 5 10 MILES
1994) I I 1 g | |
1670 100 Rb-Sr WR granodiorite Kroenke Xk many samples range range Many quadrangles !"Barker and others (1974) Recalculated Model 1 York fit (Ludwig, 1990), this study. 8781298, = 0.702684. Six points. (l) I I I [ |5 |
1700 na  Rb-St  WR  metasedimentary gneiss . Xms 4581a 390730 1063800 Thimble Rock  °Moorbath and others (1967) Recalculated using 1.42 x 10" Y/yr and ¥'Sr/*Sr; of Wetherill and Bickford (1965), this study. Ll
Location approximate.
1890 na Rb-Sr WR metasedimentary gneiss i Xms 4581b 3907 30 106 38 00 Thimble Rock 1%Moorbath and others (1967) Recalculated using 1.42 x 10"!//yr and 8781/%S1; of Wetherill and Bickford (1965), this study.
Location approximate.
none na  Sr,Nd WR granodiorite Twin Lakes Tt HS-82-07 385924 1062523 Mount Elbert  '8Stein and Crock (1990) 8781/2%Sr, = 0.70718. *3Nd/'**Nd , = 0.51206. Surface sample.
none na Sr,Nd  WR granodiorite Twin Lakes il 81 COTLGD-1 390354 10624 03 Mount Elbert ~ '°Farmer and DePaolo (1984) 87S1/*%r; = 0.7062 calculated assuming 64-Ma age, this study.
none na S,Nd  WR diorite Italian Tim HS-82-21 385654 1064543 Pearl Pass 18Stein and Crock (1990) 875r/8%Sr; = 0.70747. '3Nd/'**Nd ; = 0.51228. Surface sample; oldest unit, Italian Mountain ‘ ‘
Mountain intrusive complex. 106°30" 230" —
none na  S,Nd  WR granodiorite Italian Tim HS-82-22 385512 10644 17 Italian Creek  3Stein and Crock (1990) 8751/3%Sr; = 0.70671. “3Nd/MNd , = 0.51217. Surface sample; intermediate unit, Italian 106°12'30
Mountain . Mountain intrusive complex.
none na  Sr,Nd WR granodiorite Italian Tim HS-82-23 38 56 59 106 45 45 Pearl Pass '8Stein and Crock (1990) 8781/%%8r; = 0.70971. '*Nd/'*Nd , = 0.51205. Surface sample; youngest unit, Italian Figure 2. Simplified bedrock geologic map of the Collegiate Peaks Wilderness Area and the Grizzly Peak caldera, central Sawatch Range Colorado
Mountain Mountain intrusive complex. i 2 X i ) ? ’ :
none na  Sr,Nd WR granite Middle Twf HS-82-27 38 58 43 106 25 55 Winfield 18Stein and Crock (1990) 875r/8%Sr; = 0.70731. “*Nd/'**Nd , = 0.51218. Core, MM-1, from 2,160 ft depth. No deposits younger than Miocene shown. Some units of main map have been consolidated on this map. See explanation of this figure for units
Mountain :
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Figure 1. Location map of the Collegiate Peaks Wilderness Area and the Grizzly Peak caldera, central Sawatch Range, Colorado
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Table 2. “°Ar-*°Ar analytical data for hornblende from mafic border of Twin Lakes pluton, Collegiate Peaks Wilderness
Area, central Sawatch Range, Colorado
[Location of sample on geologic map; “’Arg, radiogenic “’Ar; *Ar, *Ar produced from K by neutron interaction; **Arc,, **Ar produced from calcium by neutron
interaction; Uncertainty in date of + 2 sigma is an estimated analytical uncertainty calculated in the manner suggested by Dalrymple and Lanphere (1974); J, irradiation
paramater. Analyzed by Ed DeWitt at USGS Isotope Geology laboratory, Reston, Va.; Assisted in analyses by M. Kunk and J.F. Sutter]
Temp. °C OAT/YAr TA/¥Ar 36Ar/¥Ar DA/ Arg 3 Ark Apparent OATrR100y Date (Ma)
measured measured measured % total % of total K/Ca A A s ak
2 sigma
- Sample No.
R8-28-84-8 J=0.005660 weight = 0.9625 g Mafic border cuts metasedimentary gneiss (unit Xms)
850 46.306 1.983 0.08383 21.6807 1.4 0.0262 46.8 208.81 +2.84
950 19.232 1.458 0.03808 8.0873 1.1 0.0356 42.1 80.74 £0.92
1050 10.736 3.014 0.01570 6.3234 1S 0.0172 58.9 63.44+£0.74
1100 8.171 4.401 0.007168 3.3871 341 0.0118 782 64.07 £ 0.70
1150 7.325 4.876 0.004413 6.3925 7S 0.0106 87.3 64.12+0.74
1200 7.114 4.945 0.003515 6.4517 17.8 0.0105 90.7 64.70 + 0.66
1250 6.858 1.892 0.003098 6.3148 2113 0.0106 92 63.35+0.64
1300 6.711 4.933 0.002696 6.2899 12.6 0.0105 93.8 63.11 £ 0.66
1350 6.540 4.798 0.002387 6.1995 19:5 0.0108 94.8 62.22 +0.66
1450 7.145 4.753 0.002944 6.6365 137 0.0109 92.9 66.524:2.10
FUSE 7.636 4.745 0.005606 6.3405 45 0.0109 83.1 63.61 £0.72
Total gas date 66.29
Weight average plateau date (1 100°C-1300°C) 63.82 + 1.40
Table 3. U-Th-Pb analytical data for zircon from St. Kevin Granite, central Sawatch Range, Colorado
‘[Location of sample on geologic map. Uncertainty in date of + 2 sigma is an estimated analytical uncertainty calculated in the manner suggested by Ludwig, 1990. Analyses by R.E.
Zartman and Loretta Kwak, USGS Isotope Geology laboratory, Denver, Colo.]
Zircon U Th Pb Atomic composition of lead' 2WPh/=50 207Pp/2SU PP 208Pb/232Th
mesh (ppm) (ppm) (ppm) 204Ph 25Pb 207Ph 28Ph Date (Ma) Date (Ma) Date (Ma) Date (Ma)
Sample no. IC-6
(-50+100)  1082.5 204.1 87.1 .0532 83.01 7.938 8.998 0.076851 0.91706 0.086658 0.034142
4775 661 +7 1353+ 5 6797
(-200+270)  551.2 173.2 109.3 .0233 82.14 7753 10.08 0.188546 2.34811 0.090440 0.065662
1113+ 11 12274112 1435+ 4 1285413

ILaboratory blank lead with isotopic composition 25Pb/2Pb = 18.7, 207Pb/2*Pb = 15.6, 2*8Pb/2%*Pb = 38.2 removed. No common lead correction has been applied to these ratios.

Common lead correction used for zircon age calculations: 2°Pb/2*Pb = 16.24, 297Pb/2*Pb = 15.40, 2%8Pb/2%*Pb = 35.89

ISBN OLO788552-1

J

780607

]

85521

Any use of trade names in this publication is for
descriptive purposes only and does not imply
endorsement by the U.S. Geological Survey

For sale by U.S. Geological Survey Information Services
Box 25286, Federal Center, Denver, CO 80225

*U.S. GOVERNMENT PRINTING OFFICE 1998 - 673-071



