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Panoramic view looking west from ridge atop a possible debris avalanche deposit near rim of caldera at East Red Mountain.

1. Premise

Stage I. Precaldera diking and ring fractures owing 
to tumescence over a growing magma chamber

Panels modified after Smith and Bailey1 to 
schematically show hypothesized development 
of Grizzly Peak caldera2. No scale is implied.

Stages II–III. Eruption of 600 km3 Grizzly Peak Tuff 
as a single cooling unit. Caldera collapse along inner 
and outer ring fault zones yielding 17x23 km caldera 
(230 km2). Up to 3.5 km subsidence in deeper north-
ern ring fault zone. Giant megabreccia lenses domi-
nate the NE caldera. Two vestiges of outflow tuff are 
proposed.

Stage V. A resurgent laccolith, comprising two 
mapped plutons intruded successively, causes 
doming in the northern part of the caldera.

Stage VIIa. Late-resurgent magmas intrude ring 
fracture zones. Hydrothermal alteration, weak stock-
work (Mo) mineralization. Interpreted as last gasp of 
Grizzly Peak magma.

Stage VIIb. Bimodal post-resurgent magmas in-
trude caldera center. Carries boulders of coarse 
granite interpreted as solidified Grizzly Peak magma. 
Intepreted as new magma source.

VIIb

VIIa

Present 
erosional 
surface

The Eocene Grizzly Peak caldera in the northern Sawatch Range is hypothesized to 
have followed a single cycle of the resurgent cauldron model1 on the basis of field work 
and geochemical analyses2

Previous K-Ar geochronology (2σ uncertainties) 
was largely ignored because it did not support 
field interpretations2,3. Later 40Ar/39Ar sanidine 
ages of intracaldera Grizzly Peak Tuff refined 
the eruption age to 34.3 ± 0.3 Ma4. Figure modi-
fied after Fridrich et al.2

2. New high-precision geochronology

•Sampled precaldera dike (Twf) is Cretaceous
•Petrographic, sparse geochemical, or spatial cor-
relations are nonunique

•Middle Mtn. porphyry Mo deposit (Twf) also 
cannot be related to Grizzly Peak magmatism as 
indicated by recent CA-TIMS zircon U-Pb (36.449 
± 0.048 Ma)5 and radiogenic isotopic data6
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New CA-TIMS and LA-ICP-MS zircon U-Pb geochronology of the 
Grizzly Peak magmatic center, CO: confounding chronology of a classic caldera

Ryan E. Frazer1, A. Kate Souders2, Amy K. Gilmer1, Ren A. Thompson1, Drew S. Coleman3
1U.S. Geological Survey, Geosciences and Environmental Change Science Center, Denver, CO 
2U.S. Geological Survey, Geology, Geophysics, and Geochemistry Science Center, Denver, CO

3Department of Earth, Marine and Environmental Sciences, University of North Carolina at Chapel Hill, Chapel Hill, NC 

Elk Mtns.Elk Mtns.

Denver

0 50 100 km

San Juan 
volcanic 

locus

0 200100 300
km

West Elk 
volcanic field

West Elk 
volcanic field

R
io G

rande rift

Mt. Aetna 
caldera

volcanic 
fields

rift seds

CMB

Late Cretaceous
–middle Cenozoic 

plutonic rocks

Colorado

0 2010 30
km

area of 
inset

Grizzly 
Peak 

caldera 
Twin Lakes 

pluton
area of 
main 
figure

Sa

watch Range

Fault–dashed where approximately located; dotted where concealed. Bar and ball on downthrown side

0 5 10 km

Grizzly Peak Tuff (lower)Tgl

Post-resurgent pluton and dikesTp

Younger resurgent plutonTr2

Older resurgent plutonTr1

Megabreccia (undivided)Tm

Quaternary (undivided)Q Granitic dikesKr

Undivided Early Proterozoic rocksXk

Metasedimentary gneissXms

Denny Creek GranodioriteXd

1.4 Ga granitoid plutonsYskLate-resurgent pluton and 
hydrothermal alterationTlr

Grizzly Peak Tuff (upper)Tgu

Grizzly Peak Tuff (middle)Tgm

Felsic porphyry dikeTt

Precaldera rhyolite lavaTf
Dikes and stocks of Winfield 
and Middle MountainTwf

Twin Lakes plutonTt

Dioritic intrusive rocksKd

Grizzly Peak Tuff (heterogeneous)Tgh

Generalized geologic maps after 3, 4, 8. 

Lower tuff subunit
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CA-TIMS

•CA-TIMS data for two tuff subunits are distinguishable outside 2σ uncertainty
•Suggests multiple successive magma pulses; longer assembly for lower subunit?
•Reevaluation of field evidence suggests possible cooling breaks in tuff, permitting the 
possibility of multiple eruptions

Grizzly Peak Tuff

Possible cooling breaks upper Grizzly 
Peak Tuff in foreground ridge. Back-

ground ridge displays cliff-forming 
megabreccia lenses layered with tuff.  

Cruson7 identified same features.
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Resurgent pluton 1

LA-ICP-MS
34.47 ± 0.18

LA-ICP-MS
36.19 ± 0.28

Resurgent pluton 2

•CA-TIMS and LA-ICP-MS data for resurgent plutons #1 and #2 are distinct

•Resurgent pluton #2 contradicts field interpretations; predates tuff and pluton #1

•Resurgent pluton #2 has similar isotopic composition to tuff6; its age of 35.133 ± 
0.068 Ma makes it the earliest instance of Grizzly Peak magmatism

Resurgent plutons
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Late- and post-resurgent magmatism
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Post-resurgent dikes/flows Post-resurgent central pluton Granite xenolith in
post-resurgent pluton
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33.76 ± 0.30
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•CA-TIMS data for youngest post-resurgent dike overlap both tuff CA-TIMS ages

•Samples double-dated by both LA-ICP-MS and CA-TIMS indicate Pb-loss

•Magmatic lifespan of Grizzly Peak system may have been <0.5 Ma

•Granitic xenoliths in post-resurgent pluton cannot be related to Grizzly Peak 
magmatism owing to age and isotopic characteristics6 

Acknowledgments, Disclaimer, References
This work is part of the USGS Geologic Framework of the Intermountain West project. It is supported by 
the USGS Mendenhall Postdoctoral Fellowship Program and the USGS National Cooperative Geologic 
Mapping Program. Thanks to Josh Rosera, Sean Gaynor, and Ryan Mills for discussions.
This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that nei-
ther the U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
1. Smith, R.L., and Bailey, R.A., 1968, Resurgent Cauldrons, in Memoir of the Geological Society of America, v. 116, p. 613–662.
2. Fridrich, C.J., Smith, R.P., DeWitt, E., and McKee, E.H., 1991, Structural, eruptive, and intrusive evolution of the Grizzly Peak caldera, Sawatch Range, Colorado: Geological Society of America Bulletin, v. 103, p. 1160–1177.
3. Fridrich, C.J., Bryant, B., Richard, S., and Smith, R.P.P., 1998, Geologic map of the Collegiate Peaks Wilderness Area and the Grizzly Peak Caldera, Sawatch Range, central Colorado: U.S. Geological Survey Miscellaneous Investigations Series Map I-2565.
4. McIntosh, W.C., and Chapin, C.E., 2004, Geochronology of the central Colorado volcanic field: New Mexico Bureau of Geology & Mineral Resources, Bulletin, v. 160, p. 205–237.
5. Rosera, J.M., Gaynor, S.P., and Coleman, D.S., 2021, Spatio-Temporal Shifts in Magmatism and Mineralization in Northern Colorado Beginning in the Late Eocene: Economic Geology, doi:10.5382/econgeo.4815.
6. Rosera, J.M., Frazer, R.E., Mills, R.D., Jacob, K., Gaynor, S.P., Coleman, D.S., and Farmer, G.L., in press, Fluorine-rich mafic lower crust in the southern Rocky Mountains: the role of pre-enrichment in generating fluorine-rich silicic magmas and porphyry Mo deposits: Ameri-

can Mineralogist.
7. Cruson, M.G., 1973, Geology and ore deposits of the Grizzly Peak cauldron complex, Sawatch Range, Colorado [PhD thesis]: Colorado School of Mines, 197 p.
8. Stein, H.J., and Crock, J.G., 1990, Late Cretaceous-Tertiary magmatism in the Colorado Mineral Belt; Rare earth element and samarium-neodymium isotopic studies, in Anderson, J.L. ed., Memoir of the Geological Society of America, Geological Society of America Memoir 

174, v. 174, p. 195–224.

•New geochronologic data condradict previous interpretations of the evolution 
and expression of magmatism at the Grizzly Peak caldera

•Grizzly Peak magmatism did not follow resurgent cauldron cycle1. Plutonism 
preceded and overlapped tuff eruption, similar to the Mount Aetna caldera  

•New age and isotopic data do not support previously proposed outflow tuff

•Perhaps Grizzly Peak caldera was deep but limited in area. Tuff in west (and 
south?) parts of field area could represent outflow from smaller caldera7

•Future isotope (Sr, Nd, Pb, Hf) and electron microprobe work will further test re-
lationships between Grizzly Peak Tuff and post-resurgent units

3. Discussion and other data

Tuff dike cuts between altered and fresh 
rock at caldera margin on East Red Mountain

View west across central part of caldera. 
Post-resurgent pluton lies at the valley bottom. 


