
FIELD TRIP TO NORTHERN SAN JUAN VOLCANIC FIELD 

Days 2-3: Cochetopa Park, La Garita, San Luis, and Lake City calderas 

P.W. Lipman, for Colorado Scientific Society, Sept. 20-21, 2003 

GEOLOGIC SETTING 

Andesitic to rhyolitic volcanic rocks of the central San Juan volcanic field, along 
with associated epithermal ores, have been studied intermittently since early in the 
twentieth century (Emmons and Larsen, 1913; Cross and Larsen, 1935; Larsen and 
Cross, 1956), culminating with the detailed study of the Creede mining district by 
Steven and Ratte (1965) and regional field and volcanological studies (Lipman and 
others, 1970; Steven and others, 1974; Steven and Lipman, 1976). While much had 
previously been learned about the evolution of several complex caldera clusters from 
which at least 22 major ash-flow sheets (each 150-5,000 km3

) were erupted at 30-26 Ma, 
recent mapping and other research initiated in support of the Creede Scientific Drilling 
Project (Bethke and Lipman, 1987; Bethke and Hay, 2000; Lipman, 2000) has provided 
major new insights for the regional stratigraphic sequence, duration of volcanism, 
eruptive processes, magmatic evolution, and regional structure in the central part of the 
volcanic field. In-progress studies, to be reviewed during this trip, are focusing on the 
enigmatic Cochetopa Park caldera and little-studied volcanic evolution of the 
northeastern San Juan Mountains, where central San Juan units overlap older tuff sheets 
from caldera sources in the Sawatch Range farther to the northeast. 

Volcanism 
The San Juan Mountains are the largest erosional remnant of a composite 

volcanic field (Fig. 1) that covered much of the southern Rocky Mountains in middle 
Tertiary time (Steven, 1975). The San Juan field consists mainly of intermediate
composition lavas and breccias, erupted about 35-30 .Ma from scattered central 
volcanoes (Conejos Formation), overlain by voluminous ash-flow sheets erupted from 
caldera sources (Lipman and others, 1970). At about 26 Ma, volcanism shifted to a 
bimodal assemblage dominated by trachybasalt and silicic rhyolite, concurrent with the 
inception of regional extension during establishment of the Rio Grande rift. 

Preserved rocks of the San Juan field now occupy an area of more than 25,000 
km2 and have a volume of about 40,000 km3

• They cover a varied basement of
Precambrian to lower Tertiary rocks, along the uplifted and eroded western margin of 
the Late Cretaceous-early Tertiary (Laramide) uplifts of the Southern Rocky Mountains 
and adjoining portions of the San Juan Basin on the eastern Colorado Plateau (Fig. 1). 
The San Juan field is one of many loci of Tertiary volcanic activity--including the Sierra 
Madre Occidental, Trans-Pecos, Mogollon-Datil, Absaroka, Challis, and Lowland Creek 
fields--that developed along the eastern Cordilleran margin of the North American 
plate, probably in a complex response to changing subduction geometry along its 
western margin. 

In the central San Juan Mountains (Fig. 2), eruption of at least 8,800 km3 of 
dacitic-rhyolitic magma as nine major ash flow sheets (individually 150-5,000 km3) was 
accompanied by recurrent caldera subsidence between 28.3 and about 26.5 Ma (Ratte 
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and Steven, 1967; Lipman and others, 1989; Lipman, 2000). Voluminous andesitic
dacitic lavas and breccias were erupted from central volcanoes prior to the ash0flow 
eruptions, and similar lava eruptions continued within and adjacent to the calderas 
during the period of more silicic explosive volcanism (Lipman and others, 1978). 
Exposed calderas vary in size from 10 to 75 km in maximum dimension, the largest 
calderas being associated with the most voluminous eruptions (Table 1). The giant La 
Garita caldera (35x75 km) collapsed in three successive northward-migrating segments 
during eruption of the Fish Canyon Tuff at 27.6 Ma. After collapse of the La Garita 
caldera, seven additional explosive eruptions and calderas formed inside the La Gari ta 
depression within about one million years (Table 1). Erosional dissection to depths of as 
much as 1.5 km has exposed diverse features of intracaldera ash-flow tuff and 
interleaved caldera-collapse landslide deposits that accumulated to multi-kilometer 
thickness within concurrently subsiding caldera structures. The calderas display a 
variety of postcollapse resurgent uplift structures, and caldera-forming events 
produced complex fault geometries that localized late mineralization, including the 
epithermal base- and precious-metal veins of the well-known Creede mining district. 
Most of the central San Juan calderas have been deeply eroded, and their identification 
is dependent on detailed geologic mapping. In contrast, the primary volcanic 
morphologies of the Cochetopa Park and Creede calderas have been exceptionally 
preserved because of rapid infilling by moat sediments, which were preferentially 
eroded only during the past few million years. 

The ash-flow tuffs and calderas of the central San Juan region (Table 2) have been 
widely recognized as exceptional sites for study of explosive volcanic processes (Steven 
and Ratte, 1965; Ratte and Steven 1967, Steven and others, 1969; Steven and Lipman, 
1976). Lavas, volcaniclastic sedimentary rocks, and intrusions emplaced concurrently 
with ash-flow tuffs in the central San Juan Mountains define multiple caldera cycles, , 
based on affinities of geographic distribution and stratigraphic sequence, isotopic age 
and paleomagnetic pole positions, and petrologic character (Tables 1-2). Briefly, many 
large ash-flow calderas such as those in the San Juan field form at sites of preceding 
volcanism that records shallow accumulation of caldera-related magma. Large 
eruptions(> 50-100 km' of ash-flow magma) cause caldera collapse concurrently with 
volcanism, as indicated by thick intracaldera ash-flow fill and interleaved collapse slide 
breccias. Volumes of intracaldera and outflow tuff tend to be subequal; correlation 
between them is commonly complicated by contrasts in abundance and size of 
phenocrysts and lithic fragments, degree of welding, devitrification, alteration, and 
even chemical composition of magmatic material. Structural boundaries of calderas 
commonly are single ring faults or composite ring-fault zones that dip steeply. 
Scalloped topographic walls beyond the structural boundaries of most calderas are due 
to secondary gravitational slumping during subsidence. The area and volume of 
caldera collapse are roughly proportional to the amount of erupted material. 
Postcollapse volcanism may occur from varied vent geometries within ash-flow 
calderas; ring-vent eruptions are most common in resurgent calderas, reflecting 
renewed magmatic pressure. Resurgence within calderas may result in a symmetrical 
dome or more geometrically complex forms. In addition to resurgence within single 
calderas, broader magmatic uplift occurs within some silicic volcanic fields, reflecting 
isostatic adjustment to emplacement of associated subvolcanic batholiths. Large 
intrusions related to resurgence are exposed centrally or along the margins of some 
deeply eroded calderas. Hydrothermal activity and mineralization accompany all 
stages of ash-flow magmatism, becoming dominant late during caldera evolution. 
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Much rich mineralization is millions of years later than caldera collapse, where the 
caldera served primarily as a structural control for late intrusions and associated 
hydrothermal systems. 

TRIP INTRODUCTION 

This part of the Colorado Scientific Society fall fieldtrip (Days 2-3) focuses on 
new results for ignimbrite sheets and calderas in the little studied northeastern flank of 
the well known Oligocene San Juan volcanic field. We'll try concurrently to look at 
simple representative examples of deposits and structures associated with silicic calc
alkaline volcanism, while presenting preliminary results on some complex volcanologic 
problems of the well known San Juan field. Parts of the trip will be based on recently 
completed mapping (28 7.5' quadrangles) and other studies of the central San Juan 
caldera complex (Lipman, 2000, in press), but the preliminary interpretations for 
Cochetopa Park are based on in-progress studies (2001-03) that have been thus far 
reported only in abstract form (Lipman, 2003). 

Cochetopa Park (Fig. 1) is morphologically th,e most striking caldera in the San 
Juan volcanic field, yet its origin and associated erupted deposits have remained 
confusing and obscure. The original topographic rim of the caldera is defined by old 
volcanic rocks along the Continental Divide to the south and east, and by the 
topographic highs of Razor Creek Dome and Sawtooth Mountain to the north. The 
interior of the caldera is marked by a constructional pile of rhyolitic lavas that form 
geographic Cochetopa Dome, surrounded by the low basin of Cochetopa Park that is 
underlain by readily eroded weakly indurated bedded tuffs. Previous interpretation 
based on recon mapping by T. Steven in the early 1970s, that the Cochetopa caldera , 
formed in response to eruption of the "tuff of Cochetopa Creek" (Steven and Lipman, 
1976), has become untenable; this tuff is not a separate volcanic emplacement unit, but 
rather the northeastern outflow of the 500 km3 Nelson Mountain Tuff, erupted from San 
Luis caldera complex (Lipman, 2002). 

On Day 2, we travel up Saguache Creek, crossing the Continental Divide at 
North Pass, and enter Cochetopa Park, circling the south and west portions of the 
sedimented moat of this caldera. We will also cross the C.D. again to the south, to 
obtain a view of the northern segment (Saguache Park) of the giant La Garita caldera. 
We will (1) look at evidence that the Cochetopa area has been the site of recurrent 
ignimbrite eruptions over an unusually long time interval, perhaps from 32 to 26 Ma, 
and that its last major event was passive (non-eruptive) subsidence concurrently with 
generation of the Nelson Mountain Tuff, from vents within the San Luis caldera 
complex 30 km to the southwest (Fig. 2). (2) We will briefly consider developing 
evidence about the eruptive source area for the newly recognized 32-Ma tuff of 
Saguache Creek--previously miscorrelated as distal Sapinero Mesa Tuff (28.2 Ma), and 
(3) also obtain distant views of the San Luis complex and reach the north rim-of La
Gari ta caldera, the source of tJ;te >5,000 km3 Fish Canyon Tuff (27.6 Ma).

On Day 3 (no detailed road log available), we will (1) examine caldera-wall 
features along the north side of the San Luis complex, (2) consider the eruptive history 
of this ignimbrite center in relation to Cochetopa caldera, (3) traverse the northwest 
margin of La Gari ta caldera, and (4) obtain a distant view of the spectacularly exposed 
23-Ma Lake City caldera, source of the Sunshine Peak Tuff. 
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DAY 2 COCHETOPA PARK AND LA CARITA CALDERAS 
[All Ar-Ar ages adjusted to USGS Menlo Park calibration] 

Part 1: Poncha Springs to Cochetopa Park 
From the San Luis Valley segment of the Rio Grande rift zone, this part of the trip 

goes up Saguache Creek where diverse ignimbrite sheets accumulated in a broad 
Oligocene paleovalley, then crosses the Continental Divide at North Pass, and enters 
Cochetopa Park from the northeast (Fig. 2). 

Milage: 

0: Junction Hwy 285 & 50 at Poncha Springs. Head south on Hwy 285. 

(35.0) 

35.0: Roadcuts in andesite flows, dipping to the southeast. Presumably from the 
Bonanza. 

(4.0) 

39.0: Saguache Junction. Turn right onto Hwy 114. 

(7.0) 

46.0: Milepost 55. On right are first outcrops of Bonanza Tuff (32.5 Ma), at end of 
Findley Ridge, over- and underlain by andesitic lava flows. The Bonanza Tuff 
was erupted from a caldera to the northeast (Varga et al., 1984). 

(1.0) 

On left is Houghland Hill, with a thick stratigraphic section of major ash
flow sheets (Bonanza, Fish Canyon, Carpenter Ridge Tuffs, capped by basaltic 
lavas of the Miocene Hinsdale Formation). 

47.0 Milepost 54, at County road CC40. On right is crystal-rich dacitic Bonanza Tuff, 
resting on andesite. A well exposed partial compound welding break with the 
"upper" crystal-poor rhyolitic Bonanza Tuff shows that no complete depositional 
pause is present. Thus, the Bonanza Tuff is a rare example of an eruption that 
was "reversely" compositionally zoned--mafic upward into silicic. [optional stop]. 

(1.0) 

48.0 STOP 1. Just beyond milepost 53 (at "Speed Limit 65" sign) are low vitrophyric 
roadcuts of basal Bonanza Tuff (64-65% SiO2), The rhyolitic upper Bonanza Tuff 
(73-74% SiO2) is up higher, as an optional climb; talus blocks can be examined at 
road level. 

The Bonanza Tuff in this area covers rugged paleotopography on the 
Conejos lavas and breccias, resulting in patchy outcrops and an irregular 
distribution. 
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(1.0) 

49.0 At road 39EE, we're in the underlying andesite (Rawley Andesite), which also 
makes the irregular hills ahead and to the right. These lavas broadly correlate with 
the Conejos Formation to the south, although they are older (>32.5 Ma) than much of 
the Conejos. 

(1.2) 

50.2 More outcrops of Bonanza Tuff, wedging out against andesitic lavas of the 
Rawley /Conejos Formation. 

(2.1) 

52.3 STOP 2. Just before bridge across creek is roadcut exposing basal tuff of 
Saguache Creek, underlain by crossbedded tuffaceous sediments of unknown 
origin (perhaps wind-reworked dune structure?). 

The tuff of Saguache Creek, newly distinguished-from the 28.1 -Ma Sapinero Mesa 
Tuff (erupted from the western San Juan region), with which it was previously 
miscorrelated. The Saguache Creek is a crystal-poor rhyolite, widely 
characterized by a basal vitrophyre and central lithophysal zone like several 
other rhyolitic tuffs in the regon. This unit, recently dated for a sample from the 
Cochetopa Park area by 40Ar 9 Ar at 31.9 Ma (san) by Andy Calvert (USGS, Menlo 
Park), is also distinctive in its near lack of biotite and sodic alkali feldspar 
compositions (Or50_55). Distribution of limited preserved erosional remnants of 
this tu.ff suggest eruption either from the Cochetopa Park area, or perhaps from a '
previously umecognized caldera source concealed beneath younger rocks along 
the Continental Divide and slopes to the east (Fig. 3). 

Several hundred meters upstream is a slide scar, exposing nonwelded upper tuff of 
Saguache Creek, overlain by densely welded Fish Canyon Tuff (best seen from 
near the bridge). Here and widely elsewhere, the tuff of Saguache Creek is 
separated from overlying Fish Canyon Tuff by only a few meters of volcaniclastic 
sediments, which nevertheless represent a time interval of 3.3 m.y., the period of 
peak volcanic activity in southeastern and western parts of the San Juan 
Mountains. 

(0.7) 

53 Side road on left: CC 36. 

(1,0) 

54 La Carita road (41G) on left, with rims of Fish Canyon Tuff on both sides. 

(0.9) 

54.9-55.3 Good outcrops of densely welded interior tuff of Saguache Creek, displaying 
lenticular lithophysal gas cavities. Similar outcrops of this unit across the creek 
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to the north are overlain by cliff-forming Fish Canyon Tuff (27.6 Ma, as calibrated 
to USGS Menlo Park standards; 27.8-28.0 Ma in other labs). 

(3.4) 

· 58.7 Milepost 42. Straight ahead is major north-trending fault zone, downdropped to
west. Across faults, to west are grassy dip slopes on top of Carpenter Ridge Tuff 
(27.3 Ma). To right and left are exposures of Fish Canyon Tuff, banked against 
Conejos andesites on upthrown side of fault zone, that is also perhaps roughly 
coincident with the east margin of a buried caldera source for the tuff of 
Saguache Creek. 

(0.6) 

59.3 Side road on left (30CC) 

(0.3) 

59.6 Just after milepost 41, cross Saguache Creek. Outcrops on both sides of road ar12 
densely welded interior of Carpenter Ridge Tuff. 

(1.4) 

61.0 Cavernous weathering rock on left (west) is weakly welded vapor-phase
crystallized upper part of the Carpenter Ridge Tuff. 

(2.1) 

63.1 STOP 3. Shortly beyond milepost 38, base of the Carpenter Ridge Tuff rests 
directly on partly welded upper Fish Canyon Tuff, without intervening 
sediments or bedded air-fall tuff. Across Spanish Creek to the right (north) are 
good exposures of the welded layer of Carpenter Ridge, with its basal vitrophyre 
resting abruptly against rounded granitoid-like outcrops of the Fish Canyon 
Tuff. 

(0.8) 

The high rims off to the north and west are all in early andesites of the 
Rawley Andesite/Conejos Formation, giving some perspective on the enormous 
paleovalley of Oligocene Saguache Creek, filled by welded tuffs. 

63.9 Spanish Creek road on right, surrounded by outcrops of typical outflow Fish 
Canyon Tuff. 

(0.5) 

64.4 On left (just before sign indicating entry to Rio Grande Forest) is contact between 
base of Fish Canyon Tuff and underlying mudflow-landslide breccias, containing 
clasts of the newly recognized tuff of Luders Creek, a locally preserved ash-flow 
sheet that is strikingly zoned from rhyolite upward into dacite. 
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(0.8) 

65.2 STOP 4. Entry to Buffalo Pass Campground on left. On right, large masses of 
shattered brecciated dacitic tuff of Luders Creek, as blocks in the landslide mass. 
The tuff of Luders Creek, exposed in place only along the C.D., ahead to the west, is 
a newly recognized local ignimbrite that is compositionally zoned from rhyolite 
upward into dacite. It closely resembles the much younger Nelson Mountain Tuff, 
with which it has previously been correlated, but predates the Fish Canyon Tuff. It 
may have been erupted from the Cochetopa Park area, or from a concealed caldera 
east of the Continental Divide, but preserved exposures are too limited to evaluate 
confidently. 

(0.4) 

65.6 The Luders Creek landslide material overlies well-stratified tuffaceous sand and 
bedded breccia containing clasts of Rawley /Conejos andesite and dacite that are 
probably debris derived from up-canyon lava flows and domes. 

(1.0) 

66.8-.9 Nearly glassy columnar-jointed base of large dacitic lava dome up the hill to 
right. The thick dacites in this area and along the Continental Divide may 
postdate the tuff of Saguache Creek and constitute fill of its source caldera (along 
with the younger Fish Canyon and Carpenter Ridge Tuffs. 

(0.5) 

67.4 At bend in road is somewhat altered, originally glassy flow-layered top of an 
older dacitic lava flow with near-vertical ramp structures. 

(0.8) 

68.2 On right (north side) of road is nice outcrop of brown devitrified dacite lava that 
is beautifully flow layered. 

(1.1) 

69.3 North Pass (elev. 10,150): Continental Divide. At pass and to north are more of 
the massive brown to gray dacitic lavas (Conejos Formation?); on ridgecrest to 
south is thick section of in-place tuff of Luders Creek. 

(0.7) 

70.0 Timbered high hills in distance are part of geographic Cochetopa Dome, a 
sequence of postcollapse high-silica rhyolitic lava flows within the Cochetopa 
caldera (Fig. 2). To right is Sawtooth Mountain, a remnant of a Conejos volcano 
truncated along the northwest caldera wall. 
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(0.4) 

70,4 At sharp bend in road, leaving the relatively coherent dacitic lavas, and entered a 
complexly altered and faulted zone of mostly pre-tuff lavas and breccias, but 
including local slivers of welded tuff (probably including Bonanza Tuff). This 
increased structural complexity may be an aspect of the west wall of the caldera 
source for the tuff of Saguache Creek-a newly developed hypothesis that 
remains to be evaluated by further field and lab study. 

(1.1) 

71.5 At milepost 29, roadcuts on right and also along side trail across creek to south are 
poor exposures of crystal-rich dacitic tuff, tentatively identified as Bonanza Tuff, 
either depositionally or faulted against andesitic rocks. 

Timbered ridges south of road are capped by thick tuff of Saguache Creek, sitting on 
andesite (possibly at west wall of its source caldera?). 

(0.5) 

72.0 (and continuing to turn-off). Outcrops of pe-ignimbite andesitic lavas and 
volcaniclastic rocks, somewhat greenish gray due to weak propylitic alteration. 

(1.7) 

73.7 Side road to right, KK20. 

(0.6) 

74.3 Turn left on Saguache Park road (17GG); ahead on left is nice profile view of 
geographic Cochetopa Dome, consisting of rhyolitic postcaldera lava flows. We are 
now inside the caldera, and the gravel road is on caldera-filling tuffs and 
conglomeritic sediments. 

(0.7) 

75.0 On left, small elliptical hill is tip of landslide breccia, containing monolithologic 
clasts of Fish Canyon Tuff, surrounded by white crystal-poor tuff of the caldera 
fill. 

(2.0) 

77.0 STOP 5. At low divide are good views of the east and south margins of the 
Cochetopa caldera-the timbered ridges marking a relatively low segment.of the 
Continental Divide. In the distances are the much higher peaks marking the San 
Luis caldera complex, including the 14,000+ ft Stewart and San Luis Peaks. To 
the left (south) in the distance, the high country is the La Garita Mountains, the 
resurgently uplifted core of the northern segment of the caldera source for the 
5000 km3 Fish Canyon Tuff. 
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To the right (northwest) are the rhyolitic lava flows of Cochetopa Dome, the low 
ridge extending to the northeast being the top of the oldest exposed flow. The 
main middle and upper flows form upper slopes of this timbered hill, though 
contacts are obscured by the heavy timber. 

The low basin ahead is the south moat of Cochetopa caldera, filled by weakly 
indurated tuffs and sandstones that are poorly exposed. 

To the right of the high San Luis Peak country, the long timbered slope is underlain 
by thick Nelson Mountain Tuff that flowed down the Cochetopa graben from the 
San Luis area into Cochetopa Park as both caldera and vent areas were subsiding 
concurrently. 

(2.6) 

79.6 Junction road NN14; turn left toward Saguache Park road. 

END THIS PART OF LOG 

Part 2: Cochetopa Park to Saguache Park (starting at junction roads NN14 and 17GG) 

Our route heads toward a low part of the Continental Divide, where andesitic lavas of 
the Conejos Formation form a structural septum between Cochetopa and la 
Garita calderas. This part of the trip traverses the south moat ofCochetopa 
caldera, then crosses the low Continental Divide on precaldera andesitic rocks to 
enter the northern Saguache Park segment of the giant La Garita caldera (source 
of the Fish Canyon Tuff) 

(0.0) 

Junction road NN14 and 17 GG; turn east toward Saguache Park road 

(0.1) 

0.1 Turn-off on right to Quarter-Crcle Circle Ranch (my field base for much of this 
study). Also on right are small workings in caldera-fill moat tuffs, prospected for 
zeolites. 

(0.9) 

1.0 Turn right on County Road 17FF (National Forest 787), to Saguache Park. 
After turn, great view of high peaks of the San Luis caldera complex. At 11:00 to 

straight ahead in front of the peaks, low ridge is Nelson Mountain Tuff where the 
creek flowed into the Cochetopa caldera, with large cliffs cropping out in 
Cochetopa Canyon as it cuts through the tuff at a low part of the caldera rim, 
along the Cochetopa graben. 

Timbered ridge to left on the Continental Divide consists of intermediate
composition lavas and breccias of the Conejos Formation, forming a septum 
between Cochetopa caldera to the north and Saguache Park segment of La Gari ta 
caldera to the south. 
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Our road winds through a small canyon to a low pass in this ridge. Watch for 
pronghorn antelope in this high sagebrush country; they are fairly common. 

(2.3) 

3.2 Cattle guard; entering Gunnison National Forest. Rugged hill-capping cliffs 
straight ahead are spectacular exposures of landslide breccia consisting of 
monolithologic clasts of Fish Canyon Tuff (site of Stop 7), hanging on the low 
topographic wall of Cochetopa caldera. 

(1.2) 

4.4. At cattle guard, low ridge to right consists of nonwelded crystal-rich dacite of distal 
Nelson Mountain Tuff, capped by old alluvial-fan gravel. The tuff is best seen 
from the road, corning from the opposite direction (return trip). This is the.most 
easterly extent of outflow Nelson Mountain Tuff that flowed into Cochetopa 
caldera from the southwest. It rests on the Fish Canyon landslide breccia in this 
area and is overlain by white tuffaceous sediment beds of the caldera fill in 
obscure nearby exposures. 

(1.2) 

5.6 Breaking out trees, we drive across a small saddle exposing brecciated Conejos 
dacite, which may be a primary volcanic deposit or more caldera-related slide 
breccia. The higher cliffs on both sides of the road are the Fish Canyon landslide 
breccia. 

6.4 Across valley to left (east), Fish Canyon slide breccia is plastered across 
nonbrecciated tuff of Saguache Creek and underlying Conejos andesite, at the 
caldera wall 

On return trip, this will be STOP 7. We will walk across the valley to see the breccia 
in direct contact with Conejos andesite. 

Ahead at 10:00, the low cliffs are in-place (nonbrecciated) tuff of Saguache Creek. 

(0.4) 

6.8 Road climbs and crosses poorly exposed tuff of Saguache Creek, onto a small flat 
on its stripped upper Sl].rface. In this area the tuff of Saguache Creek has been 
downdropped about 250 m along an obscure arcuate fault, just ahead, that is 
interpreted as an outer circumferential ring structure of the Cochetopa caldera 
subsidence. 

(0.4) 

7.2 Side USPS road 787 on left. At this point, leaving the tuff of Saguache Creek, and 
from here almost to the pass the road is on andesite and dacite lava and breccia 
of the Conejos Formation, constituting the caldera wall. These rocks make a rib 
separating Cochetopa caldera from the northern segment of La Gari ta caldera 
across the divide to the south. 
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(1.9) 

9.1 On the Continental Divide, entering Rio Grande National Forest; elevation about 
10,670'. 

STOP 6. At the "Salt House," panoramic view of the Saguache Park segment of La 
Carita caldera. We are at the northern margin of segment 3 of this 75x35 km 
caldera system (Fig. 2), from which the Fish Canyon Tuff was erupted at 27.6 Ma. 
This is the best vantage point from which the Oligocene caldera morphology and 
scale are relatively well preserved. Farther to the south subsequent caldera 
structures and deep erosion have largely obscured the original caldera features, 
which can be recognized only from geologic mapping. 

To the west (right) are the high peaks of the San Luis caldera complex; prominent 
sloping mesas of Nelson Mountain Tuff dip northward toward Cochetopa Park. 
In the distant skyline just to the left are the high La Carita Mountains, exposing 
resurgently uplifted intracaldera Fish Canyon Tuff forming the core of the 
northern segment of this caldera. Between these mountains and the low basin of 
Saguache Park, the flat-topped mesas are all caldera-filling tuffs, from top 
downward: thick variably welded Nelson Mountain, Wason Park, and 
Carpenter Ridge. To the left (east), the high point on the east caldera rim is Mesa 
Mountain., capped by proximal outflow Fish Canyon Tuff overlying lavas of the 
Conejos Formation. Much of geographic Saguache Park immediately in front of 
us is underlain by poorly exposed chippy Carpenter Ridge Tuff, on which we are 
standing. Saguache Creek, which drains the area before us was also the 
Oligocene drainage for this part of La Carita caldera, and tuffs such as the Wason 
Park and Nelson Mountain were able to spread to the northeast by flowing down 

' 

this paleovalley. 
From this point we retrace ourroute 9 miles to Cochetopa Park, making STOP 7 to 

examine topographic-wall features of Cochetopa caldera and the Fish Canyon 
landslide breccia within it. 

END THIS PART OF LOG 

Part 3: Cochetopa Park to Gunnison, starting at junction roads NN14 and 17GG 

(0.0) 

We continue the clockwise transect in the moat of Cochetopa caldera, exiting the 
caldera in Cochetopa Canyon (probably an Oligocene paleovalley) cut in 
Precambrian granite, and joining US Hwy 50 to Gunnison. 

On right, high' cliffs are the dome-forming lava flows of high-silica rhyolite. At 10:00, is 
high country of the San Luis caldera complex. Straight ahead is Sawtooth 
Mountain underlain by lavas of Conejos andesite, forming the northwest rim of 
Cochetopa caldera. The low ridge in between is underlain entirely by Nelson 
Mountain Tuff, ponded within the Cochetopa graben that funneled these ash 
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flows toward the northeast from the San Luis eruption site, and channeling them 
into the Cochetopa caldera. 

(1.2) 

1.2 Tum-off on left to Stewart Creek road. Ahead, Dome Lakes are artificial 
reservoirs along Cochetopa Creek. Light-colored exposures in roadcuts are 
tuffaceous fill of Cochetopa caldera. On right, just before tum, the sedimentary 
fill contains large clasts of diverse welded tuffs; these include probable Nelson 
Mtn Tuff, probable Luders Creek, and other unidentified tuffs. 

(1.1) 

2.3 At spillway of upper dam are good views straight ahead of Cochetopa Dome. 
The high point is on the uppermost flow; at the saddle to the right is the contact 
between it and the middle main flow. Only the nearly aphyric upper flow 
contains obsidian "Apache tears" along its base, dated by K-Ar at 26.6 Ma. Rim 
across the creek to the west is Nelson Mountiiin Tuff. 

(1.3) 

3.6 STOP 8 (time permitting) Small quarry, just to right of road in Nelson Mountain 
Tuff, exposes abrupt transition from crystal-poor rhyolite to more crystal-rich 
transitional rhyolite-dacite. In this area the Nelson projects beneath the lava 
flows of Cochetopa Dome; volcaniclastic caldera-fill sediments are obscurely 
exposed on the slope _in between. 

(1.1) 

4.7 Los Pinos road on left (we'll travel this way tomorrow). At 10:00, looking up at 
Sawtooth Mountain; the high rims are all andesitic lavas flows of the pre
ignimbrite sequence ("Conejos"). A prominent break in slope about half way up, 
between lower irregular hills and the steep upper slope is the approximate 
contact between caldera-wall rocks and landslide breccias of andesitic lavas that 
slid partway down the wall, incompletely into the caldera basin. 

Again whitish tuffaceous sediments along creek level are late fill of the caldera. 

(0.8) 

5.5 Breaking out with good view to the north and northeast of the continuation of 
the caldera wall. To the east of Cochetopa Canyon, the high point is Razor Creek 
Dome; like Sawtooth Mountain, this hill consists of andesitic lava flows. They 
probably erupted from an intrusive centered marked by a small pluton of fine
grained hornblende diorite, exposed in the basin this side of Sawtooth Mountain. 

(1.9) 

7.4 Bend in road, near cattle guard. At 9:00 across Cochetopa Creek to west, white 
patch is nonwelded Fish Canyon Tuff within the caldera, overlain by southward 
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(0.7) 

dipping landslide breccia of the caldera fill. Low rounded brownish hills to the 
right are andesitic lava and breccia of the caldera floor. 

8.1 STOP 9. Junction with Hwy 114. Knob across road in foreground is Fish 
Canyon Tuff, resting depositionally on Conejos andesite inside the caldera. 

Driving north on the paved road, low ribs to right at 2:00-3:00 are dikes of 
hornblende andesite, cutting Conejos breccia. 

(1.0) 

9.1 A Conejos dike is exposed in roadcut on right. Straight ahead, light tan hill in 
near foreground consists of a rhyolitic lava flow and pink crystal-poor tuff low in 
the precaldera sequence. Passing through trees just beyond rhyolite exposures is 
a fault that drops the rhyolite down against Mesozoic sedimentary rocks and 
underlying Precambrian granite, along a probable outer ring fault of the caldera. 

(0.9 

Higher timbered hills are Wall Mountain Tuff (36.3 Ma), deposited 
directly on the Mesozoic sedimentary rocks ·and underlying the entire andesitic 
sequence of Conejos lavas. The Wall Mountain Tuff, previously known only east 
of the Rio Grande rift (Upper Arkansas Valley), here is >80 km SW of its inferred 
caldera source above the Mount Princeton batholith in the Sawatch Range. 

10.0 Crossing the fault, and entering Precambrian granitic rocks of Cochetopa 
Canyon. The Cochetopa Granite is part of the 1.45 Ga assemblage that is 
widespread in the southern Rocky Mountains. 

The Cochetopa Granite intrudes metavolcanic and metasedimentary rocks in this 
area, which was mapped in the 1960's by Jerry Olson and Dave Hedlund as part 
of a U-Th resource investigation. In doing so, they mapped the overlying 
volcanic rocks and named many of the regional units, including the Fish Canyon 
and Carpenter Ridge Tuffs. Unfortunately in the Cochetopa Canyon area, where 
the high rims are capped by erosional remnants of tuff, many of the published 
correlations are incorrect. In particular, the areas indicated as Nelson Mountain 
Tuff or Cochetopa Creek Tuff, as shown on published maps in this area, all seem 
incorrectly identified. 

The revised distribution of the:Nelson Mountain has important implications for 
interpretation of its eruptive source (at the San Luis caldera complex), in relation 
to subsidence at Cochetopa. The distribution of the Nelson Mountain is 
symmetrical with respect to the San Luis complex, but strongly asymmetrical 
with respect to Cochetopa Park. 

(8.5) 

18.5 Canyon opens out; the high rim across the valley to the northwest is Fish Canyon 
Tuff, capped by Carpenter Ridge. 

(1.6) 
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20.1 Entering Gunnison County, at ntilepost 8. 

(3.0 

23.1 Crossing bridge at ntilepost 5. Rocks at road level are still Precambrian, but just 
100 m upslope vertically are the volcanics-thick Fish Canyon Tuff with a thin 
cap of Carpenter Ridge Tuff. No tuff of Saguache Creek has been recognized this 
far NW by me thus far during recon along Cochetopa Canyon. This unit is 
present as high erosional mesa caps in several places on each side of the canyon. 
Its absence in the canyon suggests much erosion in this area during the 4.5 m.y. 
prior to eruption of the Fish Canyon. 

(2.90 

26.0 Obscure exposures low across valley to east are crystal-poor partly welded 
rhyolitic tuff, resting on the Precambrian and overlain by Fish Canyon, that is 
tentatively identified as Sapinero Mesa Tuff erupted at about 28.2 Ma from the 
San Juan-Uncompahgre caldera in the western San Juan region. This is the most 
easterly known area of the Sapinero Mesa. No direct stratigraphic juxtaposition 
has been found thus far north of Cochetopa Park between the Sapinero Mesa and 
the newly characterized tuff of Saguache Creek (31.9 Ma), with which the 
Sapinero had been ntiscorrelated previously. 

(1.8) 

27,8 Gunnison River, and junction with Hwy 50. Turn left (west), 8 ntiles to town of 
Gunnison. 

(2.6) 

30.4 Exposures of andesitic lahar breccia ("Conejos," sometimes called 'West Elk 
Breccia") in small roadcuts; more exposed interntittently from here to Gunnison, 
filling irregular channels carved in Mesozoic sedimentary rocks. 

(5.4) 

35.8 Entering Gunnison; end of today's trip. 

DAY 3 COCHETOPA PARK, SAN LUIS, AND LAKE CITY CALDERAS 

On Day 3 (Fig. 2; no detailed road log available), we will (1) exantine caldera
wall features a,long the north side of the San Luis complex, (2) consider the eruptive 
history of this ignimbrite center in relation to Cochetopa caldera, traverse the northwest 
margin of La Gari ta caldera, and (3) obtain a distant view of the spectacularly exposed 
23-Ma Lake City caldera, source of the Sunshine Peak Tuff. Main purpose of this day
will be to explore relations between development of the Cochetopa caldera and the
three ignimbrite eruptions from the San Luis caldera complex (Rat Creek, Cebolla
Creek, Nelson Mountain Tuffs). We'll also see a bit more of the La Garita caldera (NW
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margin) and finish with a brief overview of the 23-Ma Lake City caldera, as we return to 
Gunnison. 

The clockwise route from Gunnison returns to Cochetopa Park, goes up Los 
Pinos Creek, crossing the pass to Cebolla Creek, continues up Cebolla Creek to 
Slumgullion Pass, descents to Lake City, follows the Lake Fork and Hwy 149 back to 
Route 50, and on to Gunnison. 

Summary of possible stops (detailed road log unavailable) 

Leave Gunnison 8:00 am; retrace route toward Cochetopa Park 

Stop 1. (Option, to be guided by others?) Precambrian pillow lavas, Hwy 114 (30 
min; 8:15-8:45). [Alternatively, Stops 8 or 9 of Day 2, if omitted previously]. Continue south 
on Hwy 114 to Cochetopa Park; take Los Pinos road toward Cathedral. 

. Stop 2. Complex structure, including NE-trending graben along west caldera 
margin, Sapinero Mesa Tuff, and Fish Canyon caldera-wall slide breccia (30 min): At 
narrows, Los Pinos road (9:30-10:00). 

Here, the Sapinero Mesa Tuff (pre-Fish Canyon biotite-bearing crystal-poor 
rhyolite, erupted at 28.2 Ma from the San-Juan-Uncompahgre caldera system in the 
western San Juans) is distal and only partly welded, in contrast to the densely welded 
tuff of Saguache Creek seen farther east yesterday (stop 2). The slide breccia is much 
like that seen yesterday at stop 7, but contains sparse clasts. of densely welded 
Carpenter Ridge Tuff (another crystal-poor biotite-bearing rhyolite), demonstrating that 
the landslide emplacement was younger than the time of Fish Canyon eruption8. In 
contrast, at least some faults in this area appear to have moved concurrently with the 
Fish Canyon eruptions and are associated with formation of the La Garita caldera, as 
explored more fully at stop 3, 

Ahead along both sides of valley, are structurally complex exposures of Fish 
Canyon Tuff (both as landslide breccia and depositionally in-place tuff), overlying 
Conejos lava flows. 

Stop 3. Los Pinos graben and evidence for age of faulting (Fig. 4; 30 min); just 
beyond turnoff to Blue Creek, Los Pinos road (10:15-10:45). 

The NE-trending Los Pinos graben (all faults now concealed) caused 
downdropping of the Fish Canyon Tuff but was passively filled by Carpenter Ridge 
and younger tuffs (Wason Park, Rat Creek, Cebolla Creek, Nelson Mountain Tuffs) 
from the central San Juan calderas to the south. The graben is thus interpreted as a 
peripheral structure related in space and time to formation of the La Garita caldera, and 
along with other map relations suggests that the Cochetopa Park area was at least 
,peripherally involved in collapse of this giant caldera. Possibly, Cochetopa Park area 
subsided modestly as a fourth segment of La Gari ta. 

Poorly exposed along the road is weakly welded Cebolla Creek Tuff, a distinctive 
mafic dacite containing abundant hornblende phenocrysts, the middle of three tuffs 
erupted from the San Luis caldera complex. 

Continuing upvalley toward Los Pinos Pass, we pass through obscure exposures 
of successive tuff sheets of the graben-fill tuff sequence. 
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· Stop 4. Overview of San Luis caldera complex, and densely welded Cebolla
Creek Tuff (Fig. 4; 30 min): at Los Pinos Pass (11:15-11:45). 

From this vantage point can be seen features of the north margin of the San Luis 
caldera complex, including the eroded wall of the Cebolla Creek caldera where it nearly 
coincides with the NW margin of the La Garita caldera, and the hinged margin of 
resurgent uplift of the Nelson Mountain Tuff. The Nelson Mountain caldera involved 
trap-door collapse, with maximum subsidence at its southern side, and resurgence 
involved reversed trap-door uplift with.only a hinge inflection on the north side. The 
uplift hinge is beyond the subsided area to the north, and appears to coincide roughly 
with inferred location of the concealed ring fault of Cebolla Creek subsidence. 

In roadcuts are densely welded vitrophyric and devitrified Cebolla Creek Tuff; 
compare with that seen at stop 3. Around bend in road (no time to stop) are exposures 
of densely welded dacite of the upper Rat Creek Tuff. 

Stop 5. Cebolla Creek caldera wall; Rat Creek and Nelson Mountain Tuffs (Fig. 4; 
90 min, short to moderate walk; lunch); Cathedral Creek Ranch (12:15-13:45). 

In this scenic side-valley tributary to geographic Cebolla Creek can be seen (1) 
compositionally zoned zeolitized Rat Creek Tuff (basal weakly welded rhyolite--73-74% 
SiO2, grading upward into densely welded dacite--67-68%SiO2) banked depositionally 
against the La Garita caldera wall, and (2) compositionally similarly zoned Nelson 
Mountain Tuff forming the "cathedral" cliffs and banked depositionally against the 
Cebolla Creek caldera wall. 

Our hosts at the ranch are 3'ct-generation Colorado ranchers Forest and Billie 
Cadwell. 

After lunch, we retrace rout and continue to geographic Cebolla Creek 

Stop 6. Topographic walls of La Garita and Cebolla Creek calderas (Fig. 4; 30 
min); Cebolla Creek (14:00-14:30). 

To the north, small exposures of Carpenter Ridge Tuff, banked depositionally 
against proximal outflow Fish Canyon Tuff and underlying andesite and dacite lavas of 
the Conejos Formation, mark the unconformity along the NW La Garita topographic 
wall. 

To the south, the timbered slope is Nelson Mountain Tuff within the Cebolla 
Creek caldera, as also seen at stop 5. ahead on the north side of the valley are exposures 
of densely welded proximal Cebolla Creek Tuff, overlying nonwelded rhyolitic Rat 
Creek Tuff, both banked against the La Garita caldera wall. 

Then, we continue up Cebolla Creek, passing through bold outcrops of Fish 
Canyon Tuff that appear to bury a low segment of the northwest La Gari ta caldera wall. 
The road continues up valley into basaltic lavas of the Miocene Hinsdale Formation 
(forming Cannibal Plateau, of Alfred Packer fame) and joins Hwy 149 just before 
Slumgullion Pass. 

Stop 7. Panoramic view of Lake City and Uncompahgre calderas, Slumgullion 
mudslide (30 min); from Windy Point, Hwy 149 (15:00-15:30). 

This vantage point provides views of the rugged resurgently domed interior of 
the Lake City caldera, source of the 23-Ma Sunshine Peak Tuff. The caldera structure 
has been etched by the arcuate present-day drainages (formed by stream capture in the 
Lake City caldera moat) of the Lake Fork (coming in from the south) and Handies Creek 
(from the west), which merge at Lake City. The caldera wall is an unconformity 

16 



j 

between altered and mineralized precaldera rocks and overlying caldera-fill lavas, 
marked from this viewpoint by termination of the Golden Fleece vein (largest gold 
producer in the Lake City region). Most of the high area , including 14,000+ ft Sunshine 
and Redcloud Peaks, is underlain by thick intracaldera Sunshine Peak Tuff. Grassy, 
Red, and Round Mountains on the northeast flank of the resurgently uplifted area are 
postcollapse lava domes. 

Lake City caldera is nested within the unrelated 28-Ma Uncompahgre caldera, 
source of the Sapinero Mesa Tuff seen at stop 2. The north and east wall of the 
Uncompahgre caldera passes in front of Wetterhorn Peak (4272 m), just behind 
Uncompahgre Peak (4361 m), just north of Crystal Peak, curves around under Cannibal 
Plateau, and is obscurely exposed in altered rocks near the viewpoint. Lake City 
caldera is sufficiently deeply eroded so that its bounding ring faults are exposed further 
up both the Lake Fork and Henson Creek; unfortunately time during this trip does.not 
permit a visit. 

The Slumgullion earth slide dammed the Lake Fork about 1100 years ago. The 
lower section (containing the road) is now stable; the active upper section is marked by 
disturbed trees. The headwall and source of the earth slide is in the altered core of a 
postcaldera 28-Ma dacitic volcano of the Uncompahgre cycle. 

Continue down Hwy 149 to junction with road up the Lake Fork; some roadcuts 
are in Carpenter Ridge and Fish Canyon Tuffs, here as fill within the moat of the 
Uncompahgre caldera. 

Stop 8. Intracaldera Eureka Member of the Sapinero Mesa Tuff (within 
Uncompahgre caldera) and western San Juan caldera structure (30 min); roadcut, Hwy 
149 S of Lake City (15:45-16:15). 

Spectacular exposures aro_und Lake City and in Henson Creek are all parts of a 
single thick cooling unit of the intracaldera Sapinero Mesa Tuff, named the Eureka Tuff 
before the correlation between intracaldera and outflow deposits was recognized 
(compare with the distal outflow Sapinero Mesa at stop 2, to appreciate reason for 
initial confusion about correlation). The intracaldera Eureka member differs from the 
outflow Sapinero Mesa Tuff in its generally intense propylitic alteration, more abundant 
lithic fragments, and great thickness. Like the outflow Sapinero Mesa, the Eureka 
Member is a low-silica rhyolite (70-72% SiO2), containing phenocrysts of sanidine, 
plagioclase, and sparse biotite. These outcrops constitutes the northeast flank of an 
elliptical resurgent dome that extends across both the Uncomaphgre and San Juan 
caldera segments. Only remnant of the northeast portion of the dome are preserved, 
the rest having been downdropped within the Lake City caldera. 

Continue north, through_ town of Lake City. 

Stop 9. Larsen Cr. precaldera volcano and dikes (15 min, optional, time/interest 
permitting); roadcut Hwy 149, N of Lake City (16:45-17:00). 

Roadcuts expose massive andesitic breccias on the flank of this Conejos volcano 
and small rhyolitic dikes. Larsen Creek is typical of several deeply dissected central 
volcanoes (alsc Cow Creek, Cimarron, Lake Fork) clustered just outside the margin of 
the western San Juan calderas cluster. 

Return to Gunnison via Hwy 149 and US Hwy 50 (30 min); arrive ~17:30 
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Table 1. Summary of major ash-flow tuffs, caldera sources, and 40Ar/39 Ar ages, San Juan volcanic field 
[Bold type, major tuff sheets of central caldera cluster; Si, silica. Age determinations from Lanphere, 1988, 2000, and unpub. data; Lipman and others, 1996; Bove and others, 200 I) 

Ash-Fl2w Sh��ts 

SE Complex Central Cluster West Cluster 

Sunshine Peak 
Snowshoe Mountain 

• Nelson Mountain

Cebolla Creek

Rat Creek
Wason Park
Blue Creek

• Carpenter Ridge
Crystal Lake 

6 Fish Canyon 
Chiquito Peak 

Masonic Park 
• Sapinero Mesa2 

Dillon Mesa2 

Blue Mesa2 

Ute Ridge2 

South Fork 
Ra Jadero 
Ojito Creek 
Middle tuff 
La Jara Canyon 
Black Mountain 
Lower rhyolite tuff 
Tuff of Rock Creek 

• Tuff of Luders Creek
• Tuff of Saguache Creek

1 N, nonnal polarity; R, reverse polarity ; n.d., not determined
2Stratigraphic relation to southeast area is uncertain 

Composition 

Si rhyolite - dacite 
Mafic dacite 

Low-Si rhyolite⇒dacite 

Mafic dacite 

Low Si rhyolite⇒dacite 
Rhyolite 
Dacite 
Low-Si rhyolite=>dacite 
Low-Si rhyolite 
Dacite 
Dacite 
Dacite 
Low-Si rhyolite 
Low-Si rhyolite 
Low-Si rhyolite 
Dacite 
Low-Si rhyolite 
Si dacite 
Si dacite 
Dacite 
Dacite 
Si dacite 
Low-Si rhyolite 
Andesite 
Low-Si rhyolite⇒dacite 
Rhyolite 

3Age and stratigraphic relation to Snowshoe Mountain are uncertain 

Caldera Source Vol ume 
(m

J
) 

Lake City 200-500
Creede >500

San Luis complex, >500

Cochetopa Park 
San Luis complex 250

San Luis complex 150

South River >500
(concealed) 250
Bachelor > 1,000
Silverton 50-100
La Garita >5,000

Platoro 1,000
(concealed) 500 

San Juan >1,000
Uncompahgre? 25-100
Lost Lakes 100-500
Ute Creek >500
Platoro (Summitville?) 50
Platoro (Summitville?) 150
Platoro 100 
Platoro 100
Platoro 1,000 
Platoro 100 
Platero 75 
"Platero" 25 
Cochetopa? 50? 
Cochetopa? 100? 

�Reported age reduced by/% to provide consistency with the calibrations used by Lanphere ( 1988, /994) 
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Magnetic Age 

Polarity' (Ma) 

R 23.1 
N 2 6.7 

N -26.8?

N -26.9?'·'
N -27.0?
R 27. I
R 27.2
R 27.35
R 27.5
N 27.6 

R 28.2 
R 28.3 

R 28.0 
R 28.1 
R 28.1 
R 28.4 
R 28.5 
R 28.5 
N -29
N/R -29
R 29.0
R -29.5?
n.d. -29.5?
n.d. 30-31?
n.d. n.d
N 31.9
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Table 2. Megascopic characteristic features, ash-flow sheets in the central San Juan region 
[Bold type, major luff sheets of central caldera cluster] 

Ash-flow sheets Composition 

Snowshoe Mountain Tuff Mafic dacite 

• Nelson Mountain Tuff Low-Si rhyolite=}dacite 

Cebolla Creek :'t1ff Mafic dacite 

Rat Creek Tuff Low Si rhyolite=}dacite 

Wason Park Tuff Rhyolite 

Blue Creek Tuff Dacite 

• Carpenter Ridge Tnff

Mammoth Member (upperintracaldera) Dacite 

Outflow and lower intracaldera tuff 

Crystal Lake Tuff 

• Fisb Canyon Tuff

• Sapinero Mesa Tuff

Dillon Mesa Tuff

Blue Mesa Tuff

Ute Ridge Tuff

Chiquito Peak Tuff

Masonic Park Tuff

• Tuff of Luders Creek

• Tuff of Saguache Creek

Peter W. Lipman 

Low-Si rhyolite 

Low-Si rhyolite 

Dacite 

Low-Si rhyolite 

Low-Si rhyolite 

Low-Si rhyolite 

Dacite 

Dacite 

Dacite 

Low-Si rhyolite=}dacite 

Low-Si rhyolite 

Page I 

Textures and phenocrysts 

Phenocryst rich; densely welded within caldera, weakly welded outflow 
,;; 

Compositionally zoned; weakly welded crystal-poor to dense crystal-rich 

Typically weakly welded; abundant hornblende>> augite is distinctive 

Compositionally zoned; weakly welded rhyolite to dense dacite 

Phenocryst-rich rhyolite; tabular sanidine phenocrysts 

Phenocryst rich; sanidine is absent (contrast with Mammoth Mountain Member) 

Phenocryst rich; sanidine is common (contrast with Blue Creek Tuff) 

Phenocryst-poor; common basal vitrophyre, central lithophysal zone 

Similar to rhyolitic Carpenter Ridge Tuff, but less welded within map area 

Distinctive light-gray, phenocryst-rich: resorbed quartz, hornblende, absence of augite 

Similar to rhyolitic Carpenter Ridge Tuff, but generally less welded within map area 

Similar to rhyolitic Carpenter Ridge Tuff, but generally less welded within map area 

Similar to rhyolitic Carpenter Ridge Tuff, but generally less welded within map area 

Phenocryst-rich; contains sparse sanidine (in contrast to Masonic Park Tuff) 

Phenocryst-rich; similar to Masonic Park, but contains sparse sanidine 

Phenocrysts similar to Blue Creek Tuff; typically less welded 

Compositionally zoned; resembles Nelson Mountain Tuff 

Resembles Carpenter Ridge and Sapinero Mesa Tuffs, but lacks phenocrystic biotite 
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Table. 3 

MAIN VOLCANIC UNITS, COCHETOPA PARK AREA 

(caldera source, tuff unit, age Ma) 

[Andesitic lava unit] 

SW NE 

(San Luis) NELSON MTN TUFF (~26.5) 
(Bachelor) CARPENTER RIDGE T (27.3)
(La Garita) FISH CANYON TUFF (27.6) 
(W SJ) SAPINERO MESA TUFF (28.1) .._

_

_ ¼sc:............ 
(Cochetopa?) LUDERS CR (?) 

'rretati0171 ...._ (Cochetopa?) SAGUACHE CR (31.9)

CONEJOS FM (~30-33 Ma) Upper Andesite (local unit) 

(Bonanza) BONANZA (32.5) 
(Marshall) THORN RANCH? (33.4) 

RAWLEY ANDES/TE (33.5-36.3 Ma) 

(Mt Princeton) WALL MTN (36.3) 

Tuff sheets from central S.J. calderas are all younger than NE units; 

precaldera andesites are similarly asynchronous 

91 .. I ol. 
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Figure 1. Calderas of the San Juan volcanic field, 
and location of cenral SJ map area 
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Fig. 2. Geometry of the la Garita caldera, 
Cochetopa caldera, 
and associated rocks. 
(Lipman, 2003) 
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