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ABSTRACT

The geology and hydrothermal alteration have been 
determined for an area bounded by latitudes 37055'N and 
38°02»30,,N and longitudes 106o55«W and 107°02'30"W, in 
parts of Mineral, Hinsdale, and Saguache Counties,
Colorado. This area is part of the San Juan Mountains 
and contains predominantly Middle to Late Tertiary ash- 
flow tuffs, and lava flows. Thin deposits of Quaternary 
glacial moraine, landslide material, and talus cover much 
of the present surface.

The rhyolite of Spring Creek, probably the oldest 
unit present, includes a local accumulation of up to 1000  

feet of highly-laminated, contorted, and brecciated lava 
flows. The Bachelor Mountain Rhyolite, in its one expo
sure, includes up to 1200 feet of highly-welded ash-flow 
tuffs. Rat Creek Quartz Latite is a widespread unit 
which includes 0 -1 1 0 0 feet of non-welded to moderately- 
welded ash-flow tuffs. Nelson Mountain Quartz Latite, 
another fairly widespread unit, includes 0 -3 9 0 0 feet of 
non-welded to intensely-welded ash-flow tuffs with minor 
associated glassy flows and local intra-formational lake- 
bed sedimentary deposits. The youngest extrusive formation

xiv



XV
is the Fisher Quartz Latite, an extremely widespread 
formation which includes 0 -1 1 0 0 feet of lava flows with 
local minor agglomerates, breccias, and tuffs. Intruding 
Nelson Mountain flows is a small hypabyssal unit, the 
monzonite of San Luis Peak. Plugs or vents representing 
Rat Creek, Nelson Mountain and Fisher ages crop out in 
the mapped area.

Structurally, the region mapped lies within the 
San Luis Peak cauldron, a large collapse structure which 
developed during the time of deposition of Rat Creek and 
Nelson Mountain Quartz Latites. This cauldron has been 
filled predominantly with Nelson Mountain Quartz Latite 
flows. Magmatic resurgence within the cauldron has pro
duced a complex group of uplifted, downdropped, and 
tilted blocks.

Pervasive hydrothermal propylitization, locally 
including sulfidization, has affected much of the eastern 
two-thirds of the area mapped. The intensity of propy- 
litic alteration appears to increase from west to east 
towards the center of the San Luis Peak cauldron. Chemi
cally, this alteration represents the addition to the 
original rocks of HgO and C0 2 with or without sulfur.
Other elements initially present have been rearranged and 
combined with the added elements to yield a new assemblage



of alteration minerals, including chlorite, pyrite, epi- 
dote, calcite, illite, and kaolinite. Propylitization 
was a post-resurgence phenomenon which took place after 
the oldest Fisher flows had been deposited but before the 
cessation of Fisher extrusive activity; in several areas 
unaltered Fisher flows directly overlie propylitized 
Fisher and Nelson Mountain flows.

Minor silver-rich, epithermal quartz-fluorite- 
sphalerite -galena -pyrite veins of post-Nelson Mountain age 
have been exposed in prospect pits and adits in the north
eastern part of the area studied. There has been no major 
production to date from these workings.

Semi-quantitative geochemical determinations of 
soils, rocks from surface exposures, and vein minerals 
show ranges of <100 to 7500 ppb Te, <25 to 200,000 ppb Hg, 
200 to 5000 ppm Ba, 0 to 8 ppm Ag, and <50 to 2000 ppm Mn. 
Despite the wide ranges of values, not one of these elements 
is thought to be a useful guide to mineralization in the 
area of this study. Tellurium is restricted to vein 
minerals and sulfidized areas only. Mercury may form an 
alteration halo around the propylitized area. Manganese 
determinations have minimum values in highly altered rocks 
and maximum values in unaltered rocks. Barium and silver 
values do not show any obvious relationship to lithology.

xvi



alteration, or mineralization. Other elements searched 
for but not detected in significant quantity include Pb,
Zn, Cu, As, Sb, and Au.

xvii



INTRODUCTION

Location and Accessibility

The region mapped for this dissertation is 
located in the San Juan Mountains in parts of Mineral, 
Hinsdale, and Saguache Counties, Colorado, an area 
bounded by latitudes 37°55'N and 38°02«30,,N and longi
tudes 106o55'W and 107°02'30"W (fig. 1).

The Continental Divide roughly separates the 
area into northern and southern halves. The southern 
half is accessible partially from jeep roads and par
tially from a maintained county road, all from the 
town of Creede, about six miles to the south. The 
area north of the Divide is essentially undeveloped 
and is partly within the La Garita Wild Area which is 
closed to motor vehicles. Access by motor vehicle is 
available over private and county roads from Lake City 
or Powderhorn to the extreme northern edge of the 
region shown in fig. 2.

Climate and Vegetation

Because most of the area lies above 10,000 
feet, the climate is severe despite the 38° latitude.

1
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Temperatures drop below freezing nearly every night 
of the year. Daytime highs in the summer seldom exceed 
60°F. Although no data are available for the area 
studied, temperatures in the winter probably fall as 
low as -50°F; such temperatures are not rare in Creede 
at a much lower elevation. Precipitation in the area 
is probably 20-30 inches annually (Anonymous, 1936).

Timberline ranges from 11,800 feet to 12,000 
feet. Above timberline elevations only scrub willow 
and grasses survive; below that range mixed conifers 
and aspens are abundant except in areas that have been 
cut for timber or burned over.

Purpose of the Study and 
Method of Treatment

This study resulted from a desire by Homestake 
Mining Company to evaluate the widespread alteration 
found in the cirque at the head of Rat Creek and in 
surrounding areas.

To obtain an understanding of this altera
tion, the writer decided to map the surrounding area 
in an attempt to evaluate better the geologic frame
work in which the alteration occurred.



Because of the relatively short summers in the 
San Juan Mountains, two field seasons were needed to 
complete the study. Field work was done during the 
periods June through October 1965 and June through mid- 
September 1 9 6 6. Laboratory work was completed during 
the remainder of 1966 and Spring of 1 9 6 7.

The area included in fig. 2 was mapped in the 
field on aerial photographs. Field data were trans
ferred to a 1:24,000 base map compiled from available 
topographic quadrangle maps. The varied topography 
and vegetation make a field location on a photograph 
quite easy to find; contacts and other features shown 
are within 100 feet of their actual location in most 
cases.

Nearly 400 soil samples and well over 1000 rock 
chip samples were taken in the field from both the study 
area and mines of the Creede district. All of the soil 
samples were analyzed for various trace elements. 
Analytical procedures are described in Appendices C,
D, and E.

Over 200 thin sections were made as part of the 
petrographic study. A number of these were stained 
to determine presence and distribution of potassium 
minerals utilizing the cobaltinitrite method of Chayes 
(1952).
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Thirty-nine samples were selected and analyzed 

for their clay mineralogy by x-ray diffraction tech
niques and about fifty were analyzed for their heavy 
mineral suite. The procedure used for clay mineral 
identification is given in Appendix B.

Various data were then plotted or compared in 
an attempt to discover any relationships between types 
of data and to evaluate the economic possibilities of 
the area.

Previous Work

Only two reports provide any details of the 
specific area mapped. The earlier of these is Geology 
and Petrology of the San Juan Region, Southwestern 
Colorado (Larsen and Cross, 1956). This paper describes 
the area only in a very cursory manner, generally util
izing geologic units now abandoned or modified (Steven 
and Ratte, 1964, 1 9 6 5).

The later report is Geology and Structural Con
trol of Ore Deposition in the Creede District, San Juan 
Mountains, Colorado (Steven and Ratte, 1 9 6 5). This report 
contains current, detailed geologic data on the area 
immediately south of this study with additional general 
information applicable within the area studied.
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Several other papers have provided background 

information on the area and are included in the list of 
references (Emmons and Larsen, 1923; Steven and Ratte, 
1 9 6 3, 1964; Ratte and Steven, 1964).

Efforts have been made to conform to local 
names and terms used by Steven and Ratte (1 9 6 3, 1964, 
1 9 6 5) where pertinent.

Terminology

The geologic formations exposed in the region 
of this study consist predominantly of a thick pile of 
lava flows and ash-flow tuffs. Much of the terminology 
used in describing ash-flow tuffs has been developed 
just within the past decade and is contained in import- 
and papers by Ross and Smith (1 9 6 1) and Smith (1960a, 
1960b).

Most of the ash flows and lava flows which crop 
out in the area of this study have undergone a complex 
structural history related to the movement of magma at 
depth and to the extrusion around or in a cauldron of large 
volumes of volcanic material. Both extrusion and magmatic 
withdrawal, processes which reduce hydrostatic pressure 
and thereby lessen the available support for overlying 
consolidated rocks, may produce collapse features.



several types of which are described below. Post
collapse features which may be related to resurgence 
of new magma are also described below.

Areas which in ash-flow fields exhibit wide
spread subsidence including two or more calderas or 
cauldrons are called volcano-tectonic depressions 
(Williams, 1941, p. 246), volcanic depressions, or 
supercalderas (Luedke and Burbank, 1 9 6 3, p. C39-C40). 
These areas are related in depth to magmatic depletion 
or withdrawal on a batholithic scale.

In this paper the term "cauldron" is used in 
the sense of Steven and Ratte (1 9 6 5, p. 2) as "a struc
ture formed by block subsidence as a consequence of 
volcanic eruption, without regard for the size or 
shape of the subsided block or resultant structure."
A caldera, on the other hand is a specific type of 
cauldron. According to Williams (1941, p. 242), "cal
deras are large volcanic depressions, more or less 
circular or cirque-like in form, the diameters of which 
are many times greater than those of the included vent 
or vents, no matter what the steepness of the walls or 
the form of the floor."

Following cauldron (or caldera) subsidence, 
part or all of the floor of a cauldron may be further



structurally disturbed as a result of vertically-directed 
forces caused either by hydrostatic readjustment within 
the magma chamber or by resurgence and intrusion of a 
new magma from below. In fairly ideal cases, such as 
the Valles caldera (Smith, Bailey, and Ross, i9 6 0, 1 9 6 1) 
or the Creede caldera (Steven and Ratte', 1965), cauldron 
resurgence produces a prominent structural dome sur
rounded by a structural moat, all within the original 
collapsed area. Grabens and radial faults are associated 
with this doming. Attitudes of geologic units deposited 
on the caldera floors, including lake-bed and alluvial 
sedimentary units and compaction foliae of ash-flow 
tuffs, are used to define the structural domes and may 
be useful in defining disruption and offsetting of 
geologic formations within the cauldrons.

In less ideal situations cauldron resurgence 
may cause tectonic disturbances of only local, rela
tively small blocks within the cauldron, and a 
structural dome is not formed. Individual blocks may 
be uplifted, downdropped, or tilted in what appears 
to be a complex, haphazard pattern.



GENERAL GEOLOGY

General Discussion

The geologic units exposed, within the area con
sist mainly of volcanic rocks, including a complex 
sequence of ash-flow tuffs as well as lava flows, 
agglomerates, and flow breccias. Within the Spring 
Creek drainage system a small exposure of hypabyssal 
monzonite crops out.

In several locations in the Spring Creek and 
West Willow Creek drainages small exposures of fresh 
water sedimentary beds are present. These sedimentary 
rocks are thought to represent a period of intraflow 
erosion and deposition within the Nelson Mountain 
Quartz Latite.

Volcanic vents, correlative to each of the 
three major units present, crop out in the area.
These vents do not necessarily, however, represent 
the sole sources for their respective units. Other 
known sources lie outside the study area, and other 
sources undoubtedly are now eroded, destroyed, or 
covered. Linear fissure vents, as opposed to more

9



rounded pipe-like vents, would be especially difficult 
to identify unless post-consolidation re-opening had 
occurred.

Glacial moraine, landslide, and recent allu
vial material are also found covering extensive areas 
throughout this region as well as in the San Juan 
Mountains as a whole.

Most of the geologic units mapped in this study 
are thought to have been deposited within or very close 
to the edge of the San Luis Peak cauldron, a large, 
poorly-defined collapse structure. The outer limits 
of this structure probably fall outside the area shown 
on fig. 2 (see fig. 22).

Collapse associated with formation of the 
cauldron probably began in Rat Creek time. No Rat 
Creek rocks have been positively identified in expo
sures mapped for this report north of the Continental 
Divide. Furthermore, an abrupt thickening of Nelson 
Mountain Quartz Latite from 0 feet in many places 
south of the Divide to a maximum of at least 3900 
feet at San Luis Peak north of the Divide suggests the 
possibility of a large depression, centered around 
San Luis Peak, that was filled with Nelson Mountain
flows
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Resurgence of magmatic pressure following 

collapse of the San Luis Peak cauldron has produced 
a region containing many complex structural blocks 
rather than the simple structural doming seen in the 
Creede caldera to the south. Small blocks have been 
uplifted, downdropped, or tilted throughout the caul
dron area. The section dealing with structural geology 
will give more details of the history and effects of 
the San Luis Peak cauldron.

The stratigraphic relationships of the volcanic 
units have been summarized in table 1. Geologic names 
for units discussed here are those used by Steven and 
Ratte (1 9 6 4, 1 9 6 5) with the exception of the monzonite 
of San Luis Peak and the rhyolite of Spring Creek.
These latter two bodies are not known to be extensive 
enough to warrant formal names and probably do not crop 
out south of the area.

Erosion surfaces have been recognized at the 
tops of all of the volcanic formations mapped within 
the area of fig. 2. Relief on the surface pre-dating 
Nelson Mountain eruptions ranges as high as about 2000 
feet. It should be noted, however, that this relief 
may be largely due to tectonic movements coincident 
with collapse and resurgence of the San Luis Peak 
cauldron and not to erosion alone.



TABLE 1. STRATIGRAPHIC RELATIONSHIPS AND GEOGRAPHIC DISTRIBUTION OP GEOLOGIC 
FORMATIONS NORTH. OF.THE CREEDE.DISTRICT,.COLORADO 
(modified after Steven and Rattd*, 1964, 1 9 6 5)

Geographic Distribution
South of the Continental Divide <----------------*- North of

Fisher Quartz Latite 
0-1100+ ft of flows, agglo
merates, breccias and tuffs

Nelson Mountain Quartz Latite 
0 -3900+ ft of welded tuffs

Rat Creek Quartz Latite 
0 -1 1 0 0 ft of welded tuffs

Bachelor Mountain Rhyolite Rhyolite of Spring Creek
0 -1200+ ft of welded tuffs 0-1000+ ft of flows and breccias

the Continental Divide
Monzonite of San 
Luis Peak

hypabyssal intru
sion

Thicknesses given are those found in the area of this report. Other 
areas may contain thinner or thicker sections.

NOTE:
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Pre-Fisher Quartz Latite relief must have been 

extensive because exposed faces show that most indivi
dual flows do not exceed several hundred feet in thick
ness yet individual lobes have descended through 
differences in elevation exceeding 1500 feet in several 
localities in the Spring Creek drainage.

The ash-flow tuffs occurring in the Creede 
region differ from classic ash-flow tuffs thus far 
described such as those in Nevada, California and else
where (e.g., see Gilbert, 1938; Cook, 1 9 5 8; Mackin, 
i9 6 0). The Great Basin tuffs seem to have been depo
sited in fairly unconfined areas of relatively low 
relief so that a given sheet is well developed in terms 
of the ideal welding characteristics and crystal dis
tribution as described by Ross and Smith (1 9 6 1) and 
Smith (1960a, 1960b). Ash-flow tuffs in the Great 
Basin are also of reasonably constant thickness, or 
show consistent changes in thickness, and have reason
ably distinctive mineralogy so that correlations can 
be made even over distances exceeding 100 miles (Cook, 
1958; Mackin, i9 6 0; Williams, i9 6 0).

In contrast, the volcanic units of the Creede 
region were deposited in relatively confined areas 
because of pre-existing moderate or high relief.



Post-depositional erosion and tectonic activity have 
left individual units broken into discontinuous out
crops or blocks which do not always fit the classical 
interpretation of a welded-tuff sheet.

Because the units near Creede apparently were 
deposited over a relatively short period of time and 
apparently from a single magmatic source (Ratte and 
Steven, 1964), the mineralogy and mineral distribution 
are not always distinctive criteria for distinguishing 
separate formations. In much of the region mapped, 
hydrothermal alteration has been superimposed on the 
effects of welding and late magmatic or deuteric 
alteration, and has caused marked changes in the 
original mineralogy. Correlation, therefore, becomes 
difficult due to lack of unique criteria or continuous 
outcrops.

Age of the Rocks

The ages of the volcanic rocks described in 
this study are not known accurately. The age of the 
youngest volcanic rocks found in the San Juan Mountains 
is thought to be about Middle Tertiary (Steven and 
Ratted 1 9 6 5, p. 15). The contact between the pre- 
volcanic "basement" and the bottom of the Tertiary



volcanic pile is not exposed anywhere around Creede 
or in the area of this report. The depth below the 
present surface to such a contact is not known in 
these areas either.

In the area of this study no fossils have been 
found and no radioactive age dates have been determined 
Near Creede, the Creede Formation, a shaly, shallow- 
lake sedimentary rock, is interbedded with Fisher 
Quartz Latite flows. Plant fossils in the Creede For
mation have been dated by various workers of the U.S. 
Geological Survey as being from the late Tertiary, 
probably in the range of Late Miocene to Middle Plio
cene (Steven and Ratte, 1 9 6 5, p. 15).

The type locality for Fisher Quartz Latite is 
on Fisher Mountain south of the Creede caldera. This 
flow is younger than most of the Creede Formation 
(Steven, 1 9 6 7, written communication). A K-Ar date 
of Fisher Quartz Latite from the type area was made 
by the U.S. Geological Survey; the date obtained was 
26.4 m.y. (Steven, 1 9 6 7, written communication). 
Although there is no physical proof that the Fisher 
Quartz Latite on Fisher Mountain is coeval with the 
Fisher flows mapped in this report, field evidence 
suggests that both areas are relatively close in age.



Geologic Formations

Bachelor Mountain Rhyolite

The lower two members of the Bachelor Mountain 
Rhyolite are exposed in the upthrown block immediately 
north of the Equity fault and east of the Amethyst 
fault zone in the extreme southeastern corner of the 
area mapped (fig. 2). These welded tuff units have been 
described in great detail by Steven and Ratt/ (1965), 
both at this location and farther south. Mention of 
them is only made here in recognition of their pre
sence in the region studied. It was believed necessary 
to include this area as a part of the study to deter
mine the northward extension of the Amethyst fault.
Both the Willow Creek and Campbell Mountain Members 
present here are more or less pervasively altered and, 
consequently, are not very representative of these 
members as seen closer to Creede. The reader is 
referred to the above-mentioned report for further 
details.

Rhyolite of Spring Creek

General Description —  A steep-sided accumula
tion of light gray, crystal-poor rhyolitic flows and



breccias crops out in the drainage of Spring Creek, 
predominantly in Secs. 33 and 34, T44N, R1W (fig. 2). 
This unit is evidently the one described by Larsen 
and Cross (1956, p. 135-136) as being part of the 
Bachelor Mountain Rhyolite (current nomenclature). 
Although similar to the Willow Creek Member of the 
Bachelor Mountain Rhyolite on cursory examination, 
this unit is clearly not an ash-flow tuff. Its color, 
crystal content (very low), general textural appearance, 
topographic expression —  in short, every facet of the 
outcrops —  are unlike any other unit seen in the region 
studied; consequently, it is thought to be a separate 
formation. Of all the descriptions of formations given 
by Steven and Ratte (1 9 6 5), this unit most closely 
approaches the rhyolite of Miners Creek or the Shallow 
Creek Quartz Latite, but the proof of a genetic rela
tionship does not seem possible. Whether or not similar 
rocks occur north of the mapped area is not known.

The unit is clearly pre-Nelson Mountain in age. 
Exposures in several old adits above the Bonez adit 
in the SW 1/4, Sec. 34, T44N, R1W (fig. 2) show the 
contact between this unit and Nelson Mountain Quartz 
Latite. The contact is depositional, not intrusive or 
faulted. In addition, original attitudes in the Nelson



Mountain flows near the contact with the rhyolite con
form closely to the contact wherever the contact has 
been observed and attitudes are determinable.

Where it crops out, the rhyolite is at least 
1000 feet thick; the base, however, is nowhere ex
posed.

The unit as a whole is thinly sheeted with 
layers ranging from about 0.5-20 mm in thickness. Most 
of the layers are closer to the thin end of this range. 
These layers are highly contorted, reflecting a high 
viscosity in the molten material. Folding and contem
poraneous brecciation of the layers are common. In 
one area west of Spring Creek where brecciation has 
occurred, sharp, angular black and white fragments have 
been cemented with cryptocrystalline silica to form a 
compact mottled mass. Where chemically weathered, this 
unit exhibits a light pinkish color as a result of oxida 
tion of iron minerals.

Petrography —  In hand specimen this unit is a 
uniformly very light gray, aphanitic flow rock with 
megascopic phenocrysts of plagioclase and biotite com
prising less than one percent of the total volume.
Nearly everywhere the unit shows abundant contorted 
laminae.



In thin section the rhyolite exhibits abundant 
cryptocrystalline to microcrystalline blebs which 
probably represent originally glassy material devitri- 
fied by hydrothermal alteration. Undulating flowlines, 
represented by warped partings in outcrop, are present 
in thin sections as bands of varying size (fig. 5). 
Cobaltinitrite staining reveals that the greater part 
of these fine grains are potassium-bearing. Because 
clay analyses show the presence of only minor kaolin!te 
and the absence of any other potassium-rich mineral 
and because alunite was not identified optically, most 
of the potassium material is thought to be potash feld
spar. That portion of the finely crystalline material 
which did not stain was assigned as quartz in the 
modal analyses in table 2. It should be noted, how
ever, that a minor part of this unstained material is 
sodic plagioclase because an x-ray diffractogram made 
on a powdered sample of this rock showed several good 
plagioclase peaks.

A few phenocrysts of magnetite, biotite, and 
plagioclase are present in some sections. Their aggre
gate sum does not exceed 0.5 percent of the total rock. 
Hydrothermal quartz, calcite, and pyrite are common 
secondary minerals in this unit. They will be discussed 
in more detail in the section on alteration.
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Figure 5. Photomicrograph of the Rhyolite of 
Spring Creek.
Note alternating coarsely and finely 
crystalline bands. X-nicols.
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Rat Creek Quartz Latite

Distribution and Thickness —  Rat Creek Quartz 
Latite, consisting mostly of poorly indurated tuffs, 
crops out in the Rat Creek, West Willow Creek, and 
Miners Creek - Oso Creek valleys, all south of the 
Continental Divide. This formation has not been recog
nized in the area mapped north of the Divide. If present 
there, it would have to have been downdropped and buried 
under the younger, presently-exposed rocks. The uplifted 
block just north of the Equity fault in the West Willow 
Creek valley exposes Nelson Mountain Quartz Latite 
directly overlying lower members of the Bachelor 
Mountain Rhyolite (Steven and Ratte, 1 9 6 5, plate l).
Thus, the suggestion is that north of the Divide, Rat 
Creek Quartz Latite was never deposited or was depo
sited and eroded soon after deposition. The proximity 
of this uplifted block which contains no Rat Creek 
Quartz Latite to Rat Creek vents mapped to the south 
by Steven and Ratte' would seem to support a history 
of deposition followed by erosion because it seems 
more logical to assume that flows would be distributed 
more-or-less equally in all directions from a source 
if no barriers were present.



As noted by Steven and Ratte (1 9 6 5, p. 35),
Rat Creek Quartz Latite varies considerably in thick
ness from one area to another. The formation is 
thickest, within the area studied, in the Miners 
Creek drainage where it is as much as 1100 feet thick. 
It appears to be somewhat thinner —  700-800 feet 
thick —  on the Rat Creek-West Willow Creek divide 
just south of the area mapped; however, the bottom 
of the formation is not exposed there.

General Description —  Within the area exa
mined, Rat Creek rocks are crystal-rich non-welded to 
moderately-welded ash-flow tuffs. These tuffs are 
commonly covered by landslide and moraine but even 
where exposed, show no evidence of bedding or size 
gradation which would indicate reworking by surface 
water. Rat Creek Quartz Latite can be subdivided 
into three fairly distinct units in the manner des
cribed by Steven and Ratte' (1 9 6 5).

Because of their lack of resistance to erosion 
the upper and lower units of this formation are nor
mally slope formers. Rat Creek slopes are almost 
completely covered with slump blocks, landslide, or 
talus material derived from more resistant Nelson 
Mountain Quartz Latite or Fisher Quartz Latite flows



which always cap Rat Creek flows in this area. In 
contrast, the middle unit forms prominent cliffs 
wherever present (fig. 6). The rapid rate of mechani
cal weathering allows little opportunity for chemical 
weathering to develop. Locally, the upper unit exhi
bits a light yellow iron stain. The other two units 
show no pronounced effects of chemical weathering.

The basal unit is at least 600 feet thick 
under West Butte and is composed entirely of white 
or very light gray non-welded to slightly-welded, 
generally massive tuff. A gentle, undulating surface 
at the top of this unit is reflected in the irregular 
base of the overlying, more resistant middle unit.

The middle unit is pink, moderately welded, 
and 0-100 feet thick. This unit is typical of ash- 
flow tuffs which are deposited without confinement 
over areas of low relief in that it exhibits an 
essentially horizontal upper surface but an irregu
lar lower surface reflecting pre-existing topography. 
The basal vitrophyre described by Steven and Ratte' 
(1 9 6 5, p. 3 5) is apparently not well developed around 
West Butte. Black glassy pumice blocks up to 6-8 
inches in diameter are scattered through the lower 
10-20 feet of the unit, and exhibit only partial com
paction.



Figure 6. Stratigraphic Section, West Side of West 
Butte.
Fisher Quartz Latite overlies Rat Creek 
Quartz Latite. Looking north from east 
side of Oso Creek valley.



This middle unit serves as a stratigraphic 
marker where present. Around West Butte this unit 
exhibits a regional dip of about 5° to the southeast, 
due either to initial dip or to tectonic deformation.

The upper unit, a non-welded to poorly-welded, 
essentially massive ash-flow tuff, is about 400 feet 
thick, and generally quite similar to the basal unit 
in color and appearance.

An exposure of Rat Creek Quartz Latite, 
apparently representing a vent or near-vent material, 
crops out in the SB 1/4, Sec. 33, T43N, R1W along the 
Rat Creek-West Willow Creek divide. In contrast to 
the flat dips usually encountered in this formation, 
these exposures dip up to about 40°. Large, rounded, 
glassy, dark-colored, vitrophyric boulders measuring 
several feet in diameter are fairly common in the 
uppermost layers of the outcrop. It seems probable 
that this vent is either a part of, or satellite to, 
the Rat Creek vent complex described by Steven and 
Ratte' (1 9 6 5, p. 36) south of this area in the West 
Willow Creek drainage.

Petrography —  The upper and lower units are 
nearly identical in appearance. The lower unit is a 
light olive gray, non-welded to poorly-welded, massive



ash-flow tuff, composed of uncollapsed pumice lapilli 
and ash up to 5 mm in diameter. Devitrification is 
essentially complete. Few phenocrysts are recognizable 
in the field because of the overall light color of the 
unit. Subrounded lithic fragments up to about 10 mm 
in longest dimension are widely scattered throughout 
this unit and constitute about one percent of the rock 
volume.

The middle unit is a medium light gray to dark 
gray, moderately- to highly-welded ash-flow tuff and 
is usually unweathered in appearance. This unit is 
lithoidal except near the base where black, glassy, 
partially collapsed pumice blocks and lapilli are 
conspicuous. Crudely oriented feldspar and biotite 
phenocrysts are prominent in most areas. Compaction 
of the conspicuous black pumice fragments locally 
produces banding parallel to the foliation of the 
unit.

The upper unit is a pale brown to light 
yellowish brown, weakly- to moderately-welded ash- 
flow tuff. Variegated, angular, foreign lithic frag
ments and minor pumice lapilli 5 to 10 mm in longest 
dimension are common in the upper part of this unit, 
producing a typical eutaxitic texture. All foreign
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lithic fragments are composed of volcanic rocks; none 
appears, however, to represent any known older forma
tion. The pumice lapilli are mostly only poorly to 
moderately compacted; locally, however, the lapilli 
are markedly flattened and elongated horizontally.
All material is devitrified.

Plagioclase, occurring both as complete euhedral 
crystals and as crystal fragments, is the most common 
phenocryst in the Rat Creek Quartz Latite —  as well 
as in the other tuffs studied (table 2, fig. 7 ). 
Microscopic study indicates that the average length 
of these crystals is 0.5-1,0 mm; some are as much as 
3 mm long. Their composition averages calcic andesine 
(An^0_|̂ -). Crystal fragments are more common than 
whole crystals; both locally show zoning and moderate 
resorption. Plagioclase crystals appear to be less 
common in the upper unit than they are in the middle 
or lower unit. This distribution may be due to the 
fact that samples examined were restricted to areas 
in or near the mapped area, an area which might not 
be representative of the unit as a whole.

A few fragments of sanidine were seen in some 
thin sections. They are generally larger than the 
plagioclase crystals, are zoned and twinned locally, 
and also show effects of resorption.
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Figure 7. Photomicrograph of Rat Creek Quartz Latite.
Twinned crystals are plagioclase, mottled 
crystals biotite. Black groundmass is 
poorly devitrified glass. X-nicols.
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Biotite books are generally fresh and exhibit 

strong pleochroism. Some rims are slightly oxidized.
Most books average about 0.5-1.0 mm in diameter.

Hornblende normally occurs as fresh, olive 
green, subhedral phenocrysts that are moderately pleo- 
chioic. Minor brown oxyhornblende is found with 
associated magnetite rims. Prisms do not exceed 2 mm 
in maximum length and average about 0.5 mm. Fresh, 
light-green augite phenocrysts are usually found as 
anhedral fragments. Augite crystals are typically 
more equant than those of hornblende, exhibit much 
weaker pleochroism, and average about 0.5 mm in dia
meter.

Magnetite occurs as rims around oxidizing 
hornblende crystals, as scattered subhedral octahedra 
averaging 0.2-0.4 mm in diameter, and as fine "dust" 
in the groundmass. Apatite occurs as euhedral crystals 
included in feldspars, biotite, and hornblende and 
more rarely in the groundmass. Average length of these 
crystals is 0.03 to 0.06 mm. A few euhedral to subhedral 
sphene wedges up to 0.5 mm long are present in some 
thin sections. Trace amounts of euhedral zircon crystals 
were always found in heavy mineral separations but rarely 
seen in thin sections.



The groundmass is only weakly devitrified and 
clearly shows the original texture of tridentate glass 
shards that are only slightly welded and compacted in 
most thin sections. Cobaltinitrite staining shows 
that nearly all of the potassium content of the rock 
is concentrated in the groundmass.

Foreign lithic fragments are most common in 
the upper unit. Although edges appear sharp and angu
lar in hand specimens, they are somewhat rounded in 
detail. Foreign fragments are normally more oxidized 
than the groundmass and usually show a greater degree 
of devitrification and recrystallization. Most lithic 
fragments also show a higher plagioclase/groundmass 
ratio than the unit itself does.

Nelson Mountain Quartz Latite

Distribution and Thickness —  Nelson Mountain 
Quartz Latite is both the thickest and the most wide
spread unit in the area studied (table 1 ; fig. 2). It 
varies from thin, poorly- to moderately-welded ash- 
flow tuffs and glassy flows associated with a vent 
complex east of Mineral Creek to highly-welded ash- 
flow tuffs of unknown source at the south end of Spring 
Creek and near the Equity mine.



The unit underlies nearly all of the area mapped 
along the West Willow Creek valley. A small ridge of 
Nelson Mountain Quartz Latite caps the divide between 
Rat Creek and West Willow Creek southward from the 
western extension of the Equity fault.

Thickness of the Nelson Mountain Quartz Latite is 
extremely variable, the result of the unit having filled 
the San Luis Peak cauldron during and following its sub
sidence. Within the cauldron and immediately under San 
Luis Peak the unit may exceed 4000 feet in thickness.
The top of the unit is not exposed anywhere on the west 
side of San Luis Peak and probably does not exist any
where on the peak. The location of the base of the unit 
can only be roughly estimated from exposures of the 
contacts of the monzonite of San Luis Peak and the rhyo
lite of Spring Creek with Nelson Mountain rocks. South 
of the Divide where it "overflowed" the cauldron, Nelson 
Mountain Quartz Latite is much thinner. The unit over- 
lies Rat Creek Quartz Latite south and west of the 
Equity mine. No Nelson Mountain Quartz Latite is found 
under West Butte although the unit is reported to occur 
further to the west (Steven and Ratte, 1 9 6 5, p. 37)#
The West Butte area was probably a topographic high 
during Nelson Mountain time.



General Description —  South of the Continental 
Divide and in most of the southern portion of the 
Spring Creek drainage the Nelson Mountain Quartz Latite 
outcrops fit the description given for the unit by 
Steven and Ratte'(1965); that is, a crystal-rich, 
moderately- to highly-welded ash-flow tuff. In the 
region mapped north of the Continental Divide in 
Mineral Creek and at the north end of Spring Creek, 
the unit varies somewhat from this description.

The non-welded to poorly-welded flows commonly 
form gentle slopes, whereas the moderately- to highly- 
welded flows form steep talus-covered slopes and ridges

Weathering is mostly mechanical except where 
hydrothermal pyrite has oxidized to sulfuric acid and 
iron oxides. Local mixtures of shades of black, brown, 
red, orange, and yellow stain surface exposures of 
Nelson Mountain rocks.

An attempt has been made in fig. 3 to sort 
out the various Nelson Mountain flows into structural 
and stratigraphic units. Most of these flows in the 
Mineral Creek drainage appear to be related geneti
cally to the prominent vent in Secs. 6 and 7 , T43N,
R1W. These rocks are typically poorly-welded ash-flow 
tuffs intermixed locally with thin obsidian, perlite, 
and pitchstone flows.



The block of Nelson Mountain rocks bounded by 
East Mineral and Middle Mineral Creeks is structurally 
anomalous. Attitudes on surrounding blocks generally 
show low angles of dip, while this block shows dips 
(taken on prominent compaction foliation) as high as 
45°. This block is thought to have been tectonically 
disturbed, probably as part of the resurgence within 
the San Luis Peak cauldron. The tilting of this block 
does not appear to be related to intrusion of the 
Fisher Quartz Latite neck between Middle Mineral and 
West Mineral Creeks since attitudes obtained on expo
sures near the junction of these streams show what 
is interpreted to be original, undisturbed, nearly 
horizontal attitudes.

The block of Nelson Mountain tuffs west of 
West Mineral Creek may have come from a source further 
to the west. One good exposure in the SW 1/4, Sec. 24, 
T43N, R1W clearly shows layering pinching out from 
west to east.

Because of the lack of good structural and 
stratigraphic control, the source of the flows con
stituting Mineral Mountain (N 1/4, Sec. 32, T44N, R1W) 
is not certain. The flows are lithologically similar 
to those genetically related to the Mineral Creek vent.



but dips are reversed from what would be normally- 
expected if this vent is the source. Dip reversal 
is therefore either due to tectonic effects or an 
independent source vent. Mapping north of Mineral 
Mountain might clarify this problem.

Flows lithologically similar to the Mineral 
Creek flows and the Mineral Mountain flows also crop 
out east of Spring Creek and generally north of Sheep 
Creek (fig. 2). These flows appear to overlie highly- 
welded Nelson Mountain flows with structural and 
stratigraphic continuity, leading to the conclusion 
that these poorly-welded tuffs and other flows are 
younger than the "highly-welded" Nelson Mountain flows. 
The flows probably represent the uppermost portion of 
the Nelson Mountain sequence. They have been preserved 
near the outer margin of the resurgently-domed portion 
of the San Luis Peak cauldron because they are located 
in a topographically low area.

Attitudes taken on prominent compaction foliae 
demonstrate indisputable evidence of strong deformation 
of those Nelson Mountain rocks ranging from the Conti
nental Divide at San Luis Pass to the area near the 
junction of Spring and Cascade Creeks in Secs. 10, 11, 
14, 15, 22, and 23, T43N, R1W (figs. 3 and 4). Much of



the deformation in Secs. 15 and 22 is clearly the 
result of intrusion of numerous apophyses of Fisher 
Quartz Latite into older Nelson Mountain rocks.
Tilting of blocks in the rest of this area is prob
ably related to collapse and, especially, resurgence 
of the San Luis Peak cauldron.

Despite variations in attitudes of various 
structural blocks in this one area, lithologic and 
petrographic appearances are similar enough to con
clude that all of these Nelson Mountain rocks were 
originally parts of the same flow or flows.

The exposures of well-layered tuffs on the 
west side of Rat Creek, in Sec. 29 and 32, T43N, R1W, 
have been assigned with some reservation to Nelson 
Mountain Quartz Latite. Attitudes in this block are 
significantly different from the Rat Creek Quartz 
Latite just to the south or the Fisher Quartz Latite 
just to the east. Outcrops are of ash-flow tuffs 
with a prominent 5 -2 0 foot thick black vitrophyre 
roughly dividing the sequence. Thin sections show 
textures unlike any seen in Fisher Quartz Latite flows 
or tuffs of the region studied. These textures could 
fit either Rat Creek or Nelson Mountain Quartz Latites 
but the lithology and attitude of the block as a whole



do not match any Rat Creek exposures in the vicinity. 
Nelson Mountain Quartz Latite then becomes the best 
choice.

As noted above, a Nelson Mountain neck is 
exposed in the Mineral Creek drainage. Steep attitudes 
are common along prominent flow lines near the center 
of the neck. In one location blocks of black obsidian 
are aligned almost vertically within reddish-brown 
pitchstone (fig. 8). A large portion of the neck is 
composed of medium gray perlite intermixed with 
several varieties of ellipsoidal nodules, most of which 
are several inches long. Intense shattering of the 
rocks around and within the neck is common. Brecciated 
pyroclastic material is commonly cemented with white 
opal, multicolored agate, or chalcedony. The portion 
of the neck extending northward is actually a series 
of discontinuous thin ridges, probably representing 
viscous material squeezed up through en echelon fissures 
rather than a filling of a single vent.

In Secs. 26, 2 7, and 28, T44N, R1W, in the area 
along and north of Sheep Creek, several prominent out
crops contain sedimentary strata up to eight feet thick 
(fig. 9 ). Other thin sedimentary beds are exposed in 
the extreme southeastern corner of Sec. 34, T44N, R1W
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Figure 8. Nelson Mountain Vent East of Mineral Creek.
Steeply aligned dark blocks of obsidian 
in brown pitchstone. Note hammer near 
base of cliff for scale.
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Figure 9# Intra-formational Lake-beds of Nelson
Mountain Age.
Outcrop east of Spring Creek, south of 
Sheep Creek, looking north. Hammer gives 
scale. Note dip of beds.



in the Spring Creek drainage and near the north-south 
centerline of Sec. 27, T43N, R1W, west of West Willow 
Creek (fig. 2). All of these exposures are associated 
with Nelson Mountain tuffs. Those near Sheep Creek 
are within the poorly-welded upper flows; the other 
two occurrences appear to be near the top of the 
highly-welded flows. These sediments evidently repre
sent intraformational deposits related to ephemeral 
lakes formed through the damming of streams in the 
areas by flows or landslides. The northernmost of 
these sedimentary outcrops shows clear evidence of 
post-depositional deformation. This exposure, which 
is 3-6 feet thick, has been tilted to the northwest 
and offset 30 feet vertically by a series of parallel 
normal faults within a distance of 200-300 feet along 
the strike of the beds. Attitudes of all of the sedi
mentary exposures parallel the regional attitudes of 
the compaction foliation underlying the beds. More 
details concerning the sedimentary units can be found 
in the section dealing with petrography.

Good exposures of the contact between the 
rhyolite of Spring Creek and Nelson Mountain Quartz 
Latite are found in at least one of the old adits on 
the cliff above the present Bonez adit on the east side



of Spring Creek canyon in Sec. 34, T44N, R1W. Other 
exposures of the contact can be seen west of Spring 
Creek in the east half of Sec. 33, T44N, R1W. This 
contact between the rhyolite of Spring Creek and 
Nelson Mountain Quartz Latite is depositional and 
exhibits no evidence of being a fault contact. Folia
tion attitudes within the lower part of the Nelson 
Mountain flow near the contact between Nelson Mountain 
Quartz Latite and the rhyolite of Spring Creek pre
dictably show orientations subparallel to the pre
existing surface (fig. 3), a feature to be expected 
if this contact is depositional in nature.

Exposures of the base of the Nelson Mountain 
Quartz Latite in Spring Creek that were examined by 
this writer, although hydrothermally altered in places, 
showed no evidence of a basal vitrophyre, in contrast 
to the statement of Steven and Ratte' (1 9 6 5, p. 37) 
that such a vitrophyre is always present. The base 
of the Nelson Mountain Quartz Latite is a dark, massive, 
highly-welded tuff similar to that exposed on the cliffs 
along the east side of Spring Creek.

Petrography —  Rocks of Nelson Mountain age 
vary widely in appearance as noted previously. Because



the unit was deposited over a region of high relief, 
wide variations exist in both the vertical and lateral 
extents of the unit. Additionally, the interfingering 
of flows suggests two or more sources.

The stratigraphic section of Nelson Mountain 
Quartz Latite, from the bottom of Spring Creek at the 
confluence of Spring and Cascade Creeks to the top of 
the highest peak on the ridge dividing these two drain
ages is a fairly representative cross-section of the 
moderately- to highly-welded formation. Changes in 
lithology are everywhere gradational.

The lowermost exposures of the unit are dark 
gray to greenish black or brownish gray, massive, 
highly-welded, ash-flow tuff. Angular foreign lithic 
fragments of a slightly lighter shade of gray than the 
rock as a whole and up to 25 mm long are scattered 
through the rock and may locally constitute as much 
as five percent of the rock volume. These rock frag
ments, which are composed of fine-grained devitrified 
welded tuffs, cannot be identified as originating from 
any other known formation.

The upper part of the formation is composed 
of younger, less welded ash-flow tuffs which cover 
a greater surface area, probably due to a smoothing



out of the topography by the earlier flows. This 
smoothing process would allow later flows to migrate 
farther from a given source because of fewer obstacles.

The foreign lithic fragment content appears 
to increase up section in the north end of Spring 
Creek. Some flows locally contain as much as twenty 
percent of these foreign fragments which range in size 
up to 15 mm.

Because there is less welding higher in the 
section, the overall color of the unit is lighter in 
that portion, ranging from a medium gray or brownish 
gray to reddish brown.

In the more highly-welded rocks dark, strongly 
compressed pumice lapilli, mostly about 5-10 mm long, 
are usually visible with the aid of a hand lens. Large 
white plagioclase shards and whole euhedral plagioclase 
phenocrysts, averaging 2 mm but ranging up to 5 mm long 
are easily visible to the unaided eye. In less welded 
exposures seen in the field, moderately collapsed 
pumice blocks and lapilli stand out as light gray to 
white against a relatively darker background. Pheno
crysts are less prominent in such areas because the 
overall color is light.



The lower portion of the unit weathers into 
blocky angular fragments whereas the less welded upper 
portions often weather into sheeted layers which are 
1 - 2  inches thick and are parallel to the attitude of 
regional compaction foliation.

The Nelson Mountain vent in Mineral Creek has 
erupted material of somewhat different appearance and 
content than that found to the east. As much as one- 
third of the total volume of material erupted from the 
vent and now exposed is still glassy; nearly all of 
the tuffaceous material is non-welded or only poorly 
welded. These flows apparently represent separate 
small cooling units and not one compound cooling unit 
as appears to be the case to the east. The glassy 
flows, including black obsidian, medium gray perlite, 
and reddish brown pitchstone, are intermixed with' 
partly to completely devitrifled ash-flow tuffs exhi
biting a wide variety of pale shades of red, green, 
purple, gray, brown, and yellow as well as white. 
Locally, a mottled color is created due to an intimate 
mixing of these colors. Weathering has accentuated 
the coloring effects.

The devitrifled tuffs near this vent locally 
contain minor lithophysal cavities and uncollapsed to



partially collapsed pumice blocks and lapilli up to 
10 cm across. Most pumice fragments average 5-10 mm. 
Black to bronzy biotite flakes are fairly common in 
these flows and stand out in the pale matrix colors. 
Plagioclase phenocrysts are uncommon in hand speci
mens. Flow lines and periltic cracks are locally 
common in the glassy rocks.

All of the lake-bed sedimentary strata show 
evidence of layering in the field. Individual beds 
range in thickness from shaly partings less than 1 mm 
thick to layers six inches or more thick (fig. 9)•
Colors vary widely; those most common include grayish 
red, yellowish orange, grayish blue green, and greenish 
gray. The deposit in the extreme southeastern corner 
of Sec. 34, T44N, R1W (fig. 2) also shows well developed 
cross-bedding, indicative of a shallow, fairly quiescent 
body of water.

Initial field mapping did not conclusively 
correlate known Nelson Mountain flows south of the 
Continental Divide and at the south end of Spring Creek 
with flows at the north end of Spring Creek and in 
Mineral Creek. A careful thin-section study was con
cluded to be the best means of sorting out the various 
flows. Heavy mineral studies revealed a common mineral



suite in all cases with no significant variations in 
morphology, size, or other collateable factors from 
one flow to another.

Microscopic modal analyses emphasize the 
differences and similarities among Nelson Mountain 
rocks of different ages and locations (table 2). The 
"total percent of phenocrysts" is the most useful 
value of the percentages listed in table 2. Clearly, 
the portion of Nelson Mountain Quartz Latite found 
in the lower parts of the thickest sections is a dif
ferent flow (or set of flows) than the less-welded 
flows found higher in the thick sections or in the 
thinner sections beyond the cauldron area. Modal data 
would also seem to confirm correlation of the glassy 
flows and tuffs at the north end of Spring Creek with 
upper flows of Nelson Mountain rocks along the Conti
nental Divide.

Flows and tuffs related to the Nelson Mountain 
vent in Mineral Creek consistently show a lower 
phenocryst content than any other Nelson Mountain 
flows.

Many of the deeper Nelson Mountain rocks show 
the effects of later alteration. Such effects will be 
discussed in a later section; descriptions here are



limited to observations in essentially unaltered rocks. 
Thin-section studies reveal many interesting features. 
Subhedral to euhedral plagioclase crystals and crystal 
fragments are andesine in composition (An^^g) and 
range in length up to 2 .5  mm, with an average of around 
1 mm. A wide range of unsorted sizes is present every
where. Crystals are locally crushed, zoned, and resorbed 
similar to those in Rat Creek rocks. Crystal fragments 
are much more abundant than whole crystals (fig. 1 0), 
also similar to relations seen in Rat Creek rocks.

Zoned, partly resorbed sanidine fragments were 
seen in a few thin sections. Most average about 1 mm 
in diameter.

Rounded and deeply embayed quartz crystals 
average 1 mm in diameter. In contrast to other pheno- 
crysts, quartz is clear and contains no inclusions.

Subhedral to euhedral biotite books are pleo- 
chroic (light brown to dark brown or golden yellow to 
deep rust brown) and average 0.5 mm in diameter. Cor
ners are locally rounded due to resorption. Some books 
have magnetite rims. Others are non-pleochroic and 
uniformly opaque, probably due to oxidation of iron by 
the contained heat of the flow. Both pleochroic and 
non-pleochroic biotites occur in a given thin section.
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Figure 1 0. Photomicrograph of Nelson Mountain 
Quartz Latite.
Twinned crystals are plagioclase. 
Large mottled crystal at lower left 
is biotite. Note crushing of pla
gioclase crystals. X-nicols.

Figure 1 1. Photomicrograph of Nelson Mountain 
Quartz Latite.
Note convergence of "flow lines" 
where collapsed pumice ash and lapilli 
have been flattened between crystal 
fragments. Plain light.
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Figure 11
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Hornblende occurs both as reddish brown, weakly 

pleochroic oxyhornblende or as olive green, strongly 
pleochroic, fresh hornblende. Subhedral prismatic 
crystals average about 0 .5  mm in length.

Subhedral to euhedral light green augite pheno- 
crysts were seen in some of the thin sections. Because 
nearly all thin sections used in this study were mounted 
with epoxy resin, absence of augite in many sections is 
more likely due to the tendency of the mineral to alter 
easily and completely rather than to mechanical plucking 
as suggested by Steven and Ratte (1 9 6 5, p. 39)• Twinning 
is commonly seen in basal sections.

Magnetite occurs as borders on biotite and horn
blende and as scattered octahedra and dust throughout 
the groundmass. Crystals seldom exceed 0.2-0.3 mm in 
diameter.

Euhedral apatite crystals occur as inclusions 
in plagioclase, biotite, and augite crystals and 
occur occasionally in the groundmass. Sphene wedges 
were seen in a few thin sections.

Foreign lithic fragments, all exhibiting fine
grained felty textures of volcanic rocks, are occa
sionally seen. The texture of these foreign fragments 
does not resemble that of any older known formation.



Most of these fragments are smaller than about 20 mm 
and subangular In outline.

The groundmass of Nelson Mountain rocks is now 
almost completely divitrified except for the glassy 
flows associated with the Mineral Creek vent. Areas 
of less-welded Nelson Mountain flows show more abun
dant evidence of original texture than do highly-welded 
flows because of a lesser intensity of devitrification 
in the less-welded flows. "Flow lines", mainly repre
senting borders of partially collapsed pumice and ash 
fragments, are accentuated by magnetite dust. Cover- 
gence of "flow lines" around corners of crystals 
clearly shows the effects of crystal settling and 
lithostatic pressures on the entire flow (fig. ll). 
Devitrification locally produces spherulites which prob
ably contain alkali feldspar and cristobalite. A fine 
plumose texture in the groundmass is also commonly pro
duced as a result of incipient devitrification.

Glassy flows associated with the Mineral Creek 
vent show finely-disseminated opaque crystallites and 
locally exhibit perlitic cracks. Mafic minerals nearly 
always appear much fresher in glassy rocks than in 
those that have devitrified.
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The sedimentary beds in the Nelson Mountain 

units show textures under the microscope that are dis
tinctly different from any of the volcanic units (fig. 
12). Because the sediments are locally derived, they 
contain the same mineral assemblage as their parent 
volcanic rocks. A rude sorting into microbeds was 
seen in most specimens. Grains averaged from 0.15 mm 
in the finer beds to 0.3 mm in the coarser ones. One 
bed contained only microcrystalline fine silt and clay 
material. Fresh subrounded plagioclase and micro
crystalline quartz grains are the most abundant grain 
types. Golden biotite is common and is oriented parallel 
to the bedding. Minor amounts of fresh hornblende and 
augite are present. Traces of sphene, magnetite, glass 
shards, and lithic fragments are also present. Unlike 
even the most crystal-rich welded tuffs, these sedi
ments show grain edges in physical contact as the rule 
rather than the exception. The "cement" for the sedi
ment is impure devitrified glass, probably very fine 
ash which has been dissolved and redeposited locally 
by groundwaters. This "cement" constitutes about ten 
percent of the rock volume.
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Figure 12. Photomicrograph of Intra-formatlonal Lake- 
beds of Nelson Mountain Age.
Note parallel alignment of black biotite 
flakes and distribution of grain sizes. 
Plain light.



Fisher Quartz Latite

Distribution and Thickness —  Fisher Quartz 
Latite is the youngest of the volcanic rock formations 
in the area. In contrast to the older, predominantly 
tuffaceous units, Fisher Quartz Latite is composed 
mainly of a series of lava flows accompanied with 
minor breccias, agglomerates, and tuffs.

Fisher flows are mostly compact, resistant 
rocks; consequently, they are commonly found capping 
the high peaks and ridges (fig. 2). Prominent expo
sures of Fisher Quartz Latite are found on West Butte, 
on the ridge bordering the north and east sides of the 
upper end of Rat Creek, on the northerly tending ridges 
separating Rough Creek (west of the area mapped) from 
Mineral Creek and Mineral Creek from Spring Creek, and 
on the high ridges extending north from San Luis Peak.
A small flow of Fisher Quartz Latite is associated 
with its plug on the Continental Divide at the north 
end of West Willow Creek.

A small isolated area of slightly- to moderately 
welded tuff crops out in the bottom of Spring Creek near 
the center of Sec. 14, T43N, R1W, This mass is poorly 
exposed, and contact relations between it and the



surrounding rocks are nowhere exposed. The outcrop 
is relatively fresh and unaltered in contrast to out
crops of the surrounding monzonite of San Luis Peak 
and Nelson Mountain Quartz Latite, both of which are 
moderately to strongly propylitized in this locality. 
Because this tuff outcrop is not significantly altered, 
it is suggested that this mass is a remnant of a flow 
deposited after alteration of the surrounding rocks 
during Fisher time. The flow might be of Nelson 
Mountain age or older; however, it is difficult to 
explain how this flow could have been deposited before 
propylitic alteration occurred and yet remain unaltered. 
The microtexture of this outcrop is similar to many 
nearby Fisher flows; however, texture alone is not a 
valid criterion for assigning rocks of this region 
to a given formation (Steven, 1967, written communica
tion) .

The oldest Fisher flows appear to have initially 
covered a larger surface than the younger ones (figs.
2 and 3). It is possible, however, that some of the 
younger Fisher flows were once more extensive but that 
much of their volume has been removed by erosion. Out
crops of the youngest Fisher rocks are relatively minor 
in thickness and extent and are confined to the area



immediately south of their source vent between Middle 
Mineral and West Mineral Creeks (fig. 2).

Separate intrusions of Fisher rocks are not 
common. Only one Fisher dike was recognized and then 
only upon examination of the rock in thin section.
This dike is on the west flank of San Luis Peak in 
Sec. 14, T43N, R1W, and intrudes Nelson Mountain Quartz 
Latite. Because they are difficult to recognize in the 
field, other dikes may be present but have been over
looked.

At least three Fisher vents are present, and 
all are located fairly close to the Continental Divide 
(fig. 2). The small prominent plug exposed on the 
Divide east of West Willow Creek appears to be struc
turally controlled along the northern extension of the 
Amethyst fault system.

Flow layering exposed in the east-facing cliff 
in Secs. 21 and 2 8, T43N, R1W indicates a probable 
Fisher vent in that area (fig. 13).

A prominent Fisher plug forms most of the ridge 
dividing West Mineral and Middle Mineral Creeks. This 
plug, which contains large euhedral sanidine crystals 
not seen elsewhere in the area studied, is the source 
for the youngest Fisher flows found immediately south



Figure 13. Fisher Quartz Latite Vent.
Note steepening of flow lines from 
left to right. Looking west from 
the West Willow Creek valley.

Figure 14« Fisher Quartz Latite Plug.
Fisher III flows overlie Fisher II 
flows. Note steep jointing in rocks 
of plug. Looking west from divide 
between East Mineral and Middle 
Mineral Creeks.
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Figure 13

Figure 14



of the plug. These flows have been separated from 
older Fisher flows on the basis of field stratigraphic 
relations which clearly show the younger Fisher flows 
overlying the older Fisher flows of West Butte (fig. 
14).

Just north of the Continental Divide in Secs. 
15, 22, and 23, T44N, R1W, is a hypabyssal complex 
labelled on fig. 2 as Fisher Quartz Latite intruded 
into Nelson Mountain Quartz Latite. The cliffs there 
surrounding the cirque facing to the east contain 
many small apophyses of Fisher rocks, too many to 
separate out conveniently for mapping purposes with 
the scale used. The upper limit for these intrusive 
apophyses was apparently very close to the present 
stratigraphic top of the Nelson Mountain Quartz Latite 
in the vicinity because several of the apophyses can 
be seen pinching out near the top of the cliff face 
and two others just pierced the present surface south 
of this area (figs. 4 and 1 5).

Mapping of lobes of Fisher flows or remnants 
of these lobes indicates that Fisher Quartz Latite 
erupted as a fairly viscous lava onto areas of con
siderable topographic relief.



Figure 15. Intrusive Relations Between Fisher 
Quartz Latite and Nelson Mountain 
Quartz Latite.
Fisher Quartz Latite (dark) has 
intruded Nelson Mountain Quartz 
Latite (light). Note fairly flat- 
lying compaction foliation in 
Nelson Mountain Rocks. Looking 
west near San Luis Pass.

Figure 1 6. Relationship Between Fisher II and 
Fisher I Flows.
Strong alteration in older flows is 
not present in younger flows. Looking 
southwest from the ridge between 
Spring and Mineral Creeks.
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Figure 16



Most areas where Fisher rocks are exposed in a 
steep cliff clearly show that the total thickness is 
made up of a pile of thinner flows. Individual flows 
rarely exceed 10 0 -2 0 0 feet in "true” thickness; but 
because most flows have moved down steep slopes, the 
exposed surface gives a false impression of thickness. 
One flow lobe in Sec. T43N, R1W indicates a drop 
in elevation from its source of at least 1500 feet. 
Fisher flow lobes near Sheep Creek and in other loca
tions show comparable differences in elevation from 
source to flow front.

General Description —  Fisher Quartz Latite nor
mally occurs as massive resistant ridges and flow tops 
capping the older units. Steep cliffs, which usually 
represent a cross-section of the composite thickness 
of the flows of this formation, are present in some 
localities. In many places Fisher lavas flowed down 
steep slopes, and the present surface nowhere exposes 
a cross-section of the unit; consequently, the outer 
surface forms a slope rather than a cliff or ridge.

Where they have weathered chemically, Fisher 
rocks are a dark red color, probably as a result of the 
oxidation of the iron-rich minerals.
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Fisher Quartz Latite rocks have been subdivided 

in the field into three ages of flows, partly follow
ing the scheme utilized by Steven and Ratte"(i9 6 0) in 
their study of Fisher rocks at Summitville, Colorado.
The oldest, or Fisher I, rocks usually contain smaller 
plagioclase phenocrysts than younger Fisher rocks and 
often show areas of auto-brecciation. Hydrothermal 
alteration has affected Fisher I rocks widely whereas 
superjacent Fisher II rocks are essentially unaltered 
(fig. 16). More details of this difference will be 
discussed in the petrography section.

Irregular agglomeratic (and in part brecciated) 
lenses up to 50 feet thick occur locally near the outer 
edges and bases of Fisher II flows (figs. 2 and 17).
These agglomerates are usually composed of material 
similar to that in the associated flow and probably repre
sent material pushed along in front of a flow. The large 
area of Fisher agglomerate on the west side of the divide 
between Mineral and Spring Creeks is composed of at 
least three separate flows stacked vertically. Each 
flow in turn shows an agglomeratic base changing upward 
gradually over about 10 feet into a normal lava flow.
The agglomerate fragments in these cases may represent 
solid material cleared from the vent at the beginning of
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Figure 17. Fisher Quartz Latite Agglomerate
Flow-front and basal agglomerate changing 
upward into a normal lava flow. Large 
boulders are "cemented" with tuffaceous 
material. Near Oso Creek, looking west.



an eruption, pre-existing talus, or flow front breccias.
The fragments were subsequently welded together by the 
fluid lava which flowed over them.

Fisher II flows are normally massive but locally 
become highly vesicular along the margins and upper 
surfaces as the result of degassing of the viscous mass 
during cooling. Many of the Fisher II flows are glassy 
near their bases and margins but lithoidal elsewhere.
Flow banding is locally prominent in outcrop but is not 
widespread.

Fisher tongues east of Spring Creek show local 
columnar jointing. This jointing is also quite con
spicuous in some of the flows still further to the east 
around Stewart Peak. A strong vertical, crudely columnar 
jointing pattern is prominent on the steep east side of 
the Fisher III plug.

On the basis of field data from hot spring 
deposits in Nevada, New Zealand, Kamchatka, and Iceland, 
Thompson and White (1 9 6 4, p. A2 9) conclude that epidote 
does not ordinarily form at depths of less than 1500  

feet. The presence of epidote in surface outcrops within 
the area delimited in fig. 3 would then suggest that 
extensive erosion may have taken place within this
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Many of the high peaks and ridges of the region 
probably stood as nunataks during the period of Pleisto
cene glaciation. West Butte is an example of such a 
ridge. The present upper surface of this butte clearly 
represents the top of the original flows. This surface 
is topographically smooth and represents a subdued 
replica of the valley that the flow probably filled.
No glacial moraine has been found on top of the upper
most flow, a flow which covers most of the butte.

Petrography —  The Fisher lavas are typically 
porphyritic with prominent euhedral plagioclase pheno- 
crysts in an aphanitic groundmass.

Unaltered Fisher I rocks are a brownish black 
or brownish gray. Much of the lower flows has been 
altered to dark shades of red and olive green. Further 
discussion of altered phases of Fisher rocks will be 
found in the alteration portion of this paper.

Pervasive brecciation is common in Fisher I 
rocks, especially near tine contact of these rocks with 
Nelson Mountain Quartz Latite. Most of these breccias 
are of the "crackle" type in which fragments have not 
been rotated; some breccias, however, do show rotation 
of fragments. Most fragments are 1-2 inches in maximum



dimension and are still angular. Breccias which are 
not strongly hydrothermally altered occasionally show 
concentrations of magnetite in the hairline fractures 
between fragments. Magnetite is normally disseminated 
fairly evenly throughout the various flows.

Fisher II rocks are post-alteration in age and 
are generally dark gray in color. Near the borders of 
some flows the color becomes black because of a greater 
amount of glass in the groundmass.

Plagioclase phenocrysts in Fisher II rocks 
often average somewhat larger than in those in Fisher 
I rocks; they are mostly about 3 mm long, but may 
exceed 10 mm. Similar phenocrysts in Fisher I flows 
normally range in size from 2 -6 mm.

Two distinct types of Fisher II agglomerates 
can be described on the basis of the contained material. 
The first, and most common by far, includes those 
agglomerates which contain massive, unsorted, subangu- 
lar, roughly spherical boulders up to five feet in 
diameter which are composed of the same material as 
the adjacent lava flows (fig. 17). Boulders less than 
6 inches in diameter are usually more rounded than the 
larger ones and tend to be more vesicular. Some of the 
boulders are glassy and exhibit flowage lines now



randomly oriented from one boulder to the next. The 
matrix surrounding these boulders is a moderate brown, 
porous tuff-like material with plagioclase phenocrysts 
that are suboriented and commonly up to 5 mm long. Thin 
section studies show that even the finest material exhi
bits a typical porphyritic Fisher texture; no foreign 
lithic fragments have been seen anywhere in these 
agglomerates.

The second type of Fisher II agglomerate is 
rarer. It is only found in a part of the large agglo
merate pile near the north end of the ridge of Fisher 
Quartz Latite dividing Mineral and Spring Creek drain
ages, in Sec. 8 , T43N, R1W. Outcrops of this type of 
agglomerate exhibit a wide variety of colors, predo
minantly reds and greens. These colors produce an 
overall mottled brownish gray appearance. In detail, 
the color differences can be seen to be the result of 
color variations among the individual fragments, mostly 
as the result of differential oxidation of iron minerals 
(fig. 18). Most of the fragments are sub-rounded and 
under 2 cm in maximum diameter; however, rounded frag
ments as much as two feet across are also found. The 
upper part of this flow is black and vitrophyric and 
represents the original air-rock interface.
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Figure 18. Fisher Quartz Latite Mottled Agglomerate
Note lack of sorting and range of colors 
of fragments. Near top of ridge separating 
Mineral Creek and Spring Creek.
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The first type of agglomerate is created by 
breaking up of massive consolidated lava chunks in a 
gas charged environment at the edges of a given flow.
This type of agglomerate may form a considerable dis
tance from the source of the material. In contrast 
to this first agglomerate type, the second type prob
ably represents a near-vent explosive eruption of 
solidified material from the vent itself.

One unusual Fisher II flow found mainly in 
Secs. 7 and 1 8, T43N, R1W, east of Mineral Creek exhi
bits abundant pink spherulites, apparently the result 
of complete devitrification of the groundmass.

Fisher III rocks are similar to Fisher II rocks 
except within the source plug. Unusually large, euhedral, 
unoriented, twinned sanidine crystals are abundant 
throughout the plug. These crystals are set in a dark 
greenish-gray aphanitic groundmass. Some of the sani
dine crystals have been broken; those that are complete 
often exceed 2 cm in length. These crystals commonly 
show fresh glassy centers but have non-glassy rims which 
may be orthoclase. Steven (1967 > written communication) 
reports that elsewhere these rims are oligoclase in 
composition; however, cobaltinitrite staining of thin 
sections made for this study shows yellow coloration



that is just as prominent on the rims as it is in the 
centers of these large crystals.

Textures of this unit are distinctly porphyritic 
both in hand specimens and thin sections (fig. 1 9)• In 
light of the high phenocryst content (table 2), the 
name Fisher Quartz Latite Porphyry would be preferable 
to Fisher Quartz Latite in the area of this study. In 
other regions of the San Juan Mountains, Steven (1 9 6 7, 
written communication) has mapped flows of Fisher age 
which are rhyolite or rhyodacitic in composition.
Because of the wide variations of composition and tex
ture he suggests that Fisher Formation would be the 
best name; however, Fisher Quartz Latite has precedence 
in the literature (Larsen and Cross, 1 9 5 6; Steven and 
Ratte, 1 9 6 4, 1 9 6 5; and others) and will be retained 
here.

Plagioclase constitutes the most abundant type 
of phenocryst in Fisher rocks except in the Fisher III 
neck, where sanidine is more abundant (table 2). In 
contrast to the ash-flow tuffs, complete euhedral pla
gioclase crystals outnumber broken crystals in the lava 
flows, a result of the less violent eruptive process 
associated with lava flows.
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Figure 19. Photomicrograph of Fisher Quartz Latite.
Typical porphyritlc texture. p = plagio- 
clase, b = blotlte, a = auglte. Note 
microflow texture of plagioclase microlites 
in groundmass. X-nicols.



Penetration crystal clusters of plagioclase 
are common in Fisher rocks, in contrast to the ash-flow 
tuffs. Phenocrysts rarely exceed 4 mm in length and 
average closer to 2 mm. Zoning and twinning are abun
dant. Resorption of crystal edges and corners is common 
everywhere. Many crystals are rimmed with an inclusion 
zone suggesting overgrowths. Average composition of 
the plagioclase varies in different localities from 
sodic andesine to sodic labradorite (An^^^^).

Sanidine phenocrysts are rare to absent in 
all Fisher rocks except the Fisher III plug. Where 
present in the older Fisher flows, sanidine occurs as 
subhedral crystals and crystal fragments up to 1.5 mm 
long. Nearly square basal sections about 0.5-1.0 mm in 
diameter are occasionally seen. Pronounced resorption 
of sanidine phenocrysts is common.

In the Fisher III plug sanidine crystals occur 
both as large (to 3 cm long), euhedral macrophenocrysts, 
usually with Carlsbad twinning, and as smaller subhe
dral to anhedral microphenocrysts exhibiting strong 
resorption but no twinning, on the basis of two dis
tinct types of sanidine, two generations are suggested, 

Cobaltinitrite staining of sanidine in thin 
sections of Fisher III rocks reveals the presence of



abundant minute blebs of a foreign included mineral 
which is probably plagioclase. Some blebs of quartz 
may also be included.

Quartz phenocrysts, which are fairly uncommon, 
are usually deeply corroded and lack inclusions. Second
ary quartz and silica minerals are fairly common in 
altered Fisher rocks. These minerals will be discussed 
in the section on alteration.

Biotite books in Fisher Quartz Latite are nor
mally fresh and euhedral to subhedral. Pleochroism 
(light brown to dark reddish brown or golden yellow to 
red brown) is pronounced; however, occasionally biotite 
occurs as translucent (microscopically), nonpleochroic 
reddish brown phenocrysts, apparently because of oxida
tion effects. Rims of magnetite and other iron oxides 
are locally common. Phenocrysts average about 0.5-1.0 
mm in diameter, are sometimes resorbed along edges, and 
often occur as a cumuloporphyritic texture.

Euhedral to anhedral augite and hornblende 
phenocrysts are locally common. They are essentially 
identical in appearance to those described in the 
Nelson Mountain Quartz Latite. Average length of Fisher 
augite phenocrysts is about 0.5 mm; maximum length is 
2.5 mm. Some phenocrysts show resorption effects. Both
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highly pleochroic, olive green hornblende and nonpleo- 
chroic red-brown oxyhornblende are present in Fisher 
rocks. Prisms range from 0.1 to 1 mm long. The wide 
size range may be the result of two generations of 
hornblende, similar to those of plagioclase —  one 
generation as primary phenocrysts and one generation 
as part of the groundmass. Magnetite rims on these 
minerals vary from locally common in some thin sections 
to ubiquitous in others.

Magnetite occurs as euhedral octahedra and as 
clusters of anhedral blebs averaging 0.1-0.2 mm in 
diameter. Magnetite rims around other mafic minerals 
have been described above. Hematite rims are locally 
common also.

Euhedral apatite crystals averaging 0.02-0.04 
mm long are commonly scattered as inclusions in all 
feldspars, in biotite, augite, and hornblende, and 
sparingly in the groundmass. Heavy mineral separations 
indicate an anomalously high concentration of apatite 
in the Fisher III plug which was not discernible in thin 
sections.

Euhedral sphene wedges were seen in a few sec
tions. Euhedral zircons were detected in all heavy 
mineral separations but were rarely detected in thin
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sections. Where observed they were Included in biotites. 
No associated radiation damage of the biotite was seen.

The pronounced, felty groundmass of all Fisher 
Quartz Latite rocks, including the tuffaceous phases, 
contains abundant plagioclase microlites (average length 
0.1-0.2 mm) which are commonly oriented as a microflow 
structure around phenocrysts (fig. 19)• Many of these 
euhedral, rectangular microlites exhibit simple Carlsbad 
twinning. The rest of the groundmass is glassy and may 
be vesicular in samples from the edges of flows. A fine 
"dust" of clay and iron oxides is normally present in 
the groundmass.

Monzonite of San Luis Peak

Distribution —  An elongate exposure of massive 
intrusive rock crops out near the center of Sec. 14, 
T43N, R1W, in the Spring Creek valley (fig. 2). Unfor
tunately, the area is one covered by abundant landslide 
and morainal material and heavy vegetation. Nowhere 
are good contact relationships exposed. Another small 
outcrop of similar material is exposed in Sec. 11, about 
one mile north of the main outcrop. This outcrop is 
also poorly exposed but appears to be intrusive into 
the surrounding Nelson Mountain Quartz Latite.



Steven and Ratte (1 9 6 5, p. 46) have noted that 
"hypabyssal intrusive rocks of Fisher Quartz Latite, 
mostly in dikes, are widespread in parts of the Creede 
district." Two of these dikes cropping out west of 
Creede were examined by this writer. They show a very 
close similarity in texture, both in hand specimen and 
thin section, to Fisher flow rocks. The dike mapped 
on San Luis Peak also closely resembles Fisher extru
sive rocks. Whether there are other hypabyssal intru
sive rocks seen by Steven and Ratte'that are not dikes 
or do not closely resemble Fisher flow textures is not 
known. In outcrop, the monzonite of San Luis Peak is 
distinctly different in appearance from any other unit 
observed in the region. The texture of the rock in 
thin section, described below, is also clearly intru
sive and unlike any other seen. It is the opinion of 
the writer that this outcrop represents an apophysis of 
an underlying stock or batholith. This intrusion may 
be the one proposed by Steven and Ratte' (1 9 6 3, p. 113) 
and Steven (1 9 6 7, written communication) for the Creede 
region. Intrusion of this batholith is probably respon
sible for the tectonic disturbances in the San Luis
Peak cauldron area.



The conclusion that this intrusion is not a 
pre-cauldron erosional remnant is supported by lack 
of evidence of significant weathering in the outcrops 
and by hydrothermal alteration in the overlying Nelson 
Mountain and Fisher Quartz Latites which appears to 
be crudely but geometrically related to a widespread 
underlying source of heat and fluids in the approxi
mate position of the intrusion (fig. 3). Furthermore, 
the texture of the intrusive rock is reasonably com
patible with one which might form in the environment 
which appears to have existed in this area at about 
Fisher time.

Petrography —  In the field the monzonite of 
San Luis Peak is distinctly different from all other 
units. Outcrops are light brownish gray to light 
gray, and massive. Hand specimens do not exhibit an 
obvious porphyritic texture. Mafic minerals are evenly 
distributed in the lighter minerals giving the appear
ance of a "salt and pepper," or speckled texture.

The exposure in Sec. 11 east of Spring Creek is 
distinctly porphyritic and may represent a transition 
between the hypabyssal intrusive texture and a Fisher- 
type texture or it might simply represent a contact 
facies of the intrusion.



The texture present in thin sections is basic
ally hypidiomorphic granular with subhedral plagioclase 
generally larger than other crystals to yield a sem
blance of a porphyritic texture (figs. 20 and 21). 
Interstitial to the plagioclase are anhedral grains 
of quartz and potash feldspar, probably orthoclase.
The latter was determined by cobaltinitrite staining. 
Both quartz and orthoclase crystals average less than 
0.3 mm in diameter.

The composition of the plagioclase crystals 
averages calcic andesine (An^). Zoned crystals, 
averaging 2 to 3 mm long, are commonly intergrown in 
clusters somewhat similar to those in Fisher Quartz 
Latite.

Mafic minerals present are weakly to moderate
ly altered in all thin sections examined. Subhedral 
biotite, averaging 1 mm in diameter, is generally 
chloritized. Any hornblende or pyroxene that may 
have been present has been completely altered to cal- 
cite, chlorite, or other minerals.

Magnetite occurs as fresh octahedra. It is 
also found as anhedral blebs which are often in 
clusters around altered biotite but are also commonly 
disseminated. Individual crystals average 0.2 mm in



Figure 20. Photomicrograph of the Monzonite 
of San Luis Peak.
Twinned grains are plagioclase. 
Light grains are quartz. X-nicols.

Figure 21. Photomicrograph of the Monzonite of 
San Luis Peak.
Same field as Figure 20, but plain 
light. Slide has been stained with 
cobaltinitrite. Dark gray areas are 
interstitial K-feldspar with minor 
clay minerals. Light areas are 
quartz and plagioclase. Black 
crystals are magnetite.
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diameter. Euhedral apatite crystals occur as inclu
sions in the feldspars and biotite. Zircon crystals 
are common in heavy mineral separations but are rarely 
seen in the thin sections.

Data presented in table 2 indicate that the 
best name for this rock according to many commonly 
used classifications (e.g., Williams, Turner, and 
Gilbert, 1955; Travis, 1955) is monzonite. Quartz 
monzonite should be nearly as acceptable since one of 
the three thin sections averaged for table 2 and one 
other not averaged had quartz contents exceeding ten 
percent, the arbitrary division point for monzonite- 
quartz monzonite.

Surficial Deposits

Moraine —  Glacial moraine covers extensive 
areas throughout the region mapped. North of the 
Continental Divide the amount and effects of glacia
tion are much greater than south of the Divide.

Evidence available suggests that within the 
region studied glaciation is not responsible for the 
present relief to any great extent. The presence of 
lobes of Fisher Quartz Latite at least 1500 feet below 
their sources indicates that at least some of the



present relief was even pre-Fisher in age. It appears 
that the predominant effect of glaciation has been one 
of smoothing the lower hills and peaks and a rounding 
of stream-cut valleys. Headward-cutting has created 
the many cirques found on the higher ridges.

Typical glacial deposits form a hummocky sur
face that is easily recognized either on aerial photo
graphs or in the field. Most deposits are found in 
topographic lows where they fill the bottoms of valleys; 
however, some moraine deposits remain as erosional rem
nants on higher, more gentle slopes.

Morainal material is mainly ground moraine and 
is rarely over ten feet thick where thickness can be 
determined. Local accumulations have been seen to 
exceed 50-75 feet, but these are rare. Based on the 
height of moraine remaining on slopes directly above 
present deposits in valley bottoms, a minimum thickness 
for glaciers north of the Divide would be 500 feet.

A 10-20 foot thick medial moraine occurs in 
upper Rat Creek about 1/2 mile south of the junction 
of the three forks of Rat Creek, near the southeast 
corner of the mapped area. No terminal moraines occur 
south of the divide in the study area; however, north 
of the divide a terminal moraine is present in Spring



Greek. It extends from the confluence of Spring and 
Sheep Creeks northward for several miles and apparently 
represents a slowly receding glacier. Exposed thick
nesses of this terminal moraine may exceed 100 feet.
The bottom is nowhere exposed.

A terminal moraine also exists in Mineral Creek, 
near the extreme southwestern corner of Sec. 25, T44N, 
R1W, beyond the limits of the mapping. This moraine 
may also exceed 100 feet in thickness.

All rock types found in the region are present 
in the moraines in the well-mixed, poorly-sized manner 
that is typical of such deposits. Above Fisher Quartz 
Latite contacts only Fisher material is normally found, 
indicating that the glaciers were localized within the 
various valleys and did not override present divides to 
any great extent.

Alluvium —  Areas shown on fig. 2 as alluvium 
include a number of small, flat-lying locations in 
topographically low areas which are presently receiving 
predominantly fine-grained sediments as the result of 
stream action. This boggy material usually has a high 
organic content, and soils formed from it are the dark 
podzolic soils normally found in cool, fairly humid 
climates.



Several fanglomerate deposits occurring at the 
mouths of side canyons have also been mapped as allu
vium where it was clear that the gravel was deposited 
by stream action and not formed as a result of land
slide activity or glacial action.

Landslide —  Landslide deposits cover many 
slopes throughout the entire area studied. Extensive 
amounts of poorly-welded tuffs have slumped, either 
as large discrete blocks or as a jumbled chaos of 
smaller blocks. As a result of this slumpage, over- 
lying, more resistant formations are often undermined. 
They eventually collapse to yield a complete mixture 
of rock units on many slopes. Oversteepening of banks 
in more competent rocks by glacial downcutting may 
have also precipitated landslides.

Talus slopes, ranging from areas encompassing 
much of the north, south, and west sides of San Luis 
Peak to small local deposits, have been classified as 
landslide for this study.

Gravel —  The valley of Spring Creek from the 
terminal moraine southward to the confluence of Spring 
and Cascade Creeks is covered with a deposit of very 
low relief, consisting mainly of glacial gravel reworked



by stream action. The upper surface of this deposit 
is generally covered with a veneer of alluvium depo
sited by the meandering of Spring Creek across its 
valley.

Structural Geology

Regional Structure

Mapping by a number of workers (Luedke and 
Burbank, 1963; Steven and Ratte, 1 9 6 5; and Steven,
1 9 6 7, written communication) has shown that at least 
two areas of major depression are definable in the 
San Juan Mountains at present (fig. 22). One area, 
the San Juan Volcanic Depression, encompasses both 
the Silverton and Lake City calderas. A second area, 
the Central San Juan Cauldron Complex, encompasses at 
least six calderas or cauldron structures and may 
contain more than nine (Steven, 1967, written communi
cation) . The Creede caldera and the San Luis Peak 
cauldron are two of the structures contained within 
the Central San Juan Cauldron Complex.

Local Structure

The area mapped in this study lies roughly in a 
strip through the center of the San Luis Peak cauldron
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(fig. 22). All major structures shown in figs. 2 and 3, 
with the exception perhaps of the Amethyst and Bulldog 
faults, are probably related to the collapse of this 
cauldron or to the effects of later magmatic resurgence 
near or within the cauldron.

The outer limits of the San Luis Peak cauldron 
are not yet clearly defined. In some areas the margin 
of the cauldron has been covered by flows which post
date subsidence. Steven (1 9 6 7, written communication) 
has pointed out that the margin where he has seen it 
is mostly inferred from abrupt thinning of Nelson 
Mountain and Rat Creek Quartz Latites.

Thickening of Nelson Mountain rocks from 0 feet 
in the Rat Creek drainage to greater than 3900 feet at 
San Luis Peak is visible proof of the relief existing 
in Nelson Mountain time, mainly as a result of collapse 
within the cauldron.

Magmatic resurgence in the San Luis Peak caul
dron has apparently caused uplifting, downdropping, and 
tilting of many small structural blocks, rather than a 
relatively more simple structural doming as has been 
mapped in the Creede caldera by Steven and Ratte"(1 9 6 5). 
Attitudes of the various structural blocks have been 
determined by mapping compaction foliae in the welded



tuffs and bedding in the lake-bed sedimentary rocks of 
Nelson Mountain age east of Spring Creek.

The various flows have been subdivided in fig.
3 into structural blocks on the basis of regional 
attitudes, lithology, and field relationships. This 
subdivision reveals a close genetic relationship, for 
example, between the Nelson Mountain vent in Mineral 
Creek and the surrounding flow material. Based on 
structural attitude, the block between East Mineral 
and Middle Mineral Creeks must have been tectonically 
disturbed. The steep dips characterizing this block 
probably cannot be attributed to intrusion of the 
Fisher III plug because tuff outcrops nearer to the 
base of this plug still exhibit their original, nearly 
horizontal attitude.

Tuffs west of West Mineral Creek show attitudes 
indicating that they, too, may have been tilted.

Attitudes in the Spring Creek drainage indicate 
that major tectonic disturbances have occurred there 
also. Unfortunately, welding is gradational with depth 
and no marker flows or layers exist in most of the 
region; consequently, it is impossible to indicate 
differential movement with any certainty unless it is 
of major proportions. An outline of exposures of the



86
dark, most intensely welded phase of Nelson Mountain 
Quartz Latite is shown in fig. 3. This outline is 
based on field study and suggests that within the 
confines of the outline there has been little or no 
differential movement across Spring Creek.

The intrusive complex on the ridge between 
Cascade and Spring Creeks is clearly reflected in the 
attitudes of Nelson Mountain rocks surrounding the 
complex. Other blocks in this drainage area show 
widely divergent regional attitudes with dips which 
are too steep to be primary (figs. 2 and 3); major 
tectonic disturbance, probably related to cauldron 
subsidence and resurgence, is suggested as the logical 
cause.

The intra-formatlonal lake-bed sedimentary 
rocks of Nelson Mountain age that crop out east of 
Spring Creek demonstrate regional tilting of up to 
30° which would not otherwise be apparent in that area 
because the underlying and overlying tuffs are too poorly 
welded to produce good compaction foliation.

The block of ground east of the Amethyst fault 
and north of the Equity fault in Secs. 26 and 35# T43N, 
R1W, has been mapped in detail by Steven and Ratte"
(1965)• This block has been vertically uplifted at



least 1300 feet relative to some of the surrounding 
rocks. Details of this faulting are given in the paper 
by Steven and Ratte' (1 9 6 5, p. 58).

Within the upper West Willow Creek drainage 
the northern extensions of the Bulldog and Amethyst 
faults are exposed or inferred on the basis of altera
tion, topography, or aerial photographic studies.
North of the Equity mine the Amethyst fault is actually 
a zone composed of a series of stair-step slices (fig.
2). Further north, this fault may pass under the small 
Fisher Quartz Latite flow. The large Fisher plug and 
the small Fisher plugs or apophyses associated with the 
intrusive complex area appear to be aligned along a 
northward projection of the Amethyst fault. No evidence 
of this fault was found north of the intrusive complex. 
The north end of the Bulldog fault was not located 
either.

No evidence for a northward projection of the 
Alpha-Corsair fault of the Creede district (see Steven 
and Ratte^ 1 9 6 5) has been found in the upper Rat Creek 
drainage. Because most of this area is covered with 
soft, easily eroded tuffs, it is unlikely that the trace 
of any fault would be preserved. If the offset on such 
a fault were significant, it should be reflected in the



flows on either side of such a valley. This evidence 
is lacking in upper Rat Creek.

Any extension of the Equity fault to the west 
of West Willow Creek would also be lost in the poorly- 
welded tuffs. The extension is clearly delineated on 
aerial photographs to the top of the ridge dividing 
Rat and West Willow Creeks; however, further west the 
fault is lost or does not exist. No evidence for this 
fault exists under the Fisher Quartz Latite flows on 
West Butte. The middle Rat Creek Quartz Latite unit 
is a fairly good marker horizon, and it does not show 
any obvious evidence of offset (fig. 4).

Fractures, some of which contain hydrothermal 
quartz veins, are exposed in many locations within the 
highly-welded portions of Nelson Mountain Quartz Latite 
in the Spring Creek valley, especially in Secs. 33 and 
34, T44N, R1W, and Secs. 2, 3, 4, 9, 10, and 11, T43N, 
R1W. Because of a lack of marker horizons, slickensides 
brecciation, gouge, or drag structure, it is normally 
impossible to determine if there has been any displace
ment on such fractures. It would seem safe to assume, 
however, that many of these fractures are fault planes 
in light of the great amount of tectonic adjustment 
known to have occurred in this area.



In many localities from the Creede district 
northward, apparent linear features can be seen on 
aerial photographs. In some cases these can be 
ascribed to faults, to contraction joints, to subse
quent drainage patterns, or to known contacts between 
units, but in other cases, no evidence can be found 
in the field corresponding to features seen on photo
graphs. Surficial deposits further complicate field 
interpretation. Brief field reconnaissance and aerial 
photograph study suggest that the structural block 
containing San Luis Peak has been differentially up
lifted, with the north end being raised higher than 
the south end. Unfortunately, the massive nature of 
the exposures in this block and the abundance of talus 
in the area all but eliminate the possibilities of 
finding good attitudes in this block.

Relationship of Structure to Alteration 
and Mineralization

The region associated with the San Luis Peak 
cauldron has witnessed a complex history of tectonic 
activity. Following initial collapse, which in itself 
is not yet clearly understood, deposition of Nelson 
Mountain ash-flow tuffs apparently filled the cauldron.



Resurgence of magma caused faulting and numerous dis
ruptions of these tuffs and helped produce a topography 
with at least 1500 feet of relief and perhaps as much 
as 4000 feet.

The lengths of time required for collapse or 
resurgence of the San Luis Peak cauldron are not 
known; it is thought that collapse began during Rat 
Creek time (Steven and Rattez, 1 9 6 5, p. 57). Within 
the region mapped Fisher flows are known to have 
descended through differences in elevation of at least 
1500 feet; furthermore, there is no conclusive evidence 
of Fisher flows being significantly offset or regionally 
tilted. The suggestion is therefore advanced that caul- 

" dron resurgence was essentially complete by Fisher I 
time. It should be pointed out, however, that signi
ficant portions of the San Luis Peak cauldron have not 
as yet been mapped, and evidence in conflict with the 
timing presented here may yet be found.

Pervasive propylitic alteration, which trans
gresses Nelson Mountain Quartz Latite and Fisher I 
flows, must, therefore, be later than cauldron resur
gence but earlier than Fisher II time.

Because of their limited areal and stratigraphic 
extent, the mineralized quartz veins near Spring Creek



cannot as yet be considered to be genetically associated 
with any of the events described above. Based on field 
evidence, these veins are clearly post-Nelson Mountain 
in age in the Spring Creek drainage and at the Equity 
mine.

The apparent confinement of these quartz veins 
to the propylitized region shown in fig. 3 would suggest 
that the mineralization is younger than or coeval with 
this alteration phase; however, this association may 
be only coincidental because no pronounced propylitiza- 
tion is present near the veins of the Creede district.

In the Creede district, Steven and Ratte' (1965) 
note that mineralized structures cut some Fisher-age 
rocks and further state that the Creede Formation, 
intertongued with certain Fisher flows, is mineralized. 
It is possible that the Spring Creek mineralization is 
the same age as the Creede mineralization; however, at 
this time there is no physical evidence to substantiate 
this association.



ALTERATION

General Discussion

The term alteration is defined here as the 
mineralogical and chemical changes in rocks caused 
by the passage of fluids which are physically and/or 
chemically out of equilibrium with those rocks. These 
fluids may be air and groundwater in the case of 
chemical weathering (supergene alteration) or may be 
hot, complex solutions in the case of hypogene (late 
magmatic or hydrothermal) alteration.

In studies of surface geology and, in many 
cases, subsurface geology, difficulty often arises 
as to just what portion of the rock alteration is the 
result of supergene processes. Field and petrographic 
examinations made by the writer indicate that the 
greater part of alteration present in this area is 
hypogene in origin; supergene alteration has played 
only a minor role.

The term, hypogene alteration, as used here 
includes syngenetic (deuteric) alteration caused by 
the residual fluids contained within a given extrusive
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flow or intrusive body (endogenic fluids) and epige
netic (hydrothermal) alteration caused by post-magmatic 
(exogenic) fluids. Quantitatively, the effects of 
deuteric alteration are minor in comparison with those 
of hydrothermal alteration.

Not found in the area studied are two types 
of alteration often associated with areas of low- 
temperature alteration, namely, the quartz-alunite 
and zeolite types. These two types of alteration 
represent the extremes of alteration associated with 
fumarolic-hot spring-epithermal activity. Quartz- 
alunite alteration represents the high temperature 
extreme. It is common in many districts such as 
Summitville, Colorado, Marysvale, Utah, and Goldfield, 
Nevada (Steven and Ratte', i9 6 0; Harvey and Vitaliano, 
1 9 6 5). Apparently, such a high intensity of alteration 
has not been reached in the area of this study. Other 
data suggest, also, that alteration mapped in this 
study was associated with reducing sulfidic solutions 
instead of oxidizing sulfate solutions.

Zeolitic alteration, the low temperature 
alteration type, was not recognized anywhere in the 
area. According to Thompson and White (1964, p. A28- 
A29), zeolites associated with hot springs are not



found more than 6 0 0 -8 0 0 feet below the surface. It 
was previously noted in the section dealing with the 
Fisher Quartz Latite that erosion may have exceeded 
1500 feet where epidote is found at the surface; con
sequently, if zeolites ever were present, they have 
probably been eroded away completely.

Types of Alteration

For the purposes of discussion in this report, 
the various mineral phases have been assigned to 
their respective alteration types where possible.
The following alteration categories are discussed 
below: late magmatic and deuteric alteration, propy-
litic alteration, argillic alteration, and silicic 
alteration.

Late Magmatic and Deuteric Alteration

Some of the phenocrysts seen in thin sections 
of rocks from the region of this study show alteration 
effects which are clearly not caused by hydrothermal 
alteration or chemical weathering. These phenocrysts 
were altered, as described below, when they were 
physically and chemically out of equilibrium with 
fluids in the molten magma or groundmass, just before



or during eruption of the flow material, or even more 
likely, during the cooling phase of the flows. These 
altered phenocrysts appear in specimens from many 
altitudes and from locations which are well outside 
of the areas of even weak hydrothermal alteration.
These phenocrysts are not, however, found everywhere 
on the surface as might be the case if chemical 
weathering were responsible. Chemical weathering is 
thought to have proceeded at about the same rate in 
all areas within a given range of elevations.

Common alteration minerals in this region, 
thought to be the result of late magmatic or deuteric 
alteration, include oxyhornblende and nonpleochroic, 
opaque, "oxidized" biotite. Rarely, augite altering 
to hornblende is seen in thin sections. Clusters of 
magnetite, sometimes alone and sometimes associated 
with biotite, augite, or hornblende, suggest the 
possibility that hypersthene or olivine may have been 
present at one time, but have since been completely 
replaced. The formation of earthy hematite rims around 
some magnetite grains and the formation of leucoxene 
from sphene may also represent deuteric effects or may 
be the result of later alteration.



Incipient devitrification of the glassy ground
mass commonly found in the volcanic rocks of the area 
mapped may be partly an effect of deuteric alteration. 
Most of this devitrification is thought to be caused 
by hydrothermal or supergene processes, however.

Resorption of nearly all types of phenocrysts 
was observed in thin sections studied during this 
project. Resorption can be ascribed to these crystals 
being out of chemical equilibrium with their matrix 
before, during, or following eruption. Resorption is 
probably neither a hydrothermal effect nor a weather
ing effect; resorbed crystal edges commonly are in 
contact with very fresh, undevitrified glass in speci
mens collected well away from areas of hydrothermal 
alteration.

Propylitic Alteration

The type of pervasive alteration present in the 
area of this study can best be described as propylitiza- 
tion. This term was first introduced in the i8601s to 
describe the altered andesites around Virginia City, 
Nevada. Current use of the term propylitization is 
best described in papers by Creasey (1959i 1966) and 
Burnham (1 9 6 2). Both of these authors have used the



term for low-temperature alteration of any non-reactive 
(primarily igneous) rock type which produces all or 
part of a secondary mineral assemblage including cal- 
cite, epidote, albite, pyrite, chlorite, and other 
clay minerals from a normal silicate-rich primary 
assemblage. This definition applies very well to the 
alteration seen in the region studied.

Papers reviewing the origin of propylitization 
(Coats, 1940; Wilshire, 1957; Burbank, i9 6 0; Thompson 
and White, 1964) are in general agreement that this 
type of alteration is due to hydrothermal activity 
genetically related to a nearby magmatic intrusion. 
Field evidence obtained in this study supports that 
concept.

Extensive portions of the area studied have 
been subjected to a more or less pervasive type of 
hydrothermal alteration (fig. 3). It could be argued 
that this alteration, most of which is not attribut
able to weathering, might be deuteric in origin. 
Deuteric alteration, which is endogenic within indi
vidual flows or sets of nearly contemporaneous flows, 
requires multiple periods of alteration coincident 
with individual eruptions or periods of closely-spaced 
eruption. Alteration intensity and distribution caused
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by deuteric alteration should, therefore, be more closely 
related to the geometry of the individual flows than to 
the geometry of the region as a whole. Such is not the 
case in this area. Alteration distribution based on 
outcrop, hand specimen, and especially thin-section 
studies shows a definite region-wide areal pattern to 
the alteration (fig. 3).

An outer limit of pronounced propylitization 
can be drawn with reasonable assurance based on results 
of these field and laboratory studies. Outcrops out
side the line establishing the outer limit of pronounced 
propylitization are only very slightly altered or are 
fresh and glassy. Because very weak alteration might 
be confused with chemical weathering, only a pronounced 
alteration is considered to be clearly the result of 
hydrothermal alteration. All pre-alteration rocks 
within the limit line show conspicuous evidence of 
hydrothermal alteration, evidence which will be dis
cussed in more detail in the petrography section.

Within the pronounced propylitization limit a 
second alteration intensity limit can be constructed 
based on the presence or absence of epidote, the mineral 
which represents the highest stage of propylitic altera
tion in the region studied. Outside of the epidotization



boundary, epidote is not known to occur at the sur
face. Inside this boundary epidote may or may not be 
present in surface exposures. Examination of the two 
regions delimited by the lines of alteration intensity 
clearly shows that both of these lines outlining the 
changes in alteration mineralogy transgress the geologic 
units present, including Fisher Quartz Latite, Nelson 
Mountain Quartz Latite, and the rhyolite of Spring 
Creek. The alteration is not geometrically confined 
to a different area within each particular geologic 
formation or rock type; consequently, the alteration 
occurred during one time span and is not deuteric.

Although, in general, the strongest alteration 
of the Nelson Mountain Quartz Latite is confined to 
the most intensely welded portion (outlined in fig. 3), 
in detail, this is not always correct. Epidote is 
found high on the slopes of San Luis Peak in rock that 
is not as intensely welded as are some rocks which are 
topographically and stratigraphically lower and contain 
no epidote. Also, east of Spring Creek some of the 
outcrops of Nelson Mountain Quartz Latite that are 
only weakly to moderately welded are conspicuously 
propylitized whereas other similarly welded areas 
remain unaltered. The reverse of the relationship



discussed above is also not always correct. The zone 
of most intense welding in the Nelson Mountain Quartz 
Latite is not a result of hydrothermal alteration even 
though the greater part of this welding zone coincides 
with the highest intensity of hydrothermal alteration 
in Spring Greek (fig. 3). Near the Equity fault.
Nelson Mountain Quartz Latite is welded to the same 
degree and appearance as it is in the bottom of Spring 
Creek, but the rock from the area near the Equity fault 
as seen in thin section is remarkably fresh and unal
tered in any form. One can conclude, then, that 
intensity of alteration is not a direct function of 
degree of welding.

The increase in alteration intensity towards 
the base of San Luis Peak suggests increasing proximity 
to a magmatic source of hydrothermal heat and fluids. 
Burbank (i9 6 0) has come to a similar conclusion con
cerning the Silverton caldera in the western San Juan 
Mountains. He notes that regional propylitization in 
that area becomes more pronounced with depth in certain 
parts of the caldera, probably because these parts 
were nearer to the intrusive source of the alteration 
fluids. The fact that San Luis Peak has apparently



been uplifted as much as several thousand feet, the 
presence of a hypabyssal intrusion at the base of 
San Luis Peak, and the increasing intensity of altera
tion toward this peak together strongly suggest that 
a major intrusion probably lies under or near San Luis 
Peak.

Randomly located within the large region of 
pronounced propylitization are a number of smaller 
areas which have been sulfidized in addition to the 
other effects of propylitization. Sulfidized areas 
are found in the Fisher Quartz Latite (fig. 16), the 
Nelson Mountain Quartz Latite (fig. 23), and under
ground in the rhyolite of Spring Creek.

Some of these sulfidized locations are 
bleached because of extensive argillization and 
because all of the iron in the original iron-bearing 
minerals has been sulfidized to pyrite (fig. 23).
These locations are similar to those described in the 
propylitized regions around Virginia City and Steamboat 
Springs, Nevada (Thompson and White, 1964), around 
Summitville, Colorado (Steven and Ratte*, i9 6 0), and 
in other districts. These altered localities are 
thought by these writers to be caused by processes 
similar to those found in fumeroles or hot springs.
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Figure 23. Strongly Sulfidized Area on the Northwest 
Side of San Luis Peak.
The alteration is in highly-welded Nelson 
Mountain Quartz Latite.



In two locations within the zone of most
intense welding (fig. 3), pyrite was found in out
crop without any associated strong argillization.
Thin sections of rocks from these areas reveal that 
only weak sulfidization has taken place, and both 
mafic minerals and pyrite are present together. One 
can therefore conclude that in localities of only 
weak sulfidization no strong argillization has taken 
place; within the region studied, at least, the 
stronger is the sulfidization phase, the stronger is 
the accompanying argillization.

Argillic Alteration

Four clay minerals have been identified by 
x-ray diffraction studies in significant quantities 
in the rocks of the region studied and in veins of 
the Creede mining district. These four include mont- 
morillonite, chlorite, illite, and kaolinite. A 
summary of their locations and relative intensities 
is given in table 3.

For purposes of comparison the relative 
amounts or intensities of various clay minerals have 
been estimated for each sample studied. These estima 
fcions, from trace to weak to moderate to strong, are



TABLE 3. SUMMARY OF CONCENTRATIONS OF CLAY MINERALS IN VARIOUS ENVIRONMENTS
Note: st: strong; mod: moderate; wk: weak; tr: trace.
All surface rocks are samples from the area mapped In fig. 2. Vein 
rocks are samples from both the Creede and Spring Creek districts.

No.
Samples Illite Kaolinite Montmorillonite Chlorite

Surface rocks, chemically 
weathered only 8 tr tr st tr
Surface rocks, hydrother
mally altered 21 st mod tr wk
Vein rocks, oxide zone 5 mod mod tr tr
Vein rocks, sulfide 
zone 5 wk wk tr st
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based on general appearance of the rock In hand speci
men and thin section and on the relative heights of 
peaks obtained on x-ray diffractograms of oriented 
clay material from the rocks sampled.

The term montmorillonite is used in this report 
as a clay mineral group name rather than for the speci
fic mineral, montmorillonite. Cation analyses are 
normally needed to determine which clay mineral of the 
montmorillonite group is present (Warshaw and Roy,
1961, p. 1481-1483).

Some montmorillonite may be formed by hydro- 
thermal solutions. This mineral was detected in a few 
of the surface and vein rocks analyzed; however, these 
occurrences are relatively rare, and the montmorillonite 
normally occurs in only minor concentrations. Montmorillo
nite is a common constituent found in the area of study 
predominantly where hydrothermal alteration has not 
occurred (table 3); consequently, it is the opinion of 
this writer that montmorillonite is primarily supergene 
in origin. Further details concerning the origin of 
this mineral are given in the section on chemical 
weathering.

Chlorite occurs in this region in two different 
environments. In the deeper parts of the mineralized
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veins of the Creede mining district, chlorite, of the 
iron-rich variety thuringite (Emmons and Larsen, 1923, 
p. 100), is abundant in the sulfide zone. Chlorite 
occurs there as the matrix surrounding the sulfide 
minerals in the veins. X-ray studies of samples col
lected underground by this writer indicate that in 
the deep, highly chloritized portions of the veins, 
chlorite is present to the exclusion of no more than 
traces of any other clay mineral (table 3). Higher 
in these veins chlorite grades along an irregular 
ninterface" to illite, kaolinite, and mixed-layer 
clays. On the surface, chlorite is found only where 
propylitization has occurred. In propylitized rocks 
mafic minerals alter to chlorite and several other 
minerals. Further details of chloritization are given 
in the petrography section.

The term illite, used here in the same sense 
as Grim (1953, p. 36) and looker (1 9 6 3, p. 26), is 
essentially a poorly crystallized, non-expanding 10A 
white mica whose composition may be intermediate 
between montmorillonite or chlorite and biotite. Illite 
is probably equivalent in many cases to the term "seri- 
cite" in the usage of older literature (Grim, 1953, p. 
325). The term sericite is currently restricted to a



clay mineral which is a secondary, well-crystallized 
white mica (Tooker, 1 9 6 3, p. 2 7). This restricted 
sericite of Tooker has properties similar to those of 
muscovite and is formed in a higher temperature 
environment than the illite of Tooker. The near-vein 
sericite of Butte (Sales and Meyer, 1950) and other 
areas of mesothermal or higher-temperature alteration 
is probably the restricted sericite described by 
Tooker (1 9 6 3).

Kaolin!te is another common product of altera
tion. Because it is often difficult to identify the 
various minerals within the kaolin!te group and 
because kaolinite is the most common of the minerals 
in the kaolinite group, the term kaolinite in this 
report refers to the kaolinite group.

Argillization, hereafter restricted to the 
occurrence of illite and kaolinite, is found in sur
face exposures as a pervasive form of alteration 
wherever the rocks have been propylitized. No argilli
zation was detected on the surface outside of the pro
pylitized region. These spatial relationships indicate 
that the solutions which propylitized the rhyolite, 
monzonite, and quartz latites also caused argilliza
tion in these rocks. Because both argillization and



propylitization always occur together throughout the 
entire region, it seems unlikely that one phase is 
superimposed on the other except as noted below.

Although argillization is always present 
wherever propylitization has occurred, the degree or 
intensity of argillization is not, however, always 
the same as that of propylitization, indicating the 
possibility of a local superimposition of these two 
alteration phases. The intensity of argillization is 
in direct proportion to the increase in intensity of 
propylitization everywhere, but in addition, there 
are abrupt increases in the amount of illite and kao- 
linite found near many (but not all) areas of pyritiza- 
tion. It is interesting to note that most of these 
pyritized areas are located outside the zone of epidotiza- 
tion (fig. 3) in areas of weaker propylitization.

No zoning of kaolinite or illite in relation 
to each other or to the pyritization was seen anywhere 
on the surface; however, evidence from underground 
sampling and examination done by the present writer 
and earlier workers in the Creede district (Emmons and 
Larsen, 1923; Steven and Ratted 1 9 6 5) and by Steven 
and Ratte'(i9 6 0) at Summitville, Colorado, would suggest 
that kaolinite is the higher temperature species of the
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two and forms generally nearer the ore minerals or 
"source" of hydrothermal fluids than does illite.

The question of whether argilllc alteration 
is hypogene or supergene in origin has been discussed 
often in the literature. Although argillization is 
mainly found in the upper oxidized parts of the Creede 
vein systems and on the surface in patches in the area 
north of the Creede district (table 3)» most evidence 
suggests a hypogene origin for the greater part of the 
illite and kaolinite present. These two minerals, 
occasionally accompanied by quartz veinlets, are 
always found associated with abundant fresh, unweathered, 
disseminated pyrite both underground in the Bonez adit, 
and in the surficial alteration patches.

Other evidence of a hypogene origin can be seen 
in the fault block north of the Equity fault. The 
entire section of Bachelor Mountain Rhyolite exposed 
there has been pervasively bleached and widely pyritized 
before Nelson Mountain time (Steven and Ratte', 1 9 6 5> 
p. 8l). Although this alteration formed earlier than 
that found elsewhere, it is identical in form to the 
propylitic-pyritic alteration found further north.
X-ray data indicate that in extensive areas of this 
block montmorillonite has been destroyed and illite
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and kaolin!te have been formed. It seems reasonable 
to state that, in general, weathering should affect 
a given formation or horizon of limited areal extent 
in approximately the same manner everywhere it is 
exposed. It appears difficult, therefore, to ascribe 
the pervasive alteration of this fault block to sur
face weathering because nowhere else has the Bachelor 
Mountain Rhyolite been pervasively altered as it is 
in this area north of the Equity fault.

In mine workings illite and kaolin!te are 
generally found concentrated in the veins above areas 
of sulfide mineralization. Where ground waters have 
penetrated deeply in the vein systems, iron and manganese 
oxide staining is normally present. Even though this 
staining may affect the clays as well, some areas of 
vein clay do not show any iron staining and may in 
addition contain fresh pyrite or marcasite. It seems 
more logical to think of the clays as forming a 
barrier to inhibit supergene solutions rather than 
being the result of such solutions. Underground mapping 
in the Creede veins indicates that the base of the 
argillization does not always closely reflect the over- 
lying topography; in fact, the base in one area becomes 
progressively lower to the north in an area where the



surface elevations are rising northward (Steven and 
Ratted 1965, p. 7 5 ).

Field and laboratory evidence from the 
Summitville district, a nearby mining district with 
rock types, climate, and alteration similar to those 
of the Creede region, indicates that the surface 
exposures of illite and kaolin!te there are zoned 
relative to mineralized structures and are primarily 
hypogene in origin (Steven and Ratted i9 6 0, p. 47).

Surface exposures only rarely show any posi
tive evidence of argillic leaching by surface waters. 
Where this leaching occurs, a rough locally iron- 
stained silica crust remains.

The presence of at least some supergene kao- 
linite is suggested as a result of comments in a recent 
paper by Creasey (1 9 6 6, p. 59)• Creasey states that 
he knows of no location where kaolinite and epidote 
have been described as mutually stable phases. These 
two minerals have, however, been found together in a 
sample collected from near one of the old adits in 
Cascade Creek close to the junction of Cascade and 
Spring Creeks (fig. 2). If epidote and kaolinite are 
not stable in the presence of each other, then this 
sample mentioned above contains an assemblage that is



out of equilibrium. The epidote must be hydrothermal 
in origin, and was probably formed under conditions 
approaching equilibrium because other locations con
taining epidote do not appear to contain any kaolinite. 
The kaolinite is probably a non-equilibrium phase 
which has formed later, possibly by supergene pro
cesses.

X-ray diffraction studies indicate that several 
mixed-layer clay minerals are present in some clay 
fractions in addition to the four clay minerals dis
cussed above. Types of mixed-layer clays determined 
include illite-chlorite, montmorillonite-chlorite, 
and illite-montmorillonite. Because only a relatively 
minor amount of study was done with clay minerals, no 
pattern of location or environment for these mixed- 
layer clays was obtained. These clays were found in 
both underground and surface samples of hydrothermally 
altered rocks but not in rocks which had not been 
hydrothermally altered; only montmorillonite was found 
in this last type.

Silicic Alteration

Various forms of silicification are found in 
surface exposures throughout the Creede district and



north of the divide around the Nelson Mountain vent in 
Mineral Creek. Gradation in the uppermost portions of 
mineralized veins in mine workings to a silica-rich 
zone has led to the conclusion that silicified areas 
on the surface may be the extreme upward manifestations 
of mineralized veins at depth. This is probably true 
where the surface-exposed silica fills fractures in 
brecciated rock. Such veined areas usually contain 
pyrite and/or iron and manganese staining.

There are other types of silicification which 
do not appear to be related to mineralization. These 
types of silicification include deposits of white opal, 
red jasper, blue-gray agate and chalcedony, and brown 
or black chalcedony. Around the Nelson Mountain vent 
agate, chalcedony, and opal are commonly present as a 
cement around brecciated pyroclastic material. These 
silica deposits probably are related to a late-stage, 
low temperature hot-spring environment.

In at least five areas along the ridge between 
Rat and West Willow Creeks agate and chalcedony are 
exposed, mainly as vug linings. These forms of silica 
are probably a result of the deposition of residual 
magmatic silica in open spaces in the welded tuffs.



Red jasper is present in at least two locations 
on the same ridge described above. Jasper generally 
forms more massive bodies than other types of silici- 
fication. Unfortunately, no good exposures of jasper 
in place were seen; consequently, no field relationships 
can be described.

In two of the many areas of sulfidization the 
alteration was locally accompanied by conspicuous 
siliclfication. Samples collected from these areas 
had a dense, white, porcelainous appearance. X-ray 
analyses showed the presence of only quartz and 
kaolin!te, however.

Hydrothermal Alteration Petrography 

Quartz Latites

The three major formations mapped in this 
area —  Rat Creek, Nelson Mountain, and Fisher Quartz 
Latite —  are all very similar chemically and mineralo- 
gically. These chemical and mineralogical similarities 
mean that, regardless of genesis, the three units 
should react more or less the same to a given altera
tion environment and can be treated as one unit.

Because it apparently,has not been subjected 
to hydrothermal alteration, the Rat Creek Quartz



Latite can be excluded from further discussion; only 
the Fisher and Nelson Mountain Quartz Latites show 
any pronounced effects of hydrothermal alteration.

Lovering (1950, p. 232) describes a scale of 
resistance to hydrothermal alteration for common 
minerals of igneous rocks. In order of increasing 
resistance to alteration the minerals are (l) augite 
and hornblende, (2) plagioclase (oligoclase and more 
calcic varieties), (3) biotite, (4) apatite, (5) 
groundmass constituents, (6 ) orthoclase, and (7 ) 
quartz. The results of the work for this paper agree 
with the above sequence after a few modifications are 
made. Augite appears to alter somewhat before horn
blende. Apatite apparently alters later than shown 
in the scale; magnetite and apatite would fall in the 
range of numbers 5 or 6 on Lovering1s scale. Zircon, 
which is as stable as quartz and is essentially inert 
to chemical alteration, would fall in the quartz 
range. Other minor alternations between adjacent 
members of the sequence are locally found in the thin 
sections examined for this study.

Based on its vigorous reaction with HC1 and its 
microscopic similarity to calcite, the carbonate pre
sent in altered rocks of this study is assumed in all
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cases to be calcite. Five powdered samples of altered 
rocks from the area studied were examined by x-ray 
diffractometry. All samples showed strong calcite 
lines. A study of the indices of refraction of pro
pyl! tic carbonates by Wilshire (1957, p. 245-252) showed 
that most of the carbonates were calcite, but that some 
had indices higher than calcite.

Based mainly on the overall appearance of a 
given specimen under the microscope, the propylitically 
altered rocks have been divided into three groups 
representing three intensities of the alteration pro
cess. Those rocks whose phenocrysts and groundmass 
show only scattered evidence of replacement are assigned 
to the weakly altered group. Those rocks showing general 
replacement of primary minerals are classed as moderately 
altered. Those rocks which show nearly complete replace
ment of primary minerals and often contain epidote are 
considered to be strongly altered. It should be empha
sized that these three groups are not rigid because 
alteration is always a gradational process in the region 
studied.

The mineralogic effects of alteration as deter
mined in this study are summarized graphically in fig.
24. Both in this figure and in the discussion which
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follows, the alteration has been divided into weak, 
moderate, and strong categories.

Weak Alteration —  Plagioclase is one of the 
first minerals to show the effects of hydrothermal 
alteration (figs. 24 and 25). Weakly altered rocks 
show plagioclase altering first to calcite, then to 
illite, calcite, and weak kaolinite and quartz.
Alteration is selective; alteration minerals replace 
the more calcic cores and zones first. Sanidine, if 
present, appears to alter to about the same degree as 
plagioclase. Alteration products of sanidine include 
quartz, illite, and kaolinite.

Quartz phenocrysts are fresh at this stage and 
remain fresh at all stages of alteration. Secondary 
quartz forms as a result of devitrification of any 
glassy matrix and as a result of the breakdown of 
unstable silicate minerals (fig. 24).

As shown in Lovering’s scale of resistance to 
hydrothermal alteration given above, ferromagnesian 
minerals generally alter hydrothermally in the same 
order that they weather although local differences 
exist, even within the area of one thin section. Augite, 
the first ferromagnesian to show alteration effects, is
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Figure 25. Photomicrograph of Weakly- to Moderately- 
Propylitized Fisher Quartz Latite.
Laths of plagioclase show alteration to 
illlte, kaolinite and calcite. A relict 
augite phenocryst (a) has been pseudomor- 
phically replaced by calcite, Illlte, and 
chlorite. A calcite veinlet runs diagonally 
across field. X-nicols.
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apparently a very sensitive indicator of alteration.
In nearly all of the sections examined augite either 
occurred as a fresh mineral or was completely replaced; 
only rarely was partly-altered augite seen. Augite 
alters either completely to calcite or to a combination 
of chlorite, calcite, and clay minerals.

At this lowest intensity of alteration horn
blende and biotite (or their oxidized equivalents) are 
not significantly altered. None of the accessory 
minerals —  magnetite, apatite, sphere, or zircon —  
is altered significantly either.

Very slight devitrification of the glassy 
groundmass at this stage of alteration may be due to 
hydrothermal or deuteric alteration. Traces of illite, 
montmorillonite, chlorite, and kaolin!te have beai found 
in various samples of weakly altered quartz latites.
No one clay mineral is more abundant than any of the 
others.

Moderate Alteration —  Plagioclase is more highly 
altered but not completely replaced at this stage (fig. 
24). It may alter to illite and kaolinite, illite and 
calcite, or to illite, calcite and kaolinite. Locally, 
minor quartz may also be an alteration product.
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Increased alteration reduces the sharpness of the 
crystal borders and twin planes.

Both hornblende and augite are completely 
replaced at this stage. Combinations of alteration 
minerals found include calcite only; chlorite and 
calcite; and chlorite, calcite, and quartz. Biotite 
is usually partially altered to illite, illite and 
chlorite, chlorite and calcite, or to a combination 
of all three minerals, possibly with some traces of 
kaolinite.

Primary quartz, magnetite, sphene, and zircon 
show little change which can be attributed to hydro- 
thermal solutions. Some additional magnetite may be 
formed from the breakdown of pre-existing mafic minerals.

The glassy groundmasses show progressively greater 
devitrification and recrystallization at this stage. Lacy 
microgranular quartz grains can be identified as one of 
the crystallization products. Cobaltinitrite staining 
reveals a high concentration of potassium in the micro
crystalline to cryptocrystalline grains of the rest of 
the groundmass. Potassium-rich minerals suspected to be 
present therefore include alkali feldspar, kaolinite, and 
illite. Kaolinite and illite become increasingly more 
common in the groundmass at this stage but are never as
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abundant as they are in the associated pheno- 
crysts.

Strong Alteration —  In this stage of 
alteration, the only primary constituents remaining 
essentially unaltered are the accessory minerals and 
quartz (fig. 24). All other primary minerals have 
been replaced more or less completely, although relict 
outlines usually remain.

Plagioclase alters almost completely to illite, 
calcite, kaolinite and rarely, quartz. Sanidine, 
which was not recognized because of the high degree 
of alteration, should probably form illite and kaolinite.

The original quartz phenocrysts remain unaffected. 
Younger quartz and calcite fill late fractures. Such 
veinlets become especially common near known mineralized 
quartz veins. A third form of quartz that is found in
cludes the lacy grains formed by devitrification of the 
groundmass.

Where sulfidization has not occurred, relict 
pyroxene, amphibole, and biotite phenocrysts can be seen. 
Biotite and hornblende are now replaced pseudomorphically 
by illite and chlorite; illite, chlorite and calcite; 
illite, chlorite, and epidote; or chlorite, calcite and 
epidote. Epidote is confined to the areas of most
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intense alteration and even then occurs only sparingly. 
Epidote is commonly seen replacing relict cleavage in 
chlorite after biotite and is always surrounded by 
chlorite (figs. 26 and 2 7). Epidote after hornblende 
is extremely rare; epidote has never been seen as a 
replacement of either augite or plagioclase. Epidote 
is considerably more common in some propyl!tlzed 
andesites described in the literature (Coats, 1940; 
Thompson and White, 1 9 6 4), and commonly is an alteration 
product along with albite of calcic plagioclase. The 
absence of epidote and albite replacing calcic plagio
clase in the area mapped in this report is partly the 
result of a less calcic plagioclase (andesine here vs. 
labradorite elsewhere) but mainly due to a lower maximum 
intensity of alteration. This conclusion as to the reason 
for the lack of any albite and abundant epidote is based 
on the evidence given in the above sources which show 
that epidote replacing mafic minerals but not plagio
clase is common in less intensely propylitized andesites. 
These same andesites, where strongly altered, do show 
epidote and albite replacing calcic plagioclase.

Magnetite, apatite, and zircon show no appa
rent effects of alteration. Sphene was not observed; it 
either was never present or has altered to leucoxene.



Figure 26. Photomicrograph of Strongly Propylitized 
Nelson Mountain Quartz Latite.
A relict euhedral biotite phenocryst 
has been replaced by chlorite (medium 
gray), calcite (light gray), and 
epidote (high relief). Black grains 
are magnetite. Note the unaltered 
apatite needles in the former biotite 
phenocryst. Large grain on right side 
is altered plagioclase. Plain light.

Figure 2 7. Photomicrograph of Strongly Propylitized 
Nelson Mountain Quartz Latite.
Biotite phenocrysts have been replaced 
along basal cleavage by calcite, epi
dote and chlorite. Black grains are 
magnetite. Plain light.



Figure 27
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Field relations are not clear, but it appears 

that sulfidization may be found in either the moderately- 
or strongly-altered phases. It is certainly more common 
in the strongly-altered phase. Where sulfidization has 
occurred, magnetite is normally replaced by pyrlte.
The habit of pyrlte crystals wherever seen was that 
of a distorted cube modified by pyritohedral striations 
on the cube faces. The distribution of pyrlte is 
identical to that of magnetite; that is, whichever is 
present occurs in streaks and clots and as rims around 
former biotite phenocrysts. When pyrlte is present, 
chlorite and epidote are also normally absent; how
ever, in two thin sections epidote and chlorite were 
seen in the same slide with pyrlte. In both of these 
sections, fresh unaltered magnetite and magnetite being 
replaced by pyrlte were both present. This mineral 
relationship apparently means that magnetite is sul- 
fidized preferentially to other iron-bearing minerals 
when there is insufficient sulfur to saturate all of 
the iron present. The relationship between the relative 
degree of sulfidization and the extent of argillization 
has been discussed in the section on argillization.

The groundmasses in strongly altered quartz 
latites are not materially coarser grained than those 
in moderately altered specimens. There is apparently



a maximum degree of devitrification that can occur 
under the set of physico-chemical conditions present 
in this region. The description of groundmass devitri
fication given in the previous section would be valid 
here also.

Monzonite and Rhyolite

Because a monzonite is chemically quite similar 
to a quartz latlte, the effects of alteration on both 
should be similar. Alteration of the monzonite of San 
Luis Peak is indeed the same as equivalently altered 
rocks of Nelson Mountain or Fisher Quartz Latlte.

In its one good outcrop the monzonite of San 
Luis Peak is moderately to strongly altered, using the 
terminology applied to the quartz latites. Plagioclase 
and orthoclase crystals are partially altered to illite 
and kaolinite. Primary quartz remains fresh. Biotite 
has been locally replaced by chlorite and minor kao
linite and illite. A few grains of epidote were seen 
surrounded by chlorite after biotite. Accessory 
minerals have not been altered.

Phenocrysts are the main criteria used in this 
report for determining alteration intensity. Because 
of the lack of phenocrysts in the rhyolite of Spring



Creek, this rock is harder to evaluate in terms of 
alteration intensity than the rock types already 
discussed.

Nowhere is the rhyolite of Spring Creek exposed 
that it does not exhibit some indication of alteration. 
The formation was probably at one time a glass, but 
it has since devitrified. The devitrification could 
be a deuteric effect, but since the degree of devitri
fication and the amount of overall alteration are very 
similar to those of the superjacent quartz latites, it 
is assumed that the same process altered both the rhyo
lite and quartz latites. The scheme used in fig. 24 is 
therefore considered valid for discussing alteration 
of the rhyolite of Spring Creek.

Plagioclase phenocrysts are rare and are always 
altered. This mineral is the first to show positive 
evidence of alteration. Products of alteration include 
llllte, quartz, and kaolin!te in order of abundance.

Quartz occurs in two forms. Coarse-grained, 
hydrothermal quartz veinlets up to 1 mm wide cut across 
both phenocrysts and groundmass. These veinlets repre
sent the first form of quartz. Devitrification of the 
groundmass has produced microcrystalline quartz grains 
which exhibit a lacy, microgranular texture and repre
sent the second form of quartz.
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This formation contains very little primary 

iron or magnesium. The rare biotite phenocrysts are 
more resistant to alteration than are those of plaglo- 
clase. One thin section showed only slightly altered 
pleochroic biotite associated with well altered plagio- 
clase. Biotite alters mainly to illite and kaolin!te.

In the absence of sulfur the minor magnetite 
present remains comparatively fresh. Hematite rims 
are present on some magnetite grains, but nowhere was 
the magnetite completely altered to another iron oxide.

Where sulfur was available, all iron-rich 
minerals (essentially magnetite) have been altered, and 
all of the resultant iron has been sulfidized to form 
fresh pyrite crystals.

A carbonate mineral that is probably calcite 
is abundant in the most intensely altered part of the 
rhyolite of Spring Creek. Calcite normally occurs as 
late veinlets in association with the coarse-grained 
quartz veinlets, but calcite is also found sparingly 
in small grains scattered throughout some thin sections. 
At least some of the calcite is later than the vein 
quartz because in one case a calcite veinlet was seen 
to have offset a quartz veinlet. The absence of calcite 
in surface samples of the rhyolite of Spring Creek



collected west of Spring Creek may be due to leaching 
by chemical weathering or to a lack of initial forma
tion.

This rhyolite was originally a phenocryst-poor 
rhyolitic glass which has since devitrified. Devitri
fication of the groundmass is now complete. Granular 
microcrystalline grains up to 0.3 mm in diameter com
posed of quartz and minor plagioclase and potash 
feldspar have been identified by using x-ray diffraction 
and cobaltinitrite staining techniques.

Hydrothermal Alteration Chemistry

Five samples (MAC-1 to MAC-5) were collected 
near the Continental Divide and analyzed for major 
elements and several trace elements, A tabulation of 
these analyses is given in Appendix A. Graphical plots 
of these analyses are given below (fig. 28). Locations 
of these samples are plotted on fig. 3. MAC-2 repre
sents a typically propylitized sample of Fisher Quartz 
Latite without sulfidization. MAC-1 is Fisher Quartz 
Latite that has been both propylitized and sulfidized. 
MAC-3 is Fisher Quartz Latite that has been propylitized 
and subsequently weathered. MAC-4 is a sample from the 
upper flows of Nelson Mountain Quartz Latite that has
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NELSON MOUNTAIN

Figure 28. Plot of Whole Rock Analyses.
(See text and Appendix A for descriptions of 
samples and sources of analyses.)
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Figure 28— Continued
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been weakly propylitized. Sample MAC-5 is from the 
same flow as MAC-4. MAC-5 has been propylitized, 
sulfidized, and weathered.

For comparison, analyses of several control 
samples are included with the new analyses. Samples 
LC-4 and LC-40 are analyses of fresh samples of Fisher 
Quartz Latite and the upper flows of Nelson Mountain 
Quartz Latite, respectively, taken from Larsen and 
Cross (1956, p. 190 and table 21). The approximate 
locations of these two samples are plotted on fig. 3 . 
Sample LC-4 was taken west of West Mineral Creek in 
Sec. 23, T43N, R1W, and LC-40 was from Nelson Mountain 
in Sec. 12, T42N, R1W.

Because the data of Larsen and Cross (1956, p. 
1 9 0) and Steven and Ratte (i9 6 0, p. 26) show that there 
are wide variations in the content of some of the major 
elements in Fisher Quartz Latite rocks, two average 
analyses have also been included. One sample (LC-Av.) 
gives the average percentages for all analyses of 
Fisher Quartz Latite flows over the entire San Juan 
Mountains (Larsen and Cross, 1 9 5 6, p. 1 9 0); the second 
set of analyses (N-l) is for the average worldwide latite 
of Nockolds (1954, p. 1017), the closest overall match 
to Fisher Quartz Latite percentages given by Nockolds.
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The fairly wide variations in oxide contents of 

Fisher Quartz Latite rocks mentioned above indicates 
that the few samples reported here can safely be utilized 
only to show gross generalizations.

The chemical effects of weathering are discussed 
in the section on weathering and will not further be 
dealt with here.

Samples MAC-1 and MAC-2 were taken from sites 
within a few hundred feet of each other. They are 
thought to represent the same Fisher Quartz Latite flow. 
Samples MAC-4 and MAC-5 are also from outcrops within 
a few hundred feet of each other. Both of these samples 
are thought to be from the same Nelson Mountain Quartz 
Latite flow.

A comparison between MAC-2 and samples N-l, LC-4, 
and LC-Av. of Nockolds and Larsen and Cross (fig. 28) 
gives an indication of the changes caused by propylitiza- 
tion in the region studied. Major additions include 
HgOC+J, and COg. Both of the alkali metals, KgO and 
Na20 have apparently been leached out slightly. Cal
cium may also have been leached slightly; however, the 
high calcium value in MAC-1 tends to shed some doubt 
on the movement of calcium as shown by MAC-2. The alumina 
content of sample MAC-2 is unusually low and appears to be
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the result of an abnormal sample rather than the result 
of alteration effects. All other samples analyzed for 
this report and nearly all of the other typical inter
mediate rocks of Nockolds (1954, p. 1014-1019) have 
alumina contents in the 15-17 percent range. The iron 
analyses of MAC-2 indicate an enrichment of Fe(III) and 
depletion of Fe(Il) compared to the control samples; 
however, the total iron contents are similar. Oxidation 
of iron may have occurred rather than addition or 
depletion of different oxides.

A study of molar quantities calculated from the 
chemical analyses indicates that there is more COg 
present in sample MAC-2 than can be accommodated by the 
available calcium to form calcite. The excess CO^ may 
be present in other phases such as the calcium-iron- 
magnesium carbonate, ankerite, a mineral known to 
occur in hydrothermal environments. Some C02 might 
also be present in fluid inclusions in one or more 
alteration minerals.

A comparison between MAC-1 and MAC-2 (fig. 28) 
suggests the effects of sulfidization. Sulfur and addi
tional structural water have been added while C02 and 
perhaps some further potassium have been removed. The 
apparent "loss" of C02 in MAC-1 may also be interpreted
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as meaning that less COg is added during sulfidization 
than during propylitization without sulfidization. This 
argument may be valid for other oxides also. Some 
iron(IIl), magnesium, and calcium may have been added, 
and some manganese may have been lost. Other elements 
do not show significant changes. Worthy of note is the 
fact that the sulfidization alteration phase shows signi
ficant gains of H20(+) and C02 when compared to unaltered 
Fisher rocks. Evidently, the sulfidizing phase and the 
propylitizing phase are closely related.

The amounts of CaO and C02 in MAC-1 form approxi
mately the amount of calcite determined by modal analyses 
of this rock. The quantity of sulfur present in MAC-1 
corresponds fairly closely to the amount needed to form 
all of the modal pyrite determined. The total iron 
present in this sample is sufficient to form the amount 
of modal pyrite; however, to utilize this iron in pyrite, 
one must recast much of the ferric iron as ferrous iron. 
Iron minerals other than pyrite were not detected in 
thin sections of MAC-1.

Comparison of propylitized Nelson Mountain Quartz 
Latite (MAC-4) can be made with sample 1X3-40, an unal
tered sample of the same formation (fig. 28). Sample 
LC-40 is the only available published analysis of the
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unaltered upper portion of the formation. As is the 
case with Fisher rocks, H20(+) and COg are the main 
constituents added during propylitic alteration of Nelson 
Mountain rocks, and the alkali metals are apparently 
leached, but to a much lesser degree, especially in the 
case of potassium. Calcium may have been removed and 
magnesium added. The total iron content remains constant 
during Nelson Mountain alteration, but in this case the 
Fe(IIl) has decreased and the Fe(Il) has increased, the 
reverse of the situation seen in the Fisher rocks.

The quantities of CaO and COg in MAC-4 agree 
fairly closely with the amount of calcite determined 
in modal analyses of this sample. According to the 
chemical analysis, no sulfur has been added to MAC-4, 
and no pyrite was seen in the thin sections or hand 
specimens.

Sample MAC-5 shows the effects of sulfidization. 
The location where this sample was collected unfortu
nately has also been subjected to some chemical 
weathering; no completely unweathered, sulfidized 
Nelson Mountain Quartz Latite crops out anywhere near 
the location of MAC-4.

Conclusions which can be drawn concerning some 
of the chemical changes between MAC-4 and MAC-5 are.
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nevertheless, consistent with those changes seen for 
samples MAC-1 and MAC-2 (fig. 28). Sulfur and struc
tural water have been added and COg has been removed 
or was initially less than for rocks that were propylitized 
but not sulfidized. The amounts of sulfur and ferrous 
iron reported in the chemical analysis of MAC-5 agree with 
the amount of pyrite determined in modal analyses.

Inconsistent with the Fisher data are the appa
rent losses in Nelson Mountain rocks during sulfidization 
of total iron, magnesium, and sodium and the lack of any 
loss of potassium. Except for the potassium, these 
inconsistencies can probably be attributed to weathering 
effects. The behavior of potassium in this case is not 
understood.

Several conclusions can be made from a study of 
ACF and AKF diagrams (figs. 29 and 30). Creasey (1959, 
1 9 6 6) recognizes three fundamental types of hydro- 
thermal alteration. In order of increasing temperature 
of formation, these are propylitization, argillization, 
and K-silication. ACF diagrams are constructed for 
studying propylitlc alteration where CaO, COg, H^O and 
SlOg are in abundance or excess. AKF diagrams are 
mainly used for the argillic and K-silicate types of 
alteration.
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A KAOLINITE (ILLITE, MONTMOniLLONITE)

A = A I20 3 + P « 20 3 - ( N o20 + K 20 )  

C = CoO

F = FeO 4  MgO 4  MnO

• L C - 4

EPIDOTE

-CHLORITE

CALCITE

Figure 2 9. ACF Diagram Showing Trends of Alteration.
Notes: Whole rock oxide data from Appendix A.
Arrows show trend of alteration with time. 
Basic diagram modified after Creasey (1959)•
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A K AO U N ITE

A =AI20 3-(CqO + K20+No80 )  

K =KZ0

F * FeO -f MgO-f MnO

MAC -9 
I LU TE l

MAC :; mac-i

K -  S IL IC A T E

K-FELDSPAR

Figure 30. AKF Diagram Showing Trends of Alteration.
Notes: Whole rock oxide data from Appendix A.
Arrows show trends of alteration with time. 
Basic diagram modified after Creasey (1959)•
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Examination of the AGP diagram reveals a fairly 

tight grouping of the Creede region rooks analyzed, 
with the exception of samples MAC-3 and MAC-5 . This 
tight grouping emphasizes the lack of significant gains 
or losses of the major oxide components during propyli- 
tization, with or without sulfidization. The arrows 
indicate the chemical trends from fresh to altered rocks 
and show that a consistent pattern of major element 
transfer in or out of the system does not exist. The 
isolation of samples MAC-3 and MAC-5 emphasizes the 
effects of chemical weathering. These effects will be 
discussed in the section on chemical weathering.

The AKF diagram (fig. 30) appears to indicate a 
crude approximation of the degree of alteration of the 
rocks of this study. Plots of all of the "fresh" rocks. 
Including sample N-l, fall below the illite-FeO+MgO+MnO 
join in the higher temperature K-silicate field. Altered 
samples, however, are all found nearly on this join or 
above it in the argillic field.

As Creasey notes ( 1 9 5 9 > p. 363) kaolinite, mus
covite (or illite or sericite), and K-feldspar cannot 
coexist in equilibrium. The fact that the altered rocks 
of this study, including both hypogene- and supergene- 
altered rocks, usually plot above this join and the
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"fresh" rocks always plot below the join suggests 
that alteration of K-feldspar to clay minerals may 
be the predominant mechanism being demonstrated by 
these plots.

Samples MAC-2 and MAC-1 are more intensely 
altered than MAC-4 and, of course, all three are more 
altered than the fresh rocks. The distance above the 
ill!te-FeO+MgO+MnO join, therefore, suggests a means 
of estimating the intensity of alteration that a given 
sample has undergone. In a manner similar to that 
seen on the AGP diagram, chemically weathered samples 
MAC-3 and MAC-5 are isolated on the AKF diagram.
Further details on these two samples are discussed 
below in the section on chemical weathering.

In summary, hydrothermal alteration in the 
region studied includes propylitization (with and 
without sulfidization), argillization, and silicifica- 
tion. These forms of alteration are recognized in 
other epithermal districts and are thought to be caused 
by processes similar to those found in fumeroles and 
hot springs.

Mineralogically, hydrothermal alteration in 
this area has produced a new suite of minerals. These 
minerals are the result of additions of carbon



dioxide, sulfur, and water accompanied by the rearrange 
ment of pre-existing ions.

Material issuing from fumaroles and hot 
springs may include water, bicarbonate ions (or COg), 
HgS, and various other elements, ions, or compounds. 
Calculations from free energy data (Carrels and 
Christ, 1 9 6 5; Roble, 1 9 6 6) indicate that from a 
thermodynamic standpoint, the reactions of iron 
minerals (data available for magnetite, hematite, 
and fayalite) to form pyrite should occur spontane
ously at 25°C in the presence of HgS. Also, the 
formation of 1111te, kaolinite, calcite, and quartz 
from a mixture of plagioclase and K-feldspar should 
occur spontaneously at 25°C in the presence of bicar
bonate ions.

The alteration of iron minerals and feldspars 
accounts for the greater part of the mineralogical 
changes observed in the field and in thin sections.
The hydrothermal alteration which caused these mine
ralogical changes seen in the field and suggested by 
the above reactions could, therefore, have been caused 
by bicarbonate- and HgS-rich, near-surface, low- 
temperature, hot spring or fumarolic environments.



Chemical Weathering

General Discussion

Field studies and laboratory analyses of clays 
and petrographic thin sections all suggest that chemi
cal weathering has played only a minor role in total 
rock alteration.

The effects of chemical weathering outside of 
areas of sulfidization appear to be limited mainly to 
a gradual alteration of the glassy constituents of the 
rocks to montmorillonite. Table 3 shows where the 
various clay minerals are concentrated. A sharp divi
sion can be seen between the amounts and types of clays 
found in rocks which have been subjected to hydrothermal 
alteration and the amounts and types of clays found in 
those rocks which have not. Montmorillonite is the 
only clay mineral found in this study which is con
sidered to be almost exclusively supergene in origin.
It undoubtedly is a product of devitrification of the 
glassy portions of the tuffs and lavas, a step in the 
formation of bentonite. Ross and Hendricks (1945, P. 6 5) 
note that "the glass that most readily alters to bentonite 
tends to have the composition of latite."
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A sample of an obsidian flow from north of the 

Nelson Mountain vent in Mineral Creek was analyzed for 
clay minerals by x-ray diffraction. In thin section 
this rock was completely glassy and isotropic, except 
for disseminated acicular crystallites and a few fresh 
biotite and plagioclase phenocrysts. Despite its 
fresh appearance, this glassy rock contained abundant 
montmorillonite. This rock does not show any marked 
evidence of deuteric or late magmatic alteration such 
as resorption or oxidation of phenocrysts or marked 
devitrification of the glassy groundmass. It is, 
therefore, suggested that montmorillonite in the region 
of this study is primarily a product of chemical 
weathering and not of deuteric alteration.

The association of 1111te and kaolin!te with 
vein minerals in the oxide zone as well as with altered 
surface outcrops would tend to indicate that these 
clay minerals are chemical weathering products; how
ever, field evidence described previously in the section 
on hydrothermal argillic alteration indicates that both 
illite and kaolin!te are primarily products of hydro- 
thermal alteration.

Areas of sulfidization which have been weathered 
chemically are easily recognized in the field unless a



soil and vegetation layer has concealed them, as is 
sometimes the case. Supergene oxidation of pyrite 
creates intermixed bright shades of red, yellow, and 
brown against a very light-gray background caused by 
widespread leaching of the original rock consti
tuents.

These weathered areas are found both on gentle 
slopes and on fairly steep ones indicating that the 
rate of infiltration or runoff of water is not a 
critical factor in weathering. The geographical direc
tions which these weathered exposures face is variable 
so that climatic differences between, for example, a 
north or south exposure do not appear to be relevant.
In short, it does not seem that climate or topography 
has anything to do with which pyritized areas are 
altered and which are not.

Comparison of the Creede area rocks can be 
made to the chemically weathered andesites and rhyo
lites in the vicinity of Virginia City, Nevada 
(Thompson and White, 1 9 6 4). In that region propy- 
litization is widespread but exposed at the surface 
only where pyritization has not occurred. Bleached 
zones are almost exclusively a near-surface weathering 
effect. These zones grade in depth into pyritized.



propylitized rock. Areas containing pyrite are always 
bleached as a result of chemical weathering. In con
trast, this writer found a number of locations in the 
Spring Creek drainage where pyrite was exposed on the 
surface. This lack of alteration of the pyrite is 
probably due to a combination of both chemical and 
mechanical weathering effects. Chemical weathering 
is much less intense quantitatively in the San Juan 
Mountains than in Nevada, while mechanical weathering 
is greater. The combined result is that fresh rock 
surfaces are quantitatively more common in the area 
of this study than they are in Nevada.

Thompson and White further note (1 9 6 4, p. A27) 
that "fresh" pyritized rock left on mine dumps 
"crumbles and bleaches within a few tens of years.” 
Pyrite is oxidized and forms sulfuric acid which then 
reacts with many of the primary minerals and causes 
leaching of some constituents. The presence of fresh 
pyrite very near the surface in the region of this 
study would seem to indicate that chemical weathering 
there is a very slow process. Comparisons of pH values 
cited by Thompson and White in runoff from altered 
areas (pH as low as 2.4) and values obtained in this 
study in upper Rat Creek drainages (pH of 7.1-7.4) give



further evidence of a lower chemical activity in this 
part of the San Juan Mountains than in Nevada.

In a hand specimen the details of chemical 
weathering are readily seen. Weathering is controlled 
structurally by abundant fractures in the massive 
flows. Weathering bleaches the rock from a normal 
shade of dark gray to an off-white or iron-stained 
pastel color. In an ideal case, the center of a 
specimen from an area of weathering will be dark 
gray with fresh disseminated pyrite crystals. The 
overall color lightens gradually towards the edges 
of the specimen, and pyrite gradually disappears. A 
discrete rim of iron stain, which is usually about 
5 -1 0 mm thick, forms around the outside of the speci
men.

Weathering as seen in thin sections appears 
as a diffuse iron-staining with no structural or 
mineralogic control. All silicate minerals have 
broken down to clay minerals with the exception of 
quartz, which remains essentially fresh. Pyrite, 
calcite, and some of the clay minerals have been 
leached out.



Weathering Chemistry

Chemical comparisons can be made among rocks 
that are fresh, hydrothermally altered, and chemically 
weathered, based on available whole rock analyses 
(fig. 28 and Appendix A). Samples MAC-3 and MAC-5 have 
been affected by chemical weathering. Both show a 
significant increase in silica and H20(+) contents when 
compared to most fresh and less-altered samples. This 
increase is the result of the leaching of other consti
tuents. Silica is present mainly in quartz and clay 
minerals; structural water occurs in residual clay 
minerals. Variations in Na^O, and K^O are not
consistent in both samples and probably are not meaning 
ful.

Consistent decreases are noted in the content 
of PeO, total iron, MgO, CaO, MnO, PgO^, C02, and F.
No significant changes were noted in the amounts of 
AlgO^ or TiOg.

The losses of CaO and C0 2 in samples MAC-3 
and MAC-5 relative to unweathered samples reflects 
the loss of calcite from the rocks by weathering pro
cesses. No carbonate minerals were identified in 
thin sections of either of these rocks. Partial



leaching of apatite during chemical weathering is 
indicated by the losses of and F in the analy
ses of MAC-3 and MAC-5 . Weathering has also 
destroyed most of the iron- and magnesium-rich hypo- 
gene minerals. After breakdown of these minerals 
has occurred, magnesium is partially leached and 
iron(Il) may be partially leached and partially oxi
dized to iron(IIl). These effects are indicated by 
the consistent decreases of FeO and MgO relative to 
unweathered rocks.

The ACF and AKF diagrams (figs. 29 and 30) 
emphasize the effects of chemical weathering. On the 
ACF diagram, samples MAC-3 and MAC-5 are isolated 
from the fairly tight group of other samples. This 
isolation shows the effects of significant losses 
of calcium, iron, and magnesium from the system 
during chemical weathering.

The AKF diagram also shows the effects of 
chemical weathering. As was the case with the ACF 
diagram, arrows showing the trends of alteration 
during weathering are moving away from the F pole on 
the AKF diagram also. Samples MAC-3 and MAC-5 are 
isolated from the other samples. The same reasons 
mentioned above for this isolation hold here, namely.



a significant loss from the system of calcium, iron(Il), 
and magnesium.



ECONOMIC GEOLOGY

Mineral Deposits

A number of prospect pits and small adits are 
scattered throughout the area of this report. Most of 
the major ones are in the Spring Creek mining district 
(also known as the Bondholder camp) which includes 
the areas drained by Spring and Cascade Creeks. The 
only prospect being actively worked in 1966 was the 
Bonez adit, located on the cliff face east of Spring 
Creek (fig. 2). Most of the adits and pits developed 
in the Spring Creek district followed quartz veins 
into the cliffs above Spring Creek. Total vein widths, 
including intervening slivers of wall rocks, range up 
to two feet but are mostly under six inches. Workings 
and dumps examined by this writer contain galena, dark 
sphalerite, pyrite, and fluorite in a generally fine
grained quartz gangue. Argillization within the veins 
is generally minor and includes chlorite, illite, and 
kaolinite. Minor iron oxide is present locally. Zinc 
and lead secondary minerals are absent or rare. The 
veins are typically epithermal, often vuggy, and show
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evidence of open space filling. Where space allowed, 
fluorite cubes commonly coated other minerals. Banding 
of vein minerals is evident underground. Small, ter
minated quartz crystals are sometimes seen lining vugs 
or cavities. Some pre-mineralization brecciation of 
wall rock has occurred; silica cementation has rehealed 
these areas. No evidence of rock movement was seen 
other than brecciation. The age of these mineralized 
quartz veins is not as yet known. They may be related 
in time to propylitization or may have formed later, 
possibly at the time of the mineralization in the Creede 
district.

No conspicuous alteration haloes were observed 
in the wall rocks adjacent to mineralized quartz veins 
except in one adit in Spring Creek where disseminated 
pyrite was seen associated with clay alteration. This 
alteration does not appear to extend very far beyond 
the vein walls; however, no mine workings exist to 
provide proper access for study away from this vein.
If these quartz veins were not formed during propylitic 
alteration, then this pyrite alteration may be part of 
the propylitic stage of alteration and not the quartz- 
sphalerite-galena -pyrite -fluorite stage.
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The Bonez adit and one or two of the older adits 

just south of it are driven in the rhyolite of Spring 
Creek or at the contact of this unit with the overlying 
Nelson Mountain Quartz Latite. Almost all other pros
pect pits and adits seen by this writer are wholly within 
the Nelson Mountain Quartz Latite. A few pits have been 
developed in strongly sulfidized areas of Fisher Quartz 
Latite.

Conversations with people in Creede who are 
familiar with the history of the old Bondholder camp 
indicate that some of the ore removed in the past con
tained significant amounts of silver. No production 
figures were seen, however, and it is unlikely that any 
significant tonnage was ever sent to a smelter.

The area near Mineral Creek mapped as a Nelson 
Mountain vent is composed of massive perlite and other 
vitrophyric material. Some of the flows which are 
thought to have originated from this vent and presently 
crop out north of the vent in the vicinity of Mineral 
Mountain (fig. 2) are composed of glassy materials. If 
economic conditions, mainly accessibility and a large 
market, were more favorable, this area might contain an 
exploitable source of lightweight expandable aggregate. 
No engineering tests or estimation of tonnage have been
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made. All of the glassy material lies outside the La 
Garita Wild Area and inside national forest boundaries.

Trace Element Studies

Selected underground and surface samples were 
analyzed by semi-quantitative methods for Te, Hg, Pb,
Zn, Cu, Sb, As, Mn, Ba and Ag. Gold samples were run 
by a fire assay method. Results and conclusions from 
these analyses are given below.

Tellurium

Over 100 samples were analyzed for tellurium. 
Material analyzed included sulfide minerals, barite, 
native silver, fluorite, and quartz from various under
ground veins in the Creede and Spring Creek districts. 
Soil samples and rock chip samples of surface outcrops 
of fine-grained silica minerals, sulfidized areas, and 
unaltered rocks were also analyzed.

The highest tellurium values were obtained from 
sulfide species and native silver from underground veins. 
Maximum tellurium values included barite, <100 ppb; 
fluorite, <100 ppb; galena, 7500 ppb; sphalerite, <100  

ppb; pyrite, 1200 ppb; and native silver, 2400 ppb.
These values represent enrichments of up to 75 times



background, or more. Background Is assumed to be 100  

ppb, the sensitivity of the tellurium method, but may 
actually be lower than this.

Surprisingly, of all the sulfide minerals 
analyzed, only sphalerite samples did not contain any 
detectable tellurium, even when the associated galena 
contained it. Iron, which is known to interfere with 
tellurium analyses, was considered in the method of 
analysis used and was not thought to be the reason for 
the low tellurium values in sphalerite. Either zinc 
has an unknown interference effect on the analytical 
method or there is a partitioning of tellurium in the 
ore minerals. Perhaps when the tellurium content is 
below a certain saturation level, lead, iron, and 
silver minerals have a greater affinity for tellurium 
than does zinc. Certainly, silver and lead tellurides 
are much more abundant in nature than zinc telluride.
To this writer's knowledge, the preference of tellurium 
for iron, lead, and silver mineral structures over 
those of zinc has no satisfactory explanation. Unfor
tunately, no samples of pure sphalerites or other indi
vidual minerals have as yet been analyzed for their 
tellurium content by the U. S. Geological Survey or 
others so that an independent comparison cannot be made 
at this time (J. H. McCarthy, 1 9 6 7, oral communication)



Samples of vein barite and quartz and surface 
outcrops of agates, chalcedonies, and red jasper con
tained no detectable amounts of tellurium.

Tellurium values as high as 2000 ppb were found 
in the sulfidized areas, representing a twenty-fold 
enrichment over "background." Tellurium was restricted 
on the surface to altered areas only; however, not all 
parts of such areas contained tellurium. High tellurium 
values were randomly located throughout these altered 
areas. The presence of tellurium in these areas as 
well as in mineralized veins suggests a common source 
for all of them. Unfortunately, there are not as yet 
enough data on the distribution of tellurium in nature 
to reach meaningful conclusions.

Comparable tellurium values were obtained in 
this study from alteration material taken from similarly 
sulfidized alteration areas at Summitville, Colorado, 
and near Piedra Peak, an area of Fisher Quartz Latite 
flows about 20 miles south of Creede on the Continental 
Divide.

Few data have been published on tellurium asso
ciated with mineral deposits in the western United States. 
Values obtained in this study seem to be closer to those 
obtained around the telluride-rich Cripple Creek district

156



(an average of 0.5 ppm Te; Gott and McCarthy, 1 9 6 6; and 
<1 to 30 ppm Te; Baxter and Poet, 1 9 6 5) than those 
obtained in the Ely district of Nevada (<100 ppb to 
1 0 ,0 0 0 ppm; Gott and McCarthy, 1 9 6 6).

Mercury

Mercury studies have now been made in many 
districts. Because it commonly is found associated 
with low-temperature hydrothermal mineral deposits, 
mercury was thought to be a good element to study in 
the Creede region. Results from over 350 samples show 
a wide range of values —  from <50 to 2800 ppb in soil 
samples and from <25 to 2 0 0 ,0 0 0 ppb in underground 
vein samples. Background for the Creede region is 
thought to be about 200 ppb Hg; therefore, maximum 
values represent an enrichment of up to 14 times in 
soils and 1000 times in vein minerals.

Maximum values on "pure" species from under
ground veins include sphalerite, 65 ppb; galena,
25 ppb; pyrite, 1 8 ,3 0 0 ppb; native silver, 2 0 0 ,0 0 0  

ppb; barite, 25 ppb; and fluorite, 265 ppb. None 
of the microcrystalline silica varieties cropping 
out on the surface contained anomalous amounts of
mercury
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None of the high surface values determined for 

samples from the area mapped in this study appears to 
be related to any known or suspected mineralized struc
tures. Unlike tellurium, high surface values of mercury 
were not restricted to areas entirely inside of altered 
areas. Surface samples of both soil and rock show 
generally erratic values. Either the method is not 
applicable in this region, or closer sampling or more 
sensitive equipment is needed. Some question can be 
raised as to how much of the soil of the region is truly 
residual and whether mercury can be detected in trans
ported overburden.

Two weakly anomalous areas were found in the 
upper end of Rat Creek on the high areas east of the 
East Fork and west of the Middle Fork of Rat Creek 
in Secs. 32 and 33, T43N, R1W (fig. 2). Values ranged 
fairly consistently above background (maximum values,
1.0-2.0 ppm Hg), a phenomenon not seen elsewhere. An 
examination of these two anomalous areas in a regional 
sense shows that both areas are just outside the limit 
of pronounced propylitization line (fig. 3), suggesting 
that a mercury halo may exist outside of the regionally 
propylitized area. The evidence is sparse and certainly 
not conclusive enough to make a definite conclusion at 
this time, however.
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Other Elements

Soil samples from the area were also analyzed 
for traces of manganese, lead, zinc, copper, barium, 
arsenic, antimony, silver and gold. Manganese always 
shows a minimum value in samples from hydrothermally 
altered areas, probably as a result of hydrothermal 
leaching. Manganese values range from <50 ppm in 
strongly altered rock to a maximum of 2000 ppm in 
fresh unaltered rock. All samples analyzed for lead, 
zinc, copper, arsenic, and antimony had values below 
the limits of sensitivity for these elements; conse
quently, these elements provide no information regarding 
alteration or mineralization. Barium values varied 
from 200 ppm to 5000 ppm and silver values ranged from 
0-8 ppm. The maximum values for both elements were 
randomly located and did not appear to indicate any 
anomalous areas or relate specifically to any altered 
or unaltered areas.

Suggestions for Prospecting

With the exception, perhaps, of the few mineral
ized surface exposures in the travertine deposits of the 
Creede Formation which are replacement pods in a reactive 
host, all mineralization in the Creede district and in
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the area of this study is structurally controlled. A 
suitable means of delineating structures should there
fore be useful in ore search. Aerial photographs 
commonly show linear elements, including the major 
faults of the Creede system, but most such features 
seen on photographs are not found on the ground due 
mainly to lack of good outcrops. All alignments seen 
on photographs are not faults. Linear elements present, 
for example, on the top of West Butte are probably 
cooling joints exposed at the flow surface.

Mapping of compaction foliae has clearly shown 
that many disrupted structural blocks exist within the 
San Luis Peak cauldron. The contacts between these 
blocks are thought to coincide principally with present 
drainage; however, some such contacts do not. Any such 
contacts representing faulting in the geologic formations 
should be favorable prospecting ground.

Within the area examined, all of the quartz 
veins seen were within the limit of pronounced propy- 
litization line shown on fig. 3. The chances for 
potential mineral targets outside this line are prob
ably much more remote except at great depths.

If one assumes that regional propylitlzation 
has some significance in ore search, a study of clay
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minerals might be useful. Laboratory clay studies done 
for this study seem to indicate that areas containing 
significant montmorillonite to the exclusion of other 
clay minerals are unfavorable for prospecting because 
such areas have not been hydrothermally altered. Most 
such areas can be determined without detailed laboratory 
study; examination of hand specimens in the field should 
be sufficient. Outcrops lacking evidence of propylitic 
alteration probably contain considerable montmorillonite.

It is not known whether the regional increase 
in intensity of hydrothermal alteration toward San 
Luis Peak is indicative of more favorable mineralization 
there or not, but the increase in the quantity of quartz 
veins and associated prospect pits and adits in that 
direction does seem to support this idea. Other more 
economically mineralized areas, such as Virginia City, 
Nevada, are known to represent centers of propylitic 
alteration (Thompson and White, 1964, p. A2 9). A study 
of any regional alteration pattern east of San Luis 
Peak might therefore be of interest in ore search. One 
should bear in mind, though, that highly welded but 
essentially unaltered Nelson Mountain Quartz Latite 
crops out across West Willow Creek within a matter of 
a few hundred feet of the mineralization associated with
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the Equity fault. It is therefore suggested that 
competence of a given rock —  the result of the degree 
of welding in the case of the tuffs of this area —  
may be more important than the regional alteration as 
a guide to ore, because a highly competent rock will 
rupture sharply and thereby provide good access for 
mineralizing fluids.

Experience in the Creede mining district seems 
to show that the best ore deposits are generally found 
in highly competent rocks where offset from faulting 
has been greatest. If this generalization holds true 
elsewhere, the contacts around the structural block 
containing San Luis Peak may be likely zones for pros
pecting.

Results of geochemical prospecting seem to indi
cate that this technique is not very applicable in the 
area of this study. A study of fig. 2 reveals that 
large portions of the area are covered with transported 
overburden, a definite deterrent to effective geochemical 
prospecting. Geochemical soil sampling done in areas 
of known residual soil has not revealed any one element 
or combination of elements which can be considered as 
guides to mineralized structures in the region of this 
study.
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Numerous assays of samples from the most 

intensely altered portions of the area failed to reveal 
any gold values exceeding 0 .0 1  oz/ton, the sensitivity 
of the fire assay method used. The close association 
of gold with quartz-alunite alteration is well docu
mented; the lack of both gold and alunite in the area 
of this study suggests that the absence of alunite is a 
negative indicator of gold mineralization in epithermal 
environments.

The study of microcrystalline silica in out
crops suggests that only those outcrops which are 
structurally controlled and contain sulfides or favorable 
trace elements or have iron and manganese staining should 
be considered as related to vein mineralization.

Regions of welded tuffs and glassy flows such as 
this one should be considered in any future search for 
deposits of lightweight expandable aggregate.
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SUMMARY OF WHOLE ROCK ANALYSES RELATED TO DISSERTATION AREA
N-la LC-Avgb LC-4c MAC-2d MAC-ld MAC-3d LC-40e MAC-4d MAC-5d

Si02 54.02 62.17 58.73 56.59 52.54 65.35 65.34 61.71 69.58
AI2O3 1 7 . 2 2 15.58 15.73 13.37 16.45 1 6 . 8 8 1 6 . 0 0 15.27 15.90.
FegOl 3.83 3.55 4.14 6.07 7 . 6 2 4.06 3.96 2.83 3.14
FeO 3.98 1.99 2 . 8 5 0.53 0.44 0 . 0 8 0 . 6 1 1.95 0 . 1 9
FepOq+FeO 7.81 5.54 6.99 6 . 6 0 8 . 0 6 4.14 4.57 4.78 3.33
MgO " 3.87 1.96 2 . 6 9 2.40 3 . 6 0 0 . 0 2 0 . 7 8 1.85 0.95
CaO 6 . 7 6 4.64 5.29 2.38 6.36 nil 3 . 6 1 2 . 8 2 0.10
NapO 3.32 3.13 3 . 0 8 1.47 1.45 5 . 0 6 3.96 2.73 0.97
K2O 4.43 3.76 3.24 2.37 1.40 3.41 3.59 3.39 3.50
H20(+]1 0 . 7 8 1.32 1.88 3.37 2.37 0.38 1 . 8 2 2 . 6 8
H 2 0 ( - j1 — — 0.76 2.86 2.83 1.08 0 . 5 2 2.32 1 . 5 2
TIO2 1 . 1 8 0.95 1.10 0.74 0.95 0.83 0.59 0.55 0 . 5 6
MnO 0.12 O . 0 9 0.14 0 . 1 8 0 . 0 6 nil 0 . 0 9 0 . 0 8 0 . 0 1
P2O15 0.49 0.36 0.32 0.31 0.38 0.27 0 . 1 8 0.25 0.10
C02 0.05 mm mm 4.58 1.45 O'. 16 nil 2 . 0 6 0.12
Total S 0.01 mm mm 0.01 5.83 O.I6 —— 0.01 0.36
F 0.04 mmmm 0.04 0.04 0.02 -- 0.04 0.03
Other 0 . 2 8 m m mm — — — — — — 0.12
Total 100.00 98.56 99.49 99.76 100.79 99.75 99.73 99.68 99.71

Note: All numbers In percent. "Other" Includes BaO, SrO, Zr02, and V20^.
a Average latite. Nockolds,.1954# p. 1 0 1 7, no>. II.
b Average Fisher Quartz Latite, Larsen and Cross, 195b, P. 190.
c Fisher Quartz Latite, Larsen and Cross, 195b, p. 190, no. 4•
d Analyzed by H. Asari, Japan Anal. Chem. Research Inst., igbb. See text

for rock descriptions.
e Nelson Mountain Quartz Latite, upper portion; Larsen and cross, lypo.

table 21,, no. 40.
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Outline of Laboratory Procedure for 
Clay Mineral Identification

Preparation of Clay Slides

1. Clean field sample to remove any obviously 
weathered rock or organic surface material.

2. Crush sample to approximately -100 mesh sized 
particles.

3. Place a 50 g sample (or 25 g if the rock 
is highly argillized) into a blendor, add 
distilled water, and mix thoroughly for 
several minutes.

4. Pour the resultant mixture through a 4 pf 
(250 mesh) screen into a one quart Mason 
jar. Add enough distilled water to fill 
the jar. Cap the jar, shake the contents 
vigorously, and then allow the mixture to 
stand for about 2 hours at normal room 
temperature.

5. After 2 hours, siphon the upper 8-10 cm, 
which contains the -4 micron sized parti
cles, into a beaker. Let this siphoned 
mixture settle in the beaker for 1 2 -1 5

hours



6 . After the mixture has settled 12-15 
hours, carefully siphon off the water 
overlying the clay material in the 
beaker. Stir up the clay to form a 
slurry.

7. Draw a small amount of the slurry into 
a 1 ml pipette, drop it onto a clean 
glass slide, and allow it to air dry.

Determination of Clay Minerals

1. Scan the samples in an x-ray diffraction 
unit with a strip chart recorder. Use 
the combination of scanning rate, time 
constant, and counting rate which will 
achieve maximum sensitivity without 
running peak tops off scale. For the 
samples analyzed in this study, a 
Norelco x-ray diffraction unit with strip 
chart recorder was used. A scanning rate 
of 2° 29 per minute, a time constant of 
4 .0 , and an appropriate counting rate, 
usually 200 cps, were used.

2. Study the diffractograms for 12-15, 14, 
1 0-1 1, 1 0, and 7 angstrom peaks or com
binations of these peaks.
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3. Expose samples with 12-15A and 14A peaks 

to a saturated ethylene glycol atmos
phere for at least 3 hours, and then x-ray 
again.

4. Heat the glycolated slides to 490°C for 
12 hours and x-ray again.

. Classify clay minerals according to a
scheme such as that given in fig. 31 below.

5



Figure 31. Composite Scheme for Identification of Clay Minerals 
(modified from Warshaw and Roy, 1 9 6 1) 170
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List of Methods Used for Chemical Analyses

1. Geochemical Analyses
a. Tellurium: Lakin and Thompson, 1 9 6 3;

Lakin, 1 9 6 6, written communication. (See 
also Appendix D).

b. Mercury: LeMaire Instrument Co., (no date).
(See also Appendix E).

c. Gold: standard fire assay method.
d. Silver: Bloom, 1 9 6 6.
e. Copper, lead, zinc, barium, manganese,

arsenic, and antimony: Ward, Lakin,
Canney, and others, 1 9 6 3.

2. Whole Rock Analyses: T. Asari, written communi-
cation, 1 9 6 6.
a. H20(+), H20 (-), total sulfur:

gravimetric methods.
b. FegOg, FeO, MgO, CaO: titration methods.
c. K20, Na20: flame photometry.
d. TiOg, P205, F, MnO: colorimetric methods.

Note: All analytical methods used to obtain data con
tained in this report, except those methods used for 
gold and the whole rock analyses, are semi-quantitative 
in nature. All determinations by these semi-quantitative



methods which are given in this report should there
fore be considered to be approximate and not neces
sarily exact values.
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Data For Tellurium Analyses

Operator Chart For Tellurium Analyses

Preparation of Soil and Rock Samples
1 . Crush rock samples to -100 to -200 mesh 

material.
2. Dry soil samples.
3. Sieve and retain the -100 to -200 portion 

for tellurium analyses.

Digestion of Soil and Rock Samples
1. Weigh 200 mg of sieved sample and transfer 

to a 150 ml beaker. Tap beaker to collect 
sample in a small pile. For a sample with 
a high iron content reduce size of sample 
to about 50 mg.

2. Add 0.5-1.0 g potassium pyrosulfate to 
sample, completely covering sample.

3. Fuse sample over Fisher burner. If 
possible fuse under a hood. When the 
potassium pyrosulfate melts, mix it 
thoroughly with the sample by rotating 
the beaker in the flame. Coat bottom of 
beaker with the mixture. Heat for 1 -2
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minutes and then cool. If mixture is 
initially too viscous to spread out, add 
more potassium pyrosulfate and fuse again.

4. Add 4 ml cone. HgSO^ to each sample followed 
by slow addition of 4 ml HBr under hood.
Solution will become dark and murky.

5. Heat solution slowly on a hot plate until 
all HBr has evolved and solution has become 
more-or-less clear. Do not fume HgSO^ yet.

6 . Repeat addition and fuming of HBr three 
more times. Fume sample the last time 
until billowy-white SO^ fumes are evolved.
Cool the remaining material.

7 . Take up contents in beaker with 50 ml of 
6N HC1 . Wash down sides of beaker while 
adding the HC1. Under hood warm the beaker 
on a hot plate to effect solution of potas
sium pyrosulfate. Silica may be present as 
an insoluble residue.

8 . If samples are not to be processed right 
away, transfer them to watertight con
tainers (glass or plastic).

9 . Cool samples in beakers or containers to 9°C. 
Allow sufficient time for suspended insoluble 
material to settle out —  overnight, if possible.
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Digestion of Sulfides and Sulfur

1 . Weigh 200 mg of crushed, sieved sample and 
transfer to a 150 ml beaker. For pyrite use 
only 50 mg because excess iron interferes.

2. Under the hood, add 3 ml of BrgCCl^ solution. 
Let it stand 15-20 minutes. Swirl to mix at 
frequent intervals. Next add 3 ml cone. HNO^, 
and let mixture stand for 15 minutesj swirl 
frequently. Next add 4 ml cone. HgSO^j heat 
until fumes of SO^ come off.

3. Add very slowly (violent reaction) 4 ml HBr, 
and fume it off on a hot plate. Repeat this 
addition and fuming of HBr three more times.

4. Fume sample after fourth addition of HBr 
until billowy-white fumes of SO^ are evolved. 
Cool the remaining material. When the solu
tion has cooled, add 50 ml of 6N hydrochloric 
acid and again warm to effect solution. Then 
cool to 9°C. Allow the sample to settle 
overnight, if time permits.

Estimation of Tellurium Content by Spot Method
1 . Take an aliquot of the cooled, settled

sample solution, transfer to a styrofoam
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beaker, and dilute to 50 ml with 6N HC1.
To determine the initial aliquot for use 
in the spot test method, one must have a 
general idea of the magnitude of tellurium 
concentration. A few trial runs are nor
mally necessary to determine the expected 
tellurium concentrations.

2. Add 0.5 ml of dilute gold solution and 0.6 
ml cupric chloride solution; swirl to mix.

3. Next add approximately 0.5 ml hypophos- 
phorous acid (see general comment no. 7 ).
Allow the solution to stand exactly 5 minutes, 
and then filter through the micropore filter 
system.

4. Remove filter paper which now contains a 
spot, allow it to dry, label it, and compare 
the spot to standard spots. Convert to ppm 
Te using formula:

nnm _ vol« sample solution (ml)
1 sample wt. (grams)

jUP. Te (spot value) 
aliquot used (ml)



Miscellaneous Analytical Data

Sensitivity: 100 ppb
Accuracy: not determined
Precision: approximately + 50#

Preparation of Standard Spots

Place 0, 0.005, 0.01, 0.02, 0.04, and 0.08 mg/ml 
Te (0, 0.05 ml, 0.1 ml, 0.2 ml, 0.4 ml, and 0.8 
ml of 0.1 ppm Te solution) in 6 styrofoam beakers 
containing 50 ml of cold 6N HC1.
Add to each beaker 0.5 ml of Au solution (2 mg/ml) 
and 0 .6  ml of Cu0 1 2 «2H20 solution and mix the 
contents of each beaker.
Add 0.6 ml of 50# H^POg and mix the solution.
This amount of H^POg may have to be adjusted 
from day to day to yield comparable results (see 
general comment no. 7 ).
Allow the solution to stand 5 minutes and filter. 
Mount spots on a sheet of cardboard.

Preparation of Reagents

6N HC1: Add 1 L HC1 (cone.) to 1 L deionized
or distilled HgO.



CuClg'SHgO solution: Dissolve 3 g CuClg'SHgO
in 100 ml 6N HC1 (use 100 ml volumetric flask).
Aqua Regia: Mix carefully under hood cone.
HNO^iconc. HC1 in a ratio of 1:1 to 1:2. Store 
in hood. Make about 25 ml.
Au stock solution: Dissolve 0.5 g Au in about
5-10 ml aqua regia. Take solution to dryness by 
heating gently on a hot plate. Dissolve residue 
in 50 ml of 6N HC1 (use 50 ml volumetric flask).
Be careful not to overheat gold chloride crystals 
when taking to dryness because overheating causes 
the crystals to break down to native gold. If 
all dried material does not dissolve in HC1, 
evaporate off HC1 and re-add aqua regia; and so 
on. Note also that gold chloride is highly 
hygroscopic. Add HC1 immediately after drying. 
Dilute Au solution (2mg/ml): Dilute 20 ml stock
Au solution to 100 ml with 6N HC1 (use 100 ml 
volumetric flask).
Standard tellurium solution (100 ppm): Dissolve
0.0625 g TeOg in 500 ml 6M (=6N) HC1 (use 500 ml 
volumetric flask). From this solution prepare 
standard solutions (1 0 ppm and 1 ppm are suggested) 
by successive dilution (use 100 ml volumetric



flask). From the 1 ppm solution, prepare a 
working solution of 0 .1  ppm (1 0 0 nanograms/ml). 
Note that even the 0.1 ppm solution appears to 
be stable and maintains its strength over at 
least 2 -3 months and possibly longer.
BrgCCl^ solution: Mix 3 volumes CCl^ with 2
volumes Br2.

General Comments on Tellurium Analyses

No problem of tellurium contamination was en
countered with any of the commercial reagents 
used.
No evidence was seen of tellurium being absorbed 
on glassware even over a period of several 
weeks.
One should process all cooled samples in pairs. 
Determining more than two at one time may allow 
samples to warm too much before the analyses 
are complete. Processing samples one at a time 
increases the time per analysis. Add each of 
the reagents except hypophosphorous acid to both 
samples at the same time. The time necessary 
for filtration should be such that the hypophos
phorous acid can be added to the second sample 
3-4 minutes after being added to the first one.
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4. Watch the sample carefully after adding hypophos- 

phorous acid. A sample. If already yellow before 
addition, should first lighten in color and then 
darken if tellurium is present because of the 
precipitation of gold. Note any darkening 
because this change appears to be a qualitative 
positive test for the presence of tellurium even 
when no coloring effect can be seen on the spot. 
The elapsed time until the first pronounced 
darkening can be used as a rough estimate of the 
concentration of tellurium in the sample. (This 
time can be calibrated during standardization.)

5. Before weighing and before taking aliquots, note 
the presence and concentration, if possible, of 
any iron compounds because iron ions Interfere 
when in excess. If more than about 10# Fe is 
present, reduce the size of the weighed sample
or the aliquot. A rough estimate of iron concen
tration can be determined from the darkness of 
the solution when HBr is added —  the darker the 
solution, the higher the percent of iron present. 
Also, the depth of the yellow color in the 50 ml 
solution prepared for taking aliquots can be a 
guide to iron concentration. Spots which are a
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light purple or pink or show no color after 
filtration is complete indicate excess iron 
(or other ions). These samples should be rerun 
with a smaller aliquot. It is possible that 
excess zinc is also an interfering ion. No 
independent information is as yet available to 
prove or disprove this interference.

6 . It is recommended that samples either be allowed 
to settle at least 4 hours (or overnight) after 
being taken up in HC1 or be prefiltered because 
suspended insoluble impurities end up on the 
filter spot and interfere with matching of the 
unknown spot to standard spots.

7. Determine the amount of hypophosphorous acid to 
be used on the basis of a blank run each day that 
analyses are determined. An impurity in the acid 
causes an inconsistant color in the blank spot. 
This impurity must be compensated for each time 
since the effect of the impurity may vary from 
day to day. Either adjust the amount of hypo- 
phosphorous acid to a previously-made standard 
blank or rerun a new set of standards.
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Safety Precautions

1. Pipetting: For all solutions use a rubber or
plastic bulb on pipettes. Do not pipette 
orally.

2. Addition of solutions to beakers: Add solutions
slowly to avoid spattering and loss of sample 
material.

3 . Use of hood: Digestion of samples should
always be done under a hood.

4. Clothing: Wear safety glasses, apron, and
rubber or plastic gloves, especially during 
digestion of samples.

5. Chemical storage: Store corrosive or volatile
chemicals in hood.

Reagents

For 100 determinations (no sulfides) the following
is a list of the minimum amount of reagents needed, with
no allowance for wastage, standardization, etc.:

HgSO^, cone., AR 400 ml
HBr, 49$, cone., AR 1600 ml
K2S207, AR 
HC1, cone., AR

100 g
2.5-5.0 L



CuC12 «H20, a r 
An, pptd., AR 
H3P02, 50^, AR 
Te02, AR
For 100 determinations, sulfides 

following to the above list:
HNO^, cone., AR 
Br2, AR 
CC14, AR

Apparatus

1 Fisher burner with tubing 
1 0 -2 0 pyrex beakers, 150 ml
1 pr. beaker tongs, insulated 
1 0 -2 0 watertight storage bottles, 7 5 -1 0 0 ml
2 pipettes, 25 x 1 ml
1 pipette, 1 x 1 /1 0 0 ml 
5 pipettes, 1 x 1 /1 0 ml
2 pipettes, 10 x 1 /1 0 ml
1 inert pipette filler, 2 5 -5 0 ml capacity 
100 styrofoam beakers, 7 or 9 oz (coffee cups sold at 

grocery stores)
1 graduated cylinder, 1 L 
1 graduated cylinder, 100 ml

3 g 
0.5 g 
50 ml 

0.0625 g 
only, add the

300 ml 
120 ml 
180 ml



1 small funnel
10 -2 0 watch glasses to cover 150 ml beakers 
1 thermometer, 0-100°C 
1 volumetric flask, 50 ml 
1 volumetric flask, 100 ml 
1 volumetric flask, 500 ml
Assorted bottles for storing reagents, 100 and 500 ml 
Several bottles for storing chilled HC1, 2 to 5 L 
Balance or scoop
1 Millipore No. xx!002500 pyrex micro filter holder 
1-2 packs Millipore filters, 25 mm, HAWP, 100/pack 
Some means of cooling samples to 9°C
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Description of the Analytical Method Used For 
Mercury Determinations, With Associated Data

Preparation of Samples

Clean surfaces of rock samples and crush rocks 
carefully in a mortar or jaw crusher. Do not grind 
sample because grinding may volatilize the mercury in 
the sample. Air dry the soil samples.

Sieve all samples. Retain a fraction in the 
range -20 to +100 mesh for mercury analysis. Store 
samples in labeled bags away from heat and moisture.

Determination of Mercury Content Using 
LeMaire Mercury Detector

A sample containing approximately 5 g is placed 
into a metallic sample holder and heated to at least 
500°C with a butane torch or other source of heat. If 
significant sulfur is suspected, the sample is covered 
with about 1 g of activated iron filings before heating. 
Upon heating, mercury vapors (as well as organic and 
water vapors) are volatilized. These vapors are drawn 
under slight vacuum through a piece of metallic tubing 
containing filings of elemental gold at room temperature. 
Mercury is amalgamated on the gold; the other volatiles
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pass on beyond the gold and are exhausted Into the 
atmosphere. The tube containing the amalgamated gold 
is then heated to about 500°C, and the mercury is 
revolatilized. The resulting mercury vapor is drawn 
past a glass-fiber filter and into a small pump and 
diluted to a known volume with air. This air-mercury 
mixture is then pumped into a chamber in the detector 
unit where the gas is metered through an ultra-violet 
absorption chamber. The amount of absorption is 
related to the concentration of mercury present in the 
sample and is read on a meter on the detector unit.
Meter values are then converted to ppm Hg with a standard 
formula given in the instructions.

Miscellaneous Analytical Data

Sensitivity: 50 ppb
Accuracy: approximately + 100#
Precision: approximately + 25#
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FIGURE 3

BEDROCK GEOLOGY NORTH OF THE CREEDE M IN IN G  DISTRICT,
MINERAL, HINSDALE, AND SAGUACHE COUNTIES, COLORADO

EXPL ANAT I ON

Tm, monzonite hypabysso! intrusion near San Luis Peak

T f nr T fn Tf 1 Tfv z _ _ T f i
7 #  #  #

FISHER QUARTZ LATH E

T fm  ,x

Tf-g. ,----- lava flows, tu ffs , and agglomerates

T f v , volcanic neck

Tf i  , intrusive dike and hypabysso! complex

Tnw

______
TV ^y

Tnv

NELSON MOUNTAIN QUARTZ LAT IT E

Tnw, strongly welded tuffs

Tnt,  nonwe/ded to moderately welded tu ffs , local flows 
of vitrophyre, obsidian, perlite , pitchstone; local, 
thin infra-flow lake-bed sedimentary rocks

Tnv, volcanic neck

Tr

RAT CREEK QUARTZ LATITE

Tr,  nonwelded to strongly welded tu ffs , undifferentiated 

Trv ,  volcanic neck

Tsc , rhyolite flows of Spring Creek

Tb

Tb ,

BACHELOR MOUNTAIN RHYOLITE

welded tu ffs , und ifferentiated

Contact

Between formations; dashed where approximate .

Inferred contact, fau l t  or depositional 
Between structural units and /o r flows of one 
oge fro m d iffe re n t sources

Faul t

Dashed where approx 1 mate

Limit  of Pronounced Propyl i t izat ion 
Stippled on altered side

-v -e- z

Limit of Epidot  izo t ion  
Stippled on altered side

4»#****###*####»*
Limi t  of Most Intense Welding 

Stippled on side of greater degree of welding

20

Strike and dip of f low layers or compaction fol iat ion

Horizontal f low layers or compaction fol iat ion

Vertical f low layers or compaction foliation

O MAC 4

Location of whole rock sample
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See Figure 2 for locations and explanation of geologic units. Foliation added where surface data available.
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