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AREAL GEOLOGY OF THE PLACERVILLE QUADRANGLE, COLORADO
By A, L. Bush, C, S, Bromfield, and C, T. Pierson
ABSTRACT

The Placerville quadrangle includes an area of about 59 square miles
in' eastern San Miguel County in southwestern Colorado., It is within and
adjacent to the northeastern boundary of the Colorado Plateaus physio-
graphic province, The precipitous front of the San Juan Mountains lies
only 3 miles to the east. The quadrangle iﬁcludes features characteristic
of both the plateaus and the mountains, and has been affected by geologic
events and processes of two different geologlic envirorments,

¥Within the Placerville quadrangle, and in the Little Cone quadrangle
to the south and the Gray Head quadrangle t¢ the southeast, the Entrada
sandstone of Late Jurassic age contains vanadium deposits. These deposits
form an essentially continuous layer 9 to 10 miles long and 1 to 14 miles
wide, Associated with the vanadium is a small but significant percentage
of uranium. The occurrence of these deposits in close proximity to the
intrusive and extrusive rocks and base- and precious-metal deposits of the
San Juan Mountains affords an wmsual opportunity to study the relations
between the various types of deposits and the igneous province. According-
ly an area of about 300 square miles is being studied and mapped in detail.
This large area, comprised of the Placerville, Little Cons, Gray Head,.
Dolores Peak, and Mount Wilson quadrangles, includes the sedimentary rocks
and vanadiumeuranium deposits characteristic of the Colorado Plateau and
the Tertiary extrusives, stocks, sills, dikes, and vein deposits character—
istic of the San Juan igneous province, The present report describes the

areal geology of the Placerville quadrangle,
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Rocks exposed in the Placerville quadréngle are mainly flat-lying
sedimentary formations that range in age from Permian to Cretaceous,

These formations have been broadly folded, roken into numerous elongate
fault blocks, and, in the seutheastern corner of the quadrangle, intruded
by dioritic sills and dikes of Tertiary age,

Several thousand feet of Paleozoic rocks probably underlies the quad=
rangle; these rocks are known only from deep oil wells and from exposures
some miles to the south and east, At one time a few thousand feet of Upper
Cretaceous and Tertiary sedimentary rocks and Tertiary volcaniec rocks were
present in the quadrangle above the present surface levels; they were re-
moved during extensive erosional periods following the end of the Cretaceous
and at the end of the Tertiary. Pleistocene deposits include glacial drift
on the upland surfaces, and valley £ill and térrace gravels in the valleys
of the major drainages, Alluvium, torrential fans, landslides, and spring
deposits, all of Recent age, are present along the major canyons,

The continental sediments of the Cutler formation of Permian age were
deposited on an aggrading plain of low relief, near a highland mass that
lay some miles to the east and north. A long period of erosion and pene-
planation followed, at the end of which crustal warping took place in areas
some tens of miles eaﬁt and west of the quadrangle., In the Placorville.
gquadrangle there is no marked angular discordance between the Cutler and
Dolores formations, The continental sediments of the Dolores formation
of Late Triassic age indicate the resumption of depositional conditions
similar to those of the Cutler, but the highland mass apparently was lower

or farther away from the quadrangle than in Cutler time, possibly both,




A second long period of erosion followed, and was succeeded by the
eolian and fluviatile deposits of the Entrada sandstons of Late Jurassic
age. The advance and retreat of a shallow Late Jurassic embayment is marked
by the sediments of the overlying Wanakah formation. The Pony Express lime-~
stone member at the base of the Wanakah formation was deposited in shallow,
brackish water; the Bilk Creek sandstone member indicates a return to depo-
sitional conditions similar to those of the Entrada sandstone; the "marl®
member at the top was also deposited in shallow, probably fresh water.

The overlying Morrison sediments of Late Jurassic age were deposited by .
broadly moan¢ering streams on a low, flat~lying plain, probably remots:
from the source areas of the sediments,

A periocd of erosion, probably of relatively short duration, preceded
the deposition of the Burro Canyon formation of Early Cretaceous age. In
the Placerville quadrangle, the Burro Canyon is discontinmuous, filling
channels cut in the top of the Morrison formation, Another period of
erosion was followed by deposition of the continental and littoral sedie
ments of the Dakota sandstone, Rarly(?) and Late Oretaceous in age, with
thin coaly layers and carbonacsous shales that probably repressnt lagoonal
deposition, Dakota sedimentation passed transitionally into deposition of
the Mancos shale, in the transgressing marine waters of the Late Cretaceous
seas,

The Paleozoic and Mesozolc formations were broadly folded during
Laramide time, as part of the same orogeny that influenced the "salt anti~
clines% of southwestern Colorado and southeastern Utah, At about the same
time uplift in the San Juan Mountain area to the east produced a broad
dome, ZExtensive erosion followed, and the Cretaceous, Jurassic, Triassic,

and Paleozocic rocks in the ares east of the quadrangle were successively
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beveled, The Telluride conglomerate of early Tertiary(?) age was laid down
on this surface, In the Placerville quadrangle, a few hundred feet of
Telluride conglomerate were deposited upon an unknown but considerable
thickness (possibly a thousand feet or more) of the Mancos shale. At
Telluride, about 15 miles east of the quadrangle, the Telluride conglomer-
ate lies upon the Dolores formation, Volcanicsof Miocene(?) and Miocene
age were deposited widely upon the Telluride conglomerate and at one time
may have covered the Placerville quadrangle to a depth of several mndred
feet or more,

During the mid=-Tertiary, monchiquitic dikes, and sills and dikes of
dioritic and andesitic composition were intruded into the sedimentary rocks,
The major masses of igneous rock consist of diorite, diorite porphyry,
andesite, and andesite porphyry that appear to have formed from the same
dioritic magma, A few miles east of the quadrangle, similar dioritic rocks
form laccoliths in the Mancos shale, and a stocklike mass that appears to
cut the Tertiary volcanic rocks,

Gravity faulting occurred in the quadrangle in the mid-Tertiary, re-
sulting in the formation of numerous grabens, The faults displace both the
sedimentary rocks and the intrusive rocks, A north~trending graben system
formed first and in turn was offset by a northwest—-trending system. In
part, the two systems may have been contemporaneous, Other normal faults
followed, possibly contemporaneous in part with the northwest-trending
system,

Clastic dikes, tentatively considered to be Tertiary in age, were in-
truded into the sedimentary rocks as high as the Dolores formation., They
follow a west-northwest trending Joint set along which their extent is

measurable in thousands of feet, both laterally and vertically. The dikes




11

consist of both rounded and angular fragments of sedimentary, igneous, and
'metamorphic rocks that could have been derived from the Cutler and Hermosa
formations of Paleozoic age,

At the end of the Tertiary (possibly in the early Pleistocene), the
general area was again uplifted and subjected to extensive erosion. The
Mancos shale was largely stripped from the Placerville quadrangle, and the
upland surfaces, formed on top of the resistant Dakota sandstone, were
largely controlled by the geologic structure. The driinagss too are believed
to have been structurally controlled, Piedmont glaciation of the Cerro
stage followed, and disrupted the preglacial drainage system, During the
retreat of the piedmont glaciers, the San Miguel River was superposed
across the structural trends by adjustment to an ice lobe that still occu=
pled, and tims blocked, the preglacial river valley., Leopard Creek, the
major tributary to the San Miguel River within the quadrangle, was also
superposed across the structure by the damming action of the ice lobe,
With final retreat of the ice the major drainages wers left trapped in
their incised valleys; the minor drainages, however, once again became ad=-
Justed to the structure., Stream capture has taken place at several places,
and is likely to occur at several other places in the future, '

The mineral deposits within the quadrangle include the tabular vanac-
diup-uranium deposits in the Intrada sandstone, uraniferous and nomranife
erous copper=*hydrocarbon'-bearing veins of probable Tertiary age in the
Cutler and Dolores formations, and placer gold deposits in terrace gravels

~
and valley £fill of Pleistocene age and in Recent alluvium,
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INTRODUCTION

Location, acceesibility, and culture

The Placerville 7—%—-&1111‘56 quadrangle includes an area of about 59
square miles in eastern San Miguel County, in southwestern Colorado (fig.
1). It lies within and along the northeastern boundary of the Colorado
Plateaus physiographic province, which here borders the western flank of
the San Juan Mountains, The quadrangle has geologic features characteris-
tic of both the plateaun country and of the San Juan igneous province,

The village of Placerville is near the confluence of lLeopard Creek
and the San Miguel River. It is served by State Highway 62, which follows

Leopard Creek and connects with Z, 8, Highway 550 and the Denver and Rio

Grande Western Railroad at Ridgway, 23 miles to the northeast, State High= '
way 145, which follows the San Miguel River Valley, connects Placerville
with Telluride in the San Juan Mountains 16 miles to the east and with
Norwood on the plateaus 17 miles to the west, A netwerk of dirt roads
gives access to Iron Springs and Hastings Mesa, and to the north part of
Specie Mesa; these mesas make up about 65 percent of the area of the quad~
rangle (fig. 2). Until 1951, Placerville was also served by the narrow
gauge Rio Grande Southern Railroad, which connected Ridgway with Placer-
ville, Telluride, and other towns along the western flank of the San Juan
Mountains., The o0ld road bed is still visible along Leopard Creek and
eastward from Placerville along the valley of the San Miguel River,

In 1955, Placerville had a population of about 100 persons, A few

families live along the valleys of Leopard Oreek and the San Miguel River,

During the late spring, summer, and early fall a few people engaged in

raising sheep and cattle live on the mesas, but there is no year-round
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settlement there., The total population of the Placerville quadrangle is
thus about 150 persons, Sheep and cattle raising, a small tourist industry,
desultory mining, and, in 1954 and 1955, two sawmill operations constitute

the extent of industry within the quadrangle,

Topography, climate, and vegetation

The quadrangle is typical of the eastern margin of the Canyon Lands
subdivision of the Colorado Plateaus physiographic province (Fenneman, 1931,
p. 307-308), About 65 percent of the area is relatively flat-topped
plateau country and the remaining 35 percent consists of steep-walled canyons
of youthful streams, as much as 2,200 feet deep, Total relief within the
quadrangle is about 2,600 feet; the altitude ranges from 7,040 feet where
the San Miguel River leaves the quadrangle along its western border, to
9,650 feet along the southern rim of Hastings Mesa in the southeastern core
ner of the quadrangle. Altitudes on the mesa tops range generally from
8,100 to 9,200 feet; the average altitude is about 8,800 feet.

The broad mesa that lies north of the San Miguel River and west of
Leopard Creek is known locally as Iron Springs Mesa, Its rolling surface
rises smoothly to the north and northeast to merge with the broad Uncome
pahgre Plateam, about 5 mlles to the north. EHastings Mesa, whose gliuected
western border lies along the eastern edge of the quadrangle, merges to
the northeast with the Uncompahgre Platean; to the east its surface rises
steeply toward the western border (the Last Dollar Range) of the San Juan
Mountains, The nearest peaks, 12,000 feet or more in altitude, are but 3
miles away. A small part of Specie Mesa occupies the southwestern cormer of
the quadrangle. Specle Mesa merges to the south with the lower slopes of

the Little Cone and the San Miguel Mountains, 4 to 6 miles distant,
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Small discontinueus, rock-held benches and terraces are numerous along
the walls of San Miguel Canyon, but generally they are rare in the canyons
of Specie and Leopard Creeks, the other perennial streams., Small alluvial
flats are common along the courses of the San Miguel River and Leopard
COreek; they are absent elsewhere,

The Placerville quadrangle is subject to two general climates, The
mesas in the eastern part of the area have rainy summers and severe winters,
whereas the canyon bottoms, and the mesas in the western part of the quad-
rangle, are generally drier and have milder winters, This difference (6w
pends largely on relative altitude and proximity to the mountain groups
that make up the western part of the San Juan Mountains, Plagerville has
a mean anmual rainfall of less than 10 inches (table 1)j although no records
are available for the mesa tops within the quadrangle, records from stam
tions at similar elevations nearby suggest that the mean annual precipita~
tion is about 15 to 20 inches, increasing rapidly with elevation and with
nearness to the main mountain masses, Mean summer temperatures at Placerw
ville are about 65° P,, and mean winter temperatures are 25°=30° F, On the
mesas the average temperatures are about 10° lower, May, June, and Novenmw
ber are commonly the driest months of the ysar, Summer precipitation is
generally erratie; brief thunderstorms are most common in July and early
August,

Vegetation in the quadrangle includes representatives of both the
foothills (6,000-8,000 feet) and mwontane (8,000-10,000 feet) zones, Narrow=
leaf cottonwoods, willows, and alders grow in the main drainage bottoms,
Mountain Jjuniper and pinyon pine are abundant on southefacing valley slopes,
and various species of cacti (pin-cushien, devil!s claw, and other cacti)

are common, as is soapweed, a yucca plant. Rocky Mountain scrub ocak is
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abundant on the more densely wooded north-facing slopes and aspen and Engele
mann spruce are also present, particularly at higher altitudes, Ponderosa
(western yellow) pine is present on both slc;pes, Just below and at the mesa
rims, Scrub oak and serviceberry are the most ubiquitous plants, occurring
from canyon bottoms to the mesa tops, On the mesa tops aspen, scrub oak,
black sage, and various grasses are the main vegetationj Juniper and pinyon
pine are common on the mesa tops at lower elevations in the western part of

the quadrangle,

Scope_and purpose of the work

Along the western flank of Colorado!s San Juan Mountain region, the
Entrada sandstone of Late Jurassic age contains large tabular vanadium de=-
posits, The deposits are essentially continuous, forming elongate belts with
horizontal dimensions measurable in miles, The deposits also contain a
small but significant percentage of uranium. The vanadium belts occur in
three general geographic areas: the Placerville district of San Miguel
County; the Barlow Creek~Hermosa Creek district of Dolores and San Jua.ﬂ
Counties; and the Lightner Creek district of La Plata County. Of these,
the most important in terms of reserves, size of deposits, and past produce
tion, is the Placerville district,

The purpose of the work is to determine the origin and habits of the
vanadium~uranium deposits, their resources, and their relationship to the
intrusive and extrusive rocks and the base- and precious-matai deposits of
the San Juan igneous province, In addition to the detailed mapping and
study of various types of ore deposits, the program of study includes the
areal geologic mapping of about 300 square miles, five 7i-mimute quadrangles,

which cover the vanadium belt of the Placerville district, and the intrusive
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and extrusive rocks and ore deposits of the San Miguel Mountains (a western
segment of the San Juan Mountains)., The present report describes the areal
geology of one of these quadrangles, the Placerville quadrangle,

This program of study is being done dy the U. S, Geological Survey on

behalf of the Division of Raw Materials of the U, §., Atomic Energy Commission.
Previous work

In 1895 and 1896, Whitman Oross mapped the 15-minute Telluride quad-
rangle, which adjoins the Placerville quadrangle, Cross defined and named
many of the sedimentary rock units in his report (Cross, 1899), and ocute
lined the geology of the general area of which the Placerville quadrangle
is a part. During the same period Purington (1899) described briefly the
geology of the placer deposits and the gold-bearing pyrite depbsits in lime=
stone in the Telluride quadrangle; similar deposits are also present in the
Placerville quadrangle,

Hillebrand and Ransome (1900, 1905) described carnotite and other
vanadiferous minerals from the Placerville district; Hess (1911) first de-
scribed the geology and vanadium deposits of the district., Hess (1933)
and Fischer (1937, 1942) gave general descriptions of the vanadium deposits;
and Hess (1911, 1933) also described some of the vein deposits of the dise
trict., TFischer, Haff, and Rominger (1947) mapped the vanadiferous Entrada
sandstone along parte of Leopard Creek and the San Miguel River, The min-
eralogy of uraniferous vein deposits in the quadrangle has been briefly
described by Kerr and others (1951). In 1951, Wilmarth and Vickers (1952)
mapped and described the geology of the two most important uraniferous vein
deposits, and in 1952, Wilmarth and Hawley (in preparation) made a more

detailed study of the occurrence and mineralogy of the deposits, They mapped
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the area containing the uraniferous vein deposits (about 3 square miles)
by plane~table methods at a scale of 116,000, A part of this mapping has
been incorporated in the geologic map (fig., 2) which accompanies this re-
port, The area involved (about 1,7 miles long and 0.3 to 0.5 mile wide)
extends southeasterly from the Black King mine along the Black King fault

zone to a point (half a mile) east of Placerville,

Field work and acknowledgments

In the course of a resource spmradsal of vanadium-uranium deposits
during the summer of 1952, the senior author spent about 6 weeks mapping the
vanadium~uranium mines of the Placerville district; he was assisted by
Leonid Bryner. Areal geoclogic mapping in the Placerville quadrangle was done
during the periods June-October 1953, and June-~October 1954, Field checking
was done in parts of May, June, and July, 1955.

Field mapping was done by corrected barometric traverse, inspection,
and resection methods along the drainages and in other areas of steep
topography, In areas of relatively flat topography, location was deter-
mined by inspection on vertical aerial photographs at scales of 1318,900
and 1:37,800., All geology was plotted either directly on topographic
sheets at a scale of 1:15,840 (4 inches equals 1 mile) or transferred from
the photographs,

During the 1953 season , the senior author was assisted by Wilford
P. Weeks and Charles T, Pierson, and in 1954 by Calvin S. Bromfield as well
as Weeks and Pierson, Mr. and Mrs, Fay B, Lambert of Placerville were cone

stantly helpful in keeping base station barometric records,
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Much of the informationm in the following sections of the text, regard-
ing grain size, sorting, and heavy mineral content of the various forma=

tions, has been supplied by R. A. Cadigan of the U, S. Geological Survey.
REGIONAL GEOLOGY

Within the Placerville quadrangle and to the northwest, west, and
south, the sedimentary rocks of late Paleozoic and Mesozoic age are warped
into a series of northwest~trending anticlines and synclines, These broad
folds plunge gently to the northwest where they merge with a part of the
group of ¥"salt anticlines" of southwestern Colorado and southeastern Utah,
North of the Placerville quadrangle these beds, interrupted in a few places
by normal faults, rise over the Precambrian rocks that form the core of the
Uncompahgre Plateam, To the south the Paleozoic and Mesozoic strata are
covered by younger sedimentary and volcanic rocks, and are intruded by
stocks, sills, and dikes in the Wilson and Dolores Peaks mountain groups,
which together form the range known as the San Miguel Mountains,

In the southeastern quarter of the Placerville quadrangle, a number
of andesitic and monchiquitic dikes cut the sedimentary rocks of pre-
Cretaceous age, In the extreme southeastern corner of the quadrangle, sills
and dikelike discordant bodies of dioritic composition intrude Oretaceous
strata~--the Dakota sandstone and the overlying Mancos shale. These dioritic
intrusives are related to other dioritic laccoliths, sheets, and stocks
that are larger and more abundant east of the gquadrangle,

A fow miles east of the Placerville quadrangle, & lower Tertiary(?)
formation, the Telluride conglomerate, lies on a smooth erosion surface,
Eastward this surface bevels all the Mesozoic and upper Paleozoic rocks

until near Ouray, Cplo., the Telluride conglomerate rests on the Precambrian
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basement complex (Burbank, 1930, p. 184). Layered Tertiary volcanic rocks
cut by stocks, sills, and dikes overlie the Telluride conglomerate, The
volcanic rocks, in ascending order, consist of the San Juan tuff, the Silverw~
ton series, and the Potosl series, all of Miocene(?) and Miocene age. South
of the Placerville quadrangle, a basaltic flow of limited areal extent
rests on an erosion surface cut in the basal part of the Mancos shale; this
flow is of late Tertiary or Quaternary age. At the end of Tertiary time
several ndred feet of Telluride conglomerate and mid-Tertiary volcanic
rocks covered the area of the Placerville quadrangle, They have since been
removed by erosion,

Many normal fault® displace the sedimentary and igneous rocks within
the quadrangle, Most of them form pairs that bound long narrow grabens,

Vertical offsets on these faults range from a few feet to 600 or 700 feet.
SEDIMENTARY ROCKS

The bedded rocks exposed in the Placerville quadrangle are of late
Paleozoic and Mesozoic age. Thelr aggregate thickness is about 3,100 feet;
3 miles east of the quadrangle an additional 1,500 feet or more of younger
Mesogzoic beds are present. Their lithologic and stratigraphic characteris~
tics are described in the generalized stratigraphic column (fig. 3).

The oldest unit exposed is the Cutler formation of Permian age. The
Dolores formation of Late Triassic age lies disconformably on the Cutler,
and the oldest Upper Jurassic formation, the Entrada sandstone, lies dis-
conformably on the Iolores, Conformable upon the Entrada is the Wanakah
formation, consisting of the Pony Express limestone member at the base,
the Bilk Oreek sandstone member, and a "marl" member at the tops. Conformably

above these is the Morrison formation (consisting of the Salt Wash sandstone

|
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member at the base and the Brushy Basin shale member) of lLate Jurassic age.
The Burro Canyon formation of Early Cretaceous age can be identified only
where it fills channels cut in the Brushy Basin, The Dakota sandstone of
Early(?) and Late Cretaceous age disconformably overlies the Brushy Basin,
or the Burro Canyon where present, The Mancos shale of lLate Cretaceous age
conformably overlies the Dakota sandstone,

Thin, unconsolidated deposits of Pleistocene and Recent age are ex~
posed in the valley bottoms, on remnants of elevated river terraces,and in
a few places on the upland surfaces,

Older Paleozoic rocks probably lie beneath the Placerville quadrangle
between the exposed upper Paleozolc formations and the Precambrian basement
complex, Exposures near Rico, about 17 miles teo the south, and at Ouray,
17 miles to the east (fig. 1), and cuttings from deep oil wells 15 miles to
the northwest and 10 miles to the west show the presence of Paleozolc rocks
at least as 0ld as the Devonlan. These unexposed beds probably include the
Zlbert formation of Devonian age, the Ouray limestone of Devonian and Mis-~
sissippian age, the Molas and Hermosa formations of Pennsylvanian age, the
Rico formation of Pennsylvanian and Permian(?) age and the lower part of
the Cutler formation of Permian age, Interpolation between the scattered
points where information is avallable suggests that the total thickness of
these beds beneath the Placerville quadrangle may be on the order of 3,000
feet,

During most of the Paleozolc, marine conditions prevailed throughout
the region., In late Paleozoic time the region was elevated and sediments
wvere deposited under continental, fluvia%ile conditions, Widespread erosion
in late Permian and earliest Triassic time was followed by the deposition

in Triassic time of additional continental sediments, Renewed erosion
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preceded the deposition of the Upper Jurassic beds. A cycle of subsidence
and elevation during the Late Jurassic is marked by thin brackish water and .
marine sediments, followed by a thick sequence of continental deposits, Sub=
sidence began once more in Early(?) Cretaceous time, and culminated in the

marine deposits of the thick Mancos shale,

Permian system

Cutler formation

The Cutler formation is exposed along the bottom and the lower slopes
of the San Miguel River Valley, and along the lower reaches of the river's
tributaries (fig. 2). The conglomerates and conglomeratic sandstones of
the formation form very steep slopes, sheer cliffs, and benches, whereas
the finer-grained units mantle the terraces and form gentle to steep slopes,
Many of the cliffs reach heights of 80 to 100 feet or more, where the more
easily eroded siltstones and fine-grained sandstones are capped by thick,
resistant conglomerate strata. The formation is dominantly red, with a pro-
nounced purplish cast, although in detall there are mumerous red-brown, gray-
green, and yellow-~gray units, The purplish cast contrasts with the brick~
red color of the overlying Dolores formation, and serves to differentiate
these red bed units when viewed from a distance,

The most striking features of the Cutler formation are its mmerous
thick, prominent conglomerate beds and the overall arkoslic character of the
formation. In general, conglomerates and conglomeratic sandstones make up
25 to 40 percent of the exposed thickness of the formation., The fragments
range in size from granules to boulders, but pebble and cobble conglomerates

are most common., Generally the fragments are rdunded; angular and subangular
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fragments are rare, The most abundant conglomerate constituents are granitic
rocks, greenstones, and quartzites; schists, oth;r metasedimentary rocks
and diorites are less common, In places limestone and limy siltstone
granules and pebbles are present, but not abundant, Greenstone conglome
erates appear to be scarce in the top 350 feet of the formation; below this
upper unit they constitute a striking and characteristic part of the forma~
tion, Individual conglomerate beds attain thicknesses of 15 to 20 feet,
although the average thickness is probably 5 to 10 feet. Th4 conglomerate
matrix is composed of medium and coarse grains of quartz and feldspar,
Hematite staining is common in the matrix, less so in the gravel.

Arkosic sandstones make up about 60 percent of the formation., Facies
changes from conglomerate to conglomeratic sandstone to sandstone are come=
mon, and in many places the lateral change occurs in very short distances.
Most of the sandstones are poorly to very poorly sorted, In the upper 150
to 200 feet of the formation there is an increase in the proportion of well-
sorted sandstone, although the total thickness of well-sorted beds remains
small, The finer-grained sediments are commonly subrounded, whereas the
medium= and coarse-grained sediments are subrounded to subangular, All
size fractions from very fine to very coarse grained are present, but most
of the units are medium to coarse grained,

Almost all the sandstones are arkosic and many of them are abundantly
micaceous as well, A few of the sandstones contain appreciable amounts of
clay. Lime is the usual cementing material, and hematite staining is abun~
dant, /,
Limy siltstones make up a é:nall proportion of the sediments, and thin
mudstones (less than 1 foot thick) are present in very minor amounts. These

finewgrained units are generally red, but in numerous places they apparently
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have been bleached to various gray-green hues, Thin, discontimous, un~
fossiliferous, gray limestones make up perhaps 1 to 2 percent of the formae
tion. Locally the limestone beds contain pebbles of limestone and limy
siltstone,

The 1lithologic units of the Cutler formation are not persistent over
long distances, Lenses of conglomerate, sandstone, and siltstone infer~
finger, or grade laterally one into another. Along the outcrop individual
lenses range from a few tens of feet to a few thousand feet across, Many
of the units have cut=-and-fill structures; commonly the conglomeratic beds
occupy channels cut in the underlying sediments, Cross-stratification is
present in many of the beds, and both torrential and festoon cross-strata
are represented., Other beds are horizontally or irregularly stratifieds

A maximam of about 1,100 feet of the Cutler formation is exposed
vithin the Placerville quadrangle, and an unknown thickness at the base
is concealed, Interpolation of the total thickness of the Cutler, from
exposures near Rico and Ouray, and from deep oll well drill holes to the
vest and northwest suggesis that the total thickness of the Cutler in the
Placerville-Telluride area is on the order of 2,000 feet, The margin of
error for this estimate is large, as the drill-hole information in other
areas indicates that the Cutler is variable in thickness within short dise
tances,

The following stratigraphic section was measured 1 mile southeast of

Placerville, on the north side of the San Miguel River Canyon,
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Triassic (Dolores formation) at top: DBasal quartz-pebble conglomerate

(54 feet) overlain by maroon sandstone and siltstone.

Disconformity

Permiang

Cutler formation Feet

1.

2.

3.

5e

Sandstone and conglomeratic sandstone, arkosic,.
grayish- and purplish-red, very fine- t0 medium=
grained, mostly fine-grained, crossbedded;

granitic conglomerate in lower 10 feet, micaceous
conglomeratg at top; contact with Dolores forma-

tion sharp; intergrades with unit beloW.eeceeceees 75
Sandstone and sandy mudstone, arkosic, very thinly
bedded, and very thinly laminated, crossbedded.... 42
Conglomeratic sandstone and conglomerate, arkosic,
purplish-red, very thinly bedded at top, cross-
bedded, very poorly Sortedeecscececescsscsccccssecs I8
Sandstone and conglomeratic sandstone; conglomer-

atic beds very arkosic and micaceous; pale-red

and grayish-red; interbeds of fine and medium~

grained sandstone, well sorted, thinly bedded and
laminated, crossbedded; interfingers and intere

grades with unit beloWeeoeeessseoscsoscessonssssses 77
Conglomeratic sandstone, arkosic, grayish-red,
crossbedded; in places grades to a pebble-size
conglomerate; interfingers and intergrades with

uni% bel@W.eoo.ooooQotpo.ao.-oooﬁoo.ogoooooo.-oooo 16
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Cutler formation--Continued

6.

7.

8.

9e

10.

11,

Sandstone, arkosic, micaceous, pale~red and gray-
ish-red, fine-and medium-grained interbeds, well
sorted, thir;.ly to very thinly bedded, very thinly
to irregularly parted, crossbeddediesessccscccessse
Arkosic conglomerate and arkose, scme chert, gray-
ish~red; conglomerate cobble size or less, mostly
pebble size; upper 10 feet very poorly sorted
BTKOSBesseessvstsscscssscsosnscsscssssescsssnasnce
Sandstone, arkosic, pale-red, very fine~ and fine-
grained, ShAlye.eseeesccscessococscccsscsssnceccoce
Conglomeratic sandstone, arkosic, pale-red and
grayish-orange-pink, irregularly bedded; contains
some pebble~size arkosic conglomerate, particular-
ly at top: transitional with unit DeloWeesscessess
fandstone and conglomerate, arkosic, purplish-red
and graariah-rédg conglomerate composed of much
quartziteg granite, slate, and considerable green-
stone, ra;:ges to boulder sige; amount of conglome=
erate decreases toward TOPesssscvecssccecssccconse
Sandstone and silty sandstone, arkosic, abundantly
micaceous, pale~red and pale red-brown, well sort-
ed, very thinly bedded and very thinly lémimted.

shaly and fissile; abundantly crossbedded at very

low angles.ctttctQ000000000.-octhC‘OODr_OQOOQOOOOOO

Feeot

61

7]

29

75

64




28

Cutler formation--Continued

12,

13.

14,

Conglomeratic sandstone, arkosic, and conglomerate,
grayish-red and purplish-red; conglomerate con~
tains abundant greenstone and granite particles,
ranging to boulder size; sandstone very poorly
sorted, very thinly bedded, crossbedded at base,
channel fillingececcecessesscosvscscocssscssscscnce
Sandstone and silty sandstone (65 percent),
arkosic, interbedded with arkosic conglomerate

and conglomeratic arkose (35 percent); sandstones
generally pale reddish~-brown, conglomerates and
arkoses grayish-red, pale-red, and grayish-orange-
pink; greenstones scarce in conglomerate; sand-
stones very thinly laminated and irregularly
parted; entire unit poorly sorted, crossbedded,
channel fillingeeeecececoccccesssccnceccccscscsccce
Sandstones and silty sandstones, arkosic, abun~
dantly micaceous, dominantly p;le reddish~brown,
some grayish-red; poorly sorted fine- and medium~

grained in middle part, finer-grained above and

Feet

28

103

below; very thinly bedded, very thinly to irregular-

ly parted, some fissile; crossbedded near center...

T

68
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Cutler formation--Continued

15.

16.

17.

18.

19.

Arkose and conglomeratic arkose, pale-red and
grayish-orange-pink, poorly sorted, medium- to
very coarse~grained; grades laterally into coarse
conglomerate lentils; 8 feet of massive very
argillaceous sandstone, pale-red, with clay
pellets, at base of upper third; thin-bedded and
micaceous at top; crossbheddedececessceescsssescsc
Sandstone and silty sandstone, pale-red and
grayish-red, micaceous, irregularly bedded,
lenticulariceccsesscsssccsvscossscsscossacsvssces
Greenstone conglomerate, abundantly arkosiec,
with numerous granite and slate particles, ranges
to small boulder size; lenticular and channel
fillingeesecessessssescsocacesssossscsacssscssncce
Sandstone, micaceous, grayish-red below, pale
reddish~brown at top, very fine-grained, thinly
to very thinly bedded, some shaly; nodular
weathering at tOPesececssssccssascsscsssnssesssce
Arkosic conglomerate and conglomeratic arkose,
grayish-orange-pink and pale-red; conglomerate
ranges to cobble size, mostly of quartz, quartz-
ite, and slatey arkose, medium- and coarse-
grained; unit is crossbedded, massive, channel

fillingct'....‘.ﬁo.‘0‘..‘0".....00...'..'......‘

Teet

59

53

11

27

12
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Cutler formation--Contimmed ’ Teet
20, Sandstone, micaceous, pale-red and grayish-red,
poorly sorted, very fine- to medium-grained;
thinly to very thinly bedded; silty mudstone
near base; clay-pebble conglomerate grades
laterally to sandstone at top of lower third;
crossbeddedeeceessescoscresccssacrcsonssasssascns 43
21, Covered interval to base of section (river

lwel)...n..«..u....-.uu.......u.uu.unn 50

Base of Cutler formation not exposed

Total thickness of Cutler formation above river level, 985

In the Placerville quadrangle the Cutler formation 1s separated from
the overlying Dolores formation, which is of Late Triassic age, by a dis-
conformity that marks a long period of erosion, The erosion surface has
only minor relief, indicative of stable conditions and maintenance at or near
base level, No significant angular discordance is evident between the two
formations, but there seems to be a slight angular discordance where rela-
tively long exposures are viewed from a distance. Neai Ouray, Colo., there
is marked angular unconformity between the formations, and east of Ouray
the Dolores rests on Pennsylvanian rocks where the Cutler has been removed
by erosion (Cross and Howe, 1905; Burbank, 1930). Throughout the Placer-
ville quadrangle the contact between the Cutler and Dolores beds is sharp,
marked by a characteristic, clean, "quartz-pebble conglomerate" that is the
basal unit of the Dolores. In the western San Juan Mountains the Cutler
formation cannot be subdivided into members, despite the formation's thick-

ness,
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For many years the Cutler formation in the San Juan Mountains has been
considered to be essentially unfossiliferous, In 1951 and 1952, parts of
three vertebrate fossils were found in the Placerville quadrangle by V. R.
VWilmarth, C. C. Hawley, and R. C. Vickers of the U. S. Geological Survey.
Additional specimens have been found by G, E. Lewie of the U, S. Geological
Survey and A. S. Romer of Harvard University, Romer and Lewis (written
communications, May 17 and June 23, 1955) have tentatively identified and
correlated the Cutler fauna, and the following quotation is taken from
their preliminary report (written communication, June 28, 1955).

"The fossils have not been completely removed from the rock matrix and
fully prepared to date. At this time the degree of preparation does, however,
permit us to give the following stratigraphic paleontologic interpretation
ag to the age relations of the Cutler fauna:

"We have tentatively identified the following:

CLASS AMPHIBIA
Superorder LABYRINTHODONTIA
Order RHACHITOMI

small Eryops sp.
!Platyhyatrix

CLASS RXPTILIA
Subclass ANAPSIDA
Order COTYLOSAURIA
small, primitive diadectid
Subclass SYNASIDA
Order PELYCOSAURIA
Ophiacodon sp.

small sphenacodontoid comparable to Aerosaurus

Sphenacodon sp.

small pelycosaur comparable to Nitosaurus

"The best~known fauna from a stratigraphic unit of somewhat comparable
position in this broad region of the United States is the Abo sandstone of
New Mexico, in whose outcrops in the Arroyo de Agua area occurs a well-
known vertebrate fauna of essentially the same age as the fauna from the
Moran and Putnam formations of the lower part of the Wichita group of Texas,
The fauna from the Cutler formation of the Placerville, Colorado, area
seems to be somewhat more primitive and older than that of the Moran and
Putnam formatione of Texas and the Abo sandstone of the Arroyoe de Agua area
of New Mexico.
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®4A second, smaller, Abo fauna from New Mexico comes from the X1 Cobre
canyon area, it is suspected--but not proved--to be somewhat more primitive
and older than the fauna from the Arroyo de Agua area, Correlation of the
Cutler fauna from the Placerville, Colorado, area with the El Cobre Canyon
Abo fauna is reasonable, but there is little positive evidence,

#The several world authorities on the Pennsylvanian-Permian boundary
are not agreed on the systemic position of the Wichita group; its age as to
era is still a moot question, There is general agreement that the overlying
Clear Fork group is definitely lower Permian, and that the underlying Cisco
group is definitely Upper Pennsylvanian.

"We conclude tentatively that the Cutler formation of the Placerville,
Colorado, area is of pre-Wichita age, and may be either very low Permian or
uppermost Pennsylvanian,"

The bede of the Cutler formation were deposited under continental cone
ditions., This is attested to by the lenticular, poorly sorted sediments,
abrupt lateral facies changes, and cut-and-fill structures, The thick,
heterogeneous section of sediments, with a very high proportion of conglom=-
erates and coarse clastics, indicate® deposition near the scurce of the
sediments. Westward and southwestward from the Placerville quadrangle the
Cutler strata become progressively finer grained and more evenly bedded.

The source of the sediments thus appears to be the ancestral Rocky Mountains
of central Colorado, whose nearest element, the Uncompahgre~San Luis high-
land (Baker, Dane, and Reeside, 1933), lay a few tens of miles to the north
and east of the Placerville quadrangle, This positive element became active
in the late Paleozoic. and remained a highland until Late Jurassic time.

The Cutler sediments were deposited on an aggrading alluvial plain of
low relief by streams flowing off the highland mass. The prevalencs of
cobble and boulder conglomerates in the formation suggests that the highland
had a rather steep front, and that torrential outwash was common, The
scarcity of greenstone conglomerates in the upper part of the formation is
indicative of either a change in the source of the sediments, or of the

disappearance of greenstone from the sourgce area. Particles of metasedi~
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mentary rocks are also less abundant in the upper part of the formation.
Within the areas of Precambrian rocks now exposed, metasedimentary rocks
and greenstones are found in the main San Juan Mountain mass, some tens of
miles east and southeast of the Placerville quadrangle (the San Iuis high-
land); granitic rocks lie generally north and northeast in the Uncompahgre
Plateau (the Uncompahgre highland).

Triassgic system

Upper Triassic series

Dolores formation

The red beds of the Dolores formation crop ocut along the lower and
middle slopes of the San Miguel River Canyon and in the river's tributaries
within the quadrangle., The characteristic topographic expression is as
ledgy cliffs and steep rubbly slopes, with a few narrow, rock-held benches,
In many places a sandstone facies at the top of the formation makes a sheer,
unscalable cliff that is 50 to 70 feet high.

Interbedded sandstones and siltstones comprise the bulk of the forma-
tion, averaging 70 to 75 percent. Conglomerates are the next most sbundant
rock type; mudstones and thin limestones are minor in amount. Both inter-
fingering and gradation between the various rock types are common, Many
of the units are cross~stratified, others are horizontally or irregularly
bedded. Cut-and-fill structures are abundant, particularly at the base of
the conglomerates and the coarser sandstones, Most individual units are
not continuous laterally in detail. In general, however, the formation con=
sists in ascending order of the following lithologic assemblages: Unit A,

a basal quartz-pebble conglomerate; Unit B, interbedded sandstones, silt-
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stones, and limestone-pebble conglomerates; Unit C, interbedded siltstones,
sandstones, and a minor amount of mudstone; Unit D, interbedded siltstones,
sandstones, and limestone~pebble conglomerates; and Unit I, an upper zone
of sandstones and minor siltstones,

The basal quartz-pebble cdnglomerata (Unit A) is a distinctive and per-
sistent unit throughout the Placerville quadrangle. It is generally white
or light gray, contrasting markedly with the purplish hmes of the underlying
Cutler formation and with the red-brown hmes of the overlying Dolores strata.
The unit consists largely (60-80 percent) of subangular to subrounded grains
of vein quartz and quartzite mostly of gramle and pebble size, The re-
mainder of the unit is generally coarse-grained quartz sand, Scattered
gramules of limy siltstone, fine-grained green metamorphic rocks, and coarse
grains of feldspar are also present. Locally the dominant conglomeratic
facies gives way to a coarse-grained sandstone faci;s, but the composition
does not appear to change, Siliceous cement is predominant throughout the
zone, Irregular bedding is most prevalent, but rude cross-stratification
is present in many places, The thickness of the unit ranges from about 20
to 65 feet, averages about 40 feet, and decreases generally from west to
east across the quadrangle,

A thick sequence of interbedded sandstones and siltstones (Unit B)
characterized by the presence of limestone~pebble conglomerate overlies the
quartg-pebble conglomerate. The sandstones and siltstones ars dominantly
grayish-red to pale or light reddish brown; the limestone~pebble conglomer-
ates are ligh'é reddish brown and shades of gray, brown, and purple, Most
of the sandstones are silty or very fine-grained; few are coarser than
fine-grained. In places the sandstones contain a moderate amount of lighte

colored mica (muscovite?), Calcareous cement is present in all units,
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although commonly the siltstones are more limy than the sandstones.
Stratification ranges from very thinly laminated to thick bedded, and from
evenly to irregularly bedded, Generally, thick-bedded units are irregular-
ly bedded. Many of the beds show low-angle cross-stratification,

Limestone-pebble 'conglomerates are the most distinctive feature of
this zone, comprising up to 35 or 40 percent of the zone. In numerous
places near the base of the unit the conglomerates contain a considerable
admixture of quartz and quartzite granules and pebbles, Above this horizon
of mixed conglomerates, the composition is generally uniform: angular,
subrounded, rounded, and flattened and squeezed granules and pebbles of
reddish limy siltstone, silty limestone, and limestone are surrounded by
a matrix of limy siltstone. Thus some of the gravel represents fragments
from preexisting rock, others apparently were still muddy at the time the
pebbles were formed, Individual conglomerate lenses thin markedly in
short distances, interfinger with other siltstones or sandstones, or grade
into them, Bedding ranges from irregular to rudely cross-stratified in the
conglomerates, Many of the conglomerates fill small channels cut in under—
lying sandstones and siltstones, The total thickness of the sandstone-
siltstone~conglomerate zone is variable; generally it is between 120 and
140 feet.

The next overlying lithologic assemblage (Unit C) is characterized by
the paucity or absence of limestone-~pebble conglomerates., Sandstone and
slltstones of the same lithologic types as in the underlying zone constitute
perhaps 75 to 90 percent of the section. In places red-brown limy mudstones
are present, Light-colored mica is rare to sparse as an accessory mineral, .
The zone can be subdivided into three subgones, primarily on the basis of ‘

sedimentary structures, The lower and upper subzones are characterized by
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cross—-stratified and generally irregularly bedded sandstone, siltstone, and
mudstone., Much of the cross-stratification is of the torrential type. The
middle subgzone contains very few, thin, mudstone beds, is not cross-strati-
fied, and generally is regularly bedded. Zach of the three subzones is
widely variable in thickness; in many places the upper subzone is missing,
The total thickness of the zone is about 190 feet, and is surprisingly con~-
stant, though there is good evidence that the unit thins eastward, beyond
the eastern border of the quadrangle.

The overlying sequence (Unii D) is very similar in lithology te Unit B,
Limestone~pebble conglomerates and thin limestones are present, but are less
abundant than in the lower sequence, The sandstones and siltstones are well
sorted, and a moderate amount of light-colored mica is present. Sedimentary
structures are similar, with both evenly bedded and cross-stratified units;
the cross-stratified units are dominant in the zone., The thickness is vari-
able, from 90 to 125 fee}, and the average is about 100 feet,

At the top of the formation is a seguence of light reddish~brown very
fine-grained sandstone and siltstone (Unit B), devoid of limestone-pebble
conglomerates, but in a few places containing a very thin, discontinuous
limestone lens, The unit generally consists of several thick beds, irregu-
larly bedded, or sweepingly crossbedded, Unit E is similar in lithology,
sedimentary structures, and stratigraphic posit;ioﬁ to the Wingate sandstone
of Late Triassic age, and is provisionally correlated with it. The nearest
exposure of the known Wingate is in the valley of Tabeguache Oreek, about
25 miles northwest of the Placerville district, Commonly, Unit T forms a
steep or vertical cliff. In numerous places where the sand content increases,
a single sweepingly crossbedded massive sandstone is formed, which weathers

to a smooth vertical unscalable cliff, Good sorting is characteristic of
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the unit, and mica is rare or absent, The thickness is generally 20 to 55
feet, increasing in places to 70 feet,

The thickness of the Dolores formation is varlable throughout the quad=—
rangle, but generally it decreases eastward from about 580 feet along the
vestern border to 480 feet along the eastern border, and to about 460 feet
a few miles farther east where the base of the formation dlsappears below
the surface, In the vicinity of Telluride, Colo., about 12 miles to the
east, the formation is about 300 feet thick,

The basal contact of the Dolores formation with the underlying Cutler
formation is & sharply marked erosion surface with a minor amount of detail~-
ed relief, The quartz-pebble conglomerate f£ills shallow channels in the
Cutler and overlaps the low intersiream divides, The lack of distinctive
traceable units i1n the upper Cutler prevents an estimate of the total re~
lief on the post-Cutler erosion surface. Angular discordance between the
formations cannot be proved but a slight angular discordance is suspected.
The interval represented by erosional unconformity was of long duration, as
is indicated by the early Permian, or older, age of the Cutler as tentative~
ly classified on faunal evidence,

The contact of the Dolores with the overlying Entrada sandstone is like~
wvise disconformable; it, too, represents a long period of erosion, 1In
places the contact is sharp; yellowish-gray, fine- and medium-grained mixed=-
grain sandstone of the Entrada lies upon red~brown very fine~grained sand-
stone or siltstone of the Dolores, ZIlsewhere the contact is a transition
gzone, with the fine material of the Dolores reworked and adulterated with
coarser constituents characteristic of the Entrada., Where the contact is
not sharp, a color change from red-brown to yellowish-gray seldom corres=

ponds with the lowest appearance of a mixed-grain sandstone, which is cone
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sidered to be the characteristic feature of the basal Entrada. The dee

tailed relief on the erosion surface separating the Dolores and the Entrada

approaches 15 feet as a maximm,

The following stratigraphic section was measured about 4 miles west of

Placerville, opposite the mouth of Specie Creek, on the north side of the

San Miguel River Valley,

Upper Jurassic (Entrada sandstone) at top:

Basal, crossbedded, mixed-

grain sandstone unit (25 feet), overlain by evenwgrained sandstone.

Erosional unconformity

Triassics

Dolores formation

Unit B (Wingate sandstone equivalent)

1.

2,

3.

Sandstone, moderate reddish~orange, very finee
grained, slightly crossbedded, well-sorted;

very few accessories, slightly calcareous; very
th‘ick-bedded, forms massive, spalling cliff}
reworked at top into yellowish~gray Entrada sande
stone, contact marked by appearance of frosted,
medium to coarse qUATtz grainSessescccsceccscesse
Siltstone, pale reddishebrown, very calcareous,
nodular weathering; very thin, irregular bedding.
Sandstone, moderate reddish~orange, very fine-
grained, very slightly calcareous; similar to
Unit 1; forms cliffeeeecessccscccccccccnrsccenance

Siltstone, pale reddish~brown, very slightly cal-

'eareous. nodular weathering; very thin, irregular

bedding; forms slope'0‘0000000000000C00'.0'000000

Feet

16

15
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Dolores formation—-Continued

Unit B (Wingate sandstone equivalent)—-Contimed

5.

Sandstone, moderate reddish~orange, very fine-
grained, calcareous; similar to unit 1, forms

massive Gliffoaooooo-';oo.o.oo-ooocoooo'ooo-oooov»o-o

Thickness of Wingate sandstone equivalentesecessscsssessese

Unit D

1.

2,

3.

b4,

5Se

Sandstone and some siltstone, pale reddish~brown;
sandstone very fine~grained, slightly crosshedded;
alternately slabby and nodular weathering in upper
10 feet, well-sorted, few accessories; locally forms
massive spally cliffs, elsewhere forms slope and
180888 secssccesscrrscssasscoescesossecsersecssccscons
Sandstone, pale reddish-brown, very fine-grained,
slightly calcareous, very thickly bedded, well-
sorted, very few accessories; forms rounded, spall-
ing cliffececessccencsossossncrsssscecscssssssescscse
Siltstone, pale reddish-brown and pale reddishe
purple, slightly calcareous, very irregularly bedded;
irregularly distridbuted gray-green alteration spots;
forms rubbly slope and nodular weathering cliff..ceee
Sandstone, pale reddish~brawn, limy, wellesorted,
very few accessories; ma88iv0eceescocosescccscsovsnsee
Siltstone, light reddish~brown, limy, very thinly
bedded; large~scale crossbedding; thin lenticular

nudsStone pPArtingS.eecossssccecoscsseescosssscssssconss

Feet

13
50

13

18




Dolores formation-=Continued

Unit D—~—Continued

6.

7e

8.

Sandstone, pale reddish-purple, very fine-grained,
well-sorted, very thinly laminated, fissile; large~
scale crossbedding; poorly expoSedcescsceccsccscscone
filtstone, pale reddish-purple, slightly limy, very
thinly bedded, shaly; spots of greenish alteration;
low~angle CrossbedScescccceseccesssscsscccsencssnce
Limestone and limestone~gramule conglomerate,
interbedded and interfingering, light greenish-gray

and reddish-gray; limestone is ripple-~markedssessss

Thickness of Unit Deseossossvsesosscasssssosssssssssssescns

Unit C

9.

10.

11.

Siltstone, light reddishebrown, limy, very irregw
ularly bedded; has a few thin lenses of sils
granules and limy pebbles; high-angle crossheds,..,
Sandstone, pale reddishwbrown, very fine~ to finee
grained, well~sorted; ripple marks co‘mmon; very
thinly bedded and laminated, very fisslile, breaks
in thin conchoidal plates; abundant green altera~
tions abundant low-angle (festoon) crossbeds; forms
prominent Cliffeeceecccossssensssvsocscsscscsssncanes
Sandstone, light=gray, some purplish coloration,
fine= and mediumwgrained, poorly sorted; numerous
black accessoriesy limy clay galls in upper 2 feet;
thin-bedded, very thinly but irrsgularly parbeds

abundant festoon @r@SSbedsoooo.oO-QQO-Qoo.o-soooooo

Feet

25

128

58
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Dolores formation-~Continumed
Unit C—=Continued ' Feet
12, Siltstone, grayishe~red and light reddish~brown,
limy, top 8 feet nodular weathering; poorly ex-
posed; forms rubbly slope, with talus of small,
0quidimensional DLOCKS. essoseceosssscsssassossssoes 30
13. Sandstone and some siltstone, light reddishebrown,
very fine-grained, thickly bedded, thinly and ire
regularly parted; thin limestone~granule conglom=
erate at topj poorly exposed; forms rubbly slopes.. 32
14, Sandstone and some siltstone, graylshered, some

gray-green bleaching, very fine~grained, limy,

very thinly bedded and thinly laminated, crinkly
in upper 8 feet; sweeping low-angle crossbeds;
poorly exposed; forms rubbly slopes and thin
LT - -
Thickness of UNit Ceceveconssersnnsscecacsocosasosossosess 191
Unit B |
15, Limestone-pebble and granule conglomerates, intere
bedded, light reddish-brown and grayish-red, gray-
green bleaching in places; some cobble-size materi-
s groundmass usually fine-grained or silty;
thin~ and thick-~bedded; bone fragments near basej
few thin interbeds of very fine-grained sandstone

and siltstone; forms alternating slopes and

100g8Becssscsssssescrsosrecsssscssessnssssvesnsssns 35
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Dolores formatione-Contimed

Unit Be=Continued

16,

17.

18,

19.
20,

21,

Siltstone, light reddish-brown, limy, thickly and
irregularly bedded, not laminated; few thin sand-

stones, light reddishebrown, thinly and evenly

| laminated, above center of unit; forms rubbly

Blopeso..'......;..........¢..................‘...

Limestone~pebble conglomerate and interbedded

very fine-grained sandstone and siltstone, pale

to light reddishwbrowheesccessccocscscocoscsessscss
S8iltstone, pale reddishwbrown, very limy, thickly
and irregularly bedded, thinly parted; nodules

of limestoneepebble conglomerate at top; forms
rubbly or platy #lOpPCceccccsscsscscsssesrsscscscse
Covered interval, talus like unit 20ssecesccccccee
Siltstone and very finewgrained sandstone, intere
bedded, pale reddishebrown, slightly micaceous,
very thinly bedded and laminated; crossbedded on

a fine scale; poorly exposed; forms slopes covered
with rubble of irregular conchoidal plateSscecesece

Covered interval, possibly siltstoneseeescesscccss

Thickness O0f Unlt Beseseecsssscvsccsssssscccscssceseccscossy

Feet

20

20

o
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Dolores formation--Continued
Unit A Feet
22. Conglomeratic sandstone and sandstone, inter-
bedded and gradational, paleered to pale-brown,
poorly sorted; assemblage of quartzose sandstone,
quartz-granule conglomerate, and limestone-granule
conglomerate, limestone gramles most abundant at
top; crossbedded, varying markedly laterally,
nostly lowe~angle; forms thick-’bedded ledgey fills
and overlaps small channels cut in unit beloWesssee 7
23. Siltstone and fine~ to mediumwgrained sandstone,

graylish-red and yellowishegray, limy; occasional

quartzite pebbles in sandstone layerSeesecesseceses 16
24, Qartzepebble and quartzegramle 'conglomerate and
conglomeratic sandstone, generally lightegray, very
poorly sorted, dominantly composed of granules and
pebbles of quartz and quartzite, small amount of
feldspar, limy siltstone, and finewgrained green

metamorphic rocks; thickly bedded; crossbedded in

PlacesonoQoo..ot;tonoogo-o-oOu'ooncotoo.o-ttooocsuo

® &

Thickness of Unlt Acecvecossecnsrcorcocsosssscnssscccccacss
Thickness of Dolores formation below Wingate sandstone
equivalent,esesseceveencsvesssesscsssesasssocecsssscsvsscesss 525
Total thickness of Dolores formation, including Wingate sande

stone eqpivalent....¢....................................-.o; 575

Brosional unconformity
Permiang
Cutler formationg Red, purplishered and grayishe-red arkoses,
arkosic sandstones and conglomerates,
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As originally defined by Cross (1899) the Dolores formation included
the entire red bed sequence in the Telluride area. In the Ouray area the
Cutler formation was separated from the Dolores by Cross and Howe (1905)
and no attempt to subdivide further the Dolores has been made, Baker,
Dane, and Reeside (1936, p. 2, 22) consider that the greater part of the
Dolores formation represents the Shinarump conglomerate and the Chinle
formation of the Colorado Plateau; that a thin equivalent of the Wingate
sandstone is present at the top of the Dolores; and that the Kayenta,
Navajo, and Carmel formations are not represented., The writers are in gen=
eral agreement with this conclusion,

The five-fold subdivision of the Dolores permits a more rigorous’
analysis of the unit!s correlation with other Triassic rocks of the Colow
rado Platean. The basal quartzepebble conglomerate (Unit A) in some ways
resembles the Shinarump member of the Chinle formation of southeastern Utah,
although 1t appears to have been derived from a local northern or northe
eastern, rather than an eastern and southeastern source, It may correlate
with the Shinarump or the Moss Back members of the Chinle formation
(sgewart,,and others, in preparation), The uppermost subdivision of the
Dolores (Unit B) bears strong lithologic affinities to the Wingate sande
stone, and is provisionally correlated with it, Although not mapped separate-
ly in the field, it is included in the map explanation as an equivalent of
the Wingate sandstone, The medial zones of the Dolores are correlated with
the Chinle formation, but for the present they are not correlated directly
with any members of the Chinle; additional study may make such detailed

correlation possible,



b5

These correlations result in a redefinition of the age of the Dolores,
Previously the Doleres has been considered to be of Late Triassic and
Jurassic(?) age, In parts of Arizona, the Wingate sandstone is overlain
by the Dinosaur Canyon member of the Moenave formation (Harshbarger and
others, in preparation), which contains a fauna whose affinities appear
to be more closely allied to Triassic than Jurassic types. The Wingate,
therefore, is now considered to be Upper Triassic, rather than Jurassic(?).
Accordingly the age of the Dolores formation is also revised to Late
Triassic,

The Dolores formation is sparsely fossiliferous., Most of the fossils
have Been found in limy sandstone and in limestone~pebble conglomerate, but
phytosaurian teeth are found in the basal quartz-pebble conglomerate. No
fossils have been found in the uppermost member of the formation, the
VWingate sandstone equivalent., The fossils of the Dolores formation were
first described in Oross and Purington (1899), who stated that they included
crocodile teeth, ganoid fish remains, a gastropod, a variety of Unio, a
species of megalosauroid dinosaur, and a plant identified by David White
as Pachyphyllum munsteri. Unidentifiable plant and bone fragments have
also been known for many years,

In 1953, G+ E. Lewis of the U, S. Geological Survey discovered frag-
ments of a large leaf about 145 feet above the base of the Dolores formation,
in the southeastern corner of the quadrangle, Welle-preserved, nearly com=
plete specimens were found by G. E. Lewis and R, W, Brown in 1954, and addi-
tional ones by Brown in 1955, Brown (1956) has named these specimens
Sanmiguelia lewisis he concluded that they are the leaves of a primitive
palm, or of a palmlike monocotyledon, and that they "are the oldest known

megascopic remains of the flowering plants," Previously, according to
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Brown (1956), the fossil record of the palms dated from the Jurassic Lias
of Normandy, and the first authentic remains of palms found in the United
States were from Upper Cretaceous strata, Brown also identified coniferous
twigs from the Dolores, pointing out that they are Brachyphyllum munsteri,
a correction of the identification as Pachyphyllum by David White, in Cross
and Purington (1899).

The Dolores formation is dominantly fluviatile, and was deposited
under generally semliarid, terrestrial conditions, on an aggrading plain of
low relief, The source of the sediments was probably the Uncompahgre-San
Luis highland, lying north and east of the area, The conglomerate at the
base apparently represents the reworked, residual detritus of a long period
of erosion, transported by the renewed potency of the streams as a result
of moderate uplift of the highland mass and deposited for the last time
during Late Triassic, The distribution of coarser-grained units in the
lower part of the formation and of finer-grained units sbove, suggests that
during the rest of the Triassic the highland mass was slowly worn down
toward base lewel, The limestone-pebble conglomerates are considered to
be intraformational conglomerates, representing the breaking up and reworke
ing of thin limestone and silty limestone beds deposited in transitory,

shallow, flood-plain lakes,
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Jurassic system

Upper Jurassic series

The Upper Jurassic rocks of the Placerville quadrangle include, in
ascending order, the Intrada sandstone, Wanakah formatien, and Morrison
formation, Thelr maximum total thickness is about 970 feet, but generally
they total about 820 to 850 feet, They form the middle and upper slopes
of the youthful valleys throughout the quadrangle, cropping out as sheer, .

vertical cliffs and steep, ledgy slopes,

Entrada sandstone

Throughout the western San Juan Mountains, the Entrada sandstone forms
a distinctive light-colored smooth and massive rounded cliff, capped by a
few feet of thin rounded ledges, This topographic expression reflects the
dominantly two-fold lithologic subdivision of the formation, The bulk of
the formation, comprising the lower 75 to 90 percent, is a large~scale cross-
stratified, fine~ to medium~grained, well-sorted sandstone., It is every-
where light colored, buff, tan, or various shades of yellow and gray. Thin
stringers of coarse to very coarse frosted quartz grains are characteristic
of the lower 5 to 10 feet of the unly; they contrast strongly with the usual
grain size of the sandstone, and their lowest occurrence marks the contact
between the Dolores and the Entrada where the contact is transitional.
Most of the unit is thick bedded, cross-stratified, and massive, In some
places thin even horizontal bedding is present, usually at or near the

base of the unit,
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The upper unit of the formation is commonly very thin to thick bedded
and horizontally stratified. Generally it is somewhat finer grained than
the lower unit, although in many places there is no distinction in grain
size., The entire formation has a calcareous cement, dut the upper unit
is commonly more limy than the lower., The two units are separated by a
dlastem, along which the relief approaches a maximum of 15 feet,

The quartz grains are subrounded to rounded, and show a high degree
of sphericity, Feldspar is lacking in the Entrada, and the heavy mineral
content (zircon, tourmaline, barite, anatase, rutile) is low. The suite
suggests sediments that have undergone more than one cycle of transporta-
tion and deposition, In total thickness the Entrada ranges from 40 to 75
feet; generally the lower unit varies from 30 to 55 feet, and the upper
from 5 to 20 feet.

The following stratigraphic section was measured on the west side of
Leopard Creek, about 2,8 miles north of its confluence with the San Miguel
River.

Upper Jurassic (Wanakah formation) at tops Basal unit (3% feet),
dense, petroliferous limestone and limy sandstone of the Pony
Express limestone member,

Entrada sandstones Feot
1, Sandstone, grayisheorange and yellowishegray fine=
and mediumegrained, well-sorted, limy, poorly
cemented; pits and cavities due to weathering of
clayey epots and zones; thinly bedded; contact -
with unit below irregular; contact with Pony Express

member of Wanakah formation gradational in places.,.. 1.5
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Entrada sandstone-~Continued Feet

2, Sandstone, lithologically similar to unit 1, bub

very thickly and massively bedded; crossbedded;

forms rounded cliffecscsscesssossessessssssssssssce 2040
3+ Sendstone, greenish-gray, fine~ to medium-grained,

11@. vell~sorjed; vanadiferous, contains a few

thin siliceous sandstone lenses; friable; slightly

crossbheddedesesscscesscesssccososscsssscscsscscsess 1.5
L, Sandstone, grayish-orange, fine-grained, moderate-

ly well sorted, thinly bedded; pale=greenish band

(possibly chromium~bearing) in middl@ecesscecscssss 2,0

5« BSandstone, grayish~orange and very pale orange,

fine~grained, moderately well~ tc well-sorteds;
massively bedded; large-scale tangential crossbeds
in upper two-thirds; medium to coarse, frosf..ed
quartz grains follow crossbeds and are scatf;red
throughout, mostly in lower 8 feet and from 18 to
25 feet above base; greenish cast near top of unit;
forms massive rounded cliff; contact with under-
lying Dolores formation transitional because of
reworking, but marked by lowest appearance of
frosted QUATHZ STAinS.eescsssscecosccescenssvcseces 45,0
Total thickness of Entrada Sandston€eessscssccssscesssess 7060
Erosional unconformity
Triassics ‘
Dolores formationy Graylsh-orange and pale greenishe

yellow, very finewgrained sandstone at top.
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The erosional unconformity at the base of the Entrada sandstone repre-
sents a long period during which the Moenave, Kayenta, Navajo, and Carmel
formations of the Colorado Plateau were depcsited. The Pony Ixpress lime=
stone member of the Wanaksh formation conformably overlies the Intrada in
the eastern part of the quadrangle, The contact is generally sharp, al-
though in places there is gradation between the units, and the Entrada
appears to interfinger with the Pony Express on & small scale, The Pony
Express limestone pinches out to the west, near the middle of the quade
rangle, West of this pinchout the Bilk Creek sandsione member of the
Wanakah formation conformably overlies the Entrada, and the contact, al=~
though sharp and marked on the oulcrop by a small erosional niche, i8 ine
conspicuous, The upper surface of the Entrada is slightly irregular; a
few broad channels or scours, 1 to 2 feet deep, are present. With only
short gap® in exposure, the Entrada can be traced into the mch thicker
Entrada of Utah, and thers is little doubt of its correlation with the
Entrada of the type section.

The basal few feet of the Entrada was deposited on a subaerial plain
of very low relief. Dolores sedimenis were reworked into the Entrada
along the shallow drainages, and aeclian sands were deposited on the interw
stream divides, Thereafter the bulk of the formation in the Placerville
area was deposited by wind, ILarge-scale crossbeds of an aeolian type pre=
dominate, but they are truncated by flat bedding planes that may represent
the advance and retreat of large, shallow bodies of water. 'brainages were
wldely separated and ephemeral, as few characteristics of fluviatile sande
stones are present, Thus the Enitrada sediments may have been deposited
largely as beach sands and dunes near the margin of a large embayment. In

eastern Utah marine deposits of Late Jurassic age underlie and overlie the
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Entrada sandstone; the embayment may have been a part of this marine in=
vasion. Fluviatile conditions were reactivated during deposition of the
upper Entrada, with thinly, evenly bedded sandstones characteristic of
quiet streams flowing near base level. Ripple marks are present at places
in the upper sands, In a few places the uppermost Zntrada intergrades with
the limestones of the overlying Pony Express, suggesting an oscillatory
migration of the strand line as the shallow brackish water margin of the
Pony Express embayment advanced over the area., In the Placerville dise
trict, the direction of advance appears to have been from the east and

southeast,

Wanslkah formation

The Wanakah formation is composed of three thin lithologic units, the
Pony Express limestone member at the base, the Bilk Creek sandstone member,
and the "marl" member at the top. Largely because these units are too thin
to represent satisfactorily at the scale of the accompanying geologic map
(fig, 2), they are retained as a group of members comprising a single forma=
tion, Some evidence, as is brought out below, is available to indicate
that the individual members correlate with rock units that are considered
to be formations elsewhere in southwestern United States,

A measured section of the Wanakah formation is given at the end of
the description of the ¥“marl® member,

Pony ITxpress limestone member,-—The Pony Express limestone is present
in the eastern half of the Placerville quadrangle, along the north side
of the San Miguel Canyon east of Placerville, and along Leopard Creek (figs,
2 and 4). The limestone pinches out along the west side of Leopard Creek,

about 1 mile north of Placerville, and the line of the pinchout apparently
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trends northward from this point and is concealed below Iron Springs Mesa,
Southeastward the line of the pinchout extended across the course of the
present river valley and has been removed by erosion. Wherever it is ex-
posed, the Pony Express crops out as a thin vertical cliff,

Throughout most of the San Juan Mountains, the unit is a bluish~black
to grayish-black dense unfossiliferous microcrystalline limestone, with a
fetid, petroliferous odor from freshly broken surfaces, Near the base the
limestone is commonly sandy, and in places appears gradational into very
limy sandstone of the Entrada. The unit is very thinwbedded and the in=
dividual beds are ¥crinkly¥ or undulant, having a type of ripple bedding.
Characteristically its outcrop has a mosaic or pseudo~breccia of small,
slabby blocks, Gypsum and bluish shale interbeds are increasingly common
to the east, toward the deeper parts of the Pony Express basin, but are
absent in the Placerville quadrangle. Fossils of a possible marine fish
fauna have been reported by Read and others (1949) from the Piedra River
area, Archuleta County, Colo, J. B. Reeside, Jr. (written communication,
June 20, 1956) reports that these fish have been identified by D. He
Dunkle as marine Jurassic, and that ostracodes occur at Durango, Colo,

The thickness increases irregulérly eastward from the pinchout line
(where the limestone grades into a thin, very limy sandstone) to about 8
or 9 feet at the southeastern corner of the quadrangle, In general both
the basal contact with the Entrada sandstone and the upper contact with
the Bilk Creek sandstone are sharp, In a few places Bilk Creek sandstons
has filled desiccation cracks in the upper surface of the Pony Zxpress.

The Pony Express limestone has previously been considered to be a
unit in the Wanakah member of the Morrison formation (Burbank, 1930), a

member of the Morrison formation (Goldman and Spencer, 1941), and a member
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of the Wanakah formation (Eckel, 1949), The constantly increasing informa-
tion available from geologic mapping indicates that the Pony Express is a
distinet, continuocus unit, recognizable over an area of a thousand squars
miles or more, With relatively small gaps in exposure, the Pony Express
can be traced into and correlated with the Todilto limestone of New Mexico
and eastern Arizona,

The Pony Express was deposvitpd as a chemical precipitate in a shallow
~but broad, brackish water arm bf the Todilto sea, In the Placerville disw
trict the inundation proceeded from the east or southeast, with the deeper
parts of the basin apparently in the vicinity of Ouray and southward.
Ripple bedding, and the pseudo~brecciation of the limestone (which is be=
lieved to be due to desiccation cracking) suggest the shallowness of the
water, Possibly the area of deposition was a type of broad tidal flat,
subject to periodic inundation and desiccation, with brackish water ponds

recurrently trapped on its surface.

Bilk Creek sandstone member.~-Throughout the Placerville quadrangle
the Bilk Creek sandstone crops out as a rounded cliff or as thin rounded
ledges making a moderate slope. In the eastern half of the quadrangle it
lies upon the Pony Zxpress limestone. To the west the Bilk Creek rests
upon the Entrada sandstone; from a distance the cliffs formed by the two
formations appear to merge into a single unit,.

The sandstone is composed mainly of fine~ and very fine-grained
quartz grains, with a higher clay content than the underlying Entrada,
Feldspar is absent and the chert content is low. Calcareous cement is
present throughout the formation and is sbundant in some zones. The sand
grains have a high degree of sphericity, are rounded, and as a whole the

unit is moderately well sorted. Commonly the Bilk Creek is light colored,
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greenish, yellowish, or brownish gray, and in places has faint pink or purple
hmes, The unit is thinly and evenly bedded and horizontally stratified, but
in a few places there are faint, small-scale, low-angle cross-strata., The
heavy mineral suite includes barite, gzircon, tourmaline, rutile, and anatase,
Disseminated pyrite grains are present in some places in the sands.

At the top of the Bilk Creek sandsione is a distinctive thin blocky
remarkably persistent reddish sandstone, the “carnelian sandstone® of Cross
and Purington (1899) and of Goldman and Spencer (1941). It ranges in thick-
ness from 1 to rarely 3 feet, and is generally 2 to 2} feet thick., It is
fine to medium grained, with some coarse grains, and is poorly sorted, The
term "carnelian' derives from the widespread occurrence of red chert grains,
many of which are autochthonous, through this thin unit. The "carnelian
sandstone" is present throughout the quadrangle, and over an additional
area of several hundred square miles to the east and south.

The Bilk Creek ranges in thickness from 15 to about 40 feet; the aver—
age thickness is slightly under 30 feet, Generally the member is thickest
in the southeastern quarter of the Placerville quadrangle. The contact
with the underlying beds is sharp and planar in almost all exposures. In a
few places in the eastern part of the quadrangle, where the unit lies on '
the Pony Express limestone, sand grains of the Bilk Oreekk have filtered
down into desicecation cracks in the Pony Express, The contact with the
Entrada sandstone in the western part of the quadrangle is also sharp,
although it is inconspicuous because of the lithologic similarity between
the upper Entrada and basal Bilk Oreek beds. Characteristically, however,
the contact is marked by an erosional niche cut in the usually rounded
cliff, The contact with the overlying "marl¥ member is everywhere sharp

and planar, at the top of the "carnelian sandistone,
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In previous reports (Goldman and Spencer, 1941; Eckel, 1949) the Bilk
Creek has been considered to be a member of the Morrison formation or a
member of the Wanakah formation., It is a distinctive, traceable and con-
tinuwous unit over a large area, recognizable from Ouray southward to
Durango, and from the La Plata Mountains eastward beyond the Animas River.
Goldman and Spencer (1941) identified the unit in McElmo Canyon, west of
the La Platas, and at Uravan, west of the Placerville area, The member
appears to correlate with the lower part of the Summerville formation of
the Colorado Plateau,

The sediments of the Bilk Creek were laid down on a broad, flat plain,
under conditions similar to those of the upper Entrada beds, Deposition
was largely from sluggish streams flowing very close to base level. Much
of the deposition may have taken place in a shallow arm of the sea, similar
to but more extensive than the Pony Zxpress sea, The thin but extremely
persistent Y"carnelian sandstone! at the top of the formation probably was
deposited entirely in the seaway, within reach of the wave base, and its
sediments were constantly reworked and spread over the sea floor as an even,
uniform blanket., It seems certain that this unit represents a time plane
over its entire area of deposition.

“Marl® member.—~In this paper the "marl¥ member refers to the section
of fine-grained limy beds overlying the Bilk (reek sandstone and underlying
the Morrison formation. In all exposures the "marl® member forms a steep
slope, mantled by a rubble of small, 1 to 2 inch, equidimensional blocks.
A few thin sandstones form intermittent ledges in the slope. In a few
places the upper part of the "marl® forms a steep cliff, where it is pro-

tected by the overlying Morrison.

.\
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The term "marl" is believed to be somewhat misleading as the descrip-
tive lithologic adjective to be applied to the Wanskah, Generally the unit
is not as limy as the term "marl% implies, Many of the beds are only
moderately calcareous; the abundantly calcareous beds are in most places
few in number, Limy siltstone appears to be a far more accurate descrip-
tive term.

The bulk of the member consists of limy siltstones, which range in
color from yellowish and greenish shades of gray to various hues of reddishe
brown. The silte are poorly sorted to moderately well sorted, and in many
places they contain very fine~ and fineegrained sand, Quartz is the major
constituent, and small amounts of chert and feldspar are present, Red
chert grains are a distinctive accessory mineral, particularly in thin
sandstones interbedded with the siltstones., Thin, lenticular silty lime=~
stones are present in a few places throughout the unit, The siltstones
are thin to thick bedded and irregularly stratified. They are limy, in
places very limy, and nodnlar weathering is generally common., The thin
sandstone units are very fine and fine grained, moderately to poorly sorted,
thinly and regularly bedded. Individual beds of sandstone are not per-
sistent, and laterally they grade into sandy siltstones.

The "marl" member ranges in thickness from 37 to 65 feet; the average
thickness is 50 to 55 feet. The contact with the underlying Bilk Creek
sandstone is sharp, planar, and conformable, The coentact with the overlying
Morrison formation is also sharp, but in numerous places is marked by an

irregnlar surface with a detailed relief of a few feet.
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The limy siltstones were first named by Goldman and Spencer (1941)
who designated them as the Wanakah "marl" member of the Morrison formation.
Bckel (1949) and Read and others (1949) also refer to it as the "marl®
member of the Wanakah formation. The "marl® member correlates with at
least a part of the Summerville formation of the Uravan area, Colorado,
and of the Colorado Plateau to the west, It may correlate with all of
the Summerville formation at Uravan,

The upper Wanakah sediments were deposited in a shallow marginal area
of the Summerville sea to the west., The source of the sediments may have
been the low-~lying highland masses to the north and east, which contributed
only very fine detritus to the basin of deposition,

The following stratigraphic section of the Wanakah formation was
measured on the west side of Leopard Creek, about 2.8 miles north of the
confluence with the San Miguel River,

Upper Jurassic (Morrison formation) at top: Basal unit (10 feet),

evenly bedded, yellowish~orange and yellowish-brown, fine~ to

very fine-grained sandstone,

Wanakah formation: “marl! member Feet
1, BSiltstone and a few thin sandstones; siltstones

pale~brown, pale-red, grayish~red; variably limy,
nodular weathering very common; thinly bedded and
irregularly bedded units alternate; sandy and
muddy siltstones common; thin, even-bedded, muddy
siltstones, and some thin sandstones in upper 6
feet, nearly fissile; a few thin (1-2 feet) very
fine~grained, blocky, grayish-green sandstones

scattered through section; forms rubbly slopeeseces 26
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Wanakah formation: ‘'marl" member--Continued
2, Covered interval, probably gray and red siltstones,
Thickness of "marl" membereeeseesecccscevscccscecssnses
Wanakah formation: Bilk Creek sandstone member
1, Sandstone ("carnelian!), yellowishegray, fine= and
medium-grained, well-sorted, single bed, blocky,
rounded at top; numerous and distinctive autoch~
thonous red chert grains; forms persistent ledge...
2., Sandstone, light greenishegray and light yellowish=
gray, very fine~ and fine-grained, limy; infrequent
limonite spots; well-sorted; massively bedded,
thickly laminated; forms rounded spalling or slabby
Cliffeecesevescccasesssessvsvasscsrscccssnssccsnessee
3. BSandstone, similar to unit 2 above; alternately
moderately welle and well-sorted; limonite spotss
massively bedded, dut very.thinly and irregularly
laminated and parted; forms slabby cliff; contact
with unit below sharp but irregularesecccccsccscses
Thickness of Bilk Creek sandstone membersesescessecccee
Wanakah formation: Pony Express limestone member
1, Limestone, blue-gray, dense, microcrystalline,
petroliferous; has fetid odor on fresh surfaces;
nonfossiliferous; thinly bedded, has charactere
istic outcrop of "biscuit! shaped, crinkly blocks;

forms vertical 1ed8@eceveccevsssconsssasssncssssasnsee

Feet

H &

12
29
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Wanalkkah formation: Pony Express limestone member——Contimed
Feet
2, Sandstone and limestone; interbedded dark-gray
to grayish-black, very fine- and fine-grained,
very limy sandstone and dense, microcrystalline
blue-gray petroliferous limestone; crinkly
bedding prominent; units 1 and 2 form short
vertical cliff; contact with Entrada sandstone
gradational in pPlaceS.escccsssccscsssssesesssssses 1
Thickness of Pony Zxpress limestone memberecescseesscss R
Total thickness of Wanakah £OImAtiONessecsessessscscsossce 77
Entrada sandstonet Grayishworange and yellowish~gray,
thinly and thickly bedded, crossbedded, fine~- and medium-

grained sandstone,

Morrison formation

The Morrison beds make up about 80 percent of the total thickness of
Upper Jurassic rocks in the Placerville quadrangle. They crop out as a
thick, steep band of ledgy cliffs and poorly exposed slopes, and form the
upper valley walls of all the drainages throughout the quadrangle,

The formation is composed of the basal Salt Wash sandstone member and
the overlying Brushy Basin shale member, The members contrast quite marked-
ly throughout the Golora%:l;/:t%%% particularly so in the western San Juan
Mountains, The formation is variable in thickness, ranging up to 755 feet.
but averaging about 700 feet. A measured stratigraphic section of the
formation is given at the end of the description of the Brushy Basin shale

member,
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Salt Wash sandstone member.--The Salt Wash is dominantly a thick com=

plex of interbedded, lenticular sandstone, siltstone, and mudstone, with

a few tens of feet of thin, persistent horizontally bedded sandstones at
the bases Thin limestone lenses are present in a few places near the
base, and the entire Salt Wash member is abundantly limy. In the Placer-
ville quadrangle the sandstones and siltstones comprise from 70 to 85 per-
cent of the section; they are commonly exposed as cliffs and ledges. The
sandstones are very fine to medium grained, mostly fine and medium grained.
The grains are rounded to well rounded, and have a high degree of sphericity.
Most of the sands are moderately well to well sorted, The most abundant
cons tituent is quartz; small amounts of chert and a very little feldspar
are present. The heavy mineral sulte includes zircon, tourmaline, anatase,
rutile, barite, leucoxene, llmenite, and magnetite, Gray-green and red=
brown clay is abundant throughout the Salt Wash sands as disseminated
flecks and as galls concentrated along bedding or crossbedding planes,
Thin, lenticular mudstone seams are also numerous in the sandstones, Bone
fragments are present in many places, and there aré accumulations of plant
fossils in the thicker sandstone units,

Above the basal few feet the sandstones are lenticular, ranging in
length along the outcrop from a few tens of feet to a few hundred feet,
Individual lenses vary from a few feet to as much as 25 feet thick, They
are thin to thick bedded, irregularly bvedded, and many of the lenses are
cross-stratified, Cut-and-fill structures, and channels filled with sande
stone are abundant. Thin relatively even~bedded sandstones are present in
small amounts, interbedded with rmdstones and siltstones, Generally the
sandstones are light colored, light yellow=brown, buff, or pale shades

of grayish~-orange and pink,
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The mudstones and siltstones are dominantly red or red-brown, but in
many places they are various shades of gray or green, Field relations
suggest this change to be one of alteration from the red, and laboratory
studies by Weeks (1951) indicate that the color change is due to the re-
duction of ferric to ferrous iron in the clay.

Generally the uppermost 80 to 100 feet of the Salt Wash contrasts
markedly in proportion of mudstone and sandstone with the lower Salt Wash,
In most places 50 to 70 feet of red-brown argillaceous siltstones or silty
mudstones overlie the dominantly sandstone section below. In this part of
the member sandstones are minor in amount, thin and even bedded, though
lenticular, Above this is a 15~ to0 30~foot thick lenticular crossbedded
sandstone ledge, identical in character with the heavy sandstones of the
underlying Salt Wash, This assemblage is persistent throughout the quad=
rangle, although the sandstone ledge is not a single continuous stratum,.

' The upper boundary of the Salt Wash is placed at the top of this sandstone,
although the sandstone probably varies in stratigraphic position within a
range of about 25 feet and in places is apparently absent,

The Salt Wash member ranges from about 300 to 365 feet in thickness;
commonly it is about 320 feet thick, It lies conformably on the Wanakah
formation, on a slightly irregular surface, The contact with the overlying
Brushy Basin shale member of the Morrison formation is more difficult to
locate, as the uppermost typical Salt Wash sandstone is not a continuous
stratum. In general, deposition appears to have been contixmous,(, or with
only short intervals of erosion, between the Salt Wash and the Brushy Basin

members,
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The Salt Wash member was deposited by aggrading, draided streams on a
large alluvial plain or fan (Craig and others, 1955). Thé thick crosse~
bedded lenticular sandstones represent channel deposition, the thin-bedded
sandstones, mudstones, and siltstones largely represent deposition on the
flood plain lateral to the channels during times of widespread flood. The
highland masses that were positive elements all through the early part of
the Late Jurassic were submerged during Morrison time, and deposition was
continuous across their sites. Craig and others (1955) consider the source
of the Salt Wash sediments to have been southwest of southecentral Utah,
probably in west~central Arizona,

The evenly and horizontally bedded, persistent sandstones at the base
of the Salt Wash contrast markedly with the rest of the member (fig. 5).
They fofm a distlinct, continuous unit that can be traced throughout the
Placerville and adjoining quadrangles., In the Placerville quadrangle the
unit ranges from 8 to 28 feet in thickness; about 15 miles south of Placer=
ville it is 55 to 60 feet thick. The relationship of the unit to the
Junction Creek sandstone of Goldman and Spencer (1941) has not been detere
mined; but the unit appears to be absent where typical Junction Creek is
present., The unit may be a facies of the Junction Creek, with the sedi=~
ments deposited in and reworked by the waters of a waning lLate Jurassic
seaway.

Brushy Basin shale member,--Zxposures are consistently poor on the
steep slopes formed by the Brushy Basin shale member, for the member gen=
erally supports a dense growth of pinyon pine, cedar, and scrub oak,

Talus from the overlying Cretaceous rocks also mantles the slopes.
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The member is composed dominantly of mudstone, interbedded with thin
sandstones, siltstones, lenses of conglomeratic sandstone, and a very few,
thin discontinuous limestone beds, The mudetones are variegated, generally
~shades of red, green, purple, and gray, with red most common. They are
characterized by a high sand and silt content, but individual units grade
from limy claystone to limy siltstone. Bentonitic clays of probable vol-
canic origin form an important proportion of the claystones and mudstones,
Generally the mudstones are thinly to very thinly and irregularly bedded.
Thin blocky sandstones interbedded with the mudstone, are characteristically
1;ed, limy, fine to very fine grained, and in places are cemented by silica.
Lenses of conglomeratic sandstone fill channels within the member; they
are few in number and small in extent, though they attain thicknesses of
5 to 15 feet, Characteristically the gravel ranges up to pebble size;
small grains of red, green, and purple che‘rt are common,

The Brushy Basin ranges in thickness from about 330 to 390 feet. The
contact with the underlying Salt Wash has been placed at the top of the
uppermost channel-filling sandstone typlcal of the Salt Wash, and where
this sand is absent it has been arbitrarily placed at about the same strati-
graphic horizon. Deposition was essentially contimious from Salt Wash
through Brushy Basin time. Throughout most of the area the Brushy Basin
is overlain by the Dakota sandstone of Early(?) and Late Cretaceous age
along an erosion surface of low relief which marks a probable disconformity.
In places, however, a thick, lenticular, channel-filling conglomerate or
conglomeratic sandstene intervenes between the Brushy Basin and the Dakota,
This unit is considered to be equivalent to the Burro Canyon formation of
Lower Cretaceous age of southwestern Colorado and southeastern Utah (Stokes

and Phoenix, 1948), Where the Brushy Basin is overlain by the sands of
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the Burro Canyon or the Dakota, the contact is sharp and easily discernible
although in many places not well exposed. However, gray and green mudstones
and claystones are interbedded with the Burro Canyon sandstone, and where
the sand is absent they cannot be differentiated from the Brushy Basin,

Craig and others (1955) suggest that the source of the Brushy Basin
member was largely in weste=central Arizona, although there may have been
some contribution of sediments from other areas, The sediments were de=
posited on an alluvial plain in a fluvial and lacustrine enviromment, Vole
canic ash falls also contributed to the sediments, and many of the ash de~
posits were reworked and redeposited,

The following stratigraphic section of the formation was measured on
the west side of Leopard Creek, about 3.3 miles north of its confluence
with the San Miguel River.

Lower Cretaceous (Burro Canyon formation) at tops Basal unit

(8 feet), crossbedded, grayishe-yellow-orange, fine- and mediume=
grained sandstone, grading laterally into cherterich conglomerate,

Zrosion surface

Upper Jurassic

Morrison formation: Brushy Basin shale member Feet
l. Siltstone and mudstone, purple, some gray and
green at top; few thin, very finewgrained
sandstones, Forms slope broken by a few ledges.,. 24
2., B8Siltstone, argillaceous siltstone, and some sande
stone, grayishe-green and light olivew~grsy, nodnlar
weathering; some gray, green, and olive-gray mud=
stone;, somewhat bentonitic; a very few thin very

finewgrained, limy sandstones. Forms slope broken
by a few discontinms ledgesotltcﬁuooto&.o:--‘ooo 66
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Morrison formation; Brushy Basin shale member--Continued

3.

b,

5.

6.

7o

Mudstone and some siltstone, red in lower 10 feet,
green and gray in central 30 feet, green, gray,
purple and light olive~gray to top; olive~gray
limy siltstones at and below middle of unit; some
thin, very fine-grained sandstones; siltstones and
mudstones intergradational; mudstones somewhat
bentonitic, Forms smooth SloPCeesssesscocvscssscoss
Mudstone and siltstone, grayish-green and light
olive-gray, some moderate red; about 30 percent
slltstone, nodular weathering; mudstone somevhat
bentoniticy a few thin, very fine-grained sand=
stones, Forms 1edgy S1lOPCceesceccsssvscscsscssssess
Siltstone, moderate red and pale-green, limy.
Forms rubbly, nodular 1edZ@sescescsccsscesccsccccss
Siltstone and sandstone, interbedded; siltstone
(40 percent of unit), purplish and grayish-greeng
mudstones pale-red, moderate-~red, light-gray and
mediumwgray. FOImMS SlOP@sesscosessssesccsssssssnse
Mudstone and siltstone; interbedded; mmdstone
about 75 percent of unit, generally red, some
purple, green, and grayish-green, limy and silty;
siltstones limy and thinly bedded, green, gray-
ish~green, and reddish; thin red limestone lens
above middle, Forms slopes with a number of

nomar weatherin@ la%esCQ...OOOOOOO.‘.OOQOOOO..'O.

Feet

51

37
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Morrison formation: 3Brushy Basin shale member-~Continued Feet

8.

9.

10.

S8iltstone and mudstone, interbedded, about equal
proportions; similar to unit 6. Forms ledgy slope.. 9
Mudstone and siltstone, similar to unit 7, but con-
tains a few very fine~grained, reddish sandstone

lenses., TForms slopes and 1e4geS.ececcssevesssecssss 85
Sandstone and siltstone, interbedded; sandstone
reddish, very fine-grained, limy, thinly bedded,

blocky; siltstone brownish-gray, limy; small amount

of reddish mudstone., Forms series of small ledges.. 17

Thickness of Brushy Basin shale memberecescoscesscscssss 390

Morrison formation: Salt Wash sandstone member

1.

2,

Bandstone, grayish yellow~orange, medium-graineds
conglomeratic at base, with stringers of clay and
chert as granules and pebbles; limy, abundant
limonite spots; thinly to thickly bedded, thinly

to very thinly parted; crossbedded. TForms series
Of 1e0ZeBesccosssccsssrscsesssssasssssassssnssassess 18
Siltstone and mudstone, interbedded; light olive~
gray and pale~red siltstones in lower 10 feet, with
some red sandy mudstone and reddish very finee
grained sandstone; silty reddish-brown mudstones
and limy siltstones in upper 6 feet; thinly to

very thinly bedded in lower unit, Forms 5l0pesccses 16
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Morrison formation: Salt Wash sandstone member—Continued

3.

s

5

6o

Mudstone, moderate red, some grayish~green, slight-
ly silty; interbeds of light olive-gray limy silt-
stones, blocky, rounded weathering; reddish very
fine~grained sandstone near top. Forms slope with
8 few ledgeBecessesscscosssesscascsessssssssnscsennse
Sandstone, @'ayish yellow-orange, ranges from fine-
grained in lower 30 feet $0 medium-grained in upper
15 feety thinly bedded, thinly parted; lower 30
feet crossbedded; reddish and some greenish mude—
stone interbeds at and above middle, clay flecks
and galls., Intire unit limonitic, interfingers with
unit below and forme steep ledgy cliffecscsecesscees
Sandstone, mu.dstone? and limy siltstone, interbed-
ded in about equal proportions; sandy mmdstones are
reddish and purplish; sandstones fine- and fine- to
medium fine-grained, grayish-green with orange cast,
very lenticular, nodular weathering, thinly and
very thinly bedded, very thinly parted, cross-
bedded; limy siltstones are gray, grayishegreen,
and purplish, Forms steep ledgy SlOpPCecscossscosnss
Sandstone, grayish yellow-~orange, fine-grained, some
clayey interbeds, abundant limonite spots, thickly
bedded, irregular and lenticular, crossbedded.

Forms ledgy Cliffe.ecescecccccscesccsssscsscscesccces

Feet

b7

52

20

35
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Morrison formation: Salt Wash é’amdstone member--Contimed

7s

8.
9.

10.

1l1.

Mudstone, reddish-brown and grayish-red, some silty
mudstone layers, thinly bedded, nodular and
orbicular weathering, limy; lenticular; some pale
olive-gray siltstone in upper 4 feet, Forms slope..
Covered intervalisececcssssssecsscssssccsccccscscacs
Sandstone, grayish yellow-orange and light brown,
fine~ to medium-grained, limonite spots; thinly to
thickly bedded, very thinly parted at top (shaly)s
crossbedded. Forms ledgy cliffeseceesesscscescsscsne
Siltstone, reddish cast, argillaceous, fine-grained;
with some red mudstone interbeds; greenish clay near
tOPecseccscrcessecnacsoeescsncacsoctsccaseccrascnonne
Sandstone, grayish orange-pink and pale greenish=
yellow, with reddish cast, dominantly fine-grained,
limonitic, clayey; thickly bedded, irregular, very
thinly to thinly parted, Forms slabby cliff, seceses
Sandstone, grayish orange-pink, pale greenishe~ .
yellow, dominantly fine~grained, some very fine=~
grained zones; limonitic; massively bedded, abun-
dantly crossbedded on large scale, Forms smooth,

rounded, Entrada~like cliff, not characteristic of

Salt Wash;....u..................-n..--nn-uuu

Peet

10

11

47
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Morrison formation: 8alt Wash sandstone memberw-Continued

13.

.

15.

16.

17.

Sandstone, pale yellowish-orange, fine-grained,
limonite spots; thin interbeds of grayish-green
mudstone; “warty" weathered surfaces commonj

mostly thinly to very thinly bedded, some thickly
bedded; lenticular and interfingering; very thinly
parted; crossbedded at moderate angles, TForms
steep ledgy cliff.esecsesceseccceccssscccsanccssases
Sandstone, pale yellowishw~orange, fine- to medium=--
grained; some silty mudstone interbeds: thinly and
irregularly bedded; poorly exposed. Forms steep
B5lOPCeessecsssrsssserscoancesssseptoscsscasacssnsnanes
Sandstone, pale yellowish-orange, fine~ and medium=
grained; abundant limonite spots; thickly bedded
at base, thinly to very thinly laminated in upper

9 feet; few thin mudstone interbeds; ripple-marked
at top; even-bedded. Forms steep and ledgy cliff..
Sandstone, clayey sandstone, and silty rudstone,
interbedded clayey zones are greenish, mudstones are
grayishe=green Or Srayecccescecscsscccsecoscsessscene
Sandstone, pale to dark yellowishworange and pale
or light yellowish-brown, very finee to finew
grained, limy, abundant limonite spots; few thin
clayey zonesj thinly to thickly bedded; evenw=bedded,
but in a‘few places with faint, low~angle crossbeds,

Makes continuous blacky Cliffeceseceecccncscscccocns

Feet

k2

11

L

9

Thickness of Salt Wash sandstone meMberecssessccsconsoses 365



Feet
Total thickness of Morrison formatioNesssscescsscscsscesses 755
Wanakah formation ("marl® member): Brownish and reddish
limy siltstones and a few thin, very fine-grained, blocky

sandstones,

Cretaceous system
The Cretaceous rocks of the Placerville quadrangle form the uppermost

parts of the steep canyon walls and underlie all of the upland surfaces.
The stratigraphic section, in ascending order, consists of the discontimous
Burro Canyon formation of Barly Cretaceous age, the Dakota sandstone of
Zarly(?) and Late Cretaceous age, and the Mancos shale of Late Cretaceous

age, Their aggregate thickness in the quadrangle is about 650 feet.

Lower Cretaceous series

Burro Canyon formation

Discontinuous lenses of the Burro Canyon formation are present in a
few places within the Placerville quadrangle particularly along the western
border, and near the confluence of Leopard and Alder Creeks (fig. 6). The
formation was not mapped separately in the field, and is included with the
Brushy Basin member of the Morrison formation in figure 2. Commonly the
unit crops out as a thick ledge, forming a steep to vertical, massive cliff,
underlying very similar cliffs developed on the basal Dakota sandstone ledge.
The Burro Canyon is comprised of conglomerate and conglomeratic sand-
stone, which grade into one another, with a minor amount of interbedded
gray and green mudstone and siltstone., The conglomeratic gravel consists

of granules and pebbles of chert, quartz, sandstone, and quartzite, The
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matrix is generally medium grained; as a whole the unit is poorly to
moderately sorted., White, yellow, and buff chert fragments are abundant,
and a minor amount of weathered feldspar is present. The sandstone or con=
glomerate is commonly massive, thick bedded, and cross-stratified at a rela-
tively low angle, The basal Dakota ledge is very similar in lithology to

the Burro Canyon, but its interbedded mudstones and siltstones contain
fossil plant material in abundance. In isolated exposures the association
of gray or green mmdstones or siltstones in the Burro Canyon is the criterion
for discriminating it from the Dakota.

The lenticular, channel=filling Burro COanyon sediments range up to
about 70 feet in thickness, but their extent along the outcrop is commonly
only a few thousand feet, and in places only a few hundred feet., The forma=-
tion is missing over a large part of the area, The fragmentary evidence
available suggests that the Burro Canyon channels have a northerly or north=
westerly trend.

The Burro Canyon fills chamnels in the moderately dlissected upper sure
face of the Brushy Basin member of the Morrison formation. It is possible
that mudstones of the Burro Canyon extend laterally beyond the channel
f£illings, and overlie Brushy Basin mudstones, but exposures are insufficient
to allow tracing of these units beyond the channel~filling sandstones, and
the mudstones of the two formations are too similar to be differentiated
in isolated outcrops., The Dakota sandstone of Barly (?) and Late Cretaceous
age overlies the Burro Canyon, probably disconformably; and the length of
time represented by this erosional break can not be evaluated in the Placer—

ville quadrangle,
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The following stratigraphic section was measured on the west side of
Leopard Creek, about 3.3 miles north of its confluence with the San Miguel
River.

Lower(?) and Upper Cretaceous (Dekota sandstone) at top: Basal unit
(21 feet), fine- and medium-grained yellowish-gray sandst‘one and
cherty conglomeratic sandsione, crossbedded, with plant fossils,

Erosional unconformity(?)

Lower Cretaceous: Feet

Burro Canyon formations
1., Sandstone and mudstone, interbedded; yellowish-gray
sandstone with green and grayish-green mudstone;
midstone abundant in the upper 5 feet; massive sand-
stone at base, conglomeratic, with white chert
grains and pebbles, crossbedded. TForms steep ledgy
Cliffecasveccessvsassscscrccssssonsscscnscsscccssens 10
2+ Mudstone, green and grayish-green, some light-brown,
sandy; variable in thickness along outCroPescececese 5
3. Sandstone, grayish yellow-orange, fine~ and medium~
grained, poorly sorted; conglomeratic in places,
with white chert grains and pebbles; thickly bedded;
crossbedded. Forms steep cliff.eececscvcoscccscccce 8
Total thickness of Burro Canyon formatioN.ecessecespsccssceee 23
Erosion surface
Upper Jurassics
Morrison formation (Brushy Basin shale member)s; Interbedded
reddish, purplish, grayish, and greenish muddy siltstones

and mudstones, with a few thin, very fine-grained sandstones,
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The Burro Canyon of the Placerville quadrangle is correlated with the
Burro Canyon of the Uravan area, Colorado, on the basis of its position
between the Brushy Basin shale member of the Morrison formation and the
Dakota sandstone, and on 1ts lithologic similarity to pa?t of the undoubted
Burro Canyon (Stokes and Phoenix, 1948), Particularly diagnostic is the
association of gray and green mudstone with the conglomeratic sandstone,

in contrast to the association of dark organic mudstones, shales, and
siltstones with the Dakota sandstones, In addition, plant fragments and

organic trash appear to be absent in the Burro Canyon rocks,
Lower(?) and Upper Cretaceous series

Dakota sandstone

Throughout the quadrangle the Dakota sandstone forms the rimrock of
the major canyons, The formation is exposed for long stretches along the
rims of the San Miguel River, Specie Oreek, Leopard Creek, and along
McKenzie and North Oreeks in the extreme northwest corner of the area,
In addition the Dakota crops out over the major part of Hastings Mesa,
Iron Springs Mesa, and Specie Mesa., Generally its upper surface forms a
stripped plain, upon which there are small remmants of the Mancos shale,

The characteristic topographic expression of the Dakota sandstone re=
flects its three lithologic subdivisions (fig. 6), The massive basal sand=
stone of the Dakota forms a prominent cliff wherever it is exposed, A
thin section of shaly beds above the basal sandstone forms a short slope,
The interbedded sandstones and shales of the upper part of the formation

form alternate slopes and ledges.
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The basal Dakota unit is a massive, more or less crossbedded sandstone
layer which averages about 40 feet in thickness, The sandstone is generally
light yellowish gray, fine to medium grained, and contains conglomeratic
lenses and streaks., The conglomeratic lenses usually consist of subangular
to subrounded granules and pebbles of white chert and quartzite, Thin gray
to black carbonaceous mudstone seams are present at places in the sandstone,

The middle unit of the formation consists of 30 to 60 feet of inter-
bedded dark-gray to black carbonaceous shales, siltstones, and some sube
ordinate, thin sandstone units, Locally, thin discontinmuous coaly beds
ocecur in this middle unit. One of these has been prospected along the north
bank of Alder Creek, but none of the small coaly lenses has been attractive
enough to invite systematic exploitation,

The upper unit is composed of 50 to 100 feet of alternating thin- to
medium-bedded sandstone and carbonaceous shale., This unit characteristical-~
ly weathers to a receding ledge and slope profile, The sandstones are well
sorted, generally quartzitic, and blocky., Sand-trail markings characterize
some bedding surfacesj} worm borings are common. The interbedded shales,
vhich are similar to the shales of the middle unit, make up only a subordinate
part of the upper unit., Toward the top of the formation, near its contact
with the Mancos shale, the shale beds become dominant,.

The thickness of the Dakota sandstone is usuaelly difficult to determine
with certainty. In most places the Mancos shale has been stripped from
above the Dakota sandstone, and a small but unmeasurable amount of the upper
part of the Dakota has also been eroded, ZIlsevwhere the contact of the
Dakota and the Mancos is present on the mesa tops, and is generally covered

by soil, or is at best poorly exposed and difficult to locate.
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However, a falrly close estimate of the thickness of the Dakota sand-
stone can be made in at least $two places where the overlying Mancos shale
is present. The complete Dakota section is exposed in a small gully about
5,500 feet north-northwest of the Pocahontas mine, in the southeastern |
corner of the quadrangle (i‘ié. 2). Here the Dakota is about 210 feet thick,
Another exposure is on North Oreek, in the extreme northwestern corner of
the quadrangle, where the formation has a thickness of approximately 160
feet. ZIZlsewhere, at places where most of the formation can be readily
measured, the full thickness is not preserved; an unknown but probably
small amount has been stripped off along with the Mancos shale,

The Dakota sandstone overlies the Brushy Basin shale member of the
Morrison formation, or locally the Burro Canyon formation where the latter
is present, The contact with either of the underlying formations is
probably a disconformity, but there is no evidence in the Placerville quad=~
rangle of the length of time involved, Where the Dakota overlies the Brushy
Basin, the contact is sharp, with little relief along its surface. The
thick, light-colored sandstone and conglomeratic sandstone of the Dakota
contrasts strongly with the purple, green, and red mudstonss of the Brushy
Basin., Where the Dakota overlies the Burro Canyon, the contact is more
difficult to ascertain. The Burro Canyon sandstones are simi;ar litho=
logically to the basal Dakota sandstone; however, they contain thin,
green mudstone seams in contrast to the dark-gray or black, carbonaceous
mundstones of the Dakota, The contact, as mapped on this basis, shows
little relief along its surface.

The contact between the Dakota sandstone and the overlying Mancos
shale is conformable and appears to be gradational, The transition between

the formations takes place over an interval of about 20 to 30 feet. It is
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marked by a decreasing proportion of thin sandstone and an increasing pro=-
portion of dark gray to black shale, The sandstones in the lower part of
the interval contain abundant carbonized woody fragments, characteristic

of Dakota sedimentation. Toward the top of this interval, thin lenticular

limestones are present and Gryphaea newberryi shells are common, both of

which are considered to be diagnostic of the lower part of the Mancos

shale in the western San Juan Mountains. In mapping, the uppermost prominent
sandstone ledge was arbitrarily taken as marking the top of the Dakota
sandstone. This ledge is 20 to 30 feet below undoubted Mancos shale,

The following partial section, considered to be representative of the
Dakota sandstone in the Placerville quadrangle, was measured on the north
side of McKenzie COreek (fig. 2).

Top of mesa and exposurs.,

Lower(?) and Upper Cretaceous

Dekota sandstones Feet
l. Small, but unknown thickness removed by erosioNeeese —=
2., Sandstone, yellow-brown, very fine-grained; abun=—

dant dark carbonaceous streaks; thin-bedded,

flaggy toward tODsseesscscccccsscoscscosenscncsssss 7
3. Siltstone and very fine-grained sandstone, yellow=

brown; abundant dark carbonaceous streakSeesceccces 3
Lk, Sandstone, light yellow=-brown to light-gray, very

fine~ to finewgrained, thick- to very thick-bedded.

Unit is blocky and forms ledge; a few muddy sand-

stone partings through uniteeeessscecscsccsscoscoss 9

5. 8iltstone and shale, dark-gray to black,

CarbonNaCeOUSssensonvsssssssssoscessocscsassasssssse L
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Dakota sandstonee-Continued

6.

7.

8.

9.

10,

11.

12,

13.

14,

Sandstone, light yellow=~brown, fine~ to very fine-
grained, very thick-bedded, massive, Forms blocky
Cliffecccncecersosscsscssescsscsccsscscssscscesnes
Siltstone, dark-gray to black, carbonaceous,

Forms slope; weathers in small fragmentSecececcececes
Sandstone, light yellow~brown, fine~ to medium~
grained, thin-~bedded, slabby; abundant limonite
spots and some carbonaceous partings..............
Shale and siltstone, black, carbonaceous, TForms
COVered Sl0POesscccesctcscccscssssetsssecccssecsense
Sandstone, light yellow~brown, very ﬁna-grained,
thin-bedded, slabby, thinly laminated; abundant
black carbonaceous films along lamiﬁae surfaces,..
Siltstone and shale, black, carbonaceous, Forms
COVOred BlODOesescssssccscscsossssstecsscnsccaccse
Sandstone, light-gray, very fine-grained; abune
dant limonite spots and dark carbonaceous streaks.
Weathers rusty brown; forms 16d86sesecscsccscsvese
Siltstone, black, carbonaceous, Forms covered
BlOPCeecsscrvesscsssessscsececesoscssscsssssccsnsse
Sandstone, light yellow-brown, fine-grained, thick
bedded, forms blocky ledge; abundant iron oxide
spots; weathers with ironestained surface; care
bonaceous streaks and films common, worm tubes(?)

perpendicular to beddingeeessceceeccssccsssvescescs

Feot
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Dakota sandstone-~-Contimued Feet
15, Sandstone, tan, fine-grained, thick-bedded; forms
rounded weathered ledge; iron oxide spots common,
carbonaceous streaks and films near tOPseecssccsces 3
16. Shale and siltstone, dark-gray to black, car-
bonaceous, very thin-bedded, some fissile; many
carbonaceous and woody fragmental remains, probe
ably some thin coaly layers. Forme slop€esescseces 37
17. Sandstone, light-gray to white, fine=~ to mediume
grained; contains lenses and streaks of conglome
eratic sandstone, with granule- to pebble-size

fragments of white chert and quartzite; very

thick~bedded, crossbedded., Forms massive cliff
at base of fOrmation.essececrerecocspesscansscrees 42
Partial thickness of Dekota SandStONe€seeseseccssscscsses 133
Brosional unconformity
Lower Cretaceous
Burro Canyon formation: fine-grained, light-colored,
crossbedded, cherty sandstone and conglomeratic sandstone,

with thin, green, silty partings.

No identifiable fossils were found in the Dakota sandstone in the Placer-
ville quadrangle, so that the age of the formation cannot be determined on
paleontologic evidence, However, the formation correlates in stratigraphic
position and lithologic similarity with beds elsewhere that are widely ac-

cepted as being of Barly(?) and Late Cretaceous age, and this age assign=

ment is here accepted.
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The environment in which the Dakota sandstone was deposited was partly
continental, partly littoral. The crossbedded sandstone and conglomeratic
sandstones of the basal part of the unit are dominantly of fluviatile
origin, deposited on a low-lying flat plain, near the strand line of the
advancing lLate Cretaceous seas, The carbonaceous shales and thin coaly
layers of the middle Dakota were probably deposited in restricted lagoons
formed along the edge of the marine embayment. The altermation of thine
bedded sandstone and carbonaceous shale in the upper part of the Dakota
probably represents near-shore deposition in the marine waters of the lLate

Cretaceous sea,

Upper Cretaceous series

Mancos shale

The Mancos shale has been removed by erosion over most of the area

of the Placerville quadrangle, It is seen only locally as thin erosion

. remnants on the mesa tops, or in downfaulted blocks (grabens) where the

shale has been protected from erosion. OConspicuous examples of such pro=-
tected masses are in the south end of Sheep Draw graben and in the Sawdust
Gulch and in Alder Creek grabens (fig, 2). The most prominent erosion
remnant is at the south end of Hastings Mesa, in the southeastern corner
of the quadrangle, Here dioritic sills have been intruded inte the Mancos
shale, and have retarded erosion., The topography developed on the Mancos
shale is generally subdued and gently rolling. Outcrops are few, and the

surface is usually covered with several feet of soil cever,
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The Mancos shale in the Placerville quadrangle consists of a monoto--
nous sequence of gray to black marine shales interspersed with a few thin
lenticular limestones, some of which contain fossils, The shales are genw=
erally dark gray to black on fresh surfaces; they weather with a light-
gray to olive~drab color, and they are typically fisslle. Thin-~bedded
medium-gray to dark-gray limestone, that weathers to light gray or yellow-
ish brown, occurs as lenticular and concretionary masses at several
horizons, Very thin-bedded gray coarsely crystalline fossiliferous lime=
stone is found near the south end of Sheep Draw, and in the Alder Creek
graben between Alder Oreek and Massy Gulch. These limestones, which may
not represent a single contimmous layer, are found 15 to 50 feet above
the base of the formation,

At one locality in the northwest corner of the quadrangle a thin
bentonitic layer is present near the base of the Mancos shale. Outcrops
are poor, but at several points along a distance of one-quarter of a mile
bentonitic material is found; its presence is manifested by the charac~
teristic swollen, crackly surfaces of the exposures,

The maximum thickness of Mancos shale remaining in the quadrangle prob-
ably does not exceed 400 feet or so, Thicknesses ranging up to 2,000 feet
in adjacent areas to the south and east (Cross and Purington, 1899, p. 4),
however, testify to the former presence of much greater thicknesses within
the quadrangle, At least 300 feet of Mancos shale is present north of
Alder Creek, within the Alder Creek graben, but this section is almost en=~
tirely concealed by soil cover. The most continously exposed partial sec=
tior is along the western side of Sheep Draw, at its southern end. Here
about 80 feet of section crops out, The base of the Mancos is mot exposed,

but it probably is not more than 80 feet beneath the base of this outcrop.
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The following partial section of Mancos shale was measured at the south

end of Sheep Draw, west of the stock ponds (sec. 23, T. 44 N., R, 11 ¥,,

fig. 2)e«

Top of hill and exposure

Upper Oretaceous

Mancos shales

1.

2.

3

b,

5e

6.

Very large but unknown thiékness removedsseecccccee
Shale, dark-gray, fissile; a few fragments of very
fine-grained sandstone and siltstone, shaly, light-
gray to gray-green; and some very thin-bedded
saccharoidal to coarsely crystalline gray fossile
iferous limestone £1o8tess.esecseesonssccosncssscse
Limestone, medium-gray, weathers yellow-~brawn,
dense; occurs as lenSeBessscscssscccscesrcesssscsse
Shale, darkegray with olive-green cast, poorly
exposed; at 12 to 14 feet above base of unit some
very thin~bedded (1/4~1 inch) float fragments of
very fine-grained sandstone and siltston®.esccsccse
Limestone, medium~gray, weathers yellow-~brown,
dense; ocCUrs &8 1enSeS.secesccccsssecccscssonnsess
Abundant gray shale float, a few fragments of very
fine~grained sandstone and siltstone, as in unit &4

above.itlil"Q‘.’.O‘.DO‘.l.'..b....Q.QQ.....‘...‘.Q

Partial thickness of Mancos ShBl@esseecsssonsecsscccsee

Base of formation not exposed, but estimated at about

80 feet below last measured unit.

Feet

17

20
81
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The Mancos shale conformably overlies the Dakota sandstone. The contact
is well exposed in only a few places, and generally appears to be gradation-
2l, In the field the contact has been arbitrarily placed at the top of the
highest thin~bedded light-colored sandstone containing organic material,

Some of the overlying shales are carbonacecus, and may properly belong with

the Daekota sandstone. Thin limestone beds that carry Gryphaea newberryi

are interbedded with the shales a few feet above the uppermost sandstone
layer of the Dakota. These limestones are considered to be diagnostic of

the basal part of the Mancos shale in the Placerville area,.

Quaternary system

Pleistocene series

Glacial drift

Atwood and Mather (1932) have discussed the evidence for multiple glaci~
ation in the San Juan Mountains and have distinguished three glacial stages.
These they have designated the Cerro, Durango, and Wisconsin stages, Only
till considered to be correlative with the oldest of these, the Cerro
stage till, has been recognized in the Placerville quadrangle, but terrace
gravels situated on bedrock benches up to 200 feet above the San Miguel
River may possibly be related to younger glacial or interglacial stages,

Only a few small remnants of till are still found in the area. Two small
outerops of undoubted glacial $ill are found on the mesa top west of the
stock ponds at the south end of Sheep Draw (fig. 2); a third is present in

the northeast part of the area on the east side of Gutshall Gulch. In addi-

tion to these remnants of glaclal drift, scattered erratics are found, a few ‘

as far to the northwest as the corner of the quadrangle near Sawdust Gulch,
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The drift, as characterized by the larger of the outcrops, ranges in
thickness from a thin cover {0 a maximum of about 35 feet, and consists
of a poorly sorted mixture of gravel ranging in size from gramles to
boulders as much as 15 feet in diameter, The larger boulders are rare,
however, and those 1 to 3 feet in diameter predominate,

The rocks composing the till are all foreign to the quadrangle and
are overvhelmingly of igneous origin., In the size range from 1 to 3 feet,
boulders of dark-zray fo black vesicular basalt are most abundant, follow=
ed by dark-gray andesite and pale-~red to pale-purple felsite porphyry. In
the granule~ and pebble~size ranges the felsite porphyry type is most com=
mony the scarce but extremely large boulders are also of pale~red felslte
porphyry.

These rocks represent, in gemeral, the upper part (the Silverton and
Potosi series of Tertiary age) of the thick volcanic pile that forms the
nearby main mass of the San Juan Mountain region. The San Juan tuff and
the Telluride conglomerate, also of Tertiary age, which are now well exe
posed on the mountain slopes beneath the Silverton and Potosi volcanie
rocks, are not represented in the rocks observed in the drift, Atwood
and Mather (1932) generally attribute their absence to the stage of erosion
that had been reached in the early San Juan Mountains at that time, It is
difficult to see how the Telluride conglomerate and the San Juan tuff
could have escaped exposure and erosion at a time when the underlying
Mancos shale was being eroded at the foot of the mountains, and the over=
lying Silverton and Potosi series were being eroded in the mountains,
Regardless of the amount of regional or differential uplift, the difficulty
remalns,
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An alternative explanation might be that the Telluride conglomerate
and the San Juan tuff were exposed and eroded, but that their resistance
to erosion and weathering were se low that they were selectively removed
from the glacial drift, both during glacial transport and by weathering
since deposition, A minor piece of contributory evidence, supporting
this hypothesis, exists in the relative scarcity of fragments of the
Telluride and San Juan rocks in the terrace gravels and Recent alluvium,
a few miles from the present-day precipitous mountain front,.

The basaltic boulders in the glacial drift may have been derived
from a relatively small, thin flow that is present on the surface of
Specie Mesa, about 5 miles south of the large drift area at the south end
of Sheep Draw, The occurrence is in the adjoining Iittle Cone quadrangle.
The age of the basalt is as yet not definitely known. The flow covers
what is essentially the present erosion surface, although a small amount
of denudation has probably taken place, BSuch relations allow for an age
as 0ld as prewCerro (early Pleistocene) or as young as Recent., Atwood and
Mather (1932) also mention the widespread occurrence of basaltic boulders
in the Cerro drift, They attribute them largely to erosion of the Hins-
dale volcanic series, vhich they state was deposited on the surface of the
San Juan peneplain., The original extent of the Hinsdale volcanic series
in the western San Juan Mountains is not known; the possibility that the
basaltic boulders in the glacial drift of the Placerville quadrangle were
derived from the Hinsdale can thus be advanced only as a speculation,

The Cerro glaciation was the most extensive of\tkl&e three Pleistocene
glacial stages that have been recognized in the San Juan region. The ice
was not restricted to the valleys, but spread over the lower divides and

moved across the lowland areas adjacent to the mountains (Atwood and Mather,
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1932, p. 28). The deposits in the area mapped represent remnante of more
widespread morainal drift; this drift is believed o be & product of the
piedmont glaciers of the Cerro glacial stage. Concentrations of glacial
drift in the Placerville quadrangle are about 7 and 11 miles respectively
from the Last Dollar Range to the east and the San Miguel Mountains to the
south, Glacial erratics presumably of the same stage extend several miles

farther from the mountain masses,

Terrace gravel deposits
Numerous deposits of poorly sorted, partly conselidated gravels are

found along the course of the San Miguel River, both within the quadrangle
and to the east and west, In addition, a few deposits are found along the
course of Leopard Creek (fig. 2)e The deposits mantle narrow terraces and
fill an earlier stage valley of the San Miguel River,

Bedrock is nowhere exposed in the present river bed, which is filled
with 5 to 20 feet of Recent alluvium. The lowest elevation of the base
of the gravel deposits is about 30 feet above the river, and tlms the de~
posits lie about 35 to 50 feet above the lowest erosion level, The upper
boundary of the gravel deposits lies 100 to 300 feet above the river, so
that the maximum thickness of the gravels still remaining approaches 250
feet in a few places.

Good exposures are present in a few places where the gravels have been
cut in old placer workings or have been &xposed in road cuts. One of these,
about 200 yards south.of the southern boundary of the quadrangle, exposes a
gravel bank 60 to 80 feet thick, The deposit is rudely stratified, although
very poorly sorted within each unit. The material ranges in size from
nediumwgrained sand _to boulders 2 or 3 feet in longest dimension. Most of

the material is cobble size and poorly to moderately indurated,
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The gravels are composed predominantly of well-rounded fragments of
extrusive igneous rocks from the San Juan tuff and the Silverton series
and of intrusive rocks (diorites and monzonites). In additioﬁ, however,
there is a falrly large percentage of sedimentary rocks, including the
Paleozoic and Mesozolc red beds, the light-colored sandstones of the
Jurassic, the Dakota sandstone, and the red beds of the Telluride con=
glomerate of Tertiary age. All these rocks are now exposed in the head-
vaters of the San Miguel River,

The gravel deposits fill the valley of an earlier stage of the San
Miguel River. In a few places the base of this old valley is exposed,
still filled with 100 feet or more of gravel. It is difficult to conceive
of a youthful stream, carrying large amounts of water, aggrading to the
extent of 250 feet or more of valley fill during the normal course of
erosion. Rather it suggests the dumping of glacially derived material;
transported during one of the glacial stages that affected the San Juan
Mountains,

Correlation of the gravel deposits with either the Durango or Wiscon=
sin glacial stages of Atwood and Mather (1932) depends largely on the con-
clusion of these workers that the present drainage patterns were essential-
ly established prior to the Durango glacial stage. The absence of Durango
ti1l in the river valley east of the Placerville quadrangle led Atwood and
Mather (1932, p. 128) to the further conclusion that the San Miguel River
Canyon presumably had been greatly deepened in post-Durango time. Con~
clusive evidence of the amount of this deepening, however, is lacking in
the Placerville quadrangle., In the northwestern part of the San Juan Moun=
tains the amount of posteWisconsin valley deepening has been estimated by

Atwood and Mather (1932) to be a few tens to a few scores of feet. The
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base of the gravels and valley fill in the Placerville quadrangle lies some
35 to 50 feet above the level of the present river bottom, If Atwood and
Matherts (1932) conclusions and assumptions are correct, these glacial de-
posits are probably of Wisconsin age, and they are so considered in this

report .,
Recent series

Alluvium

Unconsolidated deposits of alluvium in the stream valleys and of
torrential fan deposits, both of Recent age, have been grouped together
on the geologic map (fig, 2). Throughout the Placerville quadrangle the
bed of the San Miguel River has a filling of alluvium that ranges in
thickness from a few feet to as much as 20 feet, The Cutler formation, in
which the lc;wer part of the valley is cut, is nowhere exposed in the river
bed.

The materials that make up the alluvium range in size from fine~
grained sand to boulders 3 or 4 feet in longest dimension; generally they
are subangular to rounded in shape, Intrusive and volcanic igneous rocks
derived from the San Juan Mountains make up a very large proportion of the
material; the remainder consists of sedimentary rocks that range in age
from Permian to Tertiary, which have been both derived locally, and tr;ms-
ported from areas upstream beyond the bounds of the quadrangle., ¥No sorting
is apparent in this alluvium, in contrast to the rude sorting present in
the Pleistocene terrace gravels, At numerous places along the course of
the San Miguel River, and on Leopard Creek northeastward from the con-
fluence of Alder (reek, small alluvial flats have been mantled with finerw

grained material, and a rich and fertile soil has been developed. A small
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amount of farming, largely the raising of hay and the cultivation of kitchen
gardens, is done along these alluvial flats,

Small roughly conical torrential fan deposits are present at the mouth
of nearly every minor drainage course along Leopard Oreek and the San
Miguel River, The materials are almo;st entirely angular and subangular;
they range in size from coarse-grained sand to boulders, some I.of them 8 or
10 feet in longest dimension. The rocks are completely unsorted; they are
the detritus of the numerous cloudburst~ or flash flood-type runoffs common
along the short steep~gradient drainages of the quadrangle, At their down=
stream terminations, the fans coalesce with the alluvium of the major
valleys. Upstream they come to a sharp apex that is commonly several

feet above the bed of the minor drainages,

Spring deposits
Calcareous tufa deposits of Recent age are present at three localities

in the Placerville quadrangle (fig. 2): 1) on the east side of Leopard
Creek, a few hundred feet north of Massy Gulch; 2) on the east side of
Specie Oreelc, in the southwestern corner of the quadrangle; and 3) on the
south side of the San Miguel River, across from the town of Placerville,
Vater flows from the springs at Placerville and on Specie Creek, but the
Leopard Creek spring appears to have stopped flowing in the recent past,
Chemical analyses of the spring waters are given in table 2, following the
description of the Placerville Springe.

Leopard Creek spring.--At the Leopard Creek deposit, a mantle of
travertine, 5 to 10 feet or more thick, has been deposited on the steep
east valley wall, in part forming a narrow terrace. This mantle extends

from about 80 feet above stream level to the stream bed, and has a lateral
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extent of several hundred feet. The deposit is located on the Alder Creek
fault, a normal fault with a displacement at this point of about 700 feet.
At the spring deposit, Entrada sandstons on the footwall of the fanlt is
in contact with the upper part of the Brushy Basin shale member of the
Morrison formation on the hanging wall, No water is flowing from the spring
at present, unless it flows within the porous travertine and is discharged
into Leopard Creek below stream level.

Semiquantitative spectrographic analysis of a sample from the Leopard \

Oreek deposit shows, in addition to the main component calcium, subordinate

(0,01 to 0,46 percent) amounts of silicon, aluminum, iron, magnesium, and

strontium, as well as minor (0,0001L to 0.0l percent) amounts of manganese,
titanium, sodium, barium, zirconium, doron, vanadium, nickel, and copper,

Specie Creek spring.=—~About 1.2 miles upstream from the mouth of Specie
Creek, two spring deposits are present along the east valley wall., The de~
posits are about one~tenth of a mile apart., Cool, alkaline spring water -
issues from the northern deposit at a rate of almost 45 gallons per hour;
and travertine is being deposited along the valley wall and as a small ter—
race engulfing alluvium along the stream bed. The northern deposit is
located on a north-trending inferred normal fault that has a displacement
of about 50 feet, At the deposit the Entrada sandstone on the west (hang-
ing wall) side of the fault is in contact with the upper part of the
Dolares formation on the east (footwall) side, |

No water is flowing at the southern spring deposit, unless it flows
within the porous travertine., The spring deposit also mantles the east
valley wall and has a vertical extent of 60 feet or so, a lateral extent
of several hundred feet, and a ﬁhickness of 5 to 10 feet. It is located

along a northetrending normal famlt which joins the fault of the northern
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deposit a few hundred feet to the south, At the deposit the fault has a
displacement of about 200 feet, and both the west (footwall) and east
(hanging wall) sides of the famlt are in the Dolores formation,

Placerville hot springs.--The largest springs in the quadrangle, on
the south side of the San Miguel River at Placerville, are variously known
as Lemon hot springs or Flacerville hot springs (local usage) and as Geyser
Warm Spring (George and others, 1920, p. 227). They were discovered during
the course of placer mining in the area, Spring waters containing appre-
ciable carbon dioxide and a perceptible amount of hydrogen sulfide flow
from the spring at a temperature of ou° w,, according to George and otﬁers
(1920, p. 227). The rate of flow has not been accurately measured, but
appears to be in excess of 100 gallons per hour, A large deposit of com=
plex composition, principally travertine, has been formed; it is several
hundred feet long, more than 150 feet wide, and is 8 to 15 feet or more
thick. The spring waters issue from the Cutler formati;n some distance
above river level, and the spring deposit has engulfed the Recent alluvium
in the river bed, forming a large terrace. The spring has been developed
by the excavation of tunnels and rooms in the deposit, and a bathing pool
has been provided for the use of the public.

The deposit is located at the junction of two northeast-trending
normal faults, whose combined displacement can only be a few feet, and
which disappear and end under the alluvium in the river bed.

Analyses of the spring waters in the Placerville quadrangle are given

in table 2,
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’ Table 2.--Analyses of spring waters in the Placerville gquadrangle, Colorado.
“hemical components Specie Creek springy Placerville hot spriugy Placerville hot epringg/
ppm epmé/ ppm epm mng/1 Reacting value pct 3/
(parts per (equivalence (approx. ppm) (approx. epm
million)  per million)
Silica © 12.0 - 100.0 - 98.8 --
Sulfate 263.0 5.48 886.0 18.u4k 8718.7 “21.7h
Blcarbonate 928.0 15.21 1,110,0 18.19 1,005.0 19.56
Carbonate -- - .- - - ~
Phosphate 0.2 -- 0.2 -- - -
Chloride 92.0 2.59 261.0 71.36 259.9 8.70
Fluoride 0.4 0.02 bbb 0.23 -- --
Nitrate 0.7 0.01 0.3 - .- -
Iron 0.05 -- 0.09 -- .- -
Aluminum : 0.3 - - - - -
Iron and
aluminum oxide .. - .- - Trace -
Calcium 99.0 h.94 154.0 7.68 156.9 9.30
Magnesium 48.0 3.95 9.7 0.80 13.0 1.7
Potassium k3.0 1.10 11.0 1.97 130.0 3.96
' Sodlum 312.0 13.57 164.0  33.22 6717.0 .94
Menganese -- - 0.3 - - -
Lithium - - - - 3.1 0.53
Total 1,798.65 3,366.99 3,222.4
Physical characteristics:
Dissolved solids (ppm) 1 ,1101-'/ 2, 810!-‘/ 2, 76%2/
Total bardness kb0 k24,0 U&6§/
as Ca.c03 (ppm) .
Pl 7.4 6.5 §.D.

Rediochemical data
Urenim (ppa)®/ 0.006 0.016 ¥.D.

Analysis by U. 8. Ggological Survey, October 10, 1955
Analysis published as "Geyser Warm Spring” in George, R. D., and others (1920, p. 393). Analyst: H. A. Curtis
Equivalent or containing weight of element or redicle, expressed in terms of concentration in semple

Residue evaporated to dryness at 180° C. .
Residue evaporated and dried at 120" F.

Calculsted from published apalysis

Not determined

Apalyst: J. P. Schuch, U. B. Geclogical Survey, Sept. 28, 1955
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IGNEOUS ROCKS

Dioritic or andesitic rocks make up most of the igneous rocks of the
Placerville quadrangle, forming sills and a few discordant bodies intruded
into the Dakota sandstone and the Mancos shale, and steeply dipping dikes
that cut all the pre~Cretaceous formations, The remainder of the igneous
rocks are dikes of biotite monchiquite. Contact metamorphic effects are
absent around all of the intrusives; the injected melts apparently were
relatively cool and dry. A4ll of the intrusive rocks are confined to the
southern third of the Placerville quadrangle; the greatest concentration
of intrusive bodies is in the extreme southeastern corner (fig. 2). Both
in area of outcrop and in total volume, the igneous rocks are only a small

fraction of 1 percent of the rocks of the quadrangle.

Rock types

Diorite and diorite porphyry

The diorites and diorite porphyries form sills and closely associated
discordant intrusives, On fresh surfaces the rocks range in color from
light gray to brown. Colors of weathered surfaces are light brown, yellow
brown, reddish brown, or dark brown. The grain sizes of the diorites
range from medium to coarse; the maximum dimensions of grains are in the
range 1 to 7 mm. The phenocrysts of the diorite porphyries are medium
grained in the range 1 to 4 mm, The ’groundmass of the porphyries usually
is fine grained but ranges to cryptocrystalline; where cryptocr\irqt\é.lline.

the rock is classed as an andesite porphyry.
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The minerals of the diorites and the diorite porphyries are plagio~
clase (An,553:). hornblende, green biotite, and small amounts of quartsz,
orthoclase, apatite, sphene, pyrite, and magnetite. Limonite, carbonate,

kaolinite, sericite, epidote, and chlorite occur as alteration products.
Andesite and andesite porphyry

Most of the andesitic rocks of the Placerville gquadrangle are andesite
porphyries, The porphyries that form sills are similar petrologically to
the diorites and diorite porphyries; those that form dikes differ appre~
éiably from the dioritic rocks,

The sill-forming porphyries are bluish gray to dark gray on fresh
surfaces and weather brown to reddish brown, The phenocrysts are medium
grained and range from 1 to 5 mm in length. They consist of plagioclase
(An52£). hornblende, and green biotite. The groundmass is very fine grained
to cryptocrystalline and is composed of plagioclase (probably in the
andesine range), hornblende, biotite, and small amounts of quartz, pyrite,
and magnetite, Carbonate and limonite are the main alteration products,

The dike~forming andesite porphyry is rich in pyroxene. The rock is
iron gray on fresh surfaces and brown on weathered surfaces, Medium- %o
coarse~grained phenocrysts ranging from 1 to 7 mm in length are set in a
fine- to very fine-grained groundmass, The phenocry;ts consist of plagio=
clase (Anésﬁ) and augite. The groundmass is composed mainly of plagioclase
(Angs), carbonate pseudomorphs after augite and biotite, and small amounts
of magnetite and biotite,

Other dlkes are composed of altered andesite. The dike rock is highly
altered, fine grained, and nomporphyritics it is purplish gray on relatively

fresh surfaces and weathers reddish brown. Alteration has proceeded to such
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a point that definite identification of the original rock type is not pos-
sible; the rock is tentatively identified as an andssits., Under the microe=
scope the main constituent is carbonate, which is probably the alteration

product of both plagioclase and mafic minerals, Some biotite’is recogniz=

able, and fine~grained anhedral quartz is found in spherulites,.
Biotite monchiquite

Several dikes west of Placerville are composed of bictite monchiquite.
The rock is olive gresn to black and weathers reddish brown, Subhedral to
suhedral, medium=-grained phenocrysts of biotite and avgite ranging from 1 to
4 mm in length are set in a fine-grained or cryptocrystalline groundmass,
The groundmass is composed of fine-grained biotite, augite, analcite(?),
magnetite, and about 20 percent carbonate., The carbonate is an alteration

of the mafic minerals,

Distribustion and occurrence

8ills

All the sills have been intruded into the Cretaceous rocks in the
extreme southeastern corner of the Placerville gquadrangle. The sills
crop out along the southern rim of Hastings Mesa, where they cut the
Dakota sandstone, and on the surface of the mesa, where they are in the
Mancos shale (fig, 2). In a number of places, the injected material has
broken across the beds forming small, discordant, discontinuous masses
that apparently connect several of the sills, The sill rocks are similar
petrologically to the diorite and diorite parphyry of the Gray Head

laccolith and the intrusive mass of Whipple Mountain, both of which lie
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Just east of the gquadrangle's eastern boundary. The sills apparently
are related to these larger intrusive bodies.

North of the Pocahontas mine the Dakota sandstone is cut by five
sills (fig. 2) that are separated vertically by a few feet to several
tens of feet of beds., In the following discussion these sills are num= /
bered 1 through 5, from bottom to top., Sills 1, 3, and 5 are andesite
porphyries, with maximum thicknesses of 5, 10, and 15 feet respectively.
i1l 2 is composed of diorite and diorite porphyry, and ranges in thicke
ness from 30 to 80 feet, Sill 4 is composed of andesite and diorite with
intergradational textures and ranges in thickness from 15 to 35 feet,

The thinner sills are the more lenticular, and appear to have less areal
extent. At the eastern border of the quadrangle sill 1 is absent, sills

2 and 3 crop out as rather short lenses, and sill 5 lies directly upon or
merges with sill 4, As g group the sills appear to rise in the Dakota
section from the eastern border of the gquadrangle west-northwestward along
the southern rim of Hastings Mesa, For example, sill 2 is about 70 feet
above the base of the Dakota at its easternmost exposure, about 120 feet
above the base at a point due north of the Pocahontas mine, and about 175
feet above the base at its westernmost exposure,

Kumerous sills cut the basal part of the Mancos shale at the south
end of Hastings Mesa, The area is one of poor exposure and complicated
structure, se that correlation of sill outcrops is uncertain. The sills
are composed of diorite, diorite porphyry, and andesite porphyry, and here
they appear to be gradational facies of a single rock type. The apparent
range in thickness is from a few feet to 60 feel, and possibly more. The
sills range in position from about 10 feet above the base of the Mancos

along the eastern edge of Hastings Mesa, to as much as 200 feet above the
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base near the westernmost sill exposures (fig. 2). This range in position
appears to repeat the rise of the sills in a westward direction in the
Dakota sandstone below. However, it is not possible to either prove or dis-
prove that the sills transgress the Mancos section sufficiently teo link all
the exposures, It is unlikely that all the exposures shown on figure 2

represent the same sill; some of the outcrops may be of discordant masses,
Dikes

A northwest-trending dike zone, about 125 feet wide, crops out about
1.2 miles southwest of Placerville (fig. 2). The dike zone is compesed of
several branching, steeply dipping dikes of biotite monchiquite that range
in width from 1 to 10 feet. The dikes are exposed only where they cut the
S8alt Wash member of the Morrison formation, The rocks of the dike gzone are
highly sheared, but there appears to have been only minor displacement of
the sedimentary rocks on elther side of the zone, Another biotite monchiquite
dike of north trend and steep dip cuts the Cutler formation about 1.2 miles
west-northwest of Placerville, The dike follows a nearly vertical, northe
trending fracture along which there has been no movement,

An east~trending, steeply dipping dike of andesite porphyry, rich in
pyroxene, cuts the Cutler formation north of Placerville. The dike is at
least 1.2 miles long and ranges in width from less than 1 foot to about
7 feet, At several places northeast of Placerville the dike has been
offset by normal faults that are part of the Black King fault system (fig.
2). Near its eastern end the dike coincides with a normal fault of 12 feet
displacement, Slickensided surfaces along the dike suggest that there has
been some postdike movement, but the existence of the fault before dike

intrusion is not precluded,
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Two west-northwest-trending, steeply dipping dikes of altered andesite
crop out in the bottom of a small stream just north of the Leopard Vanadium
mine (fig, 2). The dikes are exposed in the Wanakah formation and the Salt
Wash sandstone member of the Morrison formation. The dikes, which range
in width from 2 to 4 feet, are apparenily controlled by a Jjoint zone along
which there has been a small amount of post(?)~dike movement,

At the southern end of Hastings Mesa diorite and diorite porphyry
masses, some of indeterminate form, have discordant relationships to
isolated outcrops of Mancos shale., The masses are composed of the same rock
types that form the sills, and so it is believed that the sills and the
discordant masses were derived from the same melt and were injected at about
the same time, Some of the discordant masses are dikelike bodies, lenticu-
lar in plan, which pinch and swell irregularly along their strike from a
few feet to as much as 20 feet. They trend east, parallel to the branching
faults that mark the eastern end of the Black King fault (fig. 2). As ex~
posures are generally poor, some of the apparently discordant relationships
of the dioritic rocks to the Mancos shale may actually be due to displacem=
ment by the branching famlts, ZElsewhere these discordant relationships may
have been caused by heaving or shouldering during igneous intrusion,

The relationships of the dikelike bodies to sills are not clearly under-
stood., The steeply dipping dikelike masses at the southern rim of Hastings
Mesa cut across the contact between the Dakota sandstone and the Mancos
shale, but are not exposed below the upper part of the Dakota, The contact
of the dikes with the sills in the Dakota is nowhere exposed, Thus it is
not possible to state definitely that the dikes are deep-seated and repre=-
sent the feeding channels for the intrusive rocks that form the sills, It

is also possible that the dikes are only restricted, crosscutting conduits
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between sills, and that the sills were intruded laterally from feeding

channels some distance away,

Age of the ignecus rocks

Definite determination of the age of the intrusive rocks is not pos~
gible. Within the quadrangle the youngest sedimentary rocks that have been
invaded is the basal part of the Mancos shale of Late Cretaceous age, The
dioritic intrusive rocks are mineralogically similar to, and genetically
related to, the dioritic intrusive of the Gray Head laccolith just east of
the Placerville quadrangle, which in turn appears to be related to the
dioritic stock of Whipple Mountain about 1 mile farther northeast. The
Whipple Mountain stock cuts the San Juan tuff (Cross and Larsen, 1935,
pl. 1); the San Juan tuff is considered to be of Miocene(?) age by Burbark
(1947, table 7). Accordingly, the dioritic intrusions of the Placerville
quadrangle are considered to be of Miocene(?) of post~Miocene(?) age.

The biotite monchiquite and andesitic dikes present a more involved
problem, The youngest sedimentary rock known to be cut by the andesitic
dikes within the quadrangle is the Salt Wash sandstone member of the
Morrison formation of lLate Jurassic age. Similar dikes in the contiguous
Gray Head quadrangle to the southeast cut at least the basal part of the
Dakota sandstone of Zarly(?) and Late Cretaceous age. None of the dikes
are known to cut the dioritic intrusives; they are offset by the same fault
system that offsets the dioritic intrusives, It is probable that the
andesitic dikes were derived from the same magma as the dioritic intrusives
and may be of Miocene(?) age. The biotite monchiquite dikes are younger than
the Salt Wash sandstone member of the Morrison formation, but no additional

evidence is available for more precise dating., They are thus classed only
as post-Jurassic in age.
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CLASTIC DIKES

In addition to the dikes, sills, and other masses of igneous rocks
that intrude the sedimentary rocks of the quadrangle, the Permian and
Triassic beds are cut by five clastic dikes of considerable horizontal
and vertical extent., The clastic dikes are shown on the geologic map
south and southeast of Placerville (fig. 2).

Similar clastic dikes are known at several places in the western San
Juan Mountains, They have been extensively described in the literature
by Ransome (1900, 1901), Irving and Cross (1907), Spurr (1923), Burbank
(1930), and Dings (1941). The petrology and geologic relations of the
longest dike in the Placerville quadrangle have been described in con=-
siderable detail by Haff (1944) and a general description has been given
by Wilmarth and Hawley (in preparation), In view of the numerous previous
descriptions, and the detailed petrologic work by Haff (1944), a compre=-
hensive study of the dikes was not made in the course of the present work.

The dikes occupy a set of west-northwest-~trending fractures, which,
according to Wilmarth and Hawley (in prepmtion), parallel a strong,
essentially vertical joint set. In places, however, the dikes are de=
flected from their generally steep dip along gently dipping, "flat" joints
for a foot or two. The clastic dikes generally range in thickness from
about 6 inches to 6 feet; their average thickness is about 1} to 2 feet.
They have a maximum length of more than 4,200 feet and an exposed vertical
range of up to 1,000 feet,

Rock fragments within the dikes range in shape from angular or sube
angular to subrounded, with some rounded fragments. Most of the fragments

are 1 to 3 inches in largest dimension; however, some of the fragments are
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as much as 8 inches across, They are composed of gneisses, mica schists,
sericite phylliteg, granitold rocks, rhyolitic and intermediate eruptives,
nonfossiliferous Iimestone, calcareous sandstone, and red and black shale,
Commonly the schist and shale fragments have tabular shapes., A greater
number of these are oriented parallel to the walls of the dikes than would
be expected if the orientation were truly random,

Haff (1944, p. 213) suggests that the source of the clastic material
was in the Precambrian basement complex, He further states: %A possible
source for some of the extraneous fragments might be sought in the coarsely
conglomeratic beds of the Cutler formation. However, though some of these
conglomerates are arkosic, for the most part those exposed near Placerville
consist predominantly of intermediate eruptive rock fragments, The latter
are only sparsely represented in the clastic dikes, It seems most likely,
therefore, that the abundance of granitic and metamorphic fragments in these
dikes indicates a pre~Cambrian source.” In contrast, Wilmarth and Hawley
(in preparation) state that: ",,. all the materials with the exception of
the fissile black shales could have been derived from the boulder conglom=
erates and sandstones of the Cutler formation" although they do not imply
that the materials could have come only from the Cutler, The conglomerates
in the Cutler formation in the Placerville and neighboring quadrangles
contain abundant fragments of granitic and metamorphiec rocks, as well as
arkose, sandstone, and red shale. In addition, the basal part of the Cutler
formation, which is exposed north of Rico, Colo., about 17 miles south of
the Placerville dquadrangle, containe abundant arkosic material. At the
same locality the Hermosa formation of Pennsylvanian age contains fissile
black shale, and it is probable that the Hermosa underlies the Cutler in

the Placerville area,
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Burbank (1930, p. 200) has suggested that the injection of the
clastic dikes of the Ouray district resulted from the ¥,.., violent escape .
of volcanic gases and vapors and accompanying solutions, which had become
temporarily trapped beneath an impervious blanket of sedimentary rocks."
Baff (1944) has proposed the same hypothesis for the origin of the clastic
dikes of the Placerville quadrangle. The writers concur, and suggest that
the Hermosa formation most probably constituted the impervious blanket
of sedimentary rocks in the sense mentioned above by Burbank,

There is insufficient evidence to date the clastic dikes precisely.
They are younger than the Triassic, as they cut both the Permian and Triase
sic formations, but their relationships to the Jurassic formations are not
apparent., The dikes may terminate upward within the Dolores formation.

It seems unlikely that 4 of the 5 dikes would end laterally at about the
same distance from the present outcrop belt of the Upper Jurassic formae
tions (fig. 2), unless controlled by the same structure that controls the
outerop belt. At the surface these four dikes end against north-trending
normal faults that are believed to be of Miocene or Pliocene age, suggeste~
ing that the dikes are younger than the faults, Volcanic activity was
widespread throughout the San Juan Mountains area during the Tertiary; the
violent. escape of volcanic gases, leading to the injection of the clastic
dikes, most likely occurred during this period, The dikes are considered

to be Tertiary(?) in age, and possibly younger than the normal faults,
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STRUGTURE
Regio setti

The Placerville quadrangle lies in the border region between the
Colorado Plateau and the San Juan Mountains. A part of the rugged western
front of the mountains rises about 3 miles east of the quadrangle; to the
south the San Miguel Mountains, a western outlier of the San Juan Mountains,
are about 7 miles distant. Structures characteristic of both the platean
and the mountains are present within the éuadrangle, but, despite the near=
ness of the high mountains, the geology and topography are more character-
istic of the plateau province,

Structurally the Placerville area lies near the boundary of two tec~-
tonic provinces—~the Paradox fold and famlt belt, and the Uncompahgre
uplifte—and a few miles west of a third——the San Juan dome (fige 7).

The Sagers-Nucla synclinal axis, one of the features of the Paradox fold
and fault belt, passes through the quadrangle in a southeasterly direction

and from its northeast flank the beds rise gently toward the axis of the

Uncompahgre uplift,

General features

The formations exposed in the mapped area generally dip less than 5°.
Locally, where the formations are disturbed by broad flexures, dips range
up to 15°, and near some faults, drag results in dips as steep as 60° or
70°. The principal broad structural feature of the quadrangle is the
shallow Sagers-Nucla syncline, whose axis plunges gently northwest from
the south end of the Sheep Draw graben (fig., 8). Faults of minor to

moderate displacement are commonly superimposed on the broad folding.
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Figure 8.-=SKETCH MAP SHOWING.
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Most faults belong to two systems, one of which trends northerly and the
other northwesterly. A subordinate number of faults trend sasterly to
northeasterly, All displacemenits are normal; typically the fanlts dip
steeply or are vertical., Graben structures are common and comprise some

of the most conspicuous structural features of the quadrangle,

Fol

R

Sagers-Nucla syncline

The major fold of the Placerville gquadrangle is a broad open syncline
about 5 miies wide that extends northwestward from Leopard Creek beneath
Iron Springs Mesa (fig. 2), This fold is the southeastern end of the
Sagers-Nucla syncline (Kelley, 1955, p. 38), which extends for several
tens of miles farther to the northwest (fig. 7), where Cater (1955a) calls
it the Dolores River syncline, The southwest limb dips 3° to 5% NE, and
can be recognized as far south as the north rim of Ehe San Miguel River
Valley; the northeast limb dips generally 2° to 10° SW. The syncline dies
out to the southeast, east of Leopard Creek, but nea;r its end dips are
somewhat steeper than average, ranging from 10° to 15° NW. In the Placer-
ville quadrangle the axis of the syncline plunges about 225 feet per mile
(2° to 3°) to the northwest.

Other folds

From the southwest flank of the Sagers-~-Nucla syncline the beds rises
southwest to form an anticline of wesi-northwest trend. This anticline is
brbken near its axis by the Black King fault, whose trend is roughly paral=

lel to the axis of the anticline (fig. 2). The northwest plunge of the
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fold continues beyond the western boundary of the map area, To the east
the anticline merges into a dome in the southeastern corner of the quad-
rangle. ZDRast of Placerville the dome is broken by the east-trending Black
King fault, and by numerous north~trending faults,

On Specie (reek in the extreme southwestern corner of the quadrangle,
there is a suggestion of another synclinal structure, again with northweste
trending plunge and axis, This syncline is probably a lobe of the Sagers-
Nucla syncline,

A small, northeast-plunging anticline follows the east side of Leopard
Oreek from just north of the Omega mine to Alder Creek (fig. 2). Its north-
west flank dips from 5° to 7° NW; its east flank dips 2° to 3  NE.

A mumber of other minor folds are present in the area, These are R
especially numerous and best observed in the Dakota sandstone on the mesa ‘
top around the south end of Sheep Draw. The axes of the folds and flexures
trend northwesterly, subparallel to the axis of the Sagers-~Nucla syncline,
These folds are small features, generally less than 10 or 20 feet in ampli=
tude and less than half a mile in length. These structures are minor core
rugations superposed on the major syncline, and those o'bseﬁed probably are
confined to the relatively thin, incompetent beds of the upper part of the
Dakota sandstone.

A peculiar type of minor folding is found in sec. 17, T. 44 N,, R. 11
W. A sharp fold of 20« to 40-foot amplitude is present on the southwest
1limb of the Sagers-Nucla syncline., The axis of the fold has a sinuous
course, and is roughly horseshoe shaped, open to the south., In general
the fold 1s asymmetric; its steeper 1limb is to the south or concave side, N
and its gentler limb is on the north or convex side, Dips from 40° to 60° .

on the steeper limb are not uncommon, whereas dips of 20° are more
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characteristic of the gentler limb, It is possible that this sharp
"wrinkle® represents a local buckling of the relatively incompetent, thin
sandstones and interbedded carbonaceous shales in the upper part of the
Dakota sandstone, acting in response to compressive stresses originating

in the folding of the larger syncline,

Faults

Fumerous faults cut the formations exposed in the Placerville quade
rangle, The throws of the faults range from a few feet to as much as 700
feet; their lengths range from a few tens of feet to more than 10 miles,
The majority of the fanlts strike either northerly or northwesterly. A few
faults strike easterly or northeasterly,

Grabens are perhaps the most striking structural feature in the area
(fig. 8). Both north~trending and northwest-trending grabens are present,
They have vertical displacements that range from those of the Alder Creek
graben (fig, 2), which is downthrown as much as 700 feet, to those of

smaller grabens, which are downthrown 50 feet or less,
Alder Creek graben

The Alder Creek graben, the largest in the Placerville quadrangle, has
a length of over 9 miles and a width of about 1 mile within the quadr;ngle
(fig. 2). In general it trends about N. 10° W, Near its northern end, the
graben is intersected by the northwest-trending Blackburn graben (in sec.
36, T. 45 N., B. 11 W., and sec. 31, T. 45 N., R. 10 W.). North of this
intersection, the Alder Creek graben continues for some distance beyond the
north boundary of the quadrangle and its simple form is complicated by

other normal femlte within and parallel to the graben siructure.
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Near its southern end the relatively simple graben is intersected by
a complex of cross faults, whose exact nature and relations are obscured
by a thick soil cover (sec, 30, T. 44 N,, R, 10 W., fig. 2). The graben
structure continues to the south, beyond the southeastern corner of the
quadrangle, for a distance of a mile or two, In this area it is a fairly =~/
complex structure, with mumerous cross faults that are also largely con=- AR
cealed by a thick soll cover. The graben is also intersected in the vicin~
ity of Haskill Hill and Massy Gulch by the eastern extension of the Sawdust
Gulch graben.

Along the length of the graben the bounding faults are remarkably
parallel and maintain a separation of about 1 mile, The maximum throw on
both faults is in the area where théy cross Leopard Creek., Here the
easterly bounding fault, called the Alder Creek fault (fig. 2), has a dis- ‘
placement of approximately 700 feet, and the westerly bounding fault,
called the Leonard fault, has a displacement of about 325 feet, North and
south from this area the throw on the downfaulted block decreases,

Both the Alder COreek fault and Leonard faunlt are laterally offset
where they are crossed by faults of the northwest system near the north
quadrangle boundary, in the neighborhood of Haslkill Hill and Massy Gulch,
and on Hastings Mesa (figs. 2 and 8)., Two en echelon faults mark the west
side of the graben on Hastings Mesa and further complicate structural re=-
lations in the vicinity of the offsets, The fault planes are rarely ex-
posed, but traces of the faults across irregular topography, plus the few
dips observable, indicate that the faults are vertical or dip very steeply

toward the downthrown sids.
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Sheep Draw graben

This north-trending graben, reflected in the topography as a very
marked valley, has a length of about 5 miles and a width that ranges from
about three=fourths of a mile in its southern and middle parts to less than
one=fourth of a mile at its northern end.

Structural details of the Sheep Draw graben are obscured by soil cover
on the mesa top and the exact nature and pattern of the bounding faults are
not weil known., However, toward the south end of Sheep Draw, the western
boundary of the graben consists of at least two faults, downthrown to the
east with a cumulative displacement of about 300 feet. Northward along the
west side of the graben the bounding structures are shown on the map as a
single fault, the Sheep Draw fault. Displacement along this fault ranges
from 150 to 350 feet. The maximum displacement of 350 feet is probably
Just south of the point where McKénzie Creek crosses the Sheep Draw fault,
Near the north margin of the Placerville quadrangle, the trace of the fault
begins to bear somewhat east of north, but north of the quadrangle it again
curves to the north and northwest.

Tne eastern boundary of the graben consists of faults with consider=
ably smaller average displacement than that of the western bounding fault.
At the south end of Sheep Draw, the easi bounding fault has apparently dled
out. To the north near the Haskill Hill road, the fault is interpreted as
passing into a monoclinal flexure which in turn dies out just south of the
road, At this point, however, several subparallel faults, which trend
northwest to north and are downthrown to the west, reconstitute the east
side of the graben as a faulted structure (fig. 2). Forthward from the

north boundary of T. 44 N., R, 11 W., the Sheep Draw fault and the eastern
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bounding fault of the graben converge, and they are interpreted to Jjoin
Just north of the quadrangle boundary.
The Mancos shale is downfaulted against the Dakota sandstone at the
surface along a great part of the length of the Sheep Draw graben. At
the north end of the graben, however, both the Dakota sandstone and the
Brushy Basin shale member of the Morrison formation are exposed in fault
contact with the Mancos, At the few places where dips can be seen in the
central and southern parts of the graben the dips are at low angles to the
west., At the north end of the Sheep Draw graben, the downthrown beds gen=
erally strike northeasterly and dip at moderate angles to the southeast,
Both bounding fanlts of the Sheep Draw graben are offset laterally

where they are intersected by faults of the northwest system, as the Iron

Springs fault, the Sawdust Gulch graben faults, and the Blackburn graben

faults (fig. 2).
Sawdust Gulch and Blackburn grabens

The Sawdust Gulch and Blackburn grabens are the two prominent northe
westerly trending grabens which cross the Sheep Draw and Alder Creek
grabens, The northwest-trending grabens offset the north-trending grabens
and are believed to be younger,
The Sawdust Gulch graben enters the Placerville quadrangle near the
northwest corner and trends southeast for about 3 miles, then swings gradu~
ally to the east and intersecte the Sheep Draw graben (fig. 2). Along most
of its length the Sawdust Gulch graben maintaine an average width of
approximately one~quarter of a mile but gradually narrows to the southeast. .

As a simple graben the structure 1s essentially gone at the west rim of
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Leopard Creelc. Within the quadrangle the well-defined graben has a length
of approximately 5 miles,

The southern bounding fault of the Sawdust Gulch graben extends east~
ward, for at least 2 miles beyond the limits of the graben, within the
quadrangle, and is present for some distance beyond the quadrangle's eastern
boundary. ZEast of Leopard Creek the graben is partly reconstituted by an
east-trending fault zone (shown on fig. 2 as a single fault). There is a
minimum displacement of about 160 feet along the southern bounding fault
in the northwesterly trending part of the Sawdust Gulch graben, Displace=-
ments elsewhere along this fault are difficult to estimate because of the
scarcity of outcrops and the lack of marker beds. On the west side of Sheep
Draw, the Dakéta sandstone crops out on both sides of the fault, and the
displacement is probably much less than 150 feet,

The displacement along the northeasterlj bounding fault of the Sawdust
Gulch graben is generally less than that of its southwestern counterpart,
At the north edge of the map the throw is estimated at less than 50 feet,
and at its eastern end, east of Sheep Draw, the displasement is only 5 to
20 feet.

The Blackburn graben lies in the northeastern part of the quadrangle,
where the graben's bounding faults outline a markedly linear northweste
trending valley. The Blackburn graben intersects the Sheep Draw gra.‘ben,
and contimues farther to the northwest beyond the boundaries of the quad=
rangle, Southeast along the graben the bounding faults diverge; the south=
wvest fault appears to die out west of Gutshall Gulch, and the northeaster—
ly fault swings from a southeasterly trend to an easterly trend and extends

beyond the map boundary.
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The Blackburn graben exposes Dakota sandstone in the trough, famlted
against Dakota sandstone on either side of the structure, The amount of
displacement on the faults is poorly known, but near McKenzie Gr/sek the
southwest fanlt of the graben is thaugﬁt to have a displacemen{ of less
than 40 feet, The northeast bounding fault, near its intersection with

the upper part of Gutshall Gulch, also has a displacement of about 40 feet,
Other grabens

The Galloway Draw graben is about 3 miles long and about half a mile
wvide, The displacement of the bounding faults is mot known, but it probably
is small, The Dakota sandstone beds that locally crop out in the graben

are considered to be the same beds that form the upper surface of the adm

Joining upraised blocks., If this supposition is true, the displacement
of the downthrown block is probably no more than 20 to 40 feet. Both

bminding fanlts are offset by the northwest-~trending Iron Springs fault,

el
=

The north end of the Specie Creek graben is present in the southwestern
corner of the quadrangle (fig. 2). Within the quadrangle the graben has a
length of about l.6 miles and a general width of about half a mile, Dis=~
placement along the western bounding fault reaches a maximum of about 200
feet at the south boundary of the quadrangle, The eastern bounding fault
has a maximum displacement within the quadrangle of about 100 feet. Near
the center of the graben, along the south quadrangle boundary, another
north-trending normal fault is present. Its western side is downthrown,
with a maximum displacement of about 200 feet, The graben dies out 2 miles

or so south of the guadrangle boundary,
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A complicated grabenlike structure is present in parts of secs. 22,
26, 27, 35, and 36, T. 44 N,, R, 11 W, It has a pronounced wedge-shaped
section that suggests that the grabenlike form may die out a few hundred
feet below the surface, in contrast to the other grabens in the quadrangle

vhich generally appear ito extend downward for several thousand feet,
Black King fault

The Black King fault (figs. 2 and 8) is the most important fault in
the area that is not a part of the graben structures. The fault trends
west-northwest from the southeastern corner of the Placerville quadrangle
to and beyond the west boundary of the quadrangle. It has a total length
within the quadrangle of about 7 miles; it ends about half a mile west of
the western boundary. Farther to the west, en echelon faults which paral-
lel the trend of the Black King fault are traceable for at least 9 miles
to a point about 5 miles south of Norwood (fig. 7).

The maximum displacement along the Black King fault is at a point about
1.2 miles nearly due east of Placerville. Here beds near the top of the
Cutler formation, on the south (footwall) side of the fault are in contact
with the Salt Wash sandstone member of the Morrison formation on the north.
The displacement represented is in the order of 600 to 650 feet. Westward
from this point the throw decreases; at the White Spar mine the throw is
about 450 feet, near the Black King mine the throw is about 350 feet and
at the western quadrangle boundary the throw is only 90 feet., Shortly
beyond the map edge the fault dies out. TFarther west it is succeeded by

motﬁer fault whose throw increases westward.
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East of the point of maximum throw, two closely Spaced north-trending
faults end against the footwall of the Black King fault. The cumlative
throw of these two faults is in the order of 550 feet and is down to the
east, “The effect of this movement is to counteract the throw of the
Black King fanlt east of the fault junctions, and thus to reduce the throw
substantially. At its east end on Hastings Mesa, the Black King fault is
interpreted to pass into a monoclinal fold, which dips to the north.

The trace of the fault as shown on the geologic map is rather sinuous,
Measured dips range from 55° N, to vertical, though the average dip is
.approximately 70° to 75° N. In several places, such as near the White Spar
mine, the Black King mine, and about 2 miles west of the Black King mine,

a number of minor, branching faults are present, in places causing a braided
fault pattern.

Wilmarth and Bawley (in preparation) have described the copper~ and
hydrocarbon~bearing vein deposits that occur along the Black King fault.

A very similar mineral assemblage occurs in numerous, dominantly northweste
trending normal faults, roughly parallel to the Black King famlt, which
form a zone about three-quarters of a mile wide, along the lower course of
Leopard Creek (fig, 2). Most of these faults are relatively short, in con;
trast to the long faulis that bound the grabens, For these reasong this
zone of faults is believed to be more closely related to the Black King
fault than to the northwest system of grabens and may have been formed at
the same time as the Black King fault,

The relationship of the Black King fault to the north- and northweste
trending fault and graben structures is not known. Nowhere does the Black
King famlt intersect these other structures., The fault zone related to the

Black King fault, however, intersects the southern extension of the Sheep
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Draw fault, Although exposures are poor, this end of the Sheep Draw fault

is considered to be offset by the Black King fault zone, At one place in

the upper part of the Cutler formation, the extension of the Sheep Draw

fault shows considerable drag and contains pyrite and copper minerals, It

is the only one of the grabon-bound:!‘.ng faults that is known %0 be mineralized.
Tentatively it is suggested that mineralizing solutions, rising along the
fault zone associated with the Black King fault, found their way into the

Sheep Draw fault at its intersection with the fault zone,
Iron Springs fault

Like the Black XKing fault, the Iron Springs fault is not a grabenw
bounding structure, It extends from the western boundary of the quadrangle
for a distance of about 6 miles along the general course S. 50° E.,

(figs. 2 and 8), It appears to be a part of the major northwest-trending
system; and,where it intersects north~irending feults (in the Gelloway
Draw and Sheep Draw grabens), they are offset by it. The fault contimmes
for a mile or more to the northwes} beyond the quadrangle boundary. Southe
easterly, the fault is present in the vicinity of the Leopard Vanadium
mine, but dies out within 1,000 feet or so to the southeast,

The northeast side of the fault is upthrown between 20 and 100 feet,
The fault is exposed where it cuts the Dakota sa.ndﬁoz;g on the west side
of Leopard Creek. Here the fault zone is 12 inches wid.;;‘ b&gked with a
breccia of generally elliptical Dakota sandstone fragments, a.zﬁ‘ia very

heavily iron stained.
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Other famlis

A number of steeply dipping, northerly faults are prominent in the
extreme southeastern corner of the quadrangle. The majority of these
normal faults are downthrown to the west, with disp{.acamams that range
up to 350 fest. Several of them appear to abui against the Black King
fault,

A few short, north~trending fanlts are present on Hastings and Iron
Springs Mesas. In general these appear to be satellitic to the northe
trending, graben~bounding fanlis, In places, short segmenits of the north=
trending major faults have northeasterly trends. Ofbther famlts of sasterly
and northeasterly trend are present on Hastings Mesa and the north end of
Specie Mesa, Most of these faults represent either the branching ends of
faults of the major north-trending system, or cross faults developed by
differential displacement during the formation of thse northeirending

grabens,
Age relasions of the faults

In general the northwesi- to wesi~trending faulis in the Placerville
quadrangle displace the north-trending faults, and,therefore,are believed
to be the younger, The most clearly defined examples ar; at the injere
section of north-trending Sheep Draw graben by the northwest~trending Black-
burn and Sawdust Gulch grabens; the intersection of Alder Creek graben by
the south bounding fault of Sawdust Gulch graben, near Haskill Hill and
Massy Gulch; and the intersection of Galloway Draw graben by the Irem

Spri.ngs fault,
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On the other hand, a few faults of northerly strike apparently ter-
minate against faults of northwesterly or westerly strike, IExamples of
this relation are seen in a minor northerly fault which appears to end
against the north bounding fault of the Blackburn graben, and in several
northerly trending faulis which appear to end against the Black King faul$
in the southeastern corner of the quadrangle.

The age of the Black King fault is difficult to determine, Faults
of the Black King fault zone are bdlieved to offset the southern exfension
of the Sheep Draw fault. If it is correct to suppose that all the northe
wvesterly fanlts of the Black King fault zone were formed contemporaneously,
then it appears that the Black King fault is somewhat younger than the
major northetrending faunlt system, The Black King fault zone may be con=
temporaneous, at least in part, with the major nortﬁwnt-tronding fault
system, In this case the absence of mineralized material along the northw
vest system may be due to lack of access to the mineralizing solutions,

The meager evidence suggests that the north-trending fault system is
oldest, followed by the northwest~ and weste—trending ifault systems (ine
cluding the Black King fault), although the systems may have developed
in part contemporaneously., A few north-trending faults, particularly in
the southeastern corner of the quadrangle may be younger than, or partly

contemporaneous with the major northwest~trending system,
Joints

The formations in the quadrangle have been extensively jointed, the
amount ¥arying with the lithology. Joints are poorly developed in the
thick homogeneous beds, as the Mancos shale and the Entrada sandstone,

and are well developed in thin, evenbedded strata, particularly the thin
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sandstones of the Dolores and Morrison formations and the Dakota
sandstone,

A well-developed, conjugate joint system cuts the upper Dakota sand-
ston® beds throughout the quadrangle, One joint set trends northwesterly
between N. 45° and 75° W.; the other ranges from due north $o N, 50° E.

The northwesterly set is the more consistent in direction and appears to
be the stronger of the two sets., On a tyéieal outcrop the joints are
spaced from Linches to 2 feet apart, averaging perhaps 8 inches apart,
The strike of the Joints is quite uniform and a number of measurements
taken close togethsr seldom varies more than 10°, Their dip is uniformly
vertical to steeply southwest., In contrast to the stronger set, the
north-~ to northeast-trending set is generally less closely spaced, and
the strike may vary as much as 30° between adjoining Jjoint planes,
Individual Jjoints ars less persistent than in the northwest set; commonly
they terminate at northwsest joints,

In addition to variations of Jjointing with lithologlic type, the degree
of development of Jjoints also varies from place to place. Apparently there
are linear zones in which there are swarms of joints, separated by inter
vals with less dense spacing of Joints, This variation in spacing 1s bee
lieved 0 be a result of nonuniform relief from regional stresses within

the small area of a single quadrangle,
Relation of dikes $to Jolnts

Many of the dikes in the quadrangle, and the dikes near Big Bear Creek
in the Gray Head quadrangle to the southeast, parallel joint trends, both
in strike and dip. Inasmuch as any single Jjoint is generally not contimous

for any great vertical distance, dikes have to ¥jump¥ from Joint to joint
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along their vertical extent. This "jump" may be a matter of a few inches,
or it may be as much as 10 feet, In detall, these offsets may result in
an en achelon outcrop pattern, both vertically and laterally along the

dikes,

Age of deformation

Marked angular discordance is known between the Cutler and Dolores
formations near Ouray, Colo, (Burbank, 1930, p. 169), a few miles to the
east, and in the area of the salt anticlines of southwestern Colorado, a
few tens of miles to the northwest (Dane, 1935, p. 43; Stokes and Phoenix,
1948; Cater, 1955a). This deformation at the end of the Paleozoic is
represented in the Plaoerville quadrangle by an erosional unconformity,
with no definite angular discordance.

The principal deformations in the Placerville quadrangle involve all
the Paleozoic and Mesozoic formations. The béds have been folded, and
later cut by faults, but within the quadrangle there is little direct
evidence of the age of the folding. At the end of the Cretaceous or in
the Barly Tertiary (lLaramide time) compressive stresses were active in the
area of the salt anticlines, some 40 miles to the northwest (Cater, 1954,
1955b; Kelley, 1955, Pe 39=40); and the area of the San Juan Mountains, a
few miles to the east, was raised as a dome, Oross and Larsen (1935,

p. 16-17) suggest two additional elevations of the area during the Eocene.
It appears likely that the folding in the Placerville quadrangle dates
from this gensral time. It has been noted that the Sagers-Nucla syncline
is physically contimious with the folds dated as Laramide by Cater (1954,
19550).
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The evidence points strongly to the conclusion that the faults are
Miocene to late Pliocene in age. The youngest formation cut by the faults
is the Mancos shale of Late Cretaceous age; the Cerro type till, which
is of probable early Pleistocene age according to Atwood and Mather (1932,
P 110), lies undisturbed across the southern extension of the Sheep Draw
fault (fig. 2)s The relations of the faults to the sills in the quadrangle
gives the best evidence for dating the faults, The faults displace th?
8ills and dikes and are thus of post-intrusive age. The sills are min-
eralogically similar to and genetically assoclated with the Gray Head
laccolith, which is located just east of the southeastern corner of the
quadrangle, and which is considered to be of Eocene or Miocene age (Cross
and Purington, 1899, pl. 2 and p., 14), The Gray Head laccolith has a
similar relationship to the intrusive mass of Whipple Mountain, about 2
miles farther east., The Whipple Mountain intrusive has both concordant
and discordant relationships to the Mancos shale, and at its northern -
end is intruded into the San Juan tuff of Miocene(?) age (Oross and Larsen,
1935, pl. 1). The weight of the evidence, then, indicates that the faults
were formed either during Miocene or Pliocene time,

The gravity faults and graben structures of the Placerville quad-
rangle probably resulted from tensional forces, This region may have been
differentially uplifted during both Miocene and Pliocene time, It seems
generally accepted that in Miocene time epeirogenic uplift of the Colorado
Plateau region (including the San Juan Mountains area) was in progress
(Hunt, 1953, p. 210; Kelley, 1955, p. 88)., Renewed domal uplift of the
San Juans at the end of the Tertiary has been postulated (Atwood and

Mather, 1932, p. 20).
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Removal of material at depth may also have been a real factor in
developing tensional stresses in the rocks, Volcanic activity started on
a vast scale in the‘ San Juan region in Miocene time (Cross and Larsen,
1935, p. 17, 50, 51). This activity contimed into the Pliocene, and on
a reduced scale into the Quaternary, The volume of lavas erupted during
the Miocene alone, in the extrusion of the San Juan tuff, the Silverton
series, and the Potosi series has been estimated by Oross #nd Larsen (1935)
at about 6,500 cubic miles., It is likely that the area affected by re-
moval from below of this volume of subcrustal material extended for some
miles beyond the northern and western boundaries of the present mountain
mass.\ West and ﬁorthwest of the Placerville quadrangle, the amount and
intensity of Vcrustal block faulting decreases markedly; this area mey

have been beyond the influence of the removal of material during volcanism.
GEOMORPHOLOGY

Near the end of Tertlary time the Placerville quadrangle was covered
by an unknown thickness of Mancos shale, Telluride conglomerate, and San
Juan tuff, According to Atwood and Mather (1932, p. 21-26) a widespread
erosion surface called the San Juan peneplain was developed across the
entire Saz; Juan dome near the end of the Pliocens, This surface probably
lay several mndred feet above the present upland surface of the Placerw
ville quadrangle, Demudation of this surface began with regional uplift
of the San Juan dome in early Pleistocene time, This demudation has been
termed the Florida erosion cycle by Atwood and Mather (1932, p. 27-28),
The major portion of the erosion of the rocks overlying the Dakota sand-

stone in the quadrangle was accomplished during this period.
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Upland surfaces

At the end of the Florida erosion cycle, the upland surfaces were
essentially as they are now. Most of the Mancos shale had been removed,
and as the resistant Dakota sandstone strata were exposed, the influence
of the local structures on the topography became dominant., Generally,
erosion on the uplands has proceeded to the level of the upper beds of the
Dakota, so that much of the area is now a stripped plain that reflects the
deformed, faulted attitudes of the sedimentary rocks. TFault-line scarps
are developed on the upland surfaces along nearly all the normal faults
and thus the numerous intersecting grabens have a topographic expression
that reflects the geologic structure, This is particularly true in the
Alder Creek and Sheep Draw grabens, although the other grabens show this
feature also,

The Mancos shale is preserved in only a few places on the upland sure
faces, generally where it has been downfaulted in the grabens, and has thus
been protected from erosion., A thin skin of Mancos forms the upland sure
face in parts of the Sawdust Gulch and Sheep Draw grabens, and a thick
section (300 to 350 feet) has been preserved in the Alder Oreek graben
between Massy Gulch and Alder Creek,

Dra e svstems

The present-day drainage system of the quadrangle is only partly ad=
justed to the structure. The minor drainages, Alder Creek, the lower course
of Gutshall Gulch, Specie Creek, Galloway Draw, and parts of the drainages
of Sawdust Gulch, Sheep Draw, and McKenzie Creek appear to follow the trends

of grabens or the plunging axis of the major syncline. ILeopard Creek, the
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major tributary of the San Miguel River, ignores the structural features
and crosses many of them at nearly right angles on its course to join the
San Miguel River, The course of the San Migusl River appears to be struc-
turally controlled to a fairly large degree; it flows around the structural
high of the slll area in the southeastern corner of the guadrangle, and
parallels the trend of the Black King fault through the rest of the quade
rangle,

A tentative explanation of the development of the drainage systems re-
quires a reconstruction of the San Miguel River's Pleistocene history. At
the end of the Florida erosion cycle the ancestral San Miguel River and its
tributaries had dermded the quadrangle to approximately the level of the
present upland surfaces. At this stage the Dakota sandstone was widely
exposed, a.nd it is postulated that the drainage system was adjusted to the
structure (fig., 94). If so, the ancestral San Miguel flowed northwest
down a synclinal valley in the northern quarber of the quadrangle, and slse-
vhere was adjusted to the Alder Creek and Sheep Draw grabens, The northe
flowing tributaries to the south were adjusted to the structure of the
Galloway Draw, Sawdust Gulch, and Sheep Draw grabens, In the extreme
southwestern corner of the quadrangle an ancestor of Specie Creek was con-
trolled by another small graben,

According to Atwood and Mather (1932, p. 28), the period of erosion
was ended by a domal uplift of the main San Juan Mountain mass, with an
ensuing period of glaciation (the Cerro glacial stage) during which the
ice sheet covered all of the quadrangle and extended beyond its borders for
several miles, Drift of Cerro age has been recognized at several places
on the upland surfaces in the Placerville quadrangle, and for some miles

to the north, south, and west, During recession of the C‘erro ice sheest,
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the present writers believe, & lobe of ice still filled the ancestral San
Miguel River Valley, while the higher upland surfaces a short distance to
the south became ice~frse (fig. 9B), Melt water and runoff from the ice
lobe to the north, and from the mountain glaciers to the east, southeast,
and south were concentrated into the glacial San Miguel River, whose courss
was at the southern edgs of the ice lobe, The volume of water and the
gradient of the underlying surface was sufficlent to give the stream cone
siderable cutting power, and it quickly incised its bed, The river vas
trapped in its new course, which lay on the southern flank of the pre-
glacial valley, some 400 to 600 feet above the old bed., In its new course
the river captured the southern headwaters of the north-flowing tributaries
to the ancestral strean,

At a somewhat later stage in the recession of the Cerro ice sheet,
the edge of the active ice lobe in the ancestral valley is believed to havs
become stationary near the present mite of Leopard Creek (fig, 9C). Speclal
conditions are called for to sxplain the course of Leopard Creek for the
ancestral valley could have provided an easy northwest course for the melt=
waters from the ice lobe, The drainage that developed, however, ignored
both the re~exposed synclinal structure and the several grabens which it
crosses at nearly right angles, Three different sets of conditions may
have obtained: 1) A northeast~trending recessional moraine may have been
formed, damming the northwestward course and forcing the runoff to cut a
channel southward to the glacial San Migusl RBiver; 2) A similar situation
may have been created by a stagnant mass of ice, broken from the active
lobe, that effectively blocked the course of the o0ld valley; 3) Rapid head=

ward erosion of a small south~flowing tributary at the southwsst corner of
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the temporarily stationary lobe may have captured all the runoff along
the western and northwestern edges of the ice lobe,

The major objection to existence of the recessional moraine is that
no trace of it remains, and it is somevwhat unlikely that a moraine large
enough to provide an effective dam would have been completely removed.
Either of the two other sets of conditions is possible; no evidence has
been found to determine which is more likely.

At this time or shortly thereafter, northwest drainage in the old
ancestral valley was resumed, tributary to glacial McKenzie Creeic. Much
of this drainage was adjusted to the structure, following the grabens,
minor faults, and the synclinal axis, Stream capture occurred at two
places, Haskill Creek, a short, steep-gradient south~flowing tridutary
to glacial Leopard Creek, was formed (fig., 9C). The creeic followed a
part of the course of the ancestral San Miguel River, but in the opposite
direction, ZEroding headward, Haskill Creekc captured the drainage éf
Gutshall Gulch, and the southern part of the drainage in Sheep Draw graben,
thus beheading the drainage of Sawdust Gulch.

With the disappearance of the Cerro ice sheet, present-day drainage
was essentially established. The course of the ancestral San Miguel
River east of Leopard Oreek was uncovered, and the old valley was occupled
by northwest~flowing Alder Creek, which now has a backhand relationship
to the Leopard Creek drainage (fig. 9D). The San Miguel River has greatly
deepened its yalley., In so doing, it is probable that it was controlled
by the Black King fault, at least until the river level reached the top
of the resistant Cutler formation. It then began to widen its valley,
and because of the general southerly and southwesterly dip of the Cutler

beds, it has migrated laterally to the south, downdip. AR asymmetric
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valley has thus been formed with a steep south wall, clese to which the
river flows, and a relatively wide, gently sloping elevated flat to the
north, as far as the Black King fault. North of this fault the north
valley wall again is steep. It is apparent that the famlt still controls
a part of the valley form, although it no longer controls the river course,
One windgap (point "A", fig. 9D) has been formed along the old course
of the Galloway Draw drainage, at the north rim of the river valley. 4
short, steep-gradient stream now flows south to the San Miguel River from
this gap. A short southeflowlng tributary to the drainage of Haskill Hill
(in Sheep Draw) is now separated from the headwaters of McKenzie Oreek by
a low divide., Because of its short course and steep gradient, it is prob-
able that this tributary will erode headward and capture the headwaters of
McKenzie Creek in the future, A windgap will thus be formed along the
western boundary of the Sheep Draw graben (point "B¥, fig, 9D). A short,
northward-heading tributary on the west side of Leopard Oreek, south of
Sheep Draw (point "C¥, fig. 9D) will probably capture the southern part of

the Sheep Draw drainage.

Terraces

Numerous small terraces are present along the courses of Leopard Creek
and the San Miguel River. Almost all of them are rock-held terraces,
underlain by resistant strata in the Cutler formation and by the quartze
pebble conglomerate layer in the basal part of the Dolores formation., 4
few are present on resistant beds elsewhere in the Dolores formation and
nea;r the top of the 8alt Wash sandstone member of the Morrison formation.
A few terracelike benches, 100 to 300 feet below the mesa tops, generally

represent small fault blocks, although one or two may be remnants of an
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early stage in the development of the San Miguel River Canyon. The most
consistently formed and most prominent rock-~held terrace is developed on
the quartgz-pebble conglomerate® layer in the basal part of the Dolores

formation,
Landslides

Landslides are fairly common near the mesa rimes along the San Miguel
River and on Specie Oreek, Most of them are too small to map; but a large
earthflow on Specie Creek and two areas of slump and an earthflow or mud-
flow on the north bank of the San Miguel River in the southeastern corner
of the quadrangle are shown on the geologic map (fig. 2).

Most of the landslides have takem place along the steep, upper parts .
of the canyon walls, where the blocky resistant, ledge=~forming Dakota sande
stone overlies the relatively incompetent mudstones of the Brushy Basin
member of the Morrison formation., Slumped areas, whose upper surfaces
slope inward toward the canyon walls, are characteristic of these land-
slides, In many cases these slumps have taken place where normal faults,
subparallel to the canyon walls, cut the Brushy Basin and Dekota, Larid-
slides are most prevalent where the formations dip locally toward the
valleys, rather than into the mesas, In rumerous places the slumped areas
have moved down 100 feet or more from their stmming points. Individual
slumped blocks of the Dakota sandstone range in size from a few feet to
as much as 15 feet in longest dimension.

On the east side of Specle Creek, in the southwestern corner of the
quadrangle (fig. 2), & very large earthflow has a vertical extent of about
800 feet, and covers an area of about half a square mile. The flow has

originated on the east along & north-northwest-trending normal fault, The
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Dakota sandstone along the western, hanging wall side of the fault has been
downthrown about 80 to 120 feet, The sedimentary rocks dip about 3° to 5°
to the west toward the valley of the creek., The combination of these
factors has led to a large earthflow, developed in the Brushy Basin member,
and incorporating large amounts of the Dakota, FHummocks, ridge and trough
topography, and local interior drainage ars abundantly developed on the
landslide surface,

In the southeastern corner of the quadrangle, about 4,500 fest north
of the Pocahontas mine (fig, 2), a mudflow or earthflow has brought a block
of Mancos shale into contact with the Cutler formation, The total vertical
displacement involved here is in the order of 900 feet; the stratigraphic
displacement is about 1,500 feet. The earthflow is about 3,500 feet long,
and ranges in width from 100 to 200 feet at its lower end to 500 to 700
feet at its upper end, It overlies and is parallel to two east-trending
normal faults which branch from the Black King fault, Only the Mancos
shale, and thin sills intrusive into it, appear to be affected. Numerous

ether small earthflows in the same vicinity are too small to be shown on

the geologic map.
MINERAL DEPOSITS

The mineral deposits of the Placerville quadrangle include base,
precious, and rare metals, The Entrada sandstone contains tabular deposits
of vanadium with subordinate uranium, and the Pony Express limestone member
of the Wanalkah formation contains bedded replacement deposits of gold- and
silver-bearing pyréte, Ore has been produced commercially from both of
thess types of deposits, Copper-bearing veins, containing varying amounts

of "hydrocarbon® (solid members of the petroleum group), follow northweste
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trending normal faultsy in places some of the hydrocarbon is uranium
bearing. Sporadic attempts have been made to produce both copper and
uranium from these deposits, Goldw~bearing placer deposits are present
along the bottom of the San Miguel River Valley, and in elevated gravels

as much as 200 feet above the present stream level, Some gold was produced
from the placers late in the 19th and early in the 20th centuries,

Only a summary of the mineral deposits is given in this report on .
areal geology. Reference is made to several published reports for addi-
tional information. A detailed study of the ore deposits of this and
several adjoining quadrangles is in progress by the Geological Survey;

the results will be published in a later report.

YVanadiumeuranium deposits

The Entrada sandstone of late Jurassic age contains tabular, uranifer-
ous vanadium deposits in the southeastern quarter of the Placerville quad~
rangle. The deposiis form an essentlially continuous layer that is belte
like in plan (fig, 4) and that extends southeastward into the Little Cone
and Gray Head quadrangles, The vanadiferous layer overlies a chrome-~bearing
layer thah appears to be similar in habit and distribution, dbut of lower
metal content, Both layers underlie the western edge of the Pony Express
limestone, Hillebrand and Ransome (1900, 1905) first described the mineral-
ogy of the deposits; Hess (1911, 1933), Fischer (1937, 1942), amnd Fischer,
Haff, and Rominger (1947) have given several descriptions of the mineralogy
and geology of these deposits,

Mining was most intensive from 1910-20 and from 1940-44, Intermittent,
small-~scale operations, resulting in the production of a few hundred tons

of ore, have been undertaken at a few of the mines since 1947, A general
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survey of the production for the entire Placerville district indicates
that about 240,000 short tons of ore have been mined since 1910, with an
average grade of about 2.5 percent 7’205. The average grade of the ore
bodies commonly is between 1.5 and 3.0 percent v205. As no assays were
made for uranium until after World War II, little information on the
uranium grade is available, and much of this has not been published,
Generally, however, the content is so low that uranium can be recovered
only as a byproduct. The ore bodies are mined by modified room and pillar
methods, Along the edges of the relatively flat~lying stopes, the ore is
usually sliced to where it thins to as little as 18 inches, In places
where the grade of ore is higher than average, the ore has been sliced to
as little as 1 foot.

The mineralized rock forms a wavy, essentially continuous layer that
is beltlike in plan (fig. 4). The layer can be traced southward with only
minor breaks in contimuity along the east side of lLecpard Creek from its
confluence with Alder Creek to the Omega mine, and thence southeastward
along the north side of the San Miguel River Valley to a point about 1,500
feet east of the Pocahontas mine, Along the west side of Leopard Creek,
the layer is traceable south from Alder Creek for about 2-1/8 miles, This
layer also crops out along the east side of Fall Cresc and the south side
of the San Miguel River Valley in the Little Cone quadrangle, To the south-
east, the layer crops out again in the Big Bear (Oreek drainage in the weste
central part of the Gray Head quadrangle, Thus the mineralized layer forms
a long, narrow belt that is traceable (although in part projected) for
about 10 miles in length and for about 1 to 1} miles in width,
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A few hundred linear feet of a second vanadium layer is exposed in

the extreme southeastern corner of the Placerville gquadrangle (fiz. 4).
The layer crops out along the north side of the San Migusl River Valley
for about 1} miles in length and for about two-thirds to three~fourths of
a mile in width., It extends from the Placerville quadrangle into the ad-
Joining Little Cone, Gray Head, and the northwest quarter of the Montrose

3 SW quadrangles.

In general, the layer of mineralized rock follows an undulant intra-
formational unconformity in the upper part of the Entrada sandstone, where
in most places, relatively thinly and evenly bedded sandstone overlies
massively bedded, cross~laminated sandstone, ZIXlsewhere the unconformity
may lie within a series of massively bedded, cross~laminated strata. The
main mass of mineralized material can be below, above, or on both sides
of the unconformity. The vertical position of the vanadium layer ranges
in most places from 5 to 25 feet below the top of the Entrada sandstone.

In a few places, however, it approaches within a foot or two of the over-
lying Pony Express limestons member of the Wanakah formation,

The mineralized layer generally follows the bedding of the sandstone,
though it does not conform to it in detail, In numerous places the vanadium
laysr has an gbrupt edgs that crosses the bedding in a smooth curve, form=-
ing Yrolls®; where it does so thers is commonly a plane of fracture, paral=
leling the abrupt edge and lying one-seighth to one~fourth of an inch within
it The ore breaks to this fracture in mining, leaving smooth surfaces on
the backs, walls, or floors of the stopes. Elsewhere the edge of the ore
is an indefinite zone, a few inches to a few feet wide within which the

mineralized material grades into barren rock,
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Although the average thickness of each vanadium layer is probably
less than 1 foot, a fairly large proportion of each layer consists of
widely separated ore bodies 1 foot to 5 feet thick. The layers range in.
thickness from a small fraction of an inch to more than 20 feet, Common-
ly the ore bodles are roughly cilrcular, elliptic, or elongate in plan.

The average trends of most of the rolls and the thicker portions of the
ore bodies lie nearly at right angles te the trend of the vanadium belts,
In detall the elongate trends of the rolk® and the thicker portions of the
ore bodies may be singly curved, or broadly sinmous,

The vanadium minerals impregnate sandstone, coating the sand grains,
replacing and substituting for the calcite cement of the host rock, and
in many places completely filling the interstices between sand grains,
Roscoelite, the vanadium mica, is the major ore mineral; minor amounts
of montroseite, a hydrous vanadium oxide, are present in clayey seams in
the ore, Primary uranium minerals as yet have not been found; the uranium
may occur adsorbed in the vanadium minerals, in other clay minerals, or
as minute, discrete minerals, In places the secondary uranium minerals,
carnotite or tyuyamunite, are present where the ore is oxidized, The
vanadium minerals impart a greenish color to the rock; with increase in
the concentration of vanadium, the color deepens, Highegrade vanadium ore,
L4 percent or more 7205, is dark greenish gray to nearly bdlack,

Quartzitic %eyes,*® lenses, and nodules are common in the ore layer.
Clayey seams, less than 1 inch thick, occur in places in the ore layer,
most commonly at its top; they contain the highest grade vanadium and
uranium ore, commonly 10 to 20 percent V205. Pyrite nodules, ranging in
diameter from a small fraction of an inch te nearly 2 inches, occur in the

mineralized layer in a few places; they are most common at or near the top
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of the layer, At one locality, about 3,000 feet west-northwest of the
Pocahontas mine (fig. 2), the vanadiuwm layer contains coneretionary

masses of sandstone cemented by uranium-~bearing hydrocarbons, with fracture
and grain coatings of yellow-green uranium-vanadium minerals,

Underlying the western vanadium layer in the Entrada sandstone (fig.
L) is a layer that contains a chromium-bearing micaceous mineral, possibly
a chrome~bearing analogue of the roscoelite in the vanadium layer. Gen=
erally tize chrome layer lies from 5 to 15 feet below the vanadium layer;
it reflects the undulations of the upper layer, but in modified form. Like
the vanadium layer, the chrome layer forms an elongate belt which extends
farther west than the major vanadium belt, and apparently is absent below
the minor, eastern vanadium belt.

All the vanadium deposits appear to be confined to where the Entrada
sandstone is overlain by the Pony Express limestone member of the Wanakah
formations The limestone thins westward to a generally north-trending
depositional edge; this edge is exposed along the west side of Leopard
Creek, 1.3 miles due north of the village of Placerville, The western,
mgjor vanadium belt underlies this thin edge of the Pony Express limestone
(fig. 4), and lies approximately one-~quarter of a mile east\;rard ('b;;sin-
ward) from the edge of the limestone, No vanadium-uranium deposits are
known in the Entrada sandstone in the Placerville district where the limew

stone was not deposited.
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Go d silver-beari te deposits

Massive bodies of pyrite, carrying some gold, silver, lead, and zinc,
form bedded replacement deposits in the Pony Express limestone in the exw
treme southeastern corner of the Placerville quadrangle. Cross and
Purington (1899) have described similar deposits in the Pony Express lime=
stone in the adjoining l5-minute Telluride quadrangle, north and northeast
of the hamlet of Sawpit. Most of these deposits were in production only
during the period 1890~1910,

The major primary ore minerals are pyrite and galena; in many places \
these are oxidized to limonite and cerussite. The gold and silver appear
to be admixed with the pyrite and galena respectively, or, where oxidized,
with the limonite and cerussite. 2Zinc occurs sparingly as sphalerite
and possibly as smithsonite or aurichalcite.

The replacement bodles are elongate masses, 50 to 200 feet long,

10 to 25 feet wide, and generally 2 to 5 feet thiclk, They are in the upper
part of the Pony Express limestone, which is 6 to 8 feet thick in this
area. The deposits have a general westerly trend, paralleling one another,
and appear to be localized along westerly fractures, The fractures in
places are well defined, elsewhere they are obscurej above and below the
deposits they are barren, or contain only calcite veinlets, Oross and
Purington (1899) have suggested that a nearby basic dike may have been the
cause of, or associated with, the mineralization process., A few hundred
feet east of the group of deposits, northeast and east of Sawplit, a large,
laccolithic mass of diorite has been intruded into the Dakota sandstone,
Its relations to the replacement deposits are as yet obscure, but it may have

supplied the mineralizing solutions that formed the pyrite replacement bodies,
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Copper-bearing vein deposits

West-northwest and northwest-trending normal faults in the southern
third of the Placerville quadrangle contain copper minerals, viscous
asphalts, and uranium~bearing solid members of the petroleum group
(¥hydrocarbons®), All the known deposits are along these faults where
they transect the Cutler and Dolores formations,.

The mineralogy of these deposits was first described by Hess (1911,
Pe 150-152; 1933, p. 463)s Kerr and others (1951) have also given a de-
scription of the geology and mineralogy of one of the deposits; unfortunate-
ly their paper does not distinguish clearly between the vein deposits and
the tabular vanadium-uranium deposits in the Entrada sandstone, and the
resulting descriptions and conclusions are somewhat confused, The most
comprehensive and detailed study has been made by Wilmarth and Vickers
(1952) and by Wilmarth and Hawley (in preparation),who have mapped and
studied all of the known copper-hydrocarbon bearing veins,

All the mineraligzed faults lie north of the San Miguel River, The
Black King fault (fig, 2) is the southernmost of the set; it is contin-
uously traceable for a distance of 4 miles to the west of Leopard Creek
and for 1} to 2 miles to the east. The most important vein deposits are
along this fault., Along Leopard Creek the zone of mineralized faults ex=
tends about three-~fourths of a mile northeast from the Black King famlt,
Wilmarth and Hawley (in preparation) recognize two main systems of the
faults in the area they mapped: ™,.. first a northwest system that con-
tains ore minerals in a calcite~barite gangue, and a north-trending system

that contains only calcite veins,®
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The following very brief description of the deposits is quoted from a
report in preparation by V. R. Wilmarth and C. C. Hawley:

#Uraniferous materials have been found in and adjacent to northwest~
trending faults cutting the Cutler formation of uppermost Pennsylvanian
or lowermost Permian age and the Dolores formation of Triaesic ... age.
+ees The two most important vein deposits are in a northwest-trending fault,
the Black King fault ..o In both of these deposits, and in small deposits
in and near faunlts, most of the uranium is contained in a hardened petro-
liferouns material of the type often called 'hydrocarbon.' Small amounts
of uraniferous hydrocarhbon are found in the Dolores formation at some
distance from faults. ... Uranium occurs in the hydrocarbon in the minerals
uraninite and coffinite, and probably also as an organic complex,

Petrahedrite, sulfide minerals, and calcite and barite gangue are
closely associated with the hydrocarbon in wvein deposits. The metallic
minerals, such as tetrahedrite, and the calcite and barite gangues were
deposited from hydrothermal solutions, The uraniferous hydrocarbons were

probably derived from a pstroleum that was migrating in the fracture syw-
tems or was contained in adjacent sedimentary rocks."

Placer deposits

In the period 1878«1940 placer mining for gold was carried on in a
desultory fashion along the San Miguel River in the Placerville quadrangle,
a8 well as to the east and west of the quadrangle. The earliest placer
production recorded for San Miguel County by Henderson (1926, p. 226) was
in 1878. The total production for the county, to which operations in the
Placerville quadrangle contributed only & minor part, has probably been less
than $400,000, Most of the production was prior to 1909, although there was
a moderate increase in astivity during the period 1932-41 (Vanderwilt, 1947,
p. 203).

Placer zold has been produced mainly from the terrace-gravel deposits
or "high bars,¥ although a small amount of gold has been recovered from
Recent stream alluvium where bedrock is near the surface. Most of the
terrace~gravel mining was done by hydraulic methods or by drifting; the gold

was recovered by sluicing. Water for these operations was obtalned through
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flumes from the San Miguel River and from Fall Oreek and other streams

to the east and south of the quadrangle. Mining of the Recent alluvium
in the stream valleys was by shallow excavation; stream water was used %0
wash the gravel,

No hydraumlic mining of consequence was done in the Placerville quad~
rangle, but a considerable amount of gravel was processed along the San
Miguel River 2 to 3 miles west of the quadrangle., Other large-scale .
hydraulic mining was done along the San Miguel River east of the quad-
rangle. The southeast eéxtension of the terrace-gravel deposit shown at
the southern boundary of the quadrangle was mined by small-scale hydrmlic
operations. In the Placerville quadrangle, drift mines are located on the
north side of the San Miguel River just east of Placerville and on the
south side of the San Miguel River about 1 mile west of Placerville,
Another drift mine on the south side of the San Miguel River just west of
Specle Creek may have been in part a hydraulic operation,

Information from local miners indicates that the gold was for the most
part of fine-graln size and that very few nuggets were found. Most of the
gold is reported to have been in the base of the gravels, Observations
of the bedrock-gravel contact in several placer drifts indicate that the
contact is irregular and in places constitutes the bed of an earlier stage
of the San Miguel River,

The amount of gold per cubic yard of gravel is not known for the de=
posits in the Placerville quadrangle. Henderson (1926, p. 222), in quoting
the Director of the Mint's report fer 1901, states that at the Keystone
placers, which are along the San Miguel River about 10 miles east of the
Placerville quadrangle, the gravel carried "... from 10 cents in surface

dirt per yard to $1.50 in bedrock.® Burchard (1883, p. 521), in the
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Director of the Mint's report for 1882, states that the Willow Oreek dar,
located on the north bank of the San Miguel River between the Keystone
placers and the hamlet of Sawpit, produced an average of 75 cents per cubie
yard of gravel for all washings,

The main source of the placer gold was probably from the veins of
the Telluride and Ophir mining districts to the east, A small amount of
gold may have been derived from the Mount Wi.ison mining district to the

south,
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