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GEOLOGY AND ORE DEPOSITS
OF THE
KLONDIKE RIDGE AREA, COLORADO
by
J. D. Vogel

Abstraét

AThe region described in this report is in the northeastern part of
the Colorado Plateau and is transitional between two major structural
elements, The western part is typical of the salt anticline region.of
the Plateau, but the eastern part has features which reflect movements
in the nearby San Juan Mountains.

There are five major structural elements in the report area:‘ the
Gypsum Valley anticline, Dry Creek Basin, the Horse Park fault block,
Disappointment Valley, and the Dolores anticline, Three periods of
major uplift are recognized in the southeastern end of the Gypsum Valley
anticline. Each was followed by collapse of the overlying strata. Ero-
slon after the first two periods removed nearly all topographic relief
over the anticline; erosion after the last uplift has not yet had a
profound effect on the topography except where evaporite beds are ex-
posed at the surface,

The first and greatest period of salt flow and antfclinal uplift
began in the late Pennsylvanian and continued intermittently and on an
ever decreasing scale into the Early Cretaceous, Most movement was in

the Permian and Triassic periods.
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The second period of uplift and collapse was essentially contemporane-
ous with widespread tectonic activity on the northwestern side of the
San Juan Mountains and may have occurred in the Oligocene and Miocene
epochs. Granogabbro sills and dikes were intruded during the middle
or upper Tertiary in Disappointment Valley and adjoining parts of the
Gypsunm Valley and Dolores anticlines,

The third and mildest period of.ﬁplift occurred in the Pleistocene
and was essentially contemporaneous with the post-Hinsdale uplift of
the San Juan Mountains., This uplift began near the end of the earliest,
or Cerro, stage of glaclation, |

Uranium=-vanadium, manganese, and copper ore as‘well as gravel have
been mined in the Klondike district. All deposits are small, and few
have ylelded more than 100 tons of ore. Most of the latter are carno-
tite deposits.

Carnotite occurs in the lower part of the basal sandstone unit of
the Salt Wash member of the Morrison formation, Most deposits are in
'8 narrov, elongate "mineral belt'" that cuts obliquely across Klondike
Ridge, The remaining deposits probably form a second "mineral belt”
lying about 1/2 mile to the north,

Manganese and copper deposits show both stratigraphic and structural
controls of mineralization., Most manganese deposits are in red beds
near‘Tertiary faults; most copper deposits, on the other hand, are in
brown sandstone, limestone, or gray-green shale and, like manganese,

are in or near Tertiary faults,




The manganese and copper deposits are hydrothermal in origin and
were formed in the roots of an ancient hot springs system, now deeply
eroded, The ore-bearing solutions probably consisted of dilute, car-
bonate~sulfate ground water heated by the near-surface intrusion of sn
bodies of igneous rock., These solutions obtained their metals by leac
i;é the wallrock; little, if any, material was added by the intrusives

The deposits were formed near the surface under conditions of
hydrostatic pressure, and temperatures and pressures in the ore-bearir
solutions were probably low. The early solutions were weakly alkaline
and reducing in character. A convection cell was established as miner
{zation progressed, and surface water mingled at depth with the therma
gsolutions. As a result of mixing and oxidation, the pH of the solutio

decreased in later stages of mineralization and the Eh rose.




Introduction

location and Extent of area

The region described in this report is in San Miguel and Dolores
Counties'in southwestern Colorado., It is an irregularly shaped area
covering about 100 square miles and including all of the Cedar 1 NW
7 1/2 minute quadrangle and parts of the adjoining Cedar 2 NE, Gypsum
Gap, and Paradox Valley 4 SE quadrangles, ‘ The location of this area a
its relation to nearby parts of Colorado- and adjoining states are shown

in figure 1.
Purpose and Scope

This report describes the geology of the area with emphasis on
the mineral deposits of the Klendike (or Klondyke) mining district,
Small deposits of uranium- and vanadium-., manganese~, and copper~beari:
minerals have been mined intermittently in the district since at least
1914 (Jones, 1920, p. 68). Production has been negligible, but the
unusual metal associations and the po'ssibi.’lity of finding larger de-
posits at depth have helped maintain Interest in the district,

The present investigation has ylelded data pertaining to the

origin and localization of the copper and manganese deposits, to the

potential mineral reserves of the district, to the structural history
of the southeastern end of the Gypsum Valley salt anticline, and to

the geologic history of the area as a whole,
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Previous work

Many geologist and mining engineers have visited the Xlondike dis-
trict, and references to it are found in several publications. The geology
and mineral resources were discussed briefly by Coffin in 1921 (p. 210-
211). The manganese deposits were described by Muilenberg (1919, P.
50-52), Jones (1920), and Coffin (1921, p. 211). Part of the Klondike
district is shown on 0i1l and Gas Investigations Preliminary Map 93
(Stokes and phoenix, 1948). Cater (1955a) shows the northwestern part
of theAdistrict in the geologic map of the Gypsum Gap quadrangle. The
geology of the rest of the area has not been described in any published
report, |

Field and cartographic work

Field work covered the periods April-September 1956, and June-
September 1957. C. A. Westcott was geologic assistent in 1957. Geology
was plotted in the field on vertical aerial photographs, scale approxi-
mately 1:12,000 and 1:31,680 and later transferred to the base map with
a Kail radial planimetric plotter. A transit-surveyed triangulation
net for ground control was established by R; N. Brown and J. McKnight
{n the summer of 1956. Ome photograph of the Klondike district had
too much tilt to be used with the Kail plotter. The geology of this
area was plotted on photographic mosaics prepared by the United States
Soil Conservation Service (scale 1:31,680) and transferred to the base
map with a S-ltzman projector. Elevations used in drawing the structure

contours and geologic sections were taken from a preliminary copy of

the "Cortez" two degree topographic map prepared by the Army Map Service.
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Geography

General features

The Klondike Ridg; area is in the Canyon Lands section of the
Colorado Plateau physlographic province (Fenneman, 1931); it is in
the northeastern part of this proviance in the region characterized by
salt anticlines. The physiography reflects the transition between two
major structural elements which occurs here, The western part is typic&
of the salt anticline region of the Plateau; long, en echelon, northwest
trending, coilapsed anticlines are largely enclosed by high ridges with
steep inner walls and gently sloping outer flanks that dip into broad,
shallov synclines. The physiography of the eastern part, however, re-
flects movements in the San Juan Mountains to the east, making this the
highest part of the area. fotal relief is about 3,000 feet with eleva~
tioqs ranging from 5,850 feet at Disappointment Creek near the western
edge of the map to 8,800 feet on the highlands along the eastern border,

For ease of description the map area has been divided into five sub

regions on the basis of structural and physlographic characteristics,

" These are: Dry Creek Basin in the north, Gypsum Valley, the Horse Park

fault block, Disappointment Valley, and the Dolores anticline in the
south (figure 2).

Dry Creek Basin for the most part is a broad, nearly level erosion
surface carved out of the soft Mancos shale., A gent}ly sloping alluvial
fan on the southern side of the basin abuts against the Horse Park fault
block (picture 12). Total relief i{s about 600 feet with elevatfons

ranging from 6,400 feet in the western part to 7,000 feet in the east.
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Gypsum Valley is a collapsed salt anticline., The flanks of the
anticline rise above the valley floor in loung, parallel hogback ridges
that are steep-walled on the inside but dip gently outward into the ad-
jacent synclines (picture 1), The floor of the valley in the map area
is largely an irregular, hilly surface composed for the most part of
highly contorted gypsum beds (picture 2); widespread alluvial deposits,
however, cover the valley floor near Gypsum Gap in the northwestern
part of the area. Elevations range from 6,180 feet in the floor of the
valley to more than 7,300 feet on Klondike Ridge. Gypsum Gap is a low
pass, or windgap, on the so&thern flank of the anticline near the north-
western edge of the map, Klondike Ridge is the southeastern part of
the hogback extending in an easterly direction from Gypsum Gap toward
Horse Park. The Klondike amphitheater is the name used in this report
for a small area of irregular topography near the southeastern end of
Gypsum Valley, The amphitheater is bounded on the northern and eastern
side; by steep cliffs and owes its physiographic character both to the
collapse of beds that once rose over the anticline and to extensive
erosion (picture 5). The Klondike mining district extends southeast
along Klondike Ridge from Gypsum Gap to the Klondike amphitheater and

then swings north around the end of Gypsum Valley to the Horse Park

fault (pl. 3).
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Figure 2. Klondike Ridge area showing major structural and

geomorphie units.

10







SR &y RN AR L

The Horse Park fault block is a trough-shaped upland area, 1t is
bounded on the north by the concealed Horse Park fault and Dry Creek
Basin and on the south by an unnamed fault of major proportions and
Disappointment Valley, A number of small faults, marked at the sur-
face by low scarps, tut the fault block and interrupt the predominantly
gentle inward slope of the beds. The fault block rises more than 1,000
feet above Dry Creek Basin (picture 12) and about 500 feet above Disap-
pointment Valley. Elevations range from 6,700 feet in Spring Creek
graben to 8,400 feet along the northeastern edge of the fault block,

. Disappointiient Valley is a broad valley carved in the Mancos shale,
Its physlographic character changes progressively eastward from a nearly
level valley in the western part of the report area (picture 14) to an
increasingly hilly, irregular surface with many small buttes and steep-
sided hills, some of which rise more than 400 feet above the valley floor.
These pass eastward into badlands which in turn abut against high cliffe
capped with Mesa Verde sandstone (picture 13). Locally thése cliffs rise
more than 1,800 feet above the floor of the valley. Beyond the cliffs
1s a bagin-shaped upland area that extends eastward out of the map area.
The surface of this upland is cut by several deep valleys and by a few
low fault scarps. A low, west-facing cliff capped by intrusive igneous
81lls crosses Disappointment Valley im a north-south direction near the
Western edge of the.report area, Elevations in Disappointment Valley
range from 5,850 feet in the west near Disappointment Creek to 8,800
feet in the east and include both the lowest and the highest parts of

| S the report area.




The Dolores anticline is another salt anticline, but one which
has not collapsed, Only a small part of its northeastern flank is
present in the map area, This consists of a nearly dip slope of
Dakota sandstone which is cut by the steep, narrow canyon of Dissap-

pointment Creek,
Drainage and water supply

Most of the area is drained by the intermittent Disappointment and
Big Gypsum Creeks which are tributaries of the Dolores River. Dry Creek
Basin is drained by Dry Creek, an intermittent stream that flows north
into the San Miguel River, There are two springs near Gypsum Gap; both
are in the Burro Canyon formation and ordinarily flow.at rates of less
than a gallon a minute, Most of the water used in the area is either
punped from water~bearing strata at depth or is collected during rain-

storms in cisterns and large earthem stock reservoirs.
Climate and vegetation

The climate 1s semiarid. No accurate information on rainfall is
available, but the average annual precipitagion is probably between
10 and 15 inches (U. S. Dept, Agriculture, 1941, p. 807).

Pinyon and juniper grow on the sandstone slopes around Gypsum
Valley and the Dolores anticline; scrub oak, pine, and aspen as well
grow in the upland regions. Where soil is abundant, sagebrush, grass,
and cacti grow In Disappointment and Gypsum Valleys and in Dry Creek
Basin, Vegetation, however, is absent on steep shale slopes in Dis-
a8ppointment Valley and Klondike Ridge énd also on the floor of Gypsum

Valley in areas where gypsum is exposed at the surface,
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Population

The permanent population consists of less than a dozen people who
live on ranches ncar the tiny communlty of Cedar in the southwestern
patt of the district. Farming; grazing, aéd nining are the principal
industries, Farming 1s confined to bottom land near Disappointment
Creek; catile and sheep are grazed‘during the summer in the uplands to
the east; mines in the Klondike district are worked sporadically for
uranium and vanadium, manganese, or copper, and gravel on Klondike

Ridge has been quarried for road ballast.
Accessibility

Colorado Highway 80, an improved gravel road, crosses the north-
ern part of the map area, and side roads provi&e access to the ranches
and mines. Unimproved roads suitable for four-wheel drive vehicles

lead {nto more remote areas,

Geology

Stratigraphy

The Klondike Ridge area is in the northeastern part of the
?aradox bagin. This basin was an irregularly elliptical marine em=~
bayment about 360 miles long and 180 miles wide which received a thick
8eries of limestone, shale, and evaporite deposits in the Middle and
Late Pennsylvanian period (Wengerd, 1958). These sediments have been
8queezed into a series of long, en echelon galt anticlines in the
Mortheastern part of the basin as a result of salt flowage. Salt
fl°wage may have begun in the late Pennsylvanian (Shoemaker, Case, and
!13t°n. 1958, p. 48), and it has greatly affected the later depositional

24 structural history of the region,

14




Sedimentary rocks exposed in the report area range in age from .

# Pennsylvanian to Late Cretaceous and include the Hermosa formation

of Pennsylvanian age, the Rico formation of Pennsylvanian and Permian
age, the Cutler formation of Permian age, the Chinle formation and
Wingate sandstone of Triassic age,.thé Kayenta formation of probable
Jurassic age, the Entrada sandstone, and.the Summerville and Morrison
formations of Jurassic age, the Burro Canyon formation of Early Cretaceous
age, and the Dakota sandstone, Mancos shale, and Mesa Verde group of
Late Cretaceous age, Tertlary rocks consist of igneous sills and

dikes while Quaternary deposits consist of giacial boulders, outwash
gravels, talus and landslide debris, and alluvial and eolian deposits,
The Mancos shale and Mesa Verde group crop out over most of the area,
but older rocks are exposed on the Gypsum Valley and Dolores anticlines.
The igneous s{lls crop out in Disappointment Valley near the western

edge of the area and on adjacent portions of the salt antiélines.
Paleozoic

Hermosa formation: This is the oldest formation exposed in the

area, It was deposited in the Paradox basin and is marine in origin,
} Following standard terminology, the Hermosa formation is separated into
three members in this report: the Lower Hermosa, Paradox, and Upper

Hermosa members, A conflicting terminology, however, has been used by

Some stratigraphers in recent articles (Wengerd and Strickland, 1954;
Wengerd and Matheny, 1958). These geologists raise the Hermosa to
8roup status and call the Lower, Paradox, and Upper Hermosa members

the Pinkerton Trail, Paradox, and Hanoker Trail formations, respectively,
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The Lower and Upper members are similar in composition and consist
of ‘1imestone and dolomite with interbedded shale, siltstone, and fine-
grained sandstone. The Paradox member comprises a thick sequence of
evaporite deposits with minor interbedded black shale, siltstone, and
limestone beds, The Lower member is not exposed in the area and is
not described in this report,

-

Paradox member: The Paradox member is of Middle Pennsylvanian age

and contains fossils correlative with those from the Des Moines series

in the Great Plains region (Herman and Sharps, 1956, p, 79). The Para-
dox is exposed in the floor of Gypsum Valley where it consists of earthy
and porous gypsum with minor beds of black shale, sandstone, and lime-
stone, These beds are highly contorted as a result of flowage into the
anticline and settling caused by near surface leaching of soluble constit-
uents. The Paradox is typlcally a dirty gray rock whose outcrops are
nearly devoid of vegetation. It commonly weathers to low, rounded hills
and mounds, but it forms high hills with steep, irregular slopes near

the southeastern end of Gypsum Valley (picture 2).

The Paradox is divided into three units (Wengerd and Strickland,
1954, p. 2166). Both the upper and lower units are penesaline complexes
of black shale, dolomitic limestone, gypsum, and fine-grained clastic
material, The middle unit in Gypsum Valley consists of gypsum and
minor black shale, siltstone, and dolomitic limestone. Drill-hole
data, however, reveal that in addition to these deposits there are
also great thicknesses of evaporite salts and anhydrite at depth, sedi-
Rents not likely to survive long the effects of weathering near the
Surface, These data indicate that at depth the middle unit consists
of about 80 percent evaﬁorite deposits and about 20 percent clastic
Material (Shoemaker, Case, and Elston, 1948, p. 47).
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The Paradox contains many thin beds of euxinic black shale, These
are dense, dark-gray or black, organically rich rocks, which Wengerd and
Stricklénd report (1954, p. 2186), can be correclated over great dis-
tances. In the mfddle unit these black shale beds are thin and are in-
terbedded with evaporite deposits, but both the upper and lower units
contain thick deposits of black shale, Locally, for example, black
shale and associated rocks in the upper unit are as much as 500 feet
thick (ibid, p. 2186-2187). These shales are thought to be the source
beds of Pennsylvanian oil and gas in the Paradox basin (Herman and
Sharps, 1956, p. 77-81); present studies also point to the black shales
as a possible source of some metals found in the Klondike district (p.!48).

The thickness of undisturbed Paradox beds is probably greater than
4,000 feet in the report area (Wengerd and Matheny, 1958). The thick-
ness of deformed salt in Gypsum Valley, however, is probably about
9,800 feet because a nearby test well drilled on the flank of the anti-
cline passed out of salt at that depth,

There is a small carnotite deposit in the Paradox member in Gypsum
Valley. This deposit is believed to be epigenetic and is described

more completely on page /97.
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Upper Hermosa member: The Upper Hermosa member consists of fossil-

{ferous gray limestone, cherty limestone, dolomite, and minor gray-grecen
and maroon calcareous dirale, silistone, and sandstone (table 4), Lime-
stone and dolomite are more abundant in the upper part (Baker, Dane,
and Reeside, 1933, p, 969). Limestone and dolomite beds are persistent
over wide.areas, but the other strata are lenticular, Only the upper
part of the member is exposed in the report area, but nearby drill-hole
data show that the member 1is 2,000 to 2,300 feet thick (Cater, 1955a),
The transition from evaporite deposits of the Paradox member to
normal marine limestones and shales of the Upper Hermosa member marks
the end of deposition In testricted seas of the Paradox basin and a
change to deposition in freely circulating water of an open shelf environ-
ﬁeht. The Upper Harmosa member ranges in age from Middle to Late
Pennsxlvanian and contains fossils correlative with those from the
upper Des Moines, Missouri, and Virgil series of the Great Plains re-
gion (Herman and Sharps, 1956, p. 81).
There are several small deposits of copper-bearing minerals in
the Upper Hermosa member on Klondike Ridge. These deposits also con-
tain secondary calcite and hydrocarbons and are closely associated with
faults, They are thought to be epigenetic and are discussed more fully

on pages /06to /22,
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Rico formation: The Rico formation is a transitional unit contain-

{ng both marine and continental deposits. It conformably overlies the
germosa and is exposed in the Klondike district at the southeastern end

of Gypsum Valley. It is composed of fossiliferous marine limestone and
shale with interbedded nommarine red bed deposits (table 4), The marine
deposits are similar to those of the Upper Hermosa member, but the non-
parine units comprise a heterogeneous assemblage of conglomerate, micaceous
snd arkosic sandstone, siltstone, and shale. These clastic sedimeunts
are predominantly red with minor gray-green bar;ding and mottling, but
locally they are light-brown or gray-green. The Hernx)s;a-Rico contact
is dravn at the base of the lowest nommarine unit.

The clastic material comprises detfitus shed from the rising Un~-
compahgre highland to the north and east and deposited near the shore
of the Paradox sea. Fluvial cross-bedding is common, and locally plant
debris {s abundant. Marine limestone is more abundant than continental
deposits in the lower part of the formation, but continental deposits
Predominate in the upper part. The limestone is more resistant to ero-
slon than the clastic beds, and where the strata are nearly vertical,
85 in the western part of Klondike Ridge, the limestone beds form a
8eries of steep, rib-like walls that locélly rise more than 20 feet

ove the clastic deposits (picture 3).
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A small sandstone dike in the Rico formation crops out on the east-
ern side of the Klondike amphitheater. The dike is about 2 inches wide,
end only the lowermost 10 feet or so are exposed, the rest having been
removed by erosion. The dike is in the upper- part of the formation
and cuts micaceous red mudstone, It is composed of a mixture of fine-
to very fine grained sandstone and mudstone similar to clastic material
{n both the Rico and Cutler formations, The red mudstone wallrock is
altered to green in a contact zone about half an inch wide The dike
is cemented with calcite, and vein}ets of calcite extend along the

" fracture for several feet below the clastic material. The dike apparently
vas formed by unconsolidated sediments from overlying beds falling into
and filling an open fracture in the mudstone; the fracture presumably
vas formed by movement in the Gypsum Valley salt anticline,

The Rico formation ra;lges in age from Middle Pennsylvanian, Des
Moines, to Permian (Henbest, 1948, p. 1330), It is about 640 feet thick
on Klondike Ridge, but the thickness is quite variable, Several small
manganese deposits and a deposit of iron and copper sulfides are found
In the Rico formation on Klondike Ridge. All of these deposits are closely
associated with faults and are thought to be epigenetic. They are des-

cribed more fully on pages /02to /22,
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Chinle strata on Klondike Ridge consist mostly of coarse, gray-
green limestone conglomerate (table 6), but some micaceous red and
gray-green shale and sandstone units are also present., The conglomerate
contains pebbles and cobbles of greyish-pink limestone, red and gray-
green shale, and pale red sandstone. Most pebbles are well-rounded,
{ndicating a relatively distant sourc'e, but a few intermixed angular
gshale and limestone fragments in the conglomerate show that some of this
material is detritus washed off the Gypsum Valley anticline. Most sedi-
ments are cross-bedded and are of fluvial origin, but a few beds near
the top of the section are red and gray-gree.n shale and gray-green
limestone of probable lacustrine origin, The Chinle varies in thick-
ness from a knife-edge to about 48 feet where it is truncated by a
fault, It probably increases to a normal thickness of about 475 to 550
feet (Cater, 1955a) beneath Disappointment Valley and Dry Creek Basin,

Only the upper part of the Chinle is present in southwestern
Colorado (Stewart, 1956, p. 88). Chinle strata on Klondike Ridge prob-
8bly belong to the lower part of this upper unit, Shawe, Simmons, and
Archbold (1957, p. 48) report that Chinle strata in the nearby Slick
Rock district consist predominantly of red siltstone with minor red
and gray~-green shale and sandstone units; conglomerate is minor except
In the lowermost 50 feet or so which is mostly sandstone and conglomer-
&e. The Chinle conglomerate on Klondike Ridge, therefore, probably be-

longs to this lowermost conglomerate unit,
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The pinchout of Chinle strata on Klon(like Ri.dge is due to both an
intraformational wedgeout against the flank of the anti.cline and to

&
pnat-chinle eroaton. Therefore, the pinchout indicates uplift on.the

mdelme both durtng and after deposition of the Chinle conglonerate.

The Chinle ia thought Qp have been deposited on a large alluvial

a» containing mmerous lakes (Stewart, 1956. p. 91). Streams carry-' g

; these sediments probably originated in the Unoompahgre hiéhland to
northeast and flowed in a southwesterly direction across the report
fato southecentral Utah (1bid).. |

A small samistone dike is exposed 1n the Chinle _néar the southeast;
'} end of the Klondi.ke amphitheater, This di.ke is. about 2 inches ﬂde
extends dowmrd abour. 5 feet from the top of the formation, It )
1s a fracture in the conglomerate and was probably formed by un=:
s'edinent:s- falling into and- filling the fracture.in the

7 way the clastic dike in the Rico formation was formed. . This‘ fractur~
: 's; must have oc;::urrgd after the Chinle was partially consolidated and
probably caused by movement in the Gypsum Valley anticline in late
f;' nle or early Wingate tﬁne.

Glen Canyon group: The Chinle is overlain by the Glen Canyon group

h includes the Wingate s_andsgpne, of Triassic age, the Jurassic(?),
ta formation, and the Jurassic Nav;jo sandstone. The !(avajo

% stone, however, is not exposed in the report area. Its untem
"’“ndary in Gypsum Valley is a few miles west of Klondike Ridge (St:oken

‘ﬂd Phoenix, 1948), so Navajo deposits may not bc present in the report

&rea,
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The Glen Canyon group, for the most part, was deposited during a
period of aridity. The strata are dominantly eolian in origin and con-
sist of great, sweeping, tangentially cross-bedded sandstone units with
mninor interbedded aqueous deposits, The arid cycle was interrupted dur-
ing Kayenta time by deposition of widespread fluvial sediments. The
Chinle~Glen Canyon contact is conformable throughout most of the area
(Cater, 1955a), but it is marked by an angular unconformity in the
Klondike amphitheater (picture 5) caused by movement in the anticline
during the Late Triassic,

Wingate sandstone: The Wingate is a pale-orange, cliff-forming

sandstone that is ordinarily about 250 to 300 feet thick in this area
(Cater, 1955a). It is primarily an eolian deposit and consists of thick,
tangentially crossbedded sandstone units separated by a few horizontal
bedding planes of probable fluvial origin (ibid). It is generaily fine
grained and is composed of clean, well-sorted quartz sand. The Wingate
sandstone on Klondike Ridge, however, has an entirely different character,
Bere it is entirely fluvial in origin and contains numerous interbedded
tonglomerate lenses. The conglomerate consists mostly of rounded cob-
bles that were probably derived from the underlying Chinle conglomerate,
but there are also a few angular fragments of shale that must have come

from older formations exposed on the anticline.
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The Wingate sandstone unconformably ovérlies the Chinle on Klondike
Ridge and ranges in thickness fram zero to about 23 feet (table 6), The
uausual character of the sandstone undoubtedly results from contemporane-
ous uplift in the anticline during deposition of the sandstone,

The Wingate contains several small deposits of manganese-bearing
minerals on Klondike Ridge, These deposits are epligenetic and are
described in more detail on pages /02to0 /05,

Kayenta formation: The Kayenta formation crops out on a narrow

bench in the Klondike amphitheater, It is a poorly sorted sandstone
and contains minor shale and calcareous siltstone lenses (table 6).
The Kayenta is characteristically red in color, but it has a few gray-
green calcareous siltstone units. The sandstones display both ripple
marks and fluvial cross-bedding; plant debris is abundant on certain
borizons.

The Kayenta conformably overlies the Wingate sandstone in most areas
(Cater, 1955a), and the contact is gradational, but on Klondike Ridge
the contact is unconformable. The Kayenta rénges in thickness from a
knife-edge in the north, where it pinches out against the flank of
the Gypsum Valley anticline, to about 200 feet near the southern edge
of its exposure, where it is truncated by a fault. This probably repre-

Sents the complete normal thickness of the Kayenta, which is thought to

~ be aboyt 190 to 230 feet thick (Cater, 1955a) beneath Disappointment

Valley and Dry Creek Basin.
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. The Kaye\n~ta; 1s primarily a fluvial deposit, but some sedimeuts
. ‘ are lacustrine. The streams are thought to have originated in the
ancestral Uncompahgre highland and to have flowed in a southwesterly
direction across the report area (Craig and otl‘\ers, 1955, p. 95).

The Kayenta contalns several small deposits of manganese~, copper-,
and vanadimm-bearing minerals on Klondike Ridge. These deposits are epi-

genetic and are discussed more fully on pages /02t0 /22,

San Rafael gfo&p: The San Rafael group is of Late Jurassic age
and ;:onsists of the Carmel formation, the Entrada sandstone, and the
Summerville formation. Only the Entrada sandstone and Summerville for-
mation are exposed in the report area. The base of the San Rafael group
everywhere is marked by an unconformity (Craig and Dickey, 1956, p. 97)

vhich {s an angular unconformity in the Klondike amphitheater (picture 5).

. Entrada sandstone: The Entrada sandstone crops out on Klondike Ridge
vhere it unconformably overlies the Kayenta, It is a very fine grained,

buff-tan sandstone and is distinctly bimodal, The Entrada in nearby

dreas is composed entirely of very fime grained, subrounded to angular
tfains‘ of quartz sand with some admixed coarse, well-rounded quartz grains.
The Entrada gencrally consists of thick, massively cross-bedded eolian

i . vaits truncated by a few thin, horizontally bedded units of probable

fluvial origin. On Klondike Ridge, however, an abnormally large pro-

Prtion of the sandstone is fluvial, and these units show the effects
°f movement in the anticline during deposition (tables 7 and 8). Cross-
74‘,'gb°dded fluvial units fncrease in number and thickness toward the anticline;
- Tones of chert pebble conglomerate and mudstone flakes are abundant locally
1a these units and also increase in number and thickness toward the anti-
. 3 lne. potn pebbles and mudstone flakes evidently were derived from

“ndel‘lying formations eroded off the top of the anticline while the

Tatrada was being deposited around its flanks,
e’




The Enérada ranges in thickness from a knife-edge to about 95
feet where it is iruncated by a fault, but it probably increases to a
normal thickness of about 110 to 130 feet (Cater, 1955a) beneath Dis-
appointment Velley and Dry Creek Basin,

In general, the sandstone is firmly cemented and weathers to form
a steep, smooth cliff overlain by shale slopes of the Sumaerville forma-
tion, It is very poorly cemented in the western part of Klondike Ridge,
however, where its presence in many places 1s marked dnly by a narrow
band of 1ight-t§n, sandy soil with little, if any, indurated sandstone
in evidence. .

The Entrada contains two small manganese deposits and several small
deposits of copper-bearing minerals on Klondike Ridge. These deposits
are epigenetic and are discussed more fully on pages /0O2to/22,

Summerville formation: The Summerville formation is exposed on

Klondike Ridge where it consists of thin, even-bedded shale units with
minor siltstone and sandstone lenses and rare limestone beds (table 6).
The shale is predominantly red of various shades, but some beds are gray-
green, tan, or nearly white. Many beds are calcareous. The formation
weathers to form a gentle slope which is comrmonly littered with sand-
Stone talus from the overlying Morrison formation.

The Summerville is thought to be predominantly a flood plain de-
Posit in southwestern Colorado (J. C Wright, oral communication), but
thin limestone beds on Klondike Ridge attest to the presence of some
lacustrine depoéits also, In addition slump structures add thin alluvial
fan deposits on Klondike Ridge record minor uélift in the anticline duging
Summerville time (picture 10). The Summerville ranges in thickness from
a kﬂife-edge to about 88 feet on Klondike Ridge but probably increases
' a normal thickness of about 105 feet (Cater, 1955a) beneath Dis-

4%pointment Valley and Dry Creek Basin.
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The Summerville contains several small deposits of copper- and
. manganese-bearing minerals on Klondike Ridge. These are epigenetic and
are described more fully on pages /02to/22,

Morrison formation: The Morrison formation, of Late Jurassic age,

' v'is'exposed on both the Gypsum Valley and Dolores anticlines, Two members
are recognized in the report area, the Salt Wash and the overlying Brushy
Basig. Both are predominantly fluvial in origin and are composed of
‘thick stream aﬁd flood~-plain deposits with minor interbedded lacustrine
sediments. The Salt Wash member consists of thick sandstone units separ-
ated By relatively thin shale partings, while the Brushy Basin is pre-
dominantly shale but with minor sandstone and conglomerate lenses,

The Morrison formation is thought to be a large alluvial fan formed
by aggrading streams that flowed in a northeasterly direction across
the report area. The source of these streams is thought to have been
Vestern Arizona or southern California (Craig and others, 1955, p. 150,
157). The Morrison is also thought to be the first formation since the

Cutler to have covered the salt anticlines completely (Cater, 1955a).

In the report area, for instance, the Gypsum Valley anticline was com-
} Pletely eroded by early Morrison time and not only received stream
deposits but was the site of a short-lived lake (see below). Other
formations undoubtedly crossed the anticlines in places, but salt plugs
k  ; and cupoifas on the anticlines are thought to have prevented complete

b Overlap,
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The Morrison formation conformably overlies the Summerville, but
the coétnct is gently undulating due to channeling by Morrison streams
{n the Summerville surface. A local angular unconformity is exposed
in the Klondike amphitheater where the Summerville pinches out against
the Gypsum Valley anticline. The Summerville-Morrison contact is drawn
gt the base of the lowest lenticular unit above the thin, evean-bedded
Surmerville shales (Craig and Dickey, }956, p. 101). This unit is com-
monly a crossbedded fluvial sandstone, but locally the basal Morrison
consists of gray-green shale, a few inches to a few feet thick, which
is distinguished from the underlying Summerville shales by its thick
to massive bedding and its lenticularity,

Salt Wash member: The Salt Wash is exposed on Klondike Ridge where

it crops out both as resistant sandstone ledges separated by soft shale
partings and as broad dip slopes. Most of the Salt Wash on Klondike
Ridge consists of flood-plain deposits, These are thin- to thick-,

- even-bedded sandstone units, Individual beds are lenticular over a
disténce of several dozeas of feet and are commonly separated by thin
shale partings (table 9). Many small stream channels filled with cross-
bedded sandstone and some organic debris are incised a foot or two into
these deposits, Less common are large, thick units of superimposed and
1nterfingering, crossbedded, lenticular sandstone units that were evi-
dently deposited in channels of larger rivers. A thin bed of lacustrine
Unestone crops out near the base of the lowest Salt Wash sandstone unit
in the western part of Klondike Ridge and in collapsed blocks of Salt

Wash sandstone in Gypsum Valley.
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The sandstone 1s a well sovrted, fine-gralucd rock conposed lorgely
of subangular to subrounded quartz grains, Feldspar comuonly foras
. about 5 percent of the rock; chert and heavy minerals are accessory.
calcite is the principal cementing material., Large quantities of ianter-
stitial mudstone and mudstone pebbles and flakes are concentrated in some
lenses, Wood and plant debris are abundant locally., On Klondike Ridge
this woody debris consists ‘mostly of small twigs and branches; fossils

trees are rare. The sandstone on Klondike Ridge 1s stained light-brown

.

t;y limonite, but diamond drill exploration below the water table in
nearby areas has shown that the unoxidized sandstone is light gray
and contains many small grains of pyrite and marcasite,

i The sandstone units are separated by partings of red and gray-

green shale with interbedded sandstone lenses, These partings are

mostly gray-green in color on Klondike Ridge, but they are probably

» . reddish~brown beneath Disappointment Valley and Dry Creek Basin as
this 1s their dominant color in southwestern Colorado (McKay, 1955, p.
258-269), The shale is composed of argillaceous material with small
amounts of intermixed sand and silt,

The Salt Wash is of considerable economic importance in south-

Western Colorado because of the widespread deposits of uranium=- and

Vanadium-bearing minerals found in it., Most of these deposits are in
the top sandstone unit of the Salt Wash and are in arcas where the
8andstone is thick, crossbedded, and has abundant scour anc} f111 bedding,
characteristic of stream channel sediments (ibid). The Salt Wash .on

' Klondike Ridge, too, contains several deposits of uranfum- and vanadium=-

l’e"*ri!lg minerals as well as deposits of copper-bearing minerals. All

i+ Of these deposits are small, however, and are in the bottom sandstone

. j it of the Salt Wash, They are probably epigenetic and are discussed

2t more length on pages 22 to 94 and 195 te /97
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Brushy Basin member: The Brushy Basin member of the Morrison

formation crops out on the flanks of both the Gypsum Valley and Dolores
anticlines. It consists of varicolored shales with minor {hterbeddcd
conglomerate, sandstona, and limestonec lenses (table 10), The shale
ranges in color from green of various shades to blue, red, orange, or
nearly white., Several horizons are bentonitic, Beds and lenses of
light-br;;ﬁ’chert_pebble conglomerate and sandstone occur throughout
the Brushy Baéin but are most ;gundant in the lower part of the menber,

The Brushy Basin shale weathers to form smooth slopes which are
cormonly littered with loose gravel and boulders of more resistant
material; sandstone and conglomerate uﬁits form resistant ledges similar
to those in the Salt Wash, The Brushy Basin 1is about 480 to 515 feet
thick {n the report area (tables 10 and 11). This 1is somewhat thicker
than normal, about 350 to 420 feet in this part of southwestern Colorado
(Céter, 1955a), and may indicate an eastward extension of the Disappoint-
ment basin 1n£o the report areca (see page 80),

The Salt Wash-Brushy Basin contact is gradational and is arbitrarily
dravn at the base of the lowest conglomeratic sandstone in the formation
(Craig and otheérs, 1955, p. 156), The Brushy Basin is predominantly

fluvial in origin, Sandstone and conglomerate beds mark ancient stream

channels, while the shales are largely flood-plain deposits, The lime-

8tone beds were probably deposited in small, ephemeral lakes; the bentonitic

Raterial is thought to be volcanic ash.
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Burro Croyoo forn-tion:  The Birro Ceuyorn formation coaforaably
overlice the Morrlson avd is egpcsed g the flanks of both the Dolorcs
and Gyp vy Valley anticlines, It characteristically crops out as a lor
cliff of series of thichk ledges, but locally it forws dip slopes on the
flants of the anticlinces, It is of Early Cretaceous age (Stokes, 1952,
p. 1765) ard consists of gray to light-brown, cross-bodded conglomerate
and sandstoae with some interbedded lightegrecn shale (tables 11 and 12),
Most of the conglomerate pebbles are chert, but some are composed of
qurrtz, quartzite, linastone, sandstone, or shale,

The Morrisoan-Burro Canyon contact is drawn at the base of the first
thick conglomeratic sandstone overlying the thick sequence of Brushy
Basin chales (Stokes and Phoenix, 1948)., Thtis contact 1s irregular in
most places because small conglomerate-filled stream channels have
scoured into the underlying shale, In some areas, however, the contact
fc gradational and the two formations interfinger,

The Burro Canyon is about 160 feet thick near Gypsum Gap, but ik
increases to a thickacss of about 194 feet in Disappointment Valley,
vhere it also contains a larger proportion of channel deposits. This
Increased thickness was caused by the deposition of abnormally thick
f2ndstone and conglomerate units in Disappointment Valley and probably
indicates a defléction of some streams around the anticline in Burro
Canyon time, The Burro Canyon on Klondike Ridge thins abruptly to
! thickness of about 50 feet 1 1/2 miles east of Gypsum Gap (pl. 5).
The normal thickness of Burro Canyon strata in southuestern Colorado
s quite variable (L. C. Craig, oral communicationj, but on Klondike
Ridge this abrupt thinning is due to an intrafcrmational pinchout of

*irata eagt of Gypsum Gap. This pinchout was caused by uplift in the

“PNtheasiern part of the salt antic’ine in Burro Canyoun tiug (page ¢6).
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Dakota sandstone:

The Dul g, sandstone is exposed on the flanks

of both the Dolores and Gypuuy Valley anticlines where iE foris stecp

cliffs and long dip slopes, [ g4 a gray to buff, medium- to fine-

grained sandstone with minor tarbonaceous gray shale, impure coal, and

conglomerate beds (table 13), Some sandstone strata are thin to flaggy,

but most are thick- and cronalicdded, Locally, the basal sandstone con-

tains chert and quartz pebbloy oy y.p were probably derived frem the under-

lying Burro Canyon formation, ynterpedded with the sandstones are thin-

bedded, gray and black, carbonaceous shales and thin, impure coal seams.

Plant debris is abundant in by, sandstones and shales.

The Dakota is probably ¢ Late Cretaceous age in southwestern

Colorado (Brown, 1950, p. 45) . 4 thought to have been deposited in

front of an advancing Late Cretaceous sea and was laid down, for the most

part, in flood-plain, SWamp . and lagoonal environments, The upper part

of the Dakota, however, gradaug into the overlying marine Mancos shale

and was deposited in a litigy,y environment,

The Dakota is about 150 o 175 feet thick in the report area.

Its lower contact with th(! B“rro canyon formation is marked by a wide-

spread disconformity in southyegtern Colorado (Lee, 1916, p. 34-36).

The Dakota rests upon a geatly undulating erosion surface, but Burro

Canyon and Dakota beds aru concordant
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Mancos shale
The Mancos shale is of Late Cretaceous age and conformably overlies
i the Dakota sandstone., It crops out in Disappointment Valley and Dry
crcek.Basin as a soft, drab-gray, fissile marine shale. Erosion pro-
duces broad, level valleys and smooth, rounded hills where a temporary
base level has been reached (picture 14) and badlands where downcutting
ig rapid (picture 13),

The lithologies of the lower and upper parts of the Mancos are
slightly different. The lower part contains many thin beds of limestone
and brown, calcareous siltstone and sands%one. In addition large, ir-
regularly shaped, limestone concretions are distributed erratically

along certain horizons, and thin seams and veinlets of fibrous calcite

are plentiful in some areas. Remains of the gastropod, Gryphea newberrii,
are abundant in the lower hundred feet or so of shale, and some sandstone
beds contain very abundant casts of Scaphites sp. The lower part of
the Mancos also contains several bentonitic and pyritic zones which
probably represent volcanic ash falls (Shawe, Simmons, and Archbold,

1957, p. 56). The Mancos shale is transitional into the underlying

Dakota sandstoﬂe, and the two interfinger over a vertical distance of
about 40 feet. The Dakota-Mancos contact is drawn on top of the highest

8andstone lens below the thick section of Mancos shale,
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The upper part of the Mancos is a homogeneous gray shale, Sandstone
.and limestone beds are thin and rare except near the top. The upper part
of the Mancos 1s lighter gray in color than the lower, but the difference
is slight and is rarely noticeable except where the two have been brought
into juxtaposdition by faulting, The top of the Mancos is transitional
into the overlying Mesa Verde group over a vertical §iSCance of about
310 feet (table 15), This transition zone*consists of alternating sand-
stone and shale beds; sandstone beds become thicker and more numerous
towards the top of the zone. The Mancos shale is about 2,615 feet
thick in the report area (tables 14 and 15).

Traces of malachite are found iﬁ the Mancos shale on Klondike
Ridge, These are eplgenetic and are discussed more completely on
page /08.

Mesa Verde group

The Mesa Verde group crops out in the northern and eastern parts
of the area where it forms a sandstone cap over the Mancos shale (picture‘
13). The complete thickness of the Mesa Verde is probably about 1,000
feet (Pike, 1947, p. 11), but only the bottom 100 feet or so are present
in the report area, the rest haying been removed by erosion. For the
WOst part, the Mesa Verde is a soft, f}iable, light-brown sandstone.
It is well-sorted, fine- to very fine-grained, thick- and irregularly-

bedded and cross~bedded, and has some plant debris on the bedding planes,

~ This sandstone probably corresponds to the Point Lookout sandstone des-

€ribed by Collier (1919, p. 296) in the San Juan basin to the south,

o A 8ray, Mancos-type shale more than 75 feet thick overlies the sandstone

ln SPring Creek graben and on a hill in the southeastern part of the
&rea, These exposures are small and are capped by glacial boulders and
®Utwash gravels. They are undoubtedly remnants of a much more widespread

shale unit that has been eroded from the rest of the area.
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The Mesa Verde contains both marine and marginal marine deposits,
The sandstone is thought to have been laid down along fluctuating strand
1ines of the Late Cretaceous sea, but the shales are marine and are
gimilar to those in the Mancos (?ike,{19&7, p. 13-16). The Mancos-Mesa
Verde contact is drawn at the base of the lowest cliff-forming sandstone
(Holmes, 1877, p. 252).
Cenozoic
Tertiary
Several thousand feet of Late Cretaceous and Eocene sediments
were probably deposited over the Mesa Verde group (Hunt, 195&, p. 73-77).
Erosion, however, has removed all traces ef these beds, and the only Ter-
tiary rocks remaining in the report area are several igneous sills and

dikes.

' Intrusives

The sills are exposed in Disappointment Valley and adjacent parts
of the Dolores and Gypsum Valley anticlines. These sills all have the
8ame composition, and adjacent sills occupy almost the same stratigraphic
borizon,

The sills cap a westward-facing bluff in Pisappointment Valley and
€rop out on the adjacent anticlines as long dip slopes and low cliffs,

The bluff in Disappointment Valley rises more than 100 feet above the

- Valley floor{ and the sills on top dip eastward at low angles into the
Bﬁncos shale., The sills are about 15 to 20 feet thick at the bluff but
thicken rapidly downdip, in some places attaining thicknesses in excess
% 100 feet, 1In general the sills are less than 15 feet thick on the

- Dolores anticline, but locally they are more than 100 feet thick on the

‘ prsum Valley anticline,
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Taken as a whole their distribution shows a district-wide pattern,
The sills are highest in the stratigraphic section near the center of
pisappolntment Valley where they are more than 900 feet above the base

of the Mancos shale. They drop down progressively in the section towards

the ‘edges of the valley and on the Dolores and Gypsum Valley anticlines

are in Dakota sandstone. Neverthelass, they have a shallow synclinal
structure across Disappointment Valley.

'The sills are heavily weathered; weathering is so advanced in some
specimens that identification of primary minerals is impossible. The
chief products of weathering are clays, chlorite, limonite, hematite,

and calcite, 1In some areas considerable amounts of calcite and gypsum

have been introduced from the wallrock. Gypsum tends to be more abundant

. in sills intruding the Mancos shale, but calcite shows little evidence
of wallrock control.

'mé processes predominate in the weathering of the sills, and each
is dominant in certain places. In some areas mechanical weathering
Predominates and is ma.rked by a slabbing off of joint blocks, This is the
characteristic method of weathering where the sills are thick and joints
:’811 developed (pilcture 6)., 1In other areas the dominant weathering process
is chemical and is marked by exfoliation. Here the sills weather to rounded
i Rasses a few inches to a few feet in diameter with surface layers that

8pall off 1ike the skin of an onion (picture 7). Blackwelder (1925,

P 793-806), Griggs (1936, p. 783-796), and more recently Howard (1950,
’ P. 155-155) have suggested that this type of exfoliation is caused pri-
= 'harny by the hydration and oxidation of silicate minerals. Exfoliatian
I3 the character;stic method of weathering in areas where the sills are

thin ang Joints poorly developed.




























Accessory mincrals
. Accessory minerals include titaniferous magnetite, apatite, pyrite,
and rarely zircon., Magnetite is by far the most abundant and locally
exceeds 5 percent by volume of the rock, Magnetite was one of the
[i'rst minerals to crystallize. It was stable in the magma until the
sills were intruded, when it reacted with the melt to form halos of
biotite. It weathers readily to limonite; this alteration is nearly
complete in the contact zones where the sites of former crystals are
marked in many places by euhedral cavitie; surrounded by halos of limon-
fte, Leucoxene "dust" is abundant in.unaltered specimens,
| Small amounts of apatite were found in every section studied. It
forms. tiny needles 11;1 the groundmass that are commonly about 1/20 mm
- .1ong but locally are as long as 1/2 mm, Pyrite, too, occurs throughout
the area but is very unevenly distributed. It forms as much as 2 percent
. by volume of some specimens but more commonly is entirely lacking in the
rock, It weathers to hematite and, more rarely, limonite. In general
{t does not alter as readily as magnetite, and in some specimens magne-
tite is almost completely altered to limonit;: while nearby grains of
Pyrite are still fresh,
Aplite dikes
Two small aplite dikes cut the sills in the central and northern
Parts of the area. These dikes are light gray in color, less than 3

{nches wide, ardhave an allotriomorphic granular texture. Their grain

$ize {s smaller than that of the sills; crystals average less than 0.2
SR I length, The minerals are dominantly orthoclase and quartz; but
®all, angular remnants of calcic feldspar, biotite, apatite, titaniferous

‘agne‘:ite, and pyroxene together with its alteration products, hornblende

- nd epidote, are present in minor amounts (table 1).
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The dike-wallrock contact appears smooth and sharp to the naked

eye, but under the microscope the contact is seen to be irregular, and

A,

the dike grades into the wallrock over a distance of a few tenths of
a millimeter, A few long biotite laths are found in the dikes near the
: wallrock contacts, These laths are anomalous in the very fine grained

dikes and are thought to represent minor wallrock contamination, Johannsen

S,

(1932, p. 94-906) has suggested that aplite dikes such as these represent
i residual fyuéés that were squeezed up into joints from the interstices

of the crystallizing magma along with tiny fragments of crystalline

i

material,

Contact effects

RN

The intrusion of the sills had very little effect on the wallrock,

The Dakota sandstone is stained to a meaiumvgray color by the formation
of dark iron oxides and small amounts of clay minerals, primarily nontro-
nite, The Mancos‘shaie, on the other hand, has been bleached light gray
near the contact by the expulsion of some dark coloring matter and the
recrystallization of calcite into relatively large grains. These changes
rarely extend more than a few feet into the wallrock,

It is well known that the effects of metamorphism are controlled
by temperature, pressure, and water content of the rocks as well as

by their composition, Laboratory iInvestigations have shown that the

formation of metamorphic minerals is promoted by high temperature and

large water content and is retarded by high rock and water pressures
'(YOder, 1955), Under near-surface conditions this means that the amount

of wallrock alteration is largely controlled by the water content of the
Tocks, Since the sills were probably emplaced near the surface (see below),
Very mild wallrock alteration in Disappoiﬁtment Valley suggests that the

Tocks were nearly dry and that little volatile matter escaped into the

Sediments from the magma,
cn
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Age

The rocks seem to correlate with dikes and sills of similar com-
position in the San Juan Mountains where they are thought to be of
umiddle Miocene age (R. B. Taylor, oral communication, 1959)., The sills
{n the report area, therefore, are probably also middle Miocene in age.

In terms of the structural development of the report area, mapping
on Klondike Ridge clearly sh;ws that the sills are younger than the
middle Tertiary faults, The sills have not been displaced across the
faults, and locally they seem to have used fault planes as conduits during
intrusion.

The mineralogy of the sills suggests that a middle Miocene age also

.13 consistent with the inferred erosional history of Disappointment Valley.

Hess (1941, p, 532-535) pointed out that pigeonite is not uncormon in
rapidly cooled basaltic lavas and hypabyssal rocks but is unstable in
plutonic rocks., Moreover, data presented by Larsen, Irving, Gonyer, and
larsen (1936, p.. 694-700) suggest that pigeonite inverts readily to hy-
Persthene in volcanic rocks of the San Juan Mountains, The presence of
Plgeonite in the sills of Disappointment Valley, therefore, suggests that
the rocks crystallized rather rapidly and, consequently, were probably
®placed near the surface, This region was subjected to prolonged
¢rosion during the middle and late Tertiary (p. 89), and the inference
13 that the sills are no older than this period of erosion.

Summary of intrusive rocks

There does not seem to have been anything particularly unusual about

i the magma prior to its intrusion. The earliest minerals to form were

labradOtite of intermediate composition, pyroxene, titaniferous magnetite,

§ %atite, and some pyrite. All of these started to crystallize at about

the Same time and were stable in the melt until the sills were emplaced,
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The principal minerals formed after intrusion of the sills, those
pot found in the chilled contact zones, are sodium-rich labradorite and
andesine, orthoclase, quartz, and biotite., In addition the early min-
erals, magnetite, augite, and pigeonite, became unstable and were partially
altered to biotite and more rarely hornblende and epidote, The formation
of amphiboles may have been inhibited by relatively large amounts of
potash which favored the formation of biotite instéad. This late suite

.

of minerals éuggests that the concentration of both sodium and potassium
in the melt increased slightly after the sills were intruded, possibly
the result of contamination by the thick section of evaporite deposits
in the Hermosa formation, The mildness of contact effects on the wall-
rock and the absence of contact metamorphic minerals suggest that the
vallrocks were nearly dry and that the sills had little excess volatile
matter,

Clastic dikes

There are three breccia dikes on the Dolores anticline which seem
to have been formed in an unusual manner. All three are in the upper
part of the Dakota sandstone and consists of unsorted, angular to sub-
Ttounded fragments of sandstone in a matrix of comminuted sand grains.
This breccia is tightly cemented by red and yellow iron oxides. Iron
oxides also stain breccia fragments and the walls of the dikes while
1°C311y gypsum, calcite, and red mud coat rock fragments and sand grains

in the matrix.
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Most sandstone fraguments are less’than an inch in diameter, but

wme are more than a foot long. The largest fragments are angular; but

s
e

degree of rounding increases as thelr size decreases, and many of
the smallest pebbles are well-rounded. Clastic material in the dikes

{s similar to that of the enclosing rocks, and no material was found

that was clearly derived from other formations. The small, well-rounded

- pebbles were evidently formed by abrasion against each Qther in a manner

.
that did not involve much transport; comminuted sand grains in the matrix

also were probably formed by abrasion of sandstone pebbles,

Two of the dikes are sbout half a mile long, but the third is only
8 few hundred feet long. All are discontinuous along the strike of thelr
outcrops, Their widths are variable both along strike and vertically
between different sandstone beds, In general the dikes are less than
5 feet wide, but locally their widths may exceed 15 feet, The dike-'
vallrock contact is irregular and gradational, and iron stain extends
2 few inches to a few feet into the wallrock. The dikes trend in a
direction parallel to that of the drainage and to one set of joints in
the sandstone. There has been no perceptible wallrock displacement across
the dikes,

Clastic dikes can be formed in a number of ways. Newsom (1902),
for instance, showed that they can be produced by sedimentary, tectonic,

and volcanic processes including injection of unconsolidated material

from below, injection from overlying beds, by submarine deposition in

®pen fissures, and in limestone areas by solution of the carbonate rock
&nd collapse of the overlying beds., Injection of clastic material from
uudel‘lying beds is the most common origin. Dikes of this type can be
formed by hydrostatic pressure during folding or faulting, pressure
from overlying beds, and by gas pressure (ibid).
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Theories involving marine deposition or solution of limestone are
clearly not applicable to breccia dikes on the Dolores anticline, More-
over, the lack of either faults, tight folds, close association with
the syncline in Disappointment Valley, or of Included materilal from
the overlying Mancos shale makes it seem unlikely that the dikes were
formed either by overlying sediments filling open joints or by under-
lying material being squeezed up into joints during folding or faulting.

Volcanic proccesses, therefore, are most likely to have produced the

~}Jr_eccia dikes, Structure contours on the Dolores anticline show an
ancnalous bulge in the vicinity of the dikes which mgy'reéult from
* concealed intrusives, If so, the dikes possibly could have been formed
by volcanic processes, but such a source is considered unlikely.

Before offering a different explanation, it is well to review
field evidence bearing on the formation of these breccia dikes. All
known dikes are on the Dolores anticline, although most sills are in
Disappointment Valley. Iron oxides, mud, and a little gypsum and cal-
¢ite are the only accessory minerals; no sulfides or other miderals
tomonly associated with volcanic emanations, such as quartz, epidote,
°pal, chalcedony, have been found, The short and discontinuous nature
°f the dikes and the fact that iron stains in the wallrock are confined
o the contact zone, even though the Dakota sandstone is very permeable,
Buggest that only a small volume of solutions passed through the.dikes
_ nd Probably for only a short period of time., Since only small fragments
e rounded, the degree of rounding decreasing with increasing size of
'ni the fragments, and since there has been little, if any, transport qf

- Slastic materfal, it is probahle that the dikes were formed by relatively
=z

Weak explosive forces.
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A number of clastic dikes have been found in the nearby San Juan
Mountains, and these are closely related to volcanic activity, They
pear little resemblance to breccia dikes on the Dolores antiéline,
however. Many contain a hydrothermal suite of minerals, and some are
ore-bearing. A clastic dike in the Bachelor mine, for instance, has
been mined for silver (Burbank, 1930, p. 195-200), Many show features
suggestive of violent explosions. Burbank (1941, p. 143) describes
clastic dikes in the Red Mountain district near Ouray which contain
material he thinks has been Injected moré than?3,000 feet into the over~
lying rocks.

_Thus, even though the breccia dikes in the report area could have
been formed by volcanic explosions, such an origin does not explain
satisfactorily many of their features. Clastic dikes in the San Juan
Mountains contrast with those on the Dolores anticline in the apparent
violence of their origin, the degree of wallrock alteration, and the
nature and extent of hydrothermal mineralization. Furthermore, a postu-
lated origin by volcanic explosions leaves unexplained the location of
the dikes, why they are on the Dolores anticline near the edge of the
group of sills instead of being in Disappointment Valley where most
Intrusives are located. Such an origin is not compatible, either, with
the apparent lack of excess volatile material in the magma as deduced

from the mildness of wallrock alteration. A different explanation

8eems desirable.




Since the breccia dikes apparently were formed by mild explosions, it
1; suggested that the explosions were caused by vaporization of ground-
water when the sill-foraming magma was.intruded. Most groundwater was
probably driven out of the sandstone gradually by the heat of the advanc-
ing magma, but some water is presumed to have been trapped under the
Mancos shale and to have been vaporized while confined. Breccia dikes
were produced wherever the resulting pressures were great enough'to burst
thgsﬁgh the ovérlying rock. These explosions were localized by lines of

weakness in the sandstone and followed pre-existing joints,

The reason for the dikes being near the edge of the Intrusives

rather than in Disappointment Valley where the sills are thicker now

becomes clear. The sills in Disappointment Valley intrude permeable
Dakota sandstorre which was probably saturatea with ground water (see
page /40). Furthermore, the proposed hypothesis does not require large
quantities of ignequs emanations, a feature compatible with observed re-
iationships which suggest that the intrusives did>not have an excess of
volatile material,
Quaternary

These deposits consist of glacial boulders, outwash gravel, talus,

landslide debris, and alluvial and eolian deposits.
Glacial deposits

Glacial deposits are found on the highest parts of the upland region
along the eastern border.of the area. These deposits contain large,
angular boulders of volcanic rock, up to 7 feet in diameter, that ap-

Parently came from the San Juan Mountains,

56




mr—

Glacial outwash

This material is found in many places throughout the area., A
channel deposit more than 200 feet thick is exposed on a cliff along
ihe northern side of the Klondike amphitheater, Smaller deposits, the
snallest only a foot or twe thick, are found in Gypsum Gap, Spring Creek
graben, along an abandoned river channel in the northeastern part of the
Rorse Park fault block, on river terraces overlooking Disappointment Creek,
and capping some buttes in Disappointment Valley.

These gravels congist of rounded, water~worn pebbles, cobbles, and
boulders with minor thin sand and silt lenses. The boulders are as
much as 4 1/2 feet in diameter, but pebble- and cobble-size material
predominatés. The interstices of the gravel are filled with a hetero-
geneous assortment of clastic material ranging in size from pebbles to
clay. Channel scours abound, The gravels consist mostly of volcanic
rocks; but Salt Wash sandstone pebbles occur throughout the section, and
minor amounts of angular to rounded sandstone from nearby exposures of
the Mesa Verde and shell fragments from the Mancos shale are found locally
in the upper part of the section (table 16)., In general the gravels are
Unconsolidated or only loosely cemented, but locally they are tightly
Ceuented by earthy white caliche,

Similar gravels have been found at many other localities near the
$an Juan Mountains (Coffin, 1921, p. 123), and they seem to be widespread
‘u“°“8h0ut this whole area, Atwood and Mather (1932, p. 82) report that
there Were widespread piedmont glaciers during the earliest or Cerro,
$age of glaciat{ion in the San Juan Mountains, and it is possible that

utvash gravels in the Klondike Ridge Area came from one of these,
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Landslide debris

This material consists for the most part of large,'angulqr Mesa Verde
sandstone blocks and is located near Cenozoic folds and faults in the
porthern and eastern parts of the report area. An unusual deposit of
landslide debris is found on top of a large butte in Disappointment
valley (pl. 1). This debris is more than six miles from the nearest
outcrop of Mesa Verde sandstone and is more than 1,300 feet below the
top of the Mancos shale. The lower part conslsts o; large blocks, some
more than 30 feet .long, of slightly crumpled, thin-bedded sandstone and '
shale from the upper Mancos transition zone (picture 9). This material
clearly has not rolled to its present position but must have slid over
a slick, smooth surface of Mancos shale. The top of the butte is covered
with large boulders of Mesa Verde sandstone, some as much aé 20 feet in
diameter, This deposit is discussed in more detail on page 8/ .
, Talus

Talus deposits are found near steep cliffs and on top of small buttes
in Disappointment Valley and Dry Creek Basin. Most deposits consist of
&ngular blocks of Mesa Verde sandstone, but some contain rubble from
other formations. Several talus deposits consist primarily of redistrib-
Uted outwash gravels, These occur on top of low hills in Gypsum Valley

td blanketing slopes below outwash deposits on Klondike Ridge,
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Alluvial and eolian deposits

These consist of decomposed rock, windblown material, mudflows,
gheet wash, slump blocks, and fan and stream deposits. A large alluvial
fan is forming in Dry Creek Bacin along the northern side of the Horse
Park fault scarp. Streams near the scarp have carved gullies in the fan
that in some places are more than 25 feet deep, but this action has not
exposed the underlying Mancos shale.

| Structure ’

The Klondike Ridge Area is in the Canyon Lands section of the Colorado
Plateau physiographic pro&ince (Fenneman, 1931). It is #n the northeastern
part of the proviance in the region characterized by salt anticlines, dut
it is also near the edge of the Plateau in an area that is transitional
bpbween two major structural elements, The western part 1s representative
of the salt anticline region of the Colorado Plateau; long, en echelon,
northwest~trending collapsed anticlines are separated by broad, shallow
synclines, The'eastern part, however, in addition to structures typical
of the Colorado Plateau also contains structures produced by movements
in the San Juan HOuntaiﬁs to the east, These mountains are part of the
Southern Rocky Mountain physiographic province (ibid) and are an entirely
different structural element.

The report area has been divided into five subregions for ease of
description, These are separated on the basis of structural and geo-
Otphic characteristics and are: the Gypsum Valley anticline, the Dolores
‘“ticline, the Horse Park fault block, Disappointment Valley, and Dry
Creek Bagin (fig. 2). The location and physiography of these units have

been described on pages 8 to /2.
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Gypsum Valley anticline

H The Gypsum Valley anticline is a large, ‘collapsed salt anticline,

v 1t trends about N, 55° W, and is more than 23 miles long (Stokes and
phoenix, 1948), but only Fhe southeastern 4 miles or so extend into

the map area, Physiographically, the anticline is characterized by a
dbroad, nearly level valley floor flanked by steep, hégback cliffs of outward-
dipping strata {picture 1). Leached evaporite material from the Paradox
member of the Hermosa formation underlies the valley, but this is covered
in most places by alluvium, Many large blocks of overlying formations
are exposed, partially submerged, in the floor of the valley. These are
collapsed remnants of yougiger formations that once extended across the

H anticline, f

Paradox strata crop out in the valley floor east of Gypsum Gap.

The valley here, instead of being a smooth, nearly level surface as it
-%ié in most of.Gypsum Valley, consists of low, irregularly shaped mounds
and hills of evaporite material. These become steeper and more irregular
k in shape toward the southeast (picture 2). Total ;elief increases in
that direction, also, and locally exceeds 200 feet near the southeastern
end of the valley. A small wedge of evaporite material at the énd of the

valley projects eastward into the Horse Park fault block along the con-

tealed Horse Park fault (pl. 4).
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The structural evolution of the Gypsum V-lley anticline and of

the salt anticlines as a whole has been described by many writers (for
exanple, see Cater, 1955a; ibid, 1955b; Hunt, 1956; Kelley, 1955; Shoe-
maker, 1954; Shoemaker, Case, and Elston, 1958; Stokes, 1948; ibid, 1956;
Stokes and Phoenix, 1948). Although their interpretations differ some-
what in detail, these writers show that there are striking similarities
both in the structural development of the anticlines and in the synchron-
ism of evemts affecting them. The evolution of the Gypsum Valley anti-
cline in the Klondike Ridge area, therefore, in all likélihood is not
just an isolated event of only local importance, but probably is repre-
sentative of a great chain of events that affected a much larger part

of the Colorado Plateau,

Three beriods of major uplift can be recognized in the southeastern
end of the Gypsum Valley anticline, Each was followed by collapse of
the overlying strata. Erosion after the first two perfods removed ngarly
all topographic expression of the anticline; erosfon after the last up-
11ft, which began in the Pleistocene, has not yét had a profound effect
on its physiographic expression, except where the evaporite core is

exposed at the surface,
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. Thé principles involved in the formation of the salt anticlines
are not understood completely., Uplift apparently was caused by the
flow of Pa;adox evaporite material into the anticlines, but the factors
initiating this flow and localizing the salt in long, en echelon anti-
clines are imperfectly understood, The fact that the anticlines parallel
the Uncompahgre Plateau has suggested to many writers that the anticlines
may have been localized by small flexures in the basement“creaCed by the
éame compre;sive forces that formed the Uncompahgre highland. This is
speculative, however, because aeromagnetic surveys have not deteg}ed any
such flexures (Joesting and Byerly, 1958, p. 11-12), ‘

Uplift in the salt anticlines may have begun in the late Pennsylvan-

ian (Shoemaker, Case, and Elston, 1958, p. 48), but there is no clear

evidence in the report area of uplift at that time, Nevertheless, a

“Qeriod of major uplift occurred at the end of the Paleozoic era and
probably continued well into the Triassic. The magnitude of this

uplift in the report area is indicated by the angle of the unconformity

between upper Paleozoic deposits and the Triassic and Jurassic erosion
surface locally exceeds 55 degrees on Klondike Ridge, which is consider-

ably greater than the present 26 degree dip of that erosfon surface itself.

- Regional studies show that the evaporite cores of the anticlines were
exposed at the surface by late Cutler time (Cater, 1955a). The norwal
thickness of Paleozoic sediments overlying the evaporites is about 4,500

to 5,000 feet, which, therefore, must be the amount the salt core rose

In the fate Paleozoic.
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. Exposure of-~evaporite material at the surface resulted in its rapid

removal by both erosion and solution. This, combined w{th the probable
flow of evaporite material from the flanks to the exposed center of the
anticline, causced widespread collapse in which younger strata were down-
faulted over the crest of the anticline, Measurable displacement on one
rault formed at this time in the Klondike amphitheater exceeds 200 feet,
and total displacement may have been much greater, '
Prolonged erosion in the Triassic produced a smooth surface upon
which Upper Triassic and younger formations progressively overlapped.
Nevertheless, continued upwelling of salt prevented complete be&elling,
and the anticline remained a topographic high against whose<sides Triassic
and most Jurassic sediments wedged out (plcture 5). Many thin horizons
of conglomerate, fan deposits, and intraformational slump structures,
as well as a thinning of most strata across the anticline, show that
upwelling of salt continued intermittently into the Lower Cretaceous,
Pebbles are coarser, however, and conglomerate horizons more numecraus
In the lower part of the sequence (table 6). These relationships as
well as the progressive overlap of Mesozoic sediments onto the anticline
indicate a gradual decrease in the rate of salt flow during this period,
In addition, conglomerate units are thin and, for the most part, are
sharply differentiated from the normal sedimentary strata above and
below which suggesté that uplift was characterized by many short,
Spasmodic surfes with only a small amount of movement during each surge.
The rapidity of moQCment during one of these surges is shown by slump
Structures in the Summerville formation which were formed when uncon-
solidated sediments slid down a slope created by rapid uplift (picture

10,
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f. In all probability the rate of salt flov gradually decreaged after

tl:e iqitial Permian and Triassic surge, As a result, many Triassic and

‘Jurassic fomationé undoubtedly were deposited across the anticlines in

some places, but. the Upper Jurassic Morrison formation is believed to

have been the first since the Cutler to cross the anticlines everyvhere

on the Colorado Piateau (Cater, 1955a). Deposition of Morrison sedi-

rents over the . anticline shows that salt flowage had slowed down enough

by the Upper Jurassic for erosion to exceed uplift and that b‘} Morrison

time erosion had removed all topographic expression of the anticline,

Indeed, a widespread limestone unit in the basal Salt Wash on Klondike .

Ridge and in Gypsum Valley (p. 32 ) shows that erosion and solution of

the evaporite deposits so greatly exceeded uplift that a shallow basin

.filled by a short-lived lake was formed on the anticline at that time,

The normal stratigraphic interval between the earliest Triassic sediments
deposited on the anticline, the upper part of the Chinle, and the Morrison
formation is about 1,100 to 1,300 feet which, therefore, must have been
the amount of Upper Triassic and Jurassic uplift, U;lift continued for

2 while after this, but total movement seems to have been small, The
Burro Canyon formatlon, for instance, is thicker in Disappointment

Valley than on the anticline (tables 11 and 12) which suggests that

Binor adjustments may have continued into the Lower Cretaceous,
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‘ The presence of a persistent cupola or dome on the salt anticline
east of Gypsum Gap 1is indicated by unusual depositional, erosional, and
structural relationships in sediments along the southern flank of #he
anticline, The distribution of these features suggests that the cupola
occupied about the same area as the present hills and mounds of evaporite
naterial in Gypsum Valley.

This cupola, for example, may have been responsible for the irregu-
lar pattern of sedimentary pinchouts along the southern flank of the
anticline (plate &4). Both the Entrada sgndstone and Summerville forma-
tion pinch out much lower on the anticline near the southeastern end
of Gypsum Valley than they do near Gypsum Gap. Similarly, the Burro
Canyon formation thins from a thickness of about 135 feet at Gypsum
Gap to less than 45 feet near the southeastern end of the valley (plate
5)., Moreover, the proportion of conglomerate in the Burro Canyon decreases
near the cupola while shale and siltstone become relatively more abundant,

It is also possible that a large river was deflected around the
cupola during Burro Canyon time because the ratio of conglomerat&é
sandstone to shale is abnormally large near the edge of the cupola on
both the northern and southern flanks of the valley (pl. 5). In
addition, the distribution of Burro Canyon strata affected by this
uplift suggest that the anticline was both wider and lorga* in the Lower
‘Cretaceous than in the Upper Jurassic (see below). This increase in
8ize may have resulted from the fact that sediments completely covered

the anticline in the uppermost Jurassic for the first time since the

Permian, Therefore, upwelling salt may have had less tendency to flow
. In towards the crest of the anticline and instead formed a broader

anticlinal arch than before.
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{ . The second period of uplift probably occurred in the middle
, Tertiary (p. 76 ). A broad anticlinal fold, guided and localized by
the pre-existing structure, was formed in the southeastern end of
cy}sum Valley. The anticline may have risen more than 4,600 fecF
;t éhat ;ime, as this is the amount of mecasurable pre-Quaternary up- .
l1ift in Salt Wash sandstone near the cupola. Although considerably
less than the 5,600 to ¢,300 fect of uplift estimated for the first
period (pages 62 and 65), this was nevertheless a period of major up-
lift in the anticline. |
As in the Farly Cretaceocus, the anticline was probébly longer and
wider in the Tertiary than in the Triassic. This 1is suggested by the
following relationships: the area affected by Tertiary subsidence is
larger than the areca of Triassic subsidence; Tertiary collapse structures
' cextend south from the Klondike amphitheater nearly 1 3/4 miles beyond
the pinchout of Chinle scdiments, which are believed to be among the
H oldest Triassic sediments in the report arca (p. 25); and fan deposits
in the Entrada sandstone, as well as slump structures and fan deposits
in the Summerville formation, pinch out nearly 1 1/2 miles north of the

southern edge of the area affected by Tertiary subsidence,
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: ‘ Collapse of the anticline probably began soon after uplift, possibly
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{n the Miocene (p. 76), when erosion of overlying sediments had again

csposed the salt core at-the surface, Parenthetically, it is interest~

in; to note that this collapse probably occurred at different times 1o

different parts of Gypsum Valley., The youngest beds presarved by col- -

aps2 near the Dolores river narthwest of the map area are basal Mesa

The

l
verde and upper Mancos transition zone (Stokes and Phoenix, 1948).
salt core clearly cquld not have beén exposed to erosion by the time
these bedsbcollapsed, so collapse must h#ve been caused by salt flo&ége;
The most likely direction for this salt to flow was toward the nearby
Dolores Rive:.‘ This could only have happened, of course, {fvghe Délareﬁ

River were antecedent to the Tertiary anticline (Stokes, 1956, p. 44)

and if the river had cut through to the evaporite core before erosion

g‘trippcd the Mesa Verde from the crest of the anticline,

The youngest beds exposed in the floor of Gypsum Valley become

older with increasing distance from the river, and in the report area

only the basal Salt Wash is preserved, Tertiary collapse, therefore,

must have occurred somewhat later in the report area than near the

Dclores River. Furthermore, since Salt Wash beds were the first sedi-
ments to be deposited over the cupola since the Cutler, collapse probably
did not occur in the report area until the cupola had been breached and
thg salt csre exposed at the surface. In contrast to dep§sits near the

Dolores River, therefore, erosion was probably a more important cause

of Tertiary collapse in the Klondike area than was salt flow.
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Collapse was followed by a period of prolonged erosion which lasted

through the rest of the Tertlary., A widespread surface of low relief

R e . s

was fofmed, and nearly all topographic expression of the anticline was
§ removed, ~Epeirogenic uplift in the late Miocene or early Pliocene
(Longwell, 1946, p. 834) raised the Plateau to its present elevation
of about a mile above sea level,

Qutwash gravel from an early Pleistocene pledmont glacier was de-
posited on the Tertiary erosion surface as far wesﬁ as Gypsum Gap. This

- gravel consists mostly of volcanic rocks from the San Juan Mountains,

eo—

and one deposit on the northern side of the Klondike amphitheater {is

ﬁ more than 200 feet thick., This deposit fills a large river channel that
cuts down into basal Salt Wash sandstone; the bottom of the channel is
more than 200 fcet below the top of Salt Wash strata exposed nearby on
H. the eastern ‘side of the amphitheater (picture 5). The almost complete
lack of outwash gravel on adjacent parts of Klondike Ridge and the Horse
Park fault block suggests that there may have been enough topographic
relief over those structures in the early Pleistocene to confine the
river to this relatively narrow channel,

Two small deposits of outwash gravel 1n Gypsum Gap are important

because they show that a river flowed across part of the anticline in

the early Pleistocene, and thereby indicate little topographic relief
over the anticline at that time. Cobbles in Gypsum Gap are smaller,

for the most part, than those in the main channel above the Klondike
amphitheater, and they not only are composed of volcanic rocks from

the San Juan Mountains but also contain pebbles and 9obb1es of Salt

Wash and Mesa Verde dandstone, Table 16 shows that detritus from the

. ‘Mesa Verde is only found in the upper part of gravel deposits on Klondike
Ridge, so the deposits in Gypsum Gap are probably among the youngest in

the area,
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. ~ The third and final period of uplift began in the early Pleistocene,

wnd, except for subsequent collapse features, the anticline attained
esséntially itg present shape at that time., This was the mildest of
the three periods of uplifi, and outwash gravel in Gypsum Gap was only
raiséa'about 175 feet above the old erosion surface.

The third period of collapse must have begun soon after uplift be-
cause the evaporite core was already exposed to erosion at the surface
in many places. Most faults formed during the Tertiary collapse were
probably reactivated at this time, and some new folds and faults were
also formed,

Small faults in Quaternary talus deposits show that minor subsidence
and local readjustments are still continuing in Gypsum Valley, The small
shear shown in picture 11, for instance, was caused by recent settling
in the valley floor, Cater (1955a) reports that minor settling is still
going on in other salt valleys on the Colorado Plateau, too, In addi-
tion, minor upwelling of salt in the former cupola may be still continuing
because the steep mounds and hills of evaporite material in the valley

east of Gypsum Gap (p. ¢ ) are in the area formerly occupied by the

cupola,
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i‘ Finzlly, and in the realm of speculation, it is interesting to won-

W wnsomome ool

der 1f there méy have been a slight northward shift in the axis of the
anticline, possibly in the Tertiery. It will be recalled that a wedge
of evaporite material extends eastward beyond Gypsum Valley along the
Horse Park fault (pl. 4). This is surprising because the Horse Park
fault block truncates structures formed by this wedge and seems to be
younger than all structures on the anticline except those producéd by
the latest period of uplift., The western segment of the Horse Park
féult in Gypsum Valley, therefore, may be'older than the rest of the
fault farther east and, accordingly, may have formed during an eérlier.
period of collapse on the anticline, .

Pursuing this further, geologic maps of the southeastern end of
j.Gypsum Valley (Cater, 1955a; Stokes and Phoenix, 1948) show that Triassic

formations c¢rop out on the northern flank of the valley, but not the

southern, and thus must have been deposited higher 6n thg present flank

of the anticline on that side. Furthermore, data presented in table 2
suggest that the angular unconformity between Upper Jurassic and Paleozolc
formations is greater on the southern flank of the anticline than the
northern, These relationships are anomalous and suggest that the locus

of uplift in ;he Tertiary had moved northward, possibly along the western
segment of the Horse Park fault., This change would produce a slight north-
ward shift in the axis of the anticline and may account for the evaporite
wedge southeast of Gypsum Valley, the presence of Triassic and Jurassic
sediments on the northern wall of the valley, but not the southern, and
the apparent discrepancy in the angle of the unconformity between Paleo-

. zoic and Upper Jurassic sediments on the two flanks of the anticline,




'%16 2, Representative angular unconformities on the northern and

s of the Gypsum valley anticline.

T e

southern £1lank

/'_‘—-
¢outhern fl
e

& North

measurements is in a

ank of Gypsum Valley:

Gypoun valley. Sequence of-

side of Klondike Ridge facing
southecasterly direction, First is near

Gypsun Gap and last is near the Tertiary cross faults at south-

eastern end of Gypsun Valley.

]
1. Pr-Jms 42° 4, Phl-Jms 74°

2, Prc-Jms 40° 5., Phl-Jns 68°

' 3, Phl-Jms 72°
South side of Klondike Ridge. All measuremeﬁts are southeast

of no., &4 above.

1@  phl-Je  40° pe-Je  32°
_ Pr-Je 320 Pc Je 12°
pPc-Jms  53°
Northern flank of Gypsum Valley:
Measurcments taken across the valley from no. 4 above and
the flank

correspond to mno. 4 with respect to position on

of the anticline,

Pr-Jk 41°

Jk~Jms 6°
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. ) Doloregs anticline

The Dolores anticline is another salt anticline, but one that has
mt yet collapsed, It trends about N, 55° W, and is characterized in
the map area by a nearly dip slope of Drkota sandstone, Only about 1 1/2
square miles of the anticline's northeastern flank.are present in the
arca, so very little of its history can be determined, Perched meander
scours, however, and deposits of coarse outwash graQel similar to those
on Klondike Ridge show that Disappointment Creek meandered across an
advanced erosion surface of low relief before final uplift of the anti-
cline. They also show that final uplift occurred after the early Pleisto-
cene piledmont glaciation, so uplift probably was essentially contemporaneous
with that of the Gypsum Valley anticline, This tends to confirm the find-
ings of other writers (page 6/) that salt anticlines on the Platecau show

ny similarities in their structural histories and in the synchronism
of events affecting them.
Horse Park Pault block

The Horge Park fault block is a scoop-shaped upland area that trends
about N, 55° W, and slopes to the northwest, It is bounded on the north
by the Horse Park fault and on the south by an unnamed fault with a strati-
8rap?ic throw near Gypsum Valley of about 3,300 feet. A number of smaller

structures in the fault block, such as Spring Creek grabemy a syncline,

and gcveral minor faults, are clearly subsidiary to these boundary faults.
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The Horse Park fault separates the Horse Park fault block and Dis-
appointment Valley to the south, both of which were affected by Cenozoic
1 movenent in the San Juan Mountains, from Dry Creek Basin to the north,

whi;h was not affected by this movement. The fault is entirely covered

by alluvium in Dry Creeck Basin but can be seen in the uplands to the east
where Mesa Verde sandstone has been faulted into contact with the lower
part of the Mancos shale, 1Its extension into the map area 1s inferred

to explain the north~facing scarp which truncates the Dry Creek erosion

surface (plcture 12), the perched outwash gravels and steep canyon near

Horse Park, and collapse structures within the fault block itself, Ini-

tial subsidence on this fault may have exceeded 3,000 feet near Gypsum
| Valley.

‘ The Horse Park faulE block is a large graben located on the north-

ern edge of a much larger area of downfaulting. The region affected by

subsidence extends far beyond the eastern border of the map and south
beyond the fault block, across Disappointment Valley, and possibly
farther. This movcment was probably an integral part of regional subsi-
dence on the northwestern side of the San Juan Mountains which, Larsen

and Cross (1956, p. 259) report, occurred in the early Miocene,
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o several bits of evidence connect movements in the Horse Park fault
s.'ock ﬁith those in the Gypsum Valley anticline. These suggest that
:bsidence In the fault block occurred soon after Tertiary uplift of
:he salt anticline and before the anticline collapsed, The fault block,
for example, truncates structures in Gypsum Valley that were formed in
part auring Tertiary uplift of the anticline (plate 4), so the fault
block must be younger than this uplift, Moreover, erosion of Mesa Verde
scdiments on the fault block is no more advanced near the salt anticline
than on the eastern side of the report area, suggesting that collapse

took place before the anticline was deeply eroded. Furthermore, Upper

Cretaceous strata on the fault block have been faulted into contact

vith Jurassic and upper Paleozoic strata on the anticline, showing that
ﬂ.\e sedimentary cover was still several thousand feet thick when fault-

ing occurred. Thit; in turn means that the fault block was probably

formed befor»e the anticline collapsed because anticlinal collapse ir;

the report a;-ea is thought to have been caused by rapid erosion of the

evaporite core after overlying beds had been stripped away (page 6 8).

Uplift of the Gypsum Valley salt anticline, therefore, probably occurred

shortly before subsidence in the Horse Park fault block, possibly in the

late Oligocene or early Miocene.

Subsidence of the fault block was followed by an interval of pro-
longed erosion, during which a nearly level erosfon surface was formed.
Early Pleistocene rivers carried glacial outwash across this surface,

forming a gravel depos‘it on Klondike Ridge that is more than 200 feet

' thick,
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’ A second period of movement took place In the early Pleistocene

ww;rds the end of the Cerro stage of glaciation (p.57). It probably

a0 e
B

occurred in conjunction with post-Hinsdale uplift in the San Juan Mountains,
aad it caused renewed movement on the Horse Park fault, but in a reverse
sense, ﬁe H rse Park fault block was raised more than 1,000 feet, the
height of the fault line scarp truncating Dry Creek Basin, and was tilted
toward the west, )

The fault block did ndt behave as a separate structural unit this
time as it did during the earlier period of subsidence. Instead, {t
rose as an integral part of regional uplift to the south and contempor=-
. aneously with OQuaternary uplift of the Gypsum Valley salt anticline.
This is shown by the small amount of recent movement on the unnamed

boundary fault along the southern side of the fault block, The scarp

‘t the eastern end of the fault, where most movement took place, is

about 200 feet high, There 1{s no scarp at all along the western part
of this fault, and displacement here is probably less than 50 feet, In-
stead, both sides of the fault seem to have risen together,

The fault block contains many secondary structures of which Spring
Creck graben is the largest. An unusually thick section of Mesa Verde
18 preserved in the graben near the axis of the syncline showing that
the syncline was formed during the middle Tertiary collapse before ex-
tens{ve upper Tertiary erosion had stripped these deposits from the area.
Spring Creek itself, however, is clearly antecedent to the present struc-
ture, and this fact together with low fault scarps in'the eastern part
of the area shows that there was renewed folding and faultipg in the

%*'Spring Creek graben during the Quaternary uplift,
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A large V-shaped canyon near Horse Park marks the abandoned channel
&

. a large rlver, possibly ancestral Dry Creek. Outwash gravel at the

v.ad of this canyon shows that it was carved during the early Pleistocene

5y a river flowing across the Horse Park fault block into Dry Creek Basin,

apparently after uplift, the river first carved this short, steep canyon

ard then was forceé to abandon its channel when more rapid downcutting

{n soft Mancos shale. to the north diverted it from the fault block,
Disappointment Valley

- Disappointment Valley {s the erosional expression of a broad, shal-

lov syncline more than 20 miles long. Throughout most of this length

. it is a smooth, nearly level valley (picture 13) that was probably formed

during the period of prolonged erosion in the upper Tertiary. This smooth

surface is replaced in the western part of the map area by an irregular

.g‘topography of hills and buttes, These become higher and more numerous

to the east and finally pass into badland topography near the Mesa
Verde cliffs (picture 14), These cliffs rise more than 1,500 feet above

the valley floor and mark the beginning of the upland area around the

Vestern side of the San Juan Mountains,

Disappointment Valley trends about N, 60° W, in the report area.
This represents a shift of 5° from its dominant trend farther west of
about N, 55°W. (Stokes and Phoenix, 1948). In addition, the axis of

the syncline cuts obliquely across the valley; this obliqueness increases

eastward,
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‘ Very little of the pre~Tertiary history of Disappointment Valley
can be determined from rocks exposed in‘the report area, Simmons (1957,
p. 2521) reports unusually thick sections of Jurassic and Lower Cretaceous
sediments in the northwestern part of Disappoinémant Valley, and he
postulates a basin, the Disappointment basin, to receive them. Drill
hole data (table 11) show an unusually thick section of Burro Canyon
conglomerate in the report area, too, which suggests that this basin
may h;ve extended eastward into the Klondike Ridge area, ;‘

Stokes (1956, p. 46) has suggested that synclines, such as Disappoint-

un;t Valley, separafing salt anticlines on the Colorado Plateau were formed
by salt flowage into the anticlines and correspond to rim synclines sur-
rounding salt domes in the Gulf Coast region. Following Stoke's suggestion,

’lt is possible that sediments in Disappointment Valley were deposited in
an actively sinking syncline which developed contemporaneously with the
salt anticlines and, therefore, probably fifst appeared as a structural
unit in the late Pennsylvanian,

Most structural and topographic features of Disappolntment Valley

exposed in the report area were formed by movements originating in the
San Juan Mountains rather than the salt anticlines, so the Cenozoic history
of the valley is very similar to that of the Horse Park faﬁlt block, The
Peculiar shift in the trend of Disappointment Valley, for instance, prob-

ably represents a slight northeasterly tilt in the valley floor caused

" by middle Tertiary subsidence along the Horse Park fault,
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Prolongeﬁ erosion in the upper Tertiary produced a widespread sur-
face ;f low relief ‘over much of ihe Colorado Plateau (Gregory, 1947, p.
700-701). Later, during the Quaternary post-Hinsdale uplift of the San Juan
Mountains, the eastern end of Disappoilntment Valley was ralsed more than
1,500 feet, and this Tertiary eroslon surface was tilted about 3° to the
west, The obliquity of the synclinal axis Qith respect to bisappointment
valley probably originated in this uplift and represents a northward
deflection of the axis caused by the rising mounﬁain area to the east,

Shortly after uplift, large blocks of upper Mancos and Mesa Verde
sandstone and shale broke loose and slid down into Disappointment Valley
over the smooth erosion surface, Friction between this material and
the Mancos shale must have been very slight because debris from one
such landslide traveled more than six miles, but blocks more than 30
feet long suffered only very gentle crumpling (pl. 1 and picture 9).

The Tertiar& erosion surface has been degpl& dissected since this
uplift, Streams crossing it in the Pleistocene deposited a thin éeneer
of outwash gravel which now caps many of the buttes in Disappointment
Valley, In addition, the topography presents differiﬁg degrees of
erosional maturity which are undoubtedly a function of the amount of
downcutting needed to reach a new base leyel, The drainage 1s still
cutting headwards and entrenching itself near the eastern end of the
valley where uplift was greatest, Here are many isolated buttes,
narrow, steep-walled valleys, and much talus along the base of the

cliff (picture 14). Badland topography prevails,
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Uplift was not as great in the western part of the area, The streams
1 i are nearly at grade and are primarily engaged in widening theixr valleys.
This process is most advanced near the western edge of the map where
Quétefnary uplift was least., Here the gently sloping surface is broken

by only a few low hills (picture 13).

Dry Creek basin
Dry Creek Busin is a broad, nearly level plain carved in the Mancos

shale. Structurally, it is a shallow syncline lying between the Gypsum

Valley and Paradox Valley salt anticlines, but it is truncated on the

southeast by thc Horse Park fault block and on the east by the Quaternary

uplift. of the San Juan Mountains. Only a narrow strip comprising about

five square miles is present in the report area, so very little of the

syncliﬁe's pre-Tertiary history can be determined., This history, however,
's probably similar to that of the Disappointment Valley syncline to the
south,

The feature of chief interest in this report is the coatrast the
nearly level erosion surface in Dry Creek Basin affords with both the
Horse Park fault block and the southeastern end of Disappointment Valley
(pictures 12 and 14). The Dry Creek Basin erosion surface is clearly an
old surface that was not greatly affected by Quaternary uplift in the San
Juan Mountains and the Horse Park fault block. This means that the up-
11ft extends nearly 7 miles farther west on the southern side of the

Horse Park fault than on the northern,
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b -Geologic history
‘ Paleozoic strata exposed in the report area ane dominantly marine
anﬁj;ere deposited in the Paradox basin, This was an irregularly el-
1ip£ica1 depression about 350 miles long and 180 miles wide which first
appeared in the Pennsylvanian, At that time it was a nearly isolated
basin with only restricted access to the open sea, The Hermosa is the
oldest fo?mation exposed in the Klondike Ridge arca; the oldest beds
exposed, thesc of the Paradox member, consist of a thick series of evap-
orite deposits with some interbedded fine-grained clastic material and
blacg shale, Barriers to the sea were lovered during upper Hermosa time,

and, as a result, the upper part of the formation comprises a thick

scquence of normal marine limestone, dolomitic limestone, shale, and

sandstone,

o
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= f? The uppermost marine deposits are Interbedded with coarse clastic

déﬁris shed from the Uncompahgre Plateau to the north, This transition

zone is the Rico formation. The Paradox sea withdrew from the map area

\by*fyé‘lowgr Permian, and a highly variable sequence of coarse conglon-

ef%ﬁi&fﬁhﬂdstone, siltstone, and silty shale was deposited., This material

is similar to the non-marine portion of the Rico formation and is the

SO .

C;ti%ryformation.

| Salt flow and uplift of the Gypsum Valley anticline may have begun
in the lgte.Pennsylvanian; by late Cutler time erosion had stripped away
the‘;verlying sediments exposing the salt core at the surface. The
thfekneséfo% Paleozoic sediments overlying the evaporite deposits is
about 4,500 to 5,000 feet which, therfore, must be the amount the salt
core rose by late Cutler time, Major uplift probably continued into

the Triassic, and movements of lesser extent are recorded in most for-

mations through the Lower Cretaceous,
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'leing sediments had been stripped away and the evaporite core was exposed
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Collapse of the anticline probably began soon after uplift when over-

to erosion, Collapse was caused by removal of salt and resulted from ,
both erosion and solution of soluble constituents and from salt flow-
age towards the axis of the anticline where the core was exposed at the

surface, One fault formed during this subsidence has a measurable dis-

‘placement in excess of 200 feet,

Erosidn in the Triassic produced a smooth surface upon which Chinle

"and younger formations overlapped, Continued upwelling of salt, although

gradually decreasing in intensity, maintained some topographic expression
of the anticline throughout most of the Jurassic, and the Upper Jurassic
Morrison formation is thought -to have been the first to cross the anti-
cline everywhere on the Plateau (Cater, 1955a). The normal stratigraphic
interval ﬁegween the base of the upper part of the Chinle and the Morrison
formation is about 1,100 to 1,300 feet which, therefore, must be the
amount ;f Uéper Triassic and Jurassic uplift on the anticline,

The anticline may have been shorter and narrower:in that period than
it {5 now, The southern flank of the anticline, for instance, was prob-
ably about 1 3/4 miles north of its present position as that is where
the oldest‘known Triassic sediments in the district pinch out and where
slump strﬁctures and fan deposfts formed in Upper Jurassic sediments,

The anticline was larger in the Lower Cretaceous, however, and was

probably about as wide and long then as it is now,
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A persistent cupola or dome on the antic}inc southeast of Gypsum
Gap appeared during an early phase of anticlinal growth and has affected
much of the subsequent structural and depositional history of this area,
The effects of the cupola are seen in the fault pattern around Gypsum
Valley and in the distribution of sediments along its flanks,

Nearly all Triassic and Jurassic formations on Klondike Ridge show

the effects of contemporaneous uplift in the anticline, Only part of

‘the Chinle formation is present, and that contains many angular pebbles

and chips from older formations eroded off the anticline, The overlying
Glen Canyon group, consisting of the Wingate and Kayenta sandstones in
the report area, is entirely fluvial on Klondike Ridge although in most
places the group 1s dominantly eolian., In addition, the sandstones
contain many thin conglomerate horizons. These are %®bundant in the
lower part of the group, but gradually disappear upwards. Sandstone
units in between are free of conglomerate pebbles, suggesting that
uplift was»spasmodic and that movement during individual surges was

small,




‘ The Upper Jurasslc San Rafael group overlies the Glen Canyon group

and includes the Entrada sandstone and Summerville formation in the re-
port area, These formations also show the effects of contemporaneous
upiift in the salt anticline, but to a lesscr extent than the Glen
Canyon group. Abnormal depositional features include thin conglomerate
horizons, fan deposits, and contemporaneous slump structures. The
Entrada séndstone i1s dominantly eolian in most places, but on Klondike
Ridge it is predominantly fluvial and has several conglomeratic sandstone
lenses, The Summerville formation is a flood-plain deposit and is 5{
fluvial origi;, but 1t also contains lacustrine deposits on Klondike
Ridge. Thesge deposits show that small ephemeral lakes fdrmed on part

of the anticline during Summerville time and, therefore, that most topo-

graphic expression of the anticline must have been removed by then, Slump

f{/‘stmctures and fan deposits in Summerville sediments on Klondike Ridge,

however, show that uplift was still continuing, but evidently en a
greatly reducéd scale,

The Morrison formation overlies the Summerville and apparently was
the first Mesozolc formation to be deposited on the cupola. The basal
Morrison contains a thin limestone bed which extends far out into Gypsum
Valley and evidently was deposited on top of the salt cupola itself,
This shows that the cupola had been eroded by early Morrison time and
was even the site of a short-lived lake,

The Morrison formation:is a large alluvial fan formed by a system
of aggrading streams (Craig and others, 1955, p. 151, 157)., The lower
part, the Salt Wash member, consists of sandstone with Interbedded shale
and minor limestone while the upper part, the Brushy Basin member, con-
§ists mostly of variegated shale with minor conglomeratic sandstone and
limestone. Impure bentonitic clay is abundant in the Brushy Basin and

i3 partly volcanic in origin.
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The Brushy Basin is conformably overlain by conglomeratic sandstone
and shale of the lLower Cretaceous Burro Canyon formation, The Burro

Canyon is abnormally thin near the cupola on the Gypsum Valley anti-

.cline, and it contains an unusually large proportion of shale; the

proportion of conglomeratic sandstone is correspondingly greater around
the margins of the cupola, These relationships were caused by a deflec-
tion of rivers around the cupola and probably indicate minor uplift in
Bu?to Canyon time,

Outcrop and drill hole information in the nearby Slick Rock district
show that many Mesozoic formations are unusually thick in Disappointment
Valley. Simmons (1957, p. 2521) postulates a basin, the Disappointment
basin, to regeive these deposits, Drill hole data in the Klondike Ridge
area show that here, too, the Burro Canyon formation is abnormally thick
in the syncline and that the Disappointment basin probably extended ingo
the report area, Stokes (1956, p. 46) has suggested that synclines such
as this may have been formed by salt flowage from the syncline into ad-
jacent salt anticlines and, theréfore, correspond to rim synclines found
around salt domes in the.Gulf Coast region,

The region was flooded by a Late Cretaceous sea in which the marginal
marine Dakota sandstone, marine Mancos shale, add marine and marginal
marine Mesa Verde group were deposited. These rocks blanket most of
the report area, and older formations are exposed only on the flanks
of the salt anticlines. In addition, several thousand feet of Late
Cretaceous and early Tertfary fluvial and lacustrine sediments were
probably deposited in the report area after the sea withdrew, but all

traces of these rocks have been removed by erosiom.




The second feriod of uplift on the Gypsum Valley anticline probably
. began in the middle Tertiary. Uplift was not as great as during the
first period, but, nevertheless, it may have exceeded 4;600 feet on the
cupola, The sccond period of collapsec occurred after the overlylng sedi-
ments were stripped off the anticline and the salt core was again exposed
Eo erosion at the surface. Displacement on some faults formed at this
' thneaexceeds 300 feet.
Regional subsidence on the northwestern side of the San Juan Moun-
tains in the early Miocene extended into the report area. The Horse
Park fault marks the northern limit of subsidence here, and displacement
on the fault may have exceeddd 3,000 feet near the Gypsum Valley anticline,
The Horse Park fault block also was formed at that time, and the eastern
end of Disappointment Valley was tilted a few degrees to the northeast,
. producing a westward shift in the trend of the valley.
Subsidence was followed by a period of prolonged erosion which pro-

duced a widespread surface of low relief, All Tertiary and Upper Cretaceous

deposits down to the Mancos shale were removed from the area, except where
protected by earlier faulting, and overlying formations down to the basal
sandstone of the Morrison formation were stripped off the cupola on the
Gypsum Valley anticline., Epeirogenic uplift in the late Miocene or early

Pliocene raised the area about a mile.




p‘. ‘Igneous sills of microgranogabbro, similar tc; 'dikes and sills in
the Son Juan Mountains, were intruded during the middle or upper Tertiary.
ﬂwee-émall breccia dikes were also formed at this time on the Dolores
aﬁticline when groundwater, vaporized by the intruding sills, burst through
to the surface along Joints in the Dakota sandstone, Glaciation in the .
carly Pleistocene saw the advance of a piedmont glacier into the eastern
patt of the area. Outwash from this glacier is found as far west as Gypsum
Cap; one gravel deposit formed at that time on Klondike Ridge is more than
200 feet thick.

;A secppd'period of movement in the Horse Park fault block began While‘
outwash gravel was still being deposited in the area. It probably coin-

clded with the post-Hinsdale uplift in the San Juan Mountains, and it

produced movement in a reverse sense on the Horse Park fault. The fault
#.block was raised about 1,000 feet, but there was no corresponding move-
ment in Dry Creek Basin, A river near Horse Park carrying outwash gravel
into Dry Creek Basin carved a deep canyon in the fault block before its
channel was deflected into the soft Mancos shale in Dry Creek Basin,

The eastern end of Disappointment Valley was raised about 1,500 feet
at that time, too, and its surface was tilted nearly 3° to the west, As
a8 result, the axis of the syncline was deflected to the north and now
cuts obliquely across the valley. Landslide debris slid down over this

surface, in one casejtraveling more than 6 miles from its source, Sub-

Sequent erosion has produced a deeply dissected, irregular surface with
many hills and buttes at the eastern end of the valley. These become
Smaller to the west and finally pass Into a surface of low relief beyond

. the area affected by uplift of the San Juan Mountains.
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The third period of major uplift in the Gypsuﬁ Valley salt anticline

P occurred almost simultaneously with uplift of the Horse Park fault block,

Movement in the anticline was probably less than in either of the two

- earlier periods, however, because outwash gravel inm Gypsum Gap was only

ralsed about 175 feet, Collapse of the antlcline must have begun soon

" after uplift because the evaporite core was already exposed to erosion

at .the surfaée in many places,

Uplift of both the anticline and the fault block may have begun be-
fore glaciation because no outwash gravel was deposited Qn the cupola
in CGypsum Valley or very far east of the river channel on the fault
block, 1Irregular, hilly topography near the eastern end of Gypsum Valley
and small shears in recent talus deposits in the flébr of the valley sug-
gest that both upwelling of salt in the cupola and subsidence around the

edge of the valley are still continuing.
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i - Ore deposits

.o .l Introductibn

" The Klondike mining district is located on Xlondike Ridge. It
¢xte§ds in a southeasterly direction from Gypsum Gap to the Klondike
” ambhitheater and then swings north around Gypsum Valley to the Horse
park fault (pl. 4). Uranium-vanadium, copper, and manganese ore as well

as gravel’ﬁave been mined in the district, but all deposits are small,

h and it i{s estimated that fewer than a dozen have yielded as much as 100
tons of ore, Most of the latter have been carnotite deposits,
‘ ' - Carnotite deposits

Carnotite deposits have been known in the district for many years

(Coffin, 1921, p. 210-211), but little ore has been mined, It is esti-

' mated that only about 1,000 tons of ore have been shipped from the district

and that most of this production has occurred since 1950.

The Klondike district is a few miles east of the so-called Uravan
mineral belt, This mineral belt was described by Fischer and Hilpert
(1952, p. 3) as "a narrow, elongate area in which carnotite deposits
8enerally have closer spacing, larger size, and higher grade than those

in the adjoining areas”", 1In addition, deposits within the mineral belt

have "ratios of uranium to vanadium ranging from 1 part U308 to 5 to 10

parts V_0. whereas deposits outside the belt have ratios ranging from 1

275
Ppart 0308 to 10 to 20 parts VéOS" (ibid, p. 4-5). By way of comparison,
the U308-V'20S ratio in ore from the Klondike district ranges from 1:3

to 1:26, These writers further point out that most of the uranium and

Vanadium mined i{n southwestern Colorado have come from deposits within

' the mineral belt,
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It is not surprising, therefore, that uranium production in the
xlondike district has been so small, Nevertheless, interest in the
district has continued because the edges of the Uravan mineral belt are
poorly defihed in Gypsum Valley (ibid, p. 4), so there may be large
uranium deposits in nearby areas such as this. The district is also of
interest because the association of manganese and copper deposits with
carnotite is unusual on the Colorado Plateau,

The present study, however, has found no evidence of concealed
uraniun deposits that might be comparable in either size or grade to
those in the Uravan mineral belt, Furthermore, the association of carno-
tite deposits with those of manganese and copper is accidental, for the
Iatger are much younger,

Mineralogy

All uranium deposits in the district are of the carnotite-type.

The mineralogy of these deposits is similar to that of carnotite deposits

In the nearby Uravan mineral belt which have been described by Weeks and

Thompson (1954, p. 19-20).
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The principal minerals are: carnotite, K2(U02)2(V04)2‘1-3H20;
__ ;ouyamunite, Ca(UO2)2(V04)2'7-101/2“20; roscoelite and vanadium hydro-
l. alca, (A1, V)2(A1,313)(K,Na)OlO(OK{,F)Q; limonite; calcite; mariposite(?),

,chrémium-bearing mica; marcasite; and'pyrite. These minerals fill pore
spaces In the sandstone and also partially replace sand grahs and associ-
sted aréillaceous and carbonaceous material, 1In addition, small amounts
of carnsfite, tyuyamunite, limonite, and caliche coat fracture surfaces
ncar the deposits. The latter minecrals rarely extend more than a few
feet into the sandstone and probably have been leached from the main

part of the deposits, Carnotite and tyuyamunite are closely associated
hithegé deposits (Weeks and Thompson, 1954) and are difficult to tell
apart because both are fine~grained and have a canary-yellow color, For
simplicity, therefore, these uranium-bearing minerals will be referred

to as "carnotitd" in this report although in all probablility some of the
material is tyuyamunite,

The carnotite suite of minerals is thought to be secondary and to
have formed from primary oxides and hydroxides by oxidation through a
complex suite of intermediate mineralg (Weeks, 1955, p. 189-190). The
Principal primary minerals are uraninite, coffinite, montroseite, roscoelite,
vanadium hydromica, marcasite, and pyrite (ibid, P. 188). With the ex-

Ception of the vanadium silicates, which are not altered during weathering

(Evans and Garrels, 1958, p. 145), the only primary minerals remaining
in the Klondike deposits are some heavily weathered marcasite nodules,
Uranfum and vanadium showed little tendency to migrate during oxidation,

hWever, and neither leaching nor supergene enrichment of the deposits

has been extensive,




Zoning

v Most deposits are zoned, Some carnotite is disseminated through
:hebdeﬁosits, but most carnotite is closely associated with organic
debrls. or mudstone flakes and lenses., Limonite, roscoelite, an& vanadium
hydromica occur with carnotite in these high-grade zones and also in the
adjacent sandstone, Locally, these mincrals also extend beyond the de-
posits along slightly argillaceous bedding planes from which they are
disseminated short distances imto the adjacent sandstone, Thus the
uranimm=-vanadium ratio decreases towards the edges.of many deposits, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>