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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.
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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,
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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.

38




~~.\ i S BB 1 s e A s A0 1 Jeese e R T O L =Tt X SN ORI~ S RN P S SR

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 abse<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>