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ANIRODUCTION

One of the not:k baffling mblm in oonmnection
with the geology of the mineral deposits of Colorado is the
question of the source of the placer gold of the Cherry Creek
and Rumning Creek drainage basins in the Castle Rook and Denver
quadrangles. These streams do not head in the Front Range, nor
have any signs of mineralization been reported in the vicinity
of the above mentioned creeks. Inasmuch as intermittent at-
tempts have been made to recover gold on a commsrcial basis
from the placer sands ever sinoce 1858 (1) , and the possidility
of the existenoe of placer ground of commwrolal importance in the
ares is sdmitted, it was deemed advisable to make a careful study
of the occurrense with the view of determining definitely the
souroe of the gold,

In the early stages of the investigation it be-
came apparent that the placer gold was generally related to the
Castle Rook conglomerate, therefore it beocams neeessary to extend
the investigation to include a stratigraphie study of this forma-
tion in order to properly trace the sucoession of events involved
‘in the development of the modern placers.

Some of the prineipal papers discussing the Castle

. Rosk songlomerate are listed as follows: |

Third anmal preliminary field report of the

United States Geologiéal Survey of Colorado and New Mexico pp. 39-

40, 1869,
Resume of the geology along the eastern base of the Front of

Colorado Range; U.S. Geol. & Geog. Survey Terr. Eight Ann. Rept for
1874, pp. 36-46, 1876,

(1) F:. Bull, Histery of Colorade, Vol. 3, p. 333, 1891.
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Cannon, Ge Le Jx. Notes on the Geology of Palmer Lake, Colo.
: cﬂlﬂa Sﬁio SOGG P"OGQ, Vol. ‘, Ppe 22-4—25‘ 1892,

Ve eye Crogs. hitman and E T H GEOIO@Of
tho Denver Basin in Golorado, U. Se Geol. Survey, Mone. 27, 1896,
ise, ¥a 1. The areal geclogy of the Castle Rock region, coloraao,
4Am. Geologist, Vol. 29, Ppe 96-109, 1902.
arton, Ne He Age of the Monament Creek formation; Am. Jours Scie
4th Ser. Vol. 20, pp. 178-180, 1905,
m.mm,__ﬁ_._n._ The Eomment Creek group; Geol. 3Soc. Amerisa
Bnll., Yol. 25, PDe 257*-375, 1912,

Castle Rock folio, Colorsdo, No. 198, U. S. Geol. Survey.

J0CATIOR The area involved in the problem umler discussion
covers a large part of the Castle Rock quadrangle

in Douglas, Elbert, and El Paso Counties, Colordo, especially

the area in which the Castle Rock conglomerate constitutes the

surface rock.

g -~ Topographically, the greatest part of
the- Castle Rock quadrangle is located in the

plains area which is underlain for the most part by the soft
Dawson arkose of Eocens age, and the relatively well indurated
Castle Rook sconglomsrate of Oligooene age. A4 few ratches of
Dawson lava form the tzble lands and buttes near the Castlewood
reservoir and in the southern part of the quadrangle the Castle
Rosk econglomerate, on ssscount of its hariness, ocoupies a some-
what highsr elevation by eomparison with the topography ef the
soft Dawson arkose,

In general, the plains area rerpresents a sub-
maturely disseoted platean, with mumerous mesas acapped by re-
sistant Castle Rook songlomerate and rhyolite lava of Dawson age.
It slopes gently toward the mertbesst from an elevation of 7500

feet in the socuthern part of the quadrangle to an elevation of




6300 feet in its northeastera portion. The relief in the plains
ares is grestest in the west oeniral portion of the guairangle
whare mumerous mesas gapped by Dewson lava or Oastle Bock con-
glomerate rise from 400 to 600 feet abowe the surrounding country.
The area is drained by a number of small northward
flowing streams tributary to the Platte Rivers. The largest of
these in passing from east to west are: Kiowa Creek in the south-
eastern portion of the quadrangle, Rumning Creek, loocated a few
miles weat of Kiowa Creek, Cherry Creek and Vest Chewry Creek,
which drafn the central part of the quadrangle, and Flum and Vest
Flum Creeks in the western portion. The valleys are relatively
broad in soft Dawson arkose, but are narrow where they pass through
the more resistant Castle Rock songlomerate and in the lava flows
of the Dawson formation. The principal stresms usnally carry a
small amount of water because the average ammal rainfall over the
plains of the quadrangle does not execeed sixteen inches per sanum.

SIRATIGRATIX.

Richardson {1} gives the following stratigraphi-
cal table for the Castle Roek quadrangle.

G. B, Riclardson op. cit.
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Inazmuch as the present study is soncerned only
with the Cestle Rock conglomerate and the irmediately underlying
Dowson formatlion, no description of the older formations of the

area is given.

The greater rart of the area in the Castle Roek
quadrangle is underlain by the Dawson arkose of Eocene age. How-
ever, the ocentral and east ocentral portions are ocoupied by the
Castle Rock conglomerate of lewer Oligocene age and* byi‘rew outorops
of Zocens lava and tunff, _whoreas the axtreme west oentral portion
of the quadrangle shows the outcrops of the Filkms Peak granite
of Pre~Cambrian age and of the Faleozoic and lesozoic limestones,
shales and sanddpnes in the vicinity of the Perry rark. Numercus
isolated patches of Eocene lava and some conglomerates are
soattored ove;r the area south and west of the main body of the
Castle Rock songlomerate.

The Castle Rock conglomerate oocupies a narrow,
nearly continuous area stretsching from Newlin Gulch to a few miles
east and south of the town of Elbert. A few erosion remmants of
Castle Rook conglomerate are to be found one mile andi a bhalf north-
east of Sedalia and from ten to fifteen miles soutlwest of Elbert.
The cutorops of Dawson and few patches of Quaternary deposits
surround on all sides both the Castle Rook conglomerate and the
Eocene rhyolite.

At the present time the thiockness of the Castle
Roek conglomerate varies from a thin vemser of residual pebbles

and boulders up to 300 feet. Unquestionably its initial thickness

— -




and its extent was mnch greater than at the yresent tine, C faot
which is well sustained by the preservation of mumerous small

outliers of conglomerate scattered over a large arec.

‘ 4 comnlete section of the Castle Rock conglomerate

is not sxrosed, nevertheless, a detailed study of the outercrs

; shows that the oonglomerate is very variable in ite gharacter.

\ This formation is composed essentially of coarse arkosic sand-
stone but Iinsludes looally large moss of conglomerate in the
lower portion. JAbove this zone lies coarse arkosic sandztone
usually streaked wﬁh lenses of conglomerate. An exposure ai
Castle Rook near the town of this name shows sixiy feet of in-
durated conglomeratie arlmse, which &t the btase is a coarse son-
glomprate. This coarse songlomerate is easily distinguishadble

~ from the unlerlying fine textured Dawson arkose. Richardson
states that In meny pluces the Castle Roek eonglomerate rests on
an uneven eroded surface of the Dawson arkose. . fisld examina-
tion by the writer of some of the above mentioned localities points
to no noticeable angular unsoaformity between the Castle Roek and
the uprer part of the Dawson formation, though the rresensce of a
disconformity is indicated at a few looslities.

In the mesa west of the Csstlewood reservoir the
Castle Rock songlomerate rests upcn the rhyolite flow of the Daw-
son formation. Two miles farther wesk, several feet of Dawson
arkogse intervenes between the lave and the Castle Rook sonslomer-

ate., At all other localities in the area the Castle Rock eon-

glomerate rests uvon a horizon in the Dawson stratigraphically

o




below the lava flowe It is apparent that from 35 to 50 feet of
the upper Dawson was removed mrgconsidarable area prior to the
deposition of the Caatle Rook conglomerate.

The fast that pebbles and boulders of the Dawscn
rhyolite are the most abundant of all types in the Castle Rock

conglomerate is significant in this connection. Indeed it is
probable that a large proportion of the arkoss material of the
formation rerresent reworked Dawson material., Perkaps further
detailed geological and field study of the upprer part of the Daw-
son formation would assist in determining the relations of this
formation to tbe Castle Rock conglcmerate which unguestionably is
of lower Oligocene age as indicated by the presense of Titano-
therium bones.
% The Castle Rock conglomerate lies nearly flat
except in the west near the base of the mountaine where the beds
are naturally at high and low angles. Along the base of the
mountains in the southwest corner of the guadrangle the Dawson
arkose 1s oonsealed by Quaternary deyposits,

The Dawson arkose has a maximum thickness of about
2000 feet. If is composed of varicolored and varitextured arkosic
conglome rate, sandstone, shale, clay and of some carbonacecus
material. Arkose rredominates in the Dawson formation. It is
mainly of medium to coarse texture., Beds and occasional thin
lenses of conglomerate oocur throughout the formation but are more

common in its lower portions. The color of the Dawson arkose 1is

predominately white.

- .
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According to Richardson (1) there are two merked
unconformities in the Dawson arkose. He states:

"An unconformity in the Dawson arkose of more than
usual prominence is exposed near the top of a number of the
buttes that are capped by rhyolite in the vicinity of Larkspur
and Greenland ... Another unconformity is shown by the uneven
surface below the rhyolite on the west side of Dawson Butte."

A field examination supports rather the view that
these unconformities are intraformational disconformities
rather than true unconformities. Structure contours drawn
on the Dawson=Castle Rock contact and upon the Dawson lava
by the writer indicates that both surfaces are nearly
identical in structure, (see Fig. 1).

The volcanic material in the Dawson formation is
comnosed of rhyolite and of tuff., This mate?ial appeers in
numerous buttes and knolls over a large area situated south
and west of the main body of conglomerate, '‘hese separzted
masses are probabl& the remnants of a formerly continuous
sheet of lava and associated debris,

The volcanic rocks are interstratified with the

upper part of the Dawson arkose and usually do not exceed

20 feet in thickness.

STRUCTURE
Structurally, the Castle Rock quadrangle belongs
to the Denver Basin area, In the area under discussion all
the pre-Cligocene sedimentary formations lie nearly flat

except to the

G. B. Richardson op. cit.




wost near the base of the mountains where the beds are tilted to
the eastward at a high angle except where fsnlting oscurs as near
the foot of the mountaine in the s@th‘ut&n portion of the
quadrangle.

‘; Stracture contours drewn on the Dawson-Castle Rock

contact and on the lava bed of Dawson age indicate that both sur-
faces dip morthward at a low angle. (Sece fig/)

; The ehange in the direction of the drainage xystems
in the quadrangle in post-Oligocene time suggests the possibility
| that the area underlain hy the Castle Rook conglamerate has been
t1lted or raised in oomparison to the area to the north and west,

Pebbles and boulders sonstitute a prominent part
of the Castle Rock conglomerate at many localities. These range
in sise mamtimofumto-marly four foet in di-
ameter and are well rounded, Ths pebdbles and boulders are im-
bedded in a medium to fine graimed, well indurated matrix som~
posed of sngular to subangular fragments of quarts and partly
altered feldspar., The study of the eementing material shows that
1t is oomposed of an isetropic colorlesa aggregate of hallosite
with an index of ®efraction equal to about 1.475 in the matural
state, together with & smell amount of quartz and kmolinite.
However, some samwios show a predominance of silicecus ocewenting
material over hallosite.

The relatively great thickness of the conglomerate,

_;-; o
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together with ripple marks and ocrossbedding, the large size of the
rounded pebbles, and the absence of marked alteration in the
foldspars strongly suggest that the Castle Rook conglumerate was
deposited by torrential streams in a semfarid region.

In general the problem of the sowrce of the material
in the Castle Rook formetion can de attasked from several angles.
The field study of ripple marks, oross bedding, the change in
lithology, the size and shape of the inbedded pebbles should give
soms olus in determining the direction of flow of an ansient
stream, However the lithological correlation between the sedi-
mentary material mow in place and the older igneocus and sedi-
mentary rocks of the souree area is one of the best oriteria in
& complex problem of this character.

The field study of the Castle Rook conglomerate
shows that ripple marks, oross bedding, size ani shaps of pebdles
cannot be of value in the elucidatiom of ocur preblem because the
data obtained are %00 indefinite. The detailed lithological

study of the conglomerate was made at three widely separated
poinis as follows: 1, near Castlewocod Reservoir; 2, #a the dluff
at the west edge of the town of Elbert; 3, emn the hill in SW: of
Seotion 18, T83; R65W, At these points the oconglomerate 1s well
indurated and very coarse, the pebbles ranging in size from a few
inghes to four foet in diameter.

Both the megascopisc snd microscopic study of the
pedbbles comprising the Castle Rook oconglamerate and of ocertain

areas of petregraphieally similar metamorphie recks of the
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Front Range (see map of the Front Range) points to the area situ-
ated west of Denver as the source of much of the Castle Rock con-
glomerate. The most common pebbles and boulders in the formation
i are of the riyolite lava of the upper Dawson. In addition to
these are fragments of pegmatites, soarse grained granites,

porphyries, schists, gneisses and quartzites from the Front Range
area west of Denver. This conclusion is espeoially well sustain-

o4 by the recognition of the identity in charaster and composition
of the peonliar pre-Cambrian quartzite formation at Coal Creek and
some of the quartzite pebbles found in the Castle Rock conglomerate.

Horeover, certain pebbles of angite syenite in the conglomsrate
appear to have been derived from a small restricted area of this
rock along Turkesy Creek about 8 miles south and 3 miles east of
the town of Golden.near the head of its north fork.

The Coal Creek gquartzite occupies a small area,
not over ten square miles.along Coal Creek, approximately sight-
eesn miles northwest of Denver. (1) (2)

The quartzite is in contaot with gneiss, granite,
and schist at various points. The megascopical study of the fine
grained dark green and yellowigh quartzite cbtained from the Coal
Creek area and from the Castle Rook formation indicates their
similarity. Under the microscope some of the thin sections made
of quartzite obtained from these far distant localitles manifest
their complete identity. They are chiefly ocomposed of medium
grsimdga!udralquart:andofamllmnt of sabhedral

magnetite. Quarts grains show strong parallel arrangement and

(1) EKoermer & 3all *"Quartzite Area of Coal Creek” Thesis
Colce School of Mines, 1906.
(2) Dre Ts Se. Lovering, Fersonal Commmnication.
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some crushing phenomena, Numerous long radisting needles of

sillimanite are disseminated
The results of the
pebbles from the three above

in tabular form belovw:

PiB5LES FROM C.A

throughout.
study of the conglomerate

mentioned localities are given

STLl ROCK CONGLOMERATE

Locality: Bluff at the west

edge of the town of cmlbert.

Kind of rock Probable Probable
source gource
locality formation Lgmarks
silicified Wood Local Dawson
Quartzite Dakota
Quartzite West of Denver Pre-Cambrian

n i

Quartzite
Ferruginous
quartzite
tuartzite sandstone

" Pre~Cambrian

Rhyolite Local Dawson
Ferruginous
conglomeratic ss.

Pegmatitic quartz Pre-Camorian

Quartzite Coal Creek Pre-Cambrian Hine grained,
vellowish-
green.

wuartzite Coal Creek Pre-Cambrian Fine grained,
grayish green.

Sandstone

Conglomeratic ss.

Schist West of Denver Tdaho Springs

Pegmatite Pre-Cambrian

Quartzite West of Denver Pre-Cambrian

Gneiss Ideho Springs

Syenite Turkey Creek Pre-Cambrian

Porphyry

Rhyolite

Porphyry

Pegnatite Pre-Cambrian

Granite S.%W. of Denver Pikes Peak

Granite
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PEBBLES FROL CASTLE ROCK CONGLONERAFE

Locality: Bluff at the west edge of the town of Elbert. (con.)
Kind of rock. Probable Probable
source source
locality. formation., ilemarks

Gnelss West of Denver, Pre~Cambrian
Fuscovite

gneiss West of Denver Idaho Springs

Muscovite

granite Pre-Cambrian
Granite S.We of Denver Pikes reak
Diorite Pre~Cambrian Fine grained
Granite

pegmatite Pre-Cambrian

Ferruginous

quartzitie ss, Pre-Cambrian

Pegmatite
Gneiss Wiest & N.W of

Lenver Pre-Cambrisn
Granite West of Lenver Pre-Cambrian Decomniposed
PEBBLES FROM CASTLE ROCK CONGLOMBRATE

Locality: Hill in SWi of Sec. 18, T8S, R65W,

¥Kind of rock,

Aplitic
granite
Granite
Granite
Granite
Granite
Granite
Granite

Pegmatitic
granite
Biotite
granite
Muscovite
gronite
Granite
Hornblende
gneiss
Ferruginous
sandstone
Fuartzite

Probable
source
Tocality.

S.We of Denver
west of Denver

West of Denver
S.We of Denver
West of Denver

West of Denver

Wwest of Denver
West of Denver

West of Uenver

Coal Creek

Probable
source
formation,

Pikes Peak
Pre-Cambrian
Pre-Cambrian
Pre~Cambrian
Silver Plume
Pikes Peak
zarly Silver
Plume

Pre-Cambrisasn
Pre~Cambrian

Pre-Cambrisn
Pre-Cambrian

Pre~Cgmbrian

Fountain
Pre-Cambrian

Hemarks,

Gneissoid

"ine grained,

greenish-yellow.



PEBBLES FRON CASTLE ROCK CONGLOMRATE

Locality: Hill in g¥%i of Sec. 18, T83, R65W. (con,)
¥ind of rock Probable Probable
source source
formation idemarks

Conglomeratic

ferruginous ss,

Ferruginous

quartzite West of Denver Pre~Cambrian
suartzite Coal Creek Pre-Cambrian ine, greenish

gray showing
strong metamorphism.

Gneiss vest of Venver Idaho Soyrings

Schist jest of Denver Idaho Springs

Pegmatitic

guartsz Coal Creek Pre-Cambrian
thyolite Local Dawson

Sandstone Dakota

Granie S.We of Denver Pikes Peak
Granite Pre-Cambrian Fine grained.
Granite Gneiss West of Denver Pre-Cambrian
Iuscovite

zgranite tiest of Denver Pre-Cambrisn Coarse grained,
Mugscovite

gronite iest of Denver  Pre~Cambrian Fine grained.
rerruginous

conglomerste
Andesite

porphyry “lest of Denver socene?

Granite West of Denver? Pre-Cambrian #ine grained.
Granite +est of Denver Pre-Cambrian Coarse grained,
Granite Pre-Canbrian I'edium grainecd
Biotite

sranite Pre-Cambrian Gneissoid
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PuBBLES FROK CASTLE ROCK CONGLONMERATE
Locality: West side of Castlewood iHeservoir
Kind of rock Probable Probable
source source
locality formation nemarks

Rhyolite Local Dawson

Aplitic

granite Pikes Peak Pre-Cambrian
Granite Wiest of LPenver Silver Plune Coarse grained
Ferruginous

sandstone Fountain
Rhyolite Local Lawson
Muscovite

granite wWest of Denver Pre-Cambrian

Gneiss West of Denver Pre-Cambrian
Rhyolite

porpnyry west of Denver Locene?
Jquartzite Coal Creek Pre~Cambrian Fine, dark
greenish gray.

Quartzite Pre~-Cambrian FMine grained
Graphic granite Pre~Cambrian Ferruginous
Pegmatitic

granite Pre-Cambrian

Biotite granite
Biotite granie

Biotite gneiss

Granite

Sandstone

Rhyolite
porphyry
RhYOlite
Rhyolite
Rhyolite
DOI‘phyry
Pegmatitic
quartz
941icified wood
Biotite gne igs
guartzite
Quartzite
gneisS

_S .W. of Denver
iest of Denver

Locsal
Local

Pre~Cambrian

Pikes Pesk gr.

Idaho Springs
Pre-Cambrian

Lyons

Dawson
awson

Pre-Cambrian
Dawson

Pre-Cambrian
Pre-Cambrian

Pre-Cambrian

of light red color.

Ferruginous
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PEBBLES FROM CASTLE ROCK CONGLOMERATE

Locality: iest side of Castlewood lieservoir (con.)

Kind of rock,. Probable Probable
source source
locality., formation, Remarks,

Pegmatitic

granite Pre-Cambrian
Aplitic

granite Pre~Cambrian
Gneiss WYfest of Denver Pre-Cambrian
Ferruginous

quartzite West of Denver Pre-Cambrian
Granite West of Denver Pre-Cambrian
Biotite granite West of +~enver Pre-Cambrian
Quartzitic ss.
Rhyolite Local Dawson
Rhyolite Local Dawson
Rhyolite Local Dawson
Rhyolite Local Dawson
Gneiss Pre~Cambrian
Syenite
Andesite

porphyry West of Denver
Andesite Wiest of Denver
Andesite _

porphyry West of Denver
Augite syenite

porpnyry Turkey Creek Pre-Cambrian
Lugite

syenite Turkey Creek Pre-Cambrian
Rhyolite
Quartzitic )

conglomerate Local Dawson
Rhyolite )

porphyry Local Dawson

Quartz vein
in granite
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The above given tables show a close sl dlarity

between the conglomerate pebbles and the rocks of various types
outcropping in the Front Range west of Denver (see Hap J.
4 relatively small rmmber of pebbles of Pikea leak granite which
are fairly resistant to meshanical and ohemical weathering ocour
in the Castle Rock formstion. These may have been derived from
the area of this rock north of the Flatte River.

The relation of the souree rock to the Caatle

Rock conglomerate indicates that the drainage during lower Oli-

gocene time when the Cestle Rock conglomerate was being deposit-
ed wes toward the southeast. This conslfision has an important
bearing on the history of the Platte and Arkansas Rivers because
it indieates that during lower Oligocene time the drainage 8yB-
tem of the large part of the Castle Rock quadrangle belonged to
the Arksneas River system rather than to the Platte as at rresent.
The Range was rrobably higher along the minersl
‘belt between Boulder County and Leadvills in early Oligooene time
than in the area to the morth and south. Perhaps the wplift was
related 30 the igneous aotivity and mineraliszation which affected

the area in Eccene time,
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MICROSCOPIC STUDY OF THE PEBBELES AND BOULDERS OF
THE CASTLE ROCK CONGLOMERATE AND OF CERTAIN ROCKS OF THE

FRONT RANGE AREA

Thin Section #1 from Castlewood Reservoir

With hand lens:--0f porphyritic texture, contains a few

small phenocrysts of biotite and megnetite. Ground mass is apheanetic.
The speciman shows a very well developed flow structure.

Under microscope:--Shows porphyritie texture, with numerous

small inclusions of magnetite disseminated thruout the ground mass
(poicilitic texture). Phenocrysts are composed of a few relatively
large euhedral crystals of sanidine, few euhedral large crystals of
biotite and few anhedral grains of quartz. The ground mass is
cryptocrystelline with numerous small inclusions of masnetite diss-
eminated throughout.

Neme : --Rhyolite.

Thin Section #2 from Castlewood Heservoir

Under hand lens:--Medium grained holocrystalline rock of

dull light brick red color composed of feldspars (orthoclasse) and some

plagioclase - cand . magnetite.

Under microscope:--Holoerystalline rock composed of anhedral

grains of orthoclase and oligoclase, and few subhedrsl grains of
magnetite. Albite and Carlsbad twinning are absent. Feldspars are
partly altered to limonite and some kaolin. .

Name:--



Thin Section #3 from Castlewood Reservoir

Under hand lens: shows a well marked vorphyritic

structure., Phenocrysts are mainly composed of euhedral and sub-
hedral elongated feldspar crystals and subhedral magnetite,
Groundmass is aphanitic,

Under microscope: porphyritic texture with a felsitic

ground mass. The phenocrysts are composed of elongated euhedral
crystals of oligoclasse, orthoclase, and of subhedral magnetite,
Both feldspars show evidence of orientation., Oligoclase is

the predominant mineral in the phenocrysts showing both albite
and carlshad twinning and is partly altered to sericite and
limonite. Magnetite phenocrysts show a subhedral outline and
are partly altered to limonite. The felsitic poicilitiec ground
mass 1is composed of euhedral and subhedral smell crystals of
feldspars. Small grains of magnetite are disseminated through~
out the ground mass. ‘A few grains of apatite are present as
inclusions in feldspars.

Name: -~ Andesite porphyry.

Thin Section #4 from Castlewood Keservoir

Under hand lens: -~ Porphyritic rock with dense

aphanitic of light brick red color groundmass, Phenocrysts
are composed of dull, subhedral and rounded crystals of feldspars,
of some biotite and a badly altered ferromagnesian mineral.

Under microscope:--Groundmass is felsitic and poicilitic,
Composed of subhedral crvystals of orthoelase and plagioclase,
Small grains of magnetite are disseminated throughout the ground-
mass. A few phenocrysts are of suhedral plagioclase badly
altered to limonite and sericite.

Name:--Latite porphyry.
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Thin Section #H from Castewood Reservoir

Under hand lens:--Porphyritic rock of dark reddish brown

color with a dense sphanetic groundmass. . Half of the bulk is
occuppied by the white gray subhedral and euhecdral crystals.of feld-
spar of elongated and tabular habits. Few irregular grains of biotite
are present as the phenocrysts.

Under microscope:--A porphyritic rock with felsitic and

poecilitic groundmass. Phenocrysts occupy nearly half of the bulk'and
are meinly composed of euhedral elongated crystals of oligoclase which
show both albite and carlsbed twinning and subhedral and euhedral
erystals of magnetite and biotite. OSome magnetite and limonite are
secondery after biotite. The groundmass is composed of dense
eanhedrel crystals of plagioclase and orthoclase. Smaller irregular
grains of magnetite are disseminatec throuzhout the groundmass.

Name :-~Andesite porphyrye.

Thin Section #6 from Castlewood Reservoir

Under hand lens:-~Holoerystalline medium greined gray rock

with gneissic structure. Composed of prectically fresh orthoclase,and
plagioclase, and cerries a large amount of ferromegnesians. Shows
some pfesence of limonite.

Under microscope:-~holocrystalline porphyritiec rock with

microgranitic groundmass. The groundmess is composed mostly of sub-
hedral and snhedrel crystals oforthoclase and of albite-oligoclase.
Orthoclase grains are usually clear. Albite~oligoclase shows good
carlsbad snd abbite twinning. DBoth minerals show certain flow
conditions because the grains have certain directions of elongation.

Albite~oligoclase givesa negative bisxial figure and greatly predominates
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over orthoclase. Phenocrysts are composed of subhearal somewhat
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elongated crystals of albite-oligoclase, orthoclase augite isotropic
leucite with index of refraction 1.513, secondary hornblende, megnetite.
The large, somewhat elongated euhedral and subhedral greins of augite
greetly predominate in numbers in the phenocrysts. Augits is slightly
pleochroic and partiy altered to strongly pleochroic hornblende,
magnetite, to some biotite and limonite. The euhedral and subhedral
grains of magnetite are imbedded in =sugite. Grains of epatite are
disseminated throughout the microgranitie ground meass.

Name:--Augite leucite syenite porphyry.

Thin Section #7 from Castlewood Reservoir

Under hsnd lens:--Holoerystslline greyish black medium

grained to fine rock carrying a large amount of sugite anéd some
magnetite, Two thirds of the bulk is made of albite crystals. Rock
shows some alteration to limonite and kaolin-.

Under microscope:--Holoerystalline, poecilitic,medium to

fine grained,rock. ©Some areas show porphyritic structure with a
microgranitic ground mass. Many crystals, especielly the ferromsgnesian
are somewhat elongated and show & certain orientation. Nearly 2/3 of the
bulk is msde up of the subhedral and anhedral somewhat elongsted crystals
of feldspar. The indices of refraction of feldspars,ranging from 1.530
to 1.540,strongly suggest that the bulk of it is composed to albite-
oligoclase. A few grains with the indices of less than 1.530 indicate the
presence of a small amount of orthoclase. Some of the albite-oligoclase
crystals manifest albite and carlsbad twinning, are often turbid from
alteration to limonite, kaolin. and carry a lsrge amount of minute
inclusions probably of gas. Feldspars carry a large amount of small and

relatively large crystals of apatite.



One third of the bulk is made up of subhedral and unhedral
erystals of yellowish green augite which menifests both long snd short
prismatic hebits. Augite is pleochroic and shows some alteration to
hornblende. Augite carries as inclusions & large amount of sublhedral
and euhedrel grains of magnefite. 'The euhedral and subhedral grains
of magnetite are also fresh disseminated throughout’feldspérs.

In a few spots the isotropic colorless nonpleochroic graiﬁs,of(nn
index of refraction less than that of the Canadian basin can be obsqrved.
This isotropic mineral’ﬁggg;gi§Ti@ “Leuciteuasﬂathin‘;ection #6. |

In general, the thin section #7 is’somewhat similar to the
thin section #b.

Neme:--Augite syenite.

Thin Section #8 from Castlewood Heservoir

Under hand lens:-~Clastic rock of grey to dark gray color

composed of well rounded grains of dense aphsnetic material and of
feldspars. The grains are well cemented together with the fine grained
sacharoidal quartz (queartzite).

Under microscope:-=The greatest bulk is occuppied with the well

rounded large grains of porphyritic rock composed of small anhedral grains

of quartz. The groundmass is cryptocrystalline of

of smell irreguler indistinet particles of quartz"feldspars. The interspace
between the large grains is occuppied with the rounded, relatively uniform
medium sized grains of qusartz. Quartz greins show certain elongation.

Some fine greained quertz shows crushing phenomena.

Name:--Qnartzité conglomerate.




Thin Section #9 from Sec. 18, T. 8 S., R. 65 W. (Defective)

Under hand lens:--Holocrystalline.medium grained, gray to

pinkish gray. Shows certain persllel arrangement of the ferromagneian
minerals. Composed of the following minerals: Quartz, biotise, feldspars,
some limonite. Guertz predominates.

Under microscope:--Holocrystalline, medium grained rock of

poecilitic texture composed of subhedral and anhedral grains of quartz

of subhedral and euhedral crystals of biotite, of enhedral magnetite, and
of feldspa£s. The feldspars sre subordinate in amount to quartz. Quartz
contains small grains of magnetite, apatite and feldspars. Feldspars

are chiefly composed of microcline and of small amount of albite and

orthoclase.

Name:~--Gneissoid biotite granite.

Thin Section #10 from Cestlewood Reservoir

Under hand lens:--~Porphyritic with an ephani tic groundmass of

brownish red colbr. Phenocrysts are composed of small subhedral grains
of feldspars and muscovite.

Under microscope:--~Porphyritic with cryptoerystalline to fine

ecrystelline groundmass. The phenocrysts are composed of euhedral and
subﬁedral crystals of clear saﬁhine, quartz, albite-oligoclase, and
biotite. Albite-oligoclase shows carlsbed and albite twinnings. The
ground mass is dark colored and acidic in character with an index of
refraction less then 1.5H25.

Name:--Rhyolite porphyry.
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Thin Section #11 from Ebert Bluff

Under hend lens:--Holocrystalline, porphyritic with & fine

granitic groundmass of grayish bleck color. Phenocrysts are meinly
composed of hornblende, some orthoclase and plagioclasse féldspers. Some
alteration to limonite is noticeable,

Under microscope:--Holocrystalline, porphyritic with a granitic

to microgranitic groundmass, of poecilitic texture. Some asreas show a
somewhat parallel arrangement and elongation of the phenocryst.

The phenocrysts are composed of euhedral and subhedrsl crystals
of highly pleochroic hornblende of oligoclase, orthoclase, and of magnetite.
Hornblende is partly altered to biotite and masgnetite and carries
some apatite and megnetite as inclusions. The ferromagnesisansmake one
third of the bulk. Oligoclase shows good albite and carlsbad twinnings,
cerries some espatite and megnetite as inclusions and is slightly eltered
to limonite end sericite. The granitic and microgrenitic groundmass is
meinly composed of orthoclase, oligoclasd and hornblende.

Name:--Lornblende syenite porphyry.

Thin Seetion #12 from Castlewood Reservoir

Under hand lensé--A quertz vein carrying some black soft

mengenese-like substence in holocrystalline, reddish partly altered rock.

Under microscope:--Guartz vein composed of two generations of

anhedral fine grained and very fine grained quartz. The country rock

is holocrystalline composed of euhedral and subhedral grains of quartz,
microcline, albite, and some orthoclase. Albite is turbid, gives a very
poor interference figure and shows certain aelteration to sericite.

Name:~-Guartz vein in granite.
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Thin Section #13 from SWy sec. 18, T. 8 S., R. 65 W.

Under hand lens:--iedium grained,grayish quartzitie roeck composed

of quartz grains partly stained yellow by limonite.

Under microscope:--iven, medium grained,clastic rock composed

of ahhedral grains of quertz. uartz grains give a wavy extinetion and
a very indefinite interference figure. Some quartz greins manifest
crushing phenomena. OSubhedral and anhedral grains of megnetite are
included poecilitically in guertz or occupy the intergrain spaces. Few
grains of zircon and few neeld-like erystals of sillimenite cen be seen.

Name : ~-quartzite.

Thin Section #14 from Coal Creek, 13 miles NW of Denver

Under hand lens:-~Fine grained quartzite of dark bottle green

color, carrying a small amount of minute derk minersls. Probably magnetite.
Shows some marked minute stratification. -

Under microscope:==Clastic roek cuamposed of small snhedral

grains of lenticular and partly crushed quartz of very small amount of
anhedral magnetite and some chlorite., Quartz grains carry many minute
inclusions of magnetite and of sir. Alteration to limonite can be noted.

Neme:--(Lenticular) Quartzite.

Thin Section #15 from Castle Rock Conglomerate

Under hand lens:--Hard, dense, fine grained rock of dark greenish

gray color composed of quartz grains. ©Small amount of minute ferromegnesian
minerals and of iron oxides.

Under microscope:--A clastic rock mainly composed of medium

grained and fine grained anhedral crystals of quartz and of some elongated
subhedral grains of megnetite. Quartz carry numerous minute inclusions

of magnetihe anc anAd Af naadla-lTila anretale AP 411 dommand b o
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Thif Section #19 from Bear Creek

Under hand lens:--Medium grained to fine grgined gray,clastic

rock composed of quartz, some biotite, and feldspars.:

Under microscopec--Medium grained to fine grained,clastic

rock composed of anhedral grains of quartz, of anhedral grains of
plagioclase feldspars, some biotite and a little magnetite. Crushing
phenomena and bending ere noticeable. Plegioclase feldspars belong to

& more acid variety. {uartz grains rather predominate over the feldspars.

Neme:--Feldspathic quertzite (quartzitic ss).

Thin Section #16 from Coal Creek

Under hand lens:--Fine grained clastic rock of light bottle

green color. Composed of quartz.

Under microscope:=-=Composed of anhedrsl.medium grei ned and fine

grained quartz carrying fine particles of magnetite. Quartz grainsshow
strong parallel arrangement. Small amount of subhedral grains of
magnetite and of slightly pleochroic chlorite probably penninine is present.

Name : -~Quartzite.

Thin Section #17 from Coal Creek

Under mieroscope:-~Clastie rock composed of medium grained

anhedral quartz, smell amount of subhedrsl magnetite and (andalusite?y.
Quartz grains show strong parallel arrengement. Numerous radiating

needles of sillimanite, also few grains of topaz.
Name:— Quartzite



The oscocurrence of the placer gold in the
ares situated north and northeast of the Castle Rook conglomerate
and ite economic evaluation is & problem of long standing. Oms of
the first discoveriesx of gcld in Colorado was mede in 1856 (1) in
Russelville Gulch, & few miles ust of the town of Castle Rook.

“ Later on the placer mining was carried along Newlin Gulch, Gold
(reex , and Ronk Guleh, all in this general area. Emmons (2)

in his rerort states:

"{ithin the yast year (1895) mublic attention has
been directed to the so-called plager derosits of Fewlin Gulehs.
Tunnels have been driven into these ancient drift deposits at
varioug points om either sme of the galch for a distance of two
or thme ‘miles’ ....

Along the sbove mentioned oreeks gold 1is nmlly
found along the sireams which are now cutting throué: the old
El - stream terrsces and bars of the anoient Quaternary streams and
the Dawson arkose of Eocens age.

Beginning in 1930 a revival of prospecting for
gold hes ocourred along Newlin Gulch andi in the aresa south of
the town of Elizabeth. Quite recently (1952) the manager of one

of the placer workings situatéd a few miles southwest of Elisza-
beth along ° - Gold Creek claims to have yroven the presence of
a gold bearing area of large dimensionsby drilling numerous shallow |
test pits. The writer has exsmined the mining operations now in

progress along Newlin Gulch and a large area south and southwest

(1) Pr. Hall Ope Cita
(2) Se F. Hamons ODe cite.




of Elizabeth, eapsoially along the Gold creek, Russelville
Creek and a few intermittent streams situated south of the Gold
Creek. Also samples of sand have been talken from the beds of
soveral oreeks now draining the Castle Rook guadrangle and examin-
ed for gold, both by pamning and by the use of a Wilfley table.
This examination itrongly suggests that gold found
st the present time along the Newlin Guloh is concentrated only
in the post-Dawson beds. Sandes from the bed of Cherry Creek,
near the middle of the east half of Section 17; T9S, R66V; and
the Sliy of Seeotion 1¢, T95, R65W; Klowa Creek, nmear the town of
Elbert, Rumning Creek in S ; Sess 36, T9S, R65V; and from a little
oresk situated % mile west of Cherry Creek im S5, Seetion 18,
P9L . R65i, yielded no gold excert one of the Cherry Creek samples
which showed a few small colors. The panning of the Cuaternary
Sgelionl?T8S3R65;
and Recent depcsits on lir. Chirnside's ranch near Elizabeth and
farther south as well as a certain mining activity which goes on
at the iresent time along Russellville Guloh, Gold Creek and Gold
Run Creek, mamlzv in the area situated in T8S; R65/ show a good
color of gold to the yan and certaln concentration of fine pold
at many places. Gold thus obtained 1s ususlly fine rénging from
4 miilimeters in dlameter to the very fine, soc called flour gold.
Many larger gold particles are well rounded showing evideuce of
being tranaported over a long distance.
In general a poor water supply and the propsriies

of fine gold under the present methods of concentiration make the

yroblem of extraction of gold from the placers 3 complex onee




Until resently no actual exnloration and overution on a large

soale, us far as the writer imows, has been undertalken in the

region wnder digaussion.

The leczlities from which the sam-les were tsoken

and the data obtained are given in the following table.

2ABIE 1

Where one ton is taken as equal 2000 pounis, one yard equols
1.5 tons; and one ml. of gold is taken as equivalent to 0.0665¢

Sgures

Gravel just above bed rock of

Dawson formation at the mouth

of tunnel, west side of Newlin
Guloh, Sec. 36;T65; R677.

Gravel terrace, about 3 foet
above Duweson formation. Mine
tunnel situated on the west
side of Hewlin Guleh, Se8.36;
&"63} LYo

Stratified gravel above tle
Gastle Rock conglomerate west
of Bridge over creek, Niiy
Seoctlon 5, 798, R657.

Sand from the bottom of Cherry
fireek. iddle of B} of Section
17; 798; Re&W

Sand from the bottom of oreek
4 mile west of Cherry Creek;
S# of Seotlen 18, T9S; BE5.
Sa& from the bottom of Kiowa
Creek at the town of Elbert.

Sand from the bottom of Running
Creek; S of Section 86798, R65W

Sand from the bottam of Cherry

Creek, SE} of Section 16, T93;R65Y

Hesmlis Obtained
By Panning & WilfleyTable By Assaying

3 amall colors.
Small to medium
amount of Bladlk
sand .

7 relatively large
platy coclors.
ledium amount of
Black sand.

Eo eolors

Ho oolora
Very small amount
of Blask sand

Bo oolors
Soall amount of
Black sand.

Ho colers
Very small amount
of Blaok sand.

Ko colors
Rolatively small
amount of Blsok sand

One eolor relatively
large and elongated.
Good amount of Blaok
sand .

$1.01
Der ou.yde

o -




PABLE 1 (Contimued)

Souxrce

Stream gravel just above
Dawson arkoss, SEI of Section
364 Vest side of Newlin Gulch

Gravel Bed above the contaot
with Dewson from the tunnel
near the conscentrating macshine
sonth of the old tunnel. BSec-
tion 36; W8S; R6TW.

Besults Ohtalined
By Panning & WilfleyTable

Ko colors
Small smount of
black sand

(1) Asssying by Mr. Hormn of the Colorado School of iines
Experimental Flant.

By Assaying

144 per
op-yd



the placer gold of the Castle Rook quadrangle, namely: Dawsop Tava,
Dzwson arkose, and Castle Rook formations.
LAYA

The volcanis rocks or their minerslized pcrtions,
if any, whose remmants now osoupy the knolls and small mesas
widely scattered over the area south and southwest of theaﬁ/gfo
glomerate might be a source of gold, 4 somewhat hasty examination
of the voleanic rooks fsiled to disclose the rresence of mineral-

ized arces and the ssmyples of volcanic rock taken from mamerous

localities, after being rowdered for panning and assying, gave
negative results.
24BIR 11
Soqurce .
By crushing amd By
panning assaying (1)

Lava cap, mesa three miles Ho ocolors
north of the tow of Castle Small amount Yo gold
Roek, SE: of Section 22; of Black sand
778, RaTV.
Lava from quarry situated in Ho colors

Relatively small No gold

T 3 .
Seotion 19; T83; R66V of Blaok
sand
Lava Hil1l . . - Ho colors
sitnated in Section 27, T8S; Very amall amount No gold
BeS. of Black sand.
Lava from a small guarry near No colors
the road in KE: of Section 31, Small amount of  No gold
783, ReSV. black sand
Lgya {rom the edge of the mesn Ho oolors
near the rosd in KB} of Sectionm Small amount of  No gold
34, T8S, R66. Black sand.
(1) Assays by Mr. Horn of the Colorado School of lilnes Experimental
Flant.

..



RATSCH ARZDSE
The possibility of the Dawson arkose being the

source of gold has also been sonsidered. The Dawson formation
uixlorliet the Castle Rock songlomerate and outcrops over & large
area which surrounis the conglomerate. The penning and assay
of the several samples taken from the Dawson arkose gave negah-
tive results with the oxception of & sanmple tgkan from the uprer
rart of the Dawson situated in K'F, Section €, T7S, 7"66i. 4
careful repeat sample obtained, after scraping off a gurface
lwe:l: sbout six inches thick, gave nmegative results, ilus supe
porting the eonclusion that the Dawson arkose osanot be resson-
ably considered as the source rock for the gold found in the
Quaternary and Recent deposits of the Castle Rock guadrangle.

' The details as to the looation of the points at
which the samples of the Dawson arkose he¥e teen taken and the

f£inal results obtalned therefrom are givem im the accomvanying

table:




ZiBIE 111

Dawson Arkose

Coarse sandstone, upper
part of formation. N:;
Section b 3 T?S’ R66V/

Upper portion of the Dawson
arkose from a tunmel 3/8 mile
west of a mine situnated =zt

the Newlin Guloh. Csstle Rosk
conglomerate caps the hill.

Dawgon arkose just bencath
stream gravel from a tunnel
in west bdank of MNewlin Guleh.
Seotion 36;, 763, R67V.

Dawson arkose taken from a
point 200 feet bLelow the lava
cap on the west side of the
lava mesa, 1 miles west of the
towm of Castle Rock near stone
Quarry.

Dawson arkose just above lava
in the NB} of Section 30; 78S,
R66s

Daweson arkose taken from &
point 150 fest below the Castle
Roak conglomerate at the bhutte
near the town of Castle Rook.

RBemult Qbizined
By wilfley table and By assaying
pamning

¥o colors.
Small smount
of Plack sand

Yo gold

Ko ocolors.
Relatively swmall
amount of Black
gand

Yo colors.

Ho colors.

¥any clay parti-
cles. Vory little
black sand.

Bo oolors.
Considersble
Biaeir sand.

Ho colors.
Relatively e&mall
amount of Black sand.
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Epmons (1) in khis repcrt on the "Geology of
Denver Basin'states:

"Sonth and west of the heads of Newlin Guleh and
adjoining gulches these undisturbed beds extend in an apparently
unbroken mesa as far as the eye ocan reaschk. Tests made of the
disintegrated maierial om the top of tis mess show a emall but
fairy uniform gontent of gold in the beds.”

The recent fleld examination by the writer un-
guestionakly proves that Inmwons #as referring to the cutcrops
of the Castle Rook songlomerate near FNewlin Gulch.? few sauples
taken from the Castle Rock conglomerate show the presence of
gold in the oenter of Section 6 im T7S; R66V and in a fine sand
west of the bridge in NiZ; Seetion 5, T9S; R&5i. rm%ﬁ-
for gold of few samples taken from the Castle Rook conglomerste

is given as follows:

ALZ1E AX

source 2asulis Obtalned
By crushing, panning By assaying
and 7iifley table
Sandston® in Castle Rock
conglomerate, center of

Seoction 6; T78; R66V. Sever- 334 per ou.
&l samplecs taken at 25 feet Fde
intervals,

Pine grained Cagstle Hook
conglomerete west of bridge,

i, Section 5; 98, R6B. One coler.
Loose sand from s bench of

weathered Castle Zoek cone- FTo eolors.
glomerate near Castlewood

Ressrvoir

(1) S+ F. Emmons O oit.




Numerous samples of gold taken from the Quaternary
deposits, from the sandy bottoms of the creeks draining the
area under discussion, from the Castle Rock conglomerate,
and from the Dawson arkose and Dawson lava sugrest the Uastle
Rock conglomerste as a main intermediate source for the gold
found in the Castle Rock quadrangle. '‘he localization of the
source rock for the main part of the material conprising the
Castle Rock conglomerate and the absence of gold in the Dawson
arkose and the lava of the upper Dawson indicates that the
post basal kocene and pre-0Oligocene goldé veins and dikes of
the Boulder-Leadville mineral belt served as a source of gold
of the Castle Rock conglomerate as well as of many of the
pebbles in this formation, The concentration of gold in the
conglomerate was accomplished by the Oligocene torrential
streams carrying gold both in mechanical and colloidal suspension.

the possibility of transportsastion in colloidal
suspension is suggested by the predominance of fine gold (flour
gold), both in the Castle iock conglomerate and in the Quaternary
deposits.

Waldemar Lindgren (1) points out that:

"Golé is easily brought into the colloid states
and as such it may be transported in solution of colloid silica."
He also states that:

"Gold has undoubtedly been transported in the form
of chloride though its migration in colloidal suspension derived
by solution processes from native gold is probably much more

common than has been suspected."

(1) Lindgren, Waldemar liineral Deposits 1928 p., 267.




freise (1) also discusses the possibility of con-

gentration of gold in some gold placers by solution and redeposi- T

tione

/

JESUKE

Both the megasocopie and microscopic study of the
rebbles somprising the Castle Rock conglomerate and a similar
study of certaln areaes of petrographically significant meta-
marthic and igneous rooks of the Front Range leads to the follow-
ing oonclusions:

l. The area situated west of Denver is the source rock for much
of the mterial?é%stle Rock oonglomerate. This premise is es-
peclally well sustained by the identity im character end scommo-~
sition of tls peouliar pre-Cambrian quartzite formeotion in Coal
Creek and soms of the quartzite pebbles founl in the Castle Rook
conglonerate, slso by the rresence of angite syenite yebbles in
the Castle Rook formation, whereas its yprimary distribution 1is
restrigted to small areas situated along Turkey Creek of the Front
Range.

2« The ooourrence of the source rook indicates that the drainage
during lowsr Oligocene tire, when the Castle Roock conglomerate was
being deposited in the Castle Rock quadrangle, was direoted toward
the southeast. This conslusion &e an important bearing on the
history of the Platte and irkansas rivers bgoause it indlcates
that during lower Oligoosne time the drainage system of the larger
part of the Castle Rook quadrangle was a nrt of the Arkansas River

(1) Ve Fo Preise Egon. Geole De 421, Ho. &, 1931




A
~T

gystam.

3¢ A determination of the gold content of the Castle Rock con-
glomerate, of the Dawson formetion, and of the Dawson lava found
in Castle Rock quadrangle indicates some yresenoce of gold in
Castle Rock guadrangle and its absenoe in lava and arkose of
Bocend age. |

4. The souree of the pshbles in the Castle Rock formation
indicates that the gold was derived from the gold veins of the
Boulder-Leadville mineral belt, alse that the age of gold 1s
definitely rost bdasel Eocene and pre Oligocene.

e The minuteness of mmoh of the gold yarticles and the well
| rounded outlines of many larger gold particles found in the con-
glomrate and the CQuaternary and Recent deposits, indlcates con-
siderable tranaportation in méchanical and colloidal suspension,
hamonizing with the oonclusion in regard to the age end source.
4 move detalled microscorical and chemical atudy of gold in the
laboratory is desirable.

6. The minuteness and relatively wide distribution of gold in
smell quantity throughout the Castle Neck (0lisocene) conclomer-
ate coupled with the somewhat large extent of Cuaternary and
Recent deposits rartly derived from the crosion of conglomerate,
do not favor greatly the coneentrztion of rich gold deposits,
However, it 1s possible that a more detailed geologioal and mag-
netometer investication of the rlacer ground misht bring to light
the yresence of buried stream chamnels in the Castle Rook oon=-

and the Buaternary gravels
glomeratercarrying a greater quantity of gold, and tims give a




strong impulse to the revival of mining for gold in the Castle
Rook quadrangle. '

‘{hs author would like to express his thanks to
Dr. Te S. Lovering of the United States Geologioml Survey and
his kind interest and many helpful suggesiions; to Professor
We Ao Waldschmidt of the Department of Geology, Colorado School
of Mines, and to ir. H, F, Lunt and to Mr. Jess Horn of the
Colorado Sehool of Mines Experimental Flant, for their coopera-

tion during this investigation of the gold ocontent of the

samples.

The writer is especially indebted to Dr. F. M.
Van Tuyl of the Colorado Sohool of Mines, who is Chairman of
the Department of Geology, for his untiring direction and

valuable assistance in the fleld and in the laboratory during
the progress of this investigation.
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