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The area studied in detail, known as the Antone District,
is located in the southeast corner of Wheeler County, Oregon, ,
between longitude 119 37. and 119°54 east, and latitude 44°23
and 443O' north.

Surface elevations range from 3050 feet above sea level in
the northeast corner of the district, to 6M5 feet on Spanish
Peak.

The Miocene Columbia Biver lavas outcrop over 48 of the 6$
aquar. miles In the district. Older rocks exposed include Prs
Cretaoeous mota-sedimente and metamorphosed intrusives, Creta-
ceous conglomerates and sandstones, a granite porphyry pluton,
and the brilliantly colored rooks of the upper 011goe.ne and
lower Miocene John $ay. The Ierly Tertiary formation known as
the Clarno does not outcrop in this district. Younger forma-
tions Include the gravels and tuffs of the upper Miooene
Masoall formation, extensive outcrops of the Pliocone Rattle-
snake, and limited accumulations of undifferentiated Quat.rnary
alluvium. A horublende andesite extrusive, which is probably
of Pleistocene age, occurs in the western part of the district.

aoh of the above atratigraphic unite is discussed under
the foflowing headings: Distribution and Topographic Expression;
Lithology; Thickness; Age and Stratlgraph.te Relations.

A section of the "Dayville Quadrangls, Issued by the U. S.
aeologioal Survay, was used as a base for a detailed map show-
ing the distribution of the various formations.

Special attention was devoted to the study of the Pre-Cr.-
taceous rooks. Approximately 8000 feet of ohioritle schist,
argillite, oaleareous sohist, phyllie, marble, and quartzite
are &fieudsddIn this older series. Basic Intrusivee, largely
altered to serpentine, cut the meta-sediments.



The structure of the Antone District is discussed under the
following subheadings: obn Day Valley Synotine; Ochoco
Escarpment and Highland; Pre-Cretaceous Folding and Faulting;
Cretaceous Monocline; and, Fracturing and Sli.ping of the
Rattlesnake Formation.

Special sections have been devoted to historical and
economic geology.

The report is adequately illustrated with photomicrographs
of representative rooks and with numerous pertinent detail photo-
graphs. Also included is a plate showing the structural details
of a north-south section through the middle of the Antone
District.
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TUE GEOLOGY OF THE .LNTONE DISTRICT

INTRODUCTION

Purpose

For many years the geology of the John Day country has

been a subject of considerable interest to scientists and

others. Extensive exposures or ancient sediments have

yielded remarkable collections of Tertiary mammalian re-

mains. These fossiliferous formations are well known and

have attracted paleontologists and collectors from many

parts of the world. In addition, the mining possibilities

have been a source of interest and some wealth since the
1860's. The region has been unsucoesfully prospected for

coal and oil.
In spite of the attention this region has received,

there is not much detailed geological information available.

No areal geologic map of the John Day Basin has been pub-

lished to date.

The area covered in this paper is small, but the work

was carried on in as detailed a manner an possible. The

mapping and geology were completed during the summer of

1947, and represent the writer's effort to make a contri-
bution to the knowledge of Cenozoic and Mesozoic formations

occurring in the .Antone District of the John Day Basin.



Methods of Investigation

The Dayville Q,uadrangle, issued by the U. S. Geolog-

ical Survey, was used as a base map. The areal extent of

the Oretaceous and parts of the Pro-Cretaceous were mapped

with the plane table. This work was done by students from

the 0. S. C. 1947 Field Camp under Dr. W. D. Wilkinson's

direction. All other work was plotted by means of compass

and aneroid traverse notes. Bench marks are well distrib-

uted over the area so excellent vertical mapping control

was possible.



PLATE

Location of the Antone District
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GEOGRLPRY

Location and Extent of Area

The area is located In the southeast corner of Wheeler

County, Oregon, in the north central portion of the state,

on the east edge of the Ochoco Mountains.

Approximately sixty-eight square miles are covered in
this report. Specifically the area includes the southern

half of sections 25 to 30 inclusive, and all of sections

31 to 36 inclusive in TownshIp 12 South, Range 24 East;

the southern half of sections 29 and 30, all of sections

31 and 32 in Township 12 South, Rane 25 East; all of

Township 13 South, Range 24 East; and sections 5, 6, 7,

8, 17, 18, 19, 20, 29, 30, 31, and 32, Township 12 South,

Range 25 East.

The relative extent and geographic position of this

area Is shown on Plate I, page 3.

Reli of

Surface altitudes within the area range from 3050

feet above sea level in the canyon of Rook Creek, in the

northeast corner of the district, to an average of 3750

feet on the Rattlesnake surface which marks the general

course of the westward portion of the Jobn Day valley.

Altitudes in the south and southwest highlands vary from



6000 feet on the relict Columbia Plateau surface to 6885

feet on Spanish Peak. The total relief is, therefore,

about 3835 feet. The relief of the Ochoco mountains is

accentuated by their abrupt rise of more than 2300 feet

above the average leve]. of the western Johfl Day valley.

This basin itself is by no means eli flat; smooth,

nearly flat tracts are not un000n in the interetream

areas, but the relief in some parts is 700 to 900 feet.

Drainage

AU of the area included in this report drains north

and east to the Tobn Day River through Rock Creek and its

tributaries,

Rook Creek, the one permanent stream, occupies a

chanel wbioh has been eroded from jointed and fraotured

zones along major fault lines. Intermittent stream

ohannels are controlled by structural features; either

fault zones or dip slopes. The gradients of tributary

creeks and the lower portion of Rock Creek are 100 to

130 feet to the mile. The gradient of Rock Creek frc

.Antone southward is greatly increased; probably averag-

ing 250 feet to the mile.

Climate

In this district the average year is one with hot,



dry suers and cold, severe winters. Temperatures range

from 106° p. to -32 F. Winds, intensified by the die-

sected escarpments of the Ochoco highlands on the South,

attain velocities of as much as 50 miles an hour. These

winds are especially strong at nightfall as the heated

air from the John Day valley flats rises to the highlands.

Exact figures on the annual precipitation in this area

are not available; however, the weather station at Kinzua,

Wheeler County, recorded 21.32 inches for the year 1940.

At Dayville, located in the floor of the John Day Basin

fourteen miles east of intone, the precipiation for the
seine period was 17.06 inches.

August is normally the driest month and February,

March and April the wetteet period. Snow in the higher

altitudes and thundershowers and cloudbursts are not

un000n during the ser months Rock Creek and

Birch Creek maintain flow during the driest of years,

as they are fed by springs issuing from the base of

landslide masses and from weathered zones between

Columbia River basalt flows.

This semi-arid districtis characteristic of much

of Eastern Oregon.

Vegetation

The northern half of the area is largely eolese



7

except for scattered Juniper (runiperua ocoidentalls),
sagebrush (Artemisia arbusoula and Artozuisia spinesseens),

some wild gooseberry (Rlbesaoeae velutinum), and the bunch

grasses (Agropyron oaninuin and Poa nevadensis).

A few creek valleys and protected canyons support

thickets of willow (Salix amygdaloides and Salix melanop-

sis), ocoasional pine (Pinus ponderosa), mountain mahogany

(Cercocarpus ledifolius), and oottonwoods (Populus fortis-

alma).

Beginning at a point a mile or so south of the town
of Antone, and continuing up the talus covered slopes of
the Ooh000 escarpment, the vegetation is distinctly dif-

ferent. This area is well timbered with pine (Pinus ponder
osa), white fir (Abies conoolor), tamarack (Larix occident-
ails), and an occasional clump of aspen (Populus tromuloides 4

The thin soiled ridges of basalt support thickets of
mountain mahogany and scraggly Jack pine (Pinus contorta).

Wild flowers are abundant and colorful in the wooded

hills during the sumner months. At least three varieties

of the brilliant penstomon (Penstemon gairdneri, Penstemon

prooerus, and Penstexnon tinotus) add their color to the

rugged upland slopes. Other mountain flowers include

columbine (Aquilegia formosa), laricapur (Delphinium cyanor-

eios), wild vetchVicin hirsuta), and the prairie sunflower

(Helianthus petiolaris). The delicate Mariposa lily



(Caloohortus macrocarpus) is seen on the bald hills and

dry flats of the John Day Basin during the late spring.

Economic Resources

This section of Wheeler Gout y is thinly populated

with about one person per four square miles. The lack of

extensive areas of tillable land and the dearth of water

during suer months account, in part, for the few inhabi-

tants, Poor grazing ranges and the remoteness of the

region are other factors involved.

As may be suiised from the foregoing, the resources

of the Antone District are limited. Some timber has been

out from the highland area, but few mature trees remain.

Cattle and sheep are the main sources of income of the

local ranchers.

In the late lOO's the mining operations of the

Spanish Gulch area were o considerable magnitude and

importance. These placer properties have largely been

worked out and now have little economic significance.

The outlook for gold and possibly chrome lode mining

Is only fair; and some hesitancy may be expressed In

predicting a mining future for the district.



HISTORICAL NOTES

The names Spanish Gulch and Antone strike a foreign

note in this central Oregon country. In seeking an associa-

tion of these names with the early history of the area,

several days were spent going through the records in the

Grant County courthouse at Canyon City. Until the late

1890's the Antone District was a part of Grant County

and all pioneer mining and property transactions were record-.

ed at Canyon City.

Canyon City was a center of much mining activity in the

1860's. here, in i86, were recorded the "Rook Creek Mining

District" placer claims of Martinez and Costello, two Mexi-
cans or Spaniards who had drifted into Canyon City too late
to claim any rich placer ground and had gone on some forty

miles to the west before finding profitable placer. In

165 the Spaniards sold out to one, A. S. Sutton, and

departed, apparently not satisfied with the results of

their labor. Records in Canyon City first mention "Spanish

Gulch" in 1875, but it would appear that the term had local

usage in referring to the site of the Spaniards' claims

soon after they left the district.

Pioneer descendants, now living in the district, speak

of the old town of Antonia and deaoribe it as having been

located at an elevation of 3700 feet in Spanish Gulch. The
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town is supposed to have been nanied after the wife of one

of the Spaniards. The site of Antonia is now marked by a

single deserted ranch house known as the Owen's place. The

twenty-five or thirty m.tners' cabins, saloon, and store of

Spanish Gulch "boomdays" are gone.

Around 1885 the Post Office was moved from Antonia to

a site at the junction.of Rock Creek and Fred Creek and re-

named Antone.

Mining of piecer 4eposits in Spanish Gulch, Mule Gulch,

and confluent minor canyons is locally reported to have

yielded gold in excess of three million dollars. No authen-

tic information is available as to the exact production of

the district. Huge piles of boulders and many miles of

ditches, dug with Chinese labor, attest to the past activ-

ity. 1n 1866 J. B. Mccoy and Company excavated two ditches

from Rock Creek to Spanish Gulch, the combined length of

which total nearly fifteen miles. Paiute Indians periodic-

ally interrupted the work on these ditches, end armed guards

were necessary in order to enable construction to continue.

As is usual in early placer districts, the Chinese
moved in after the ground had been abandoned as worked out.

In 1886 over a hundred of these "pig-tailed" Chinamsa were

methodically reworking the Spanish Gulch gravels. Mining

claim deeds or leases were recorded in Canyon City as

All Fong and Company or Ah Lin and Company. It Is said
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that only the head of these Chinese mining "Companies"

received the profits of the operations; the workers

being virtually slaves, whose only compensation was a

meager ration of food and clothing.
Supplies and equipment for the Spanish Gulch mines

and for the much larger district surrounding Canyon City

were transported on the Dalles Military Highway. H. H.

Wheeler, after whom Wheeler County was named, established

a scheduled freight and passenger service on this Dalles -

Canyon City route in the year 1864. (8, p. 4.46) Antonia

and the military post at Camp Watson were stage stations

on this pioneer wagon road.

Camp Watson, located fIve miles west of the present

Post Office at Antone, was one of the military posts estab-

lished in the 1860's to suppress the Indian uprisings.

"The Camp was named for Lieut. Steven
Watson of the First Oregon Cavalry, who was
killed in a skirmish with Chief Paulina's band
of Palutes at a place since known as Watson
Springs on the Beaver Creek branch of Crooked
River. Camp Watson was established In 1863
by the Oregon Volunteers of the Canyon City
road expedition. The Camp was occupied from
1863 to 1866 by the First Oregon Cavalry when
it was relieved by Company I, First United
States Cavalry." (8, p 44.7)

Camp Watson was abandoned In the late '70's, and little

remains to mark the site except a rotted section of the old

stockade and a neglected military cemetery. Lieutenant

Watson and six other soldiers are burled here.



Fig. 1--. Valley fill in foreground was site of
Camp Watson. Fort Creek at base of
hill.

Fig. 2-- Grave of Lieut. Watson (left background)
and other oasualties of Indian wars
of 1860's.

12
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The account of early history of this district would
be incomplete without reference to Oregon's pioneer Geol-
ogist, Thomas Condon. Mr. Condon enlisted the aid of the

military in Eastern Orogon and through them obtained much

valuable geologic information and many fine fossil speci-

mens. In 1865 or 1866 Professor Condon traveled with a

company of cavalry through the Crooked River country and

returned to The Dalles by way of Camp Watson. (4, p. 38)
No account is made of his collecting from the Antone area,
but he did secure excellent fossil leaves from localities

near Mitchell. In later years Mr. Condon collected fossil

mammals at Cottonwood Creek, ten miles east of Antone, and
in numerous other localities.



REVIEW Q! LITERATURE

First mention of the fossiliferous deposits in the

ohn Day basin which appears in the literature was mad.

by Dr. oseph Leidy. In October, 1870, Loidy presented,

before the Philadelphia Academy of Sciences, a short paper

in which he described a collection of fossils indirectly re

ceived from Reverend Thomas Condon of The Dalles, Oregon.

The material described came fromohn Day beds.

In 1873 0. C. Marsh described memn'alian fossils from

the Tobn Day country and referred several specimens to the

Miocene and at least one to the Pliooene period. Marsh

(3, p. 52) thus made the first statement regarding the age

of the now named robn Day and Rattlesnake C?) formations.

r. C. Merriam (5, p. 276) states that the Pliocene referred

to by Marsh is almost certainly Masoall of later Miocene age.

It is known that Marsh camped near the typical exposure of

this formation, and did some collecting in it.

Prof. osepb LeConto, in his paper on the great lava

flows (Columbia River basalt), made reference in 1874 to

the unconformable relationship of the lava with the sup

posed lacustrine John Day deposits. in 1875 Marsh published

the first general disoussion of the oIrn Day geology in

which he recognized the stratigraphic sequence from Cretac-

eous to Recent.



15

Prof. E. D. Cope published a brief geologic report on

the Jobn Day series in iaao. Other early publications in-

elude those of the Hayden Survey, W. D. Mathews, Dr. John

Evans, Lesquereau, I. C. Russell, and Wortman.

A very good account of the stratigraphic units exposed

in the obn Day country was published in 1901 by fobn C.

Merriam (5, pp. 269-314.). Mentioned In his report are the

Jobn Day rhyolltes on Pine Creek, Spanish Gulch metamorpliics,

and the Cretaceous conglomerate outcrops of the Antone

district. The above localities are included In the area

covered by the writer, and are discussed in proper sequence

in another section of this paper,

Frank C. Calkins, In a University of California publi-

cation of 1904. (1, pp. 109-172), described rooks from the

various formations of the Jobn Day Basin. Included In this

petrographic contribution were reports on the ,granite por-

phyry and pyroxenite outcrops In Spanish Gulch.

In 1925, J. C. Merriam, Chester Stock, and C. L. Moody

published a paleontologloal paper which included a discus-

slôn of the geology of the Rattlesnake and Mascall deposits.

Observations in this paper (7, pp. 43-92) wore based upon

field work completed in 1916, and covered parts of the Basin

area between Birch Creek and Canyon City.

A. J. Collier (2, pp. 1-47) mentions the Spanish

Gulch placer district and an occurrence of coal in Cretaoeous
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sandstone near Antone. In 1926 Dr. E. L. Packard and a
party of students from the University of Oregon spent a
part of one suer studying the Cretaceous conglomerate and

sandstone and collecting fossil material from the excellent

exposures of this formation near Antone. H. E. Wheeler, a

member of the party, produced a sketch map of the area

indicating structural and stratigraphic relations.

From the foregoing review, it is apparent that very
little has been published on the jeology of the Antone

Distriot.



FORMATIONS IN Ti AONE DISTRICT

AGE FORMATION DESCRIPTION

Recent Alluvium Sand, gravel, and loam

Pleistocene (?) Unnamed Andesite flow with
abundant phenoorysts
of hornblende

Pliocene Rattlesnake Puiniceous flow-rock
interbedded silts,
sands and gravels

Miocene Maseall Compact tufts of buff,
yellow, and grey oolor,
lenses of shale, sand,
and gravel

Miocene Columbia Glassy basalts, olivene
River basalts, interbedded
Basalt ash

. oen:
obn Day Red, green, and yellow

tufts, glassy rhyolite

Post-Cretaceous Unnamed Granite porphyry with
acid, and basic feld-
spar phenocrysts,
quartz abundant

Cretaceous Unnamed Indurated basal con-
glomerates, course grits
and sandstones, siltstone
with calcite bonding

Pro-Cretaceous Unnamed Quartzites, phyllites,
sobists, and marbles,
serpentinized periodotite,
altered pyroxenite

17



GEOLOGY

PRE-CRETACEOtJS PORMA.TIONS,

Distribution and Topographic Extression

The oldest series of rocks ocouring in the Antone

district are seen in a rather limited zone east and south-

east of the town of Antone. A small outcrop is also known
to exist on the east bank of Rook Creek, some two miles

south of Antone. The total areal distribution of these

older rooks does not exceed 3.7 square miles.

Rooks of this formation outcrop in a zone 300 to 800

feet wide and 2 miles long. This zone begins 300 feet east

of Antone and paa1le1s the Dayville road as far as Spanish

u1ch. South of the Dayville road, between Spanish Gulch

and Mule Gulch, is a prominent ridge of the Pre-Cretaceous

rooks (See fig. 3, p. 19). This "Spanish Gulch Ridge"

trends north and south and terminates abruptly, on the

south, against the Spanish Peak escarpment (See fig. 4,

p. 19). Pre-Cretaceous rocks appear on the divide between
the upper end of Mule Gulch and West Birch Creek, and again

on the "Birch Creek Ridge" separating East and West Birch

Creeks.

The local surface irregularities of the older rocks

occasionally distinguish them from the surrouding younger

formations.

18



Fig. 3-- View of ridge between Spanish and. Mule
Gulch. This ridge is largest outcrop
of Pre-Cretaceous sediments in area.
Serpentinized dike forms crest on left.
Mule Gulch on right.

19

Fig. 4-- Looking south along the Pre-Cretaoeous
surface of Spanish Gulch Ridge. Spanish
Peak escarpment in background.



In general, however, these Pre-Cretaoeous rooks have no

characteristic topographic expression.

Lithology

The Pre-Cretaceous rooks of the tone District are

composed of a metamorphosed series of marine sediments and

ultra basic dikes. The meta-sediments are ch].oritic sohists,

phyllites, marbles and quartzites. The crystalline meta-

morphios are largely serpentine.

The results of megascopio and iniorosoopic examinations

of these Pre-Cretaoeous meta-sediments and crystalline.

metamorphice are tabulated below.

Chloritic Sohist:

Megascopic: A tine-grained rook with pronounced

but interrupted parallel cleavage. Color is

brown to dark green. No minerals identified

in hand speolmen. Some specimens are indurated

with silica.
Microscopic: Silt-sized particles of quartz and

rarely feldspar. Grains aligned in well de-

fined planes Greenish-brown chlorite, prob-

ably from alteration of mioas, is abundant.

(See fig. 5, p. 21)

Argillite:

Megascopic Indurated greenish-black with rounded

20



Fig. 5-- Photomicrograph of sohist from north
end. of Spanish Gulch Ridge. Most of
white material is secondary quartz.
Note flattened and aligned original
quartz fraents. (x45)

Fig. 6-- Photom.torograph of argillite from
Birch Creek Ridge. Note alignment
of materials. Carbonaceous matter
forms black traces. Plane light. (x32)

21
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granules in sizes from 1 to 6 mm. These

granules flattened and parallel to pronounced
cleavages and possibly to former bedding
planes. (See fig. 6, p. 21)

Microscopic. Abundant rounded and sub-rounded

partloles of çhert, o1aloedony and quartzite.
Opaque materials, probably carbonaceous or

olayey, outline the cleavage or bedding planes.

Quartz was abundant. Albite, magnetite, bio-

tite, and chlorite were rare.

Calcareous sohist:

Megascopio: Contorted and foliated texture.

Calcite less abundant than quartz. Ptyguiatic

bands of secondary quartz. No argillaceous

material visible in hand specimen. Minute

crystals of siderite not.d. Color of rook

brown to blue-grey.

Microscopic: Silt particles and small amounts of
carbonaceous matter. Recrystallized calcite

with pronounced, though irregular, cleavage

traces. quartz abundant. Euhodral crystals

of siderite.
Phy-llit e:

Megascoplo: Fine-grained, nearly impalpable

rock with cleavage pronounced but not slate-.]ike+
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Green scale on cleavage planes. Hair-like

white veins visible when cut at right angles

to cleavage.

Microscopic: Under high power magnification no

minerals observed except tale or serleite and

secondary mioro-veinets of quartz. in plane

light alternate light and, dark banding may be

seen. Quartz only partially fills the fract-

ures developed normal to cleavage planes.

Marble:

Megascopic: Compact, fine crystalline rOok with

blue-grey color. Faint irregular banding.

Some specimens show a limonite stain.

Microscopic: Crushed and distorted rhombs enclos-

ing augen-like masses of mioro-eryptocrystal-

line calcium carbonate.

Quartzite:

Megascopic: Mottled grey to green color. Char-

acteristic sugary texture. Multiple fractures

some of which are parallel, others oblique.

These fractures have been filled with calcite.

Calcite partially removed by solution in

weathered specimens.

Microscopic: Minerals observed in thin-section,

other than quartz, included orthoclase, albite,
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chlorite, and secondary calcite. Recrystal-

lization of quartz grains is evident.

Serpentine - (after peridotite)

Megasoopio Some specimens compact, with irreg-
ular quartz veinlets and coordinate fracture

systems. Others foliated and. talcose. Chrom-

ite grains noted occasionally. Colors varied:

white, olive-green, dark green or black.

Microscopic: Minerals noted in thin section in-

cluded. antigorite, talc, magnetite and scat-

tered grains of chromite and enstatite.

Secondary quartz and calcite also present in

minute seams and fractures. (see fig. 7, p. 25)

Serpentine - (after pyroxenite):

Megasooplo: Compact dark green rook with scales

of lighter greens. Conehoidal, striated sur-

faces common in rocks of this type. Gradation

from serpentine to unaltered orthorhombic pyro-
xsno seen in some specimens.

Microscopic: Minerals in altered rock were antig-
orite, tale, enstatite, sparse magnetite, and

ohromite. In unaltered specimen: abundant

enstatite with pidgeonite intergrowth. Also

augite, tale, calcite, and sparoe chromite.

(see Fig. 8, p. 25)



Fig. 7-- Photomiorograph of1 serpentine altered
from peridotite. Crossed Nicole. (x32)

Fig. 8-- Photomiorograph showing enstatite with
schiller structure and marked parallel
cleavages. Pidgeonite center and upper
left of picture. (x32)
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* North-South section on crest of Spanish Gulch Ridge.
** Section 8. 4O W. on crest of Birch Creek Ridge.
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The original sedimentary rocks were shales, clayey lime-
stones, fine and coarse-grained sandstones, granule conglom-

erates, and claystones. As indicated in the foregoing

descriptions, the basic intrusives were peridotites and

pyroxenites. The petrology of the meta-sediments and meta-

morphies has been further complicated by post-intrusive

faulting arid mineralization.

Thickness

No section of the meta-sediments was measured in the

field. However, an average dip of 650 was obtained from

field notes and distances were scaled from the area]. map to

produce the following table of approximate thicknesses.
TABLE 1

SPANISH GULCH RIDGE *

Meta- sediments Teet

Chioritic schist 1540
Caloareous sohist 540
Marble 275
Schist 1270

BIRCH C1dWK RIDGE

Chioritic soijist
Calcareous sohist
Quartzit a
Argillite
Phyllite- -



and Stratigraphic Relations

The Pre-Cretaoeous rooks appear to contain no fossil

remains. A careful examination of the weathered marble,

schist, and argillite outcrops disclosed no trace of fossil

material. If the original sediments were fossiliferous, it

would appear that all traces have since been destroyed by

metamorphism. I

Lithologically this metamorphosed series of rooks has

little resemblance to described urassic, Triasslo, or

Paleozoic rooks of Central Oregon. The age, then, is not

determinable with the information available at present.

The Pre-Cretaceous rooks are separated from the over-

lying Cretaoeous by a distinct angular unconformity. This

angular difference in bedding approaches 800 and may be

noted in several outcrops in Spanish Gulch. This relation-

ship was also noted on the east bank of Rock Creek two

miles south of Antone.
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CRETACEOUS SEDIMENTS,

Distribution and Topographic Expression

Rocks of the Upper Cretaceous age are exposed in the

northeast quarter of the Antone District. The best outcrops

are seen ie"diate1y southeast of .ântone on the prominent

"Rook Creek Ridge". (see fig. 9, p. 29) This treeless ridge

has a north-south strike and is delineated on the east by
Spanish Gulch, on the west by Rock Creek. The Cretaeeous

exposure is almost uninterrupted from near the Dayvllle road

southward to roe Creek; a distance of nearly two miles.

Rocks of this formation also outcrop on the eastern

slope of Spanish Gulch, and again in a fan-like zone at the

head of the gulch. "Islands" of Cretaceous rocks, surrounded

by meta-sediments, occur In two localities near the crest of

Spanish Gulch Ridge. Small outcrops of these, rocks also

appear on the divide between the south end of Mule Guloh and

the west branch of Birch Creek, and again on the crest of

Birch Creek Ridge. The total areal distribution of these

Cretaceous sediments, within the district, does not exceed

four square miles.

About 600 feet west of the road. intersection at the

town of Antone, a massIve "bluff" of this formation outcrops

on thesouth side of !red Creek. (Bee fig. 10 p. 29) The

prominent cliff extends westward, parallel to the creek,

28



IF

Fig. 9-- Looking 5 600 from north side of
Fred Creek. Cretaceous sediments
outorop on untimbered portion of
distant Rook Creek Ridge. Fred Creek
outcrop left center.

Fig. 10-- Closeup of the prominent Cretaoeous
conglomerate outcrop on south side of
Fred Creek near Antone.

29



30

for 4000 feet.

The Cretaceous sediments in the Anton. District may
be seen as smoothly rounded hills except for a bluff on Fred

Creek, which cannot be considered a characteristic topograph-

ic expression of the Cretaceou,s in this area. It is diffi.

cult to distinguish between the Cretaoeous and Pre-Creta-

ceous rooks as far as the general configuration of the

surface is oonoerned. Younger formations, especially the

Columbia River basalts, present a more rugged surface, and

are thus distinguishable from the more rounded contours of
the Cretaceous rocks. However, all smoothly rounded sur-

faces in the district cannot be interpreted as being the

Cretaceous rooks.

Lithology

The Cretaoeous rooks of the Antone District are massive

accumulations of marine sediments. In the section examined

the lower part is a basal conglomerate. The basal conglom-

erate grades upward into a pebble conglomerate which is

followed by a thin granule conglomerate grading into a

coarse sandstone. Within the sandstone, lenses of impure

limestone are present.

An examination of these Cretaceous sediments reveals

that the materials comprising the section are composed of
a variety of rook types. For the purpose of this discussion,
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these sediments are subdivided according to the field rela-

tionships indicated in the preceding paragraph.

Basal Congloiaerate The materials in this part of the

section range from coarse sands up to boulders. The average

size of these boulders is 4 x 5 inches, although several

were observed which were 5 x 8 inches. All of the cobbles

and boulders are completely rounded and smooth; some have

acquired a marked polish. The pebbles and gradations down-

ward to the coarse sand are rounded, sub-rounded and

angular.

Approximately 50% of these rocks in this conglomerate

are composed of quartzlte;, vein-quartz, or chart. The

quartzites and oberts are very fine-grained and compact;

whereas the vein-quartz cobbles are a mass of fine, retic-

ulated fractures. These vein-quartz cobbles were "healed"

by secondary silicificatien, and any break In the result-

ing compact rook Is not controlled by the old fracture

network.

The siliceous rocks present a great variation in color.

Vein-quartz is usually white, with the healed fractures de-

lineated In black or gray. The majority of the quartzitos

are a gray-green color, many were noted with buff, brown,

dark green, hematite-red, white, and black colors. Cherts

are generally a blue-gray or brown. Sparse cobbles of

mottled red and yellow jasper were noted.
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The black quartzite, mentioned above, could easily be

mistaken for a fine-grained basaltic rook, and was therefore

examined in detail. Results of this examination are given

below.

Megascopic: Fine-grained with sparse fragments of

striated and non-striated spars. Rarely,

ye]low ocherous limonite. Individual quartz

grains not visible with hand lense, black color.

Microscopic: Well rounded quartz gains .01 to

.06 mm in diameter. Rare feldspars were turbid

orthoclase and albite. Cementing quartz, black-

ened by abundant dust-like particles of magne-

tite. Limonite stain noted, but uncoon.

Conclusion: The dark color of this quartzlte Is
produced by dust-like inclusions of magnetite.

(see fIg. 11, p.35 )

Other rocks from the basal conglomerates are quite

variable, but include well known types. Cobbles and boulders

of rhyolite, gabbro, granodlorite, diorite and porphyritle

andesite are coon throughout the section. Broken and

weathered black cobbles which had apparently "slaked" soon

after exposure, are identified as basalt. Several granite

boulders were noted, but were not coon In the conglomerate

outcrops. One granite exhibitid prominent phenoorysts of

pink orthoo].ase In a ground mass of quartz and orthoolase;
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and included the minerals albite, biotite, rare apatite and

some hornblendes. Also uncommon in these basal conglomer-

ates is a contact-metamorphic rook composed of the follow-

ing minerals: epidote, orthoclase, albite, quartz and in-

frequent grains of galena and garnet. A dark-spotted rook

resembling a ohert was found, in thin-section, to be a

silicified clastic (?) rook containing angular fragments

of a basic plagioolase, probably labradorite.

Pebble conglomerate: The average size of the pebbles

in this section of the Cretaceous sediments is about two

inches in diameter. Coarse sands and granules fill the

Interstitial zones. The pebbles and smaller materials are

well rounded and, in some specimens, polished.

The weathered basalts were not found in the pebble

conglomerate. Otherwise, the rocks in this section are

petrographioallysimilar to those in the basal conglom-

erates and need no further description.

Granule conglomerate: The range In size of the mater-

ials in this section is from 1.0 imu to 5.0 mm, with an avei-

age of 2.0 nun. The smaller materials are well-rounded, but

larger fragments are commonly sub-rounded and angular.

The rocks in this section are mainly quartzites and

oherts. Less common are fragments of what appeared to be

Pre-Cretaceous phyllites. Granules of vein or contact-zone

rocks show included-grains of the minerals pyrite and

magnetite.
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Sandstone: The individual grains of this sandstone may

be seen without the use of a hand lens. An estimated aver-

age particle size is .25 . Few well-rounded mineral

grains were observed in?this sandstone; the majority of the

particles being sub-rounded or angular. The color of the

sandstone varies from a buff, when weathered, to yellow-

green in a freshly broken specimen.

Quartz, feldspar and magnetite are the most abundant

original minerals in this rook. The feldspars have been

altered to kaolin, and the magnetite to limonite. A cement

composed of these alteration products bonds the quartz

grains to produce a very compact sandstone, Concretionary

masses of limonite-cemented, quartz grains are occasionally

seen In these sediments. Other minerals noted, but rare,

include chromite and garnet.

Limestone:

MegaSpIo: Fine-gralned and compact. Semi-con-

idal fracture. Color Is blue-green when

broken, olive green when weathered. Fossili-

ferous.

Microscopic: Calcium carbonate matrix represents

60% of material in thin-section. Silt-sized,

angular particles of the following minerals:

quartz, orthoclase, glass, albite, chlorite,

muscovite, ilmonite, zircon, and chromnite.



Fig. 11-- Photomicrograph 01' quartzite wbieh
appears black In hand specimen. Note
large fragments of feldspar and well-
rounded quartz grains. Dark cementing
material Is magnetite-olouded quartz.
Plane light (x32)
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Fig. 12-- Photomlorograph of silt particles In
limestone from Birch Creek. Note
angularity of particles. Plane light (x32)
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Quartz most abundant, chroiuite and zircon are

rare. (see fig. 12, p. 35)

Additional notes: The basal and pebble conglomerates

in the Antone District are well consolidated and often com-

pletely indurated. The silicifleation is marked in the

"Bluff" at Prod Creek and in other outcrops. The granule

conglomerates and sandstones are compact, but silleifi-

cation is limited to specific zones.

Thickness

The Cretaceous sediments outcropping in the Antone

District were not measured during the field investigation.

However, an average dip of 180 was obtained from the field

notes and when the distance across the strike Is considered

a thickness of as muoh as 2400 feet Is obtained.

Stratigraphic Relations and

The Cretaceous sediments of the Antone District are

separated from the underlying Pre-Cretaceous rooks by a

distinct angular unconformity. A similar discordant relat-

ionship separates the Cretaoeous sediments from the overly-

ing Columbia River lavas. This overlap of the Columbia

River lava obscures a possible Cretaceous-obn Day uncon-

formable contact.
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The age of Cretaceous formations in this di5triot is
discussed by . C. Merriam (5, pp. 280, 284). Merriam made

collections of fossils from at least two localities in
Spanish Gulch, and sent the material to r. T. W. Stanton
for identification and correlation. Stanton's determina-
tions, quoted in Merriam's report, placed these Antone sed-
iments in the lower "Chico" formation of the upper

Cretaceous period.

Table 2, page 38, lists the species collected by
Merriam from the two localities in Spanish Gulch.



TABLE 2

MOLLUSCS FOUND IN TI3E CRETACEOT3 SEDIMENTS

AT SPANISH GULCH

I

Anomia sp.
Mytilus sp. of. M. lan000latus Sowerby.
Trigonia leana Gabb.
Trigonia evansana Meek.
Meokia radiata Gabb?
Nuoula (Acila) trunoata Gabb.
Meretrix varians Gabb.
Meretrix sp. a.
Tellina ashburneri Gabb.
Tellina skidegatensis Whitoaves.
Asaphis multicostata Gabb.
Homoinya conoentrica Gabb?
Mactra? sp. a.
Corbula traskil Gabb.
Dentalium streinineum Gabb.
Gyrodes expansa Gabb.
Cinulia? sp.
Desmoceras dawsoni Whiteaves?

II *

Anoinia sp.
Trigonia evansana Meek.
Chamidae gen. et ap md.
Meretrix varians Gabb.
Meretrix? sp. b.
Telliria asbburneri Gabb.
Mactra? sp. b.
Corbula traskil Gabb.
Dentalium sp.
Soalaria olementina (Michelin)?
Solarium? ap.

* Presumed by Merriam to be higher In the section than

the species listed under I.

38
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GRA.NITE PORPlix±a

Distribution and Topographic Expression

The exposures of this granitic rock are limited to .10

to .12 square miles In the Mule Gulch-West Birch Creek divide

area, and to much smaller zones on the west slope of Birch

Creek Ridge. The total area of the exposed rocks does not
exceed .15 square miles.

The rook Is commonly found as surface float on the

south end of Spanish Gulch Ridge and In a narrow belt ex-

tending several miles southeast of Birch Creek Ridge. The

semi-angular shape of the "float" rocks suggests minimum

movement from their source, and thus indicates that more
extensive bodies of the granite porphyry are obscured by

slope wash and talus debris.
Outcrops of the granite usually appear as low, rounded

ridges, not readily distinguishable from erosional forms
of surrounding Cretaceous and Pre-Oretaceous rocks. Excep-

tional to the general topographic form, is a sharp ridge
striking southeast from an elevation of 4600 feet at a
point near the channel of West Birch Creek. This ridge
has been delineated by gullying parallel to the strike and,
though low In relief, is a dominant local topographic
feature.



LI thology

1. 0. Calkins (1, pp. 117-118) has previously described

this granite porphyry, and his petrographio description is

quoted in part as follows:

"The ground mass, which may be seen with the
pocket louse to be a holoory-stalllne aggregate of
quartz and feldspar, carries numerous phenoorysts
of quartz, monoclinie end trielinic feldspar, and
a few tablets of biotite. The yellowish-brown
color of the rock seems due mainly to the dissem-
ination of fine particles or limonite.

"By the aid of the microscope the phenoorysts
are seen to comprise orthoolaso, quartz, and
plagioclase In about equal quantity. The ground-
mass contains the same minerals, with quartz in
somewhat larger proportion than among the pheno-
crysts. The biotite is of the 000n deep
greenish-brown variety. Apatite, magnetite, and
a little seriolte and kaolin in the feldspars,
numerous specks of limonite throughout the rook,
and specks and veins of a greenish-brown mioaceous
mineral.

"Both kinds of feldspars contain liquid inclu-
sions, and a few of apatite, zircon, and niagnetite.
Of more interest, however, is the frequent inelosure
In the peripheral portions of the phenoorysts of
small quartz and feldspar grains similar to those
composing the groundmass. This of coursedenion-
strates that the growth of the teldspar pheno-
crysts continued after the groundmass was at least
in part crystallized. The quartz, which occurs
with the usual corroded outlines, exhibits no
characters of especial interest."

to
Calkins further calls attention/the frequent carls-

bad and perioline twins, and to zonal banding in the spars.
The present writer prepared a number of thin sections

and several polished slabs of this rock. The greenish-brown

micaceous mineral which Calkins considered iddingsite was

40
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not seen in thin-section, although a biotite to chlorite

alteration was oomon. In one specimen the ground mass

appeared to be at least 70% quartz, and corroded pheno-

orysts of the same mineral are muóh more abundant than in-

dicated by Calkins.

The phenoorysts of feldspar ranged in size from 0.1 to

4.0 ;
the average being 1.0 . Several hexagonal plates

of biotite, 4.0 to 5.0 in diameter, and equally large

corroded phenocrysts of quartz were noted in hand specimens

of the rock.

Although the granite porphyry outcrops In this district

are of rather limited areal extent, certain zones yle:I.ded

specimens with slight mineralogio variations from the rock

described by Calkins. As previously Indicated, some speoims

appear richer in quartz. A fades resulting from the dliii-

tion of the acid magma by stoped Pre-Cretaoeous material

is described as follows:

Megasoopió: Abundant subhedrai feldspar peno

orysts with average size of 1.5 mm. Quartz

uncommon. Biaded hornblende crystals common

in groundzass. Color greylsh, with prominent

buff phenocrysts.

Microscopic: Feldapars largely altered to seri-

cite and kaolin. Carlsbad twins of orthoolase

abundant. Quartz and plagioolases uncommon.



Fig. 13-- Photomlcrograph of granite porphyry
prom Mule Gulch - Birch Creek divide
area. Round black spot is quartz at
extinotion position. Groundrnass In-
clusions may be seen in spars.
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Fig. 14-- Roof pendant In the granite porphyry
intrusive. This remnant of Cretaceous
granule conglomerate Is intensively in-
durated and veined with quartz.
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Hornblende largely altered to penninite and

calcite. Magnetite, partially altered to

limonite, present but not abundant. Acces-

sories include biotite, and rarely, ziroon

and apatite.

The kaolinization of the spars to a depth of several

inches is eoon1y observed in detrital fraents of the

granite porphyry, but in the massive outcrops this alter-

ation is limited to le8s than one-half inch. Weathering

and erosion of this plutoniö rook is accelerated by a

pronounced, but irregular, Jointing system.

Litholo,ie Relations

The granite porphyry plutonic rook intrudes the Pre-

Cretaceous meta-sediments and ultra-basic metanorphics, and

reasonably conclusive field evidence indicates that the rook

is also younger than the Cretaceous sediments.

The following evidence is submitted to substantiate

the supposed Post-Cretaceous relationship of the granite

porphyry.

No cobbles or pebbles of this resistant granite

porphyry have been found in the Cretaceous

sediments.

An aureole of silicificatlon may be noted in the

Cretaceous rooks adjacent to the intrusive rooks.
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The Inclusion by the granitle rock, of a large mass
of indurated and veined Cretaceous granule conglom-

erate, (see fig. 114., P. 42)

Additional evidence of the age of the granitic rook
will perhaps be found in the tmmapped area east of the

Antone District. For the purposes of this paper, the age
of the intrusive has been designated as Post-Cretaceous.
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JOEN DAT FORMATION

Distribution and Topographic Exiression

Exposures of the John Day formation are restricted to

small areas in the extreme north central and central por-

tions of the district. These two major outcrops are of

about equal areal extent and together do not exceed 1.5

square miles. Near the junction of Spanish Gulch and

Rock Creek a few hundred square feet of this formation

were noted and mapped. Small patches of the John Day are

also exposed in arroyo channels on the north bank of

Rook Creek, a few thousand feet from its junction with

Pine Creek.

The John Day sediments of the north central portion

of the district are, in part, exposed as rounded, mud-

covered hills on the north side of Pine Creek. Several

prominent, flat-topped ridges and sharp cliffs of the

formation may also be seen in this looa].ty.

In the central part of the district, beginning two

miles south of Antone, the rocks of this formation may be

noted on both banks of Rook Creek for several miles.

Adjacent to the creek, these soft sediments have been

fluted and pillared into typical "bad-land" forms.

(see fig. 15, p. 49) Above these limited bad-lands,

particularly on the west side of Rock Creek, are
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prominent, steeply sloping cliffs several hundred feet in

height. On the east bank of the creek the ohn Day occurs

as a relatively flat surface interrupted by erratic blocks

of a younger formation.

Llthology

The rooks of the John Day formation have been divided

into three distinct units largely on the basis of slight

differences in composition and distinctive variations in

color. These three sections have been designated the

Lower, Middle and Upper John Day.

The Lower John Day sediments outcrop south of Antone

along the banks of Rock Creek. In this locality the beds

consist of bright red and pink tuffaceous shales which are

occasionally interrupted with thin, white, or cream colored

strata of fine ash. An examination of several band speci-

mens showed frequent angular fraents of unaltered felds-

pars, scattered grains of magnetite, and a kaolin-like red

groundmass. Thin sections of this rock were not prepared

due to its friable nature when dry and slaking and disinte-
gration when wet. A microscopic examination of a crushed

specimen disclosed that most of the rook was composed of

devitrified glass and an opaque, clay-like material. A few

unaltered fraents of magnetite were noted, but the red

hematite stain indicates that this mineral was formerly
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present in considerable quantity. Clear fragments of

plagloolase, showing albite twinning, were observed in-

frequently. An altered mafic mineral, hornblende or

augite, was present but not 000n.
The Middle ohn Day tufts are prominently exposed

on the north side of Pine Creek, and are also present as

small patches overlying the red-beds on Rook Creek. The

typical rock of this series is a compact, fine grained

tuft with a distinctive blue-breen color. in hand speci-

men, no minerals can be identified other than an occas-

ional fragment of plagioclase. 1n thin-section the

rook is seen to be largely composed of devitrified

glass shards which are coated, and appear to be partly

cemented, with a oh].orltlo appearing green mineral.

Under high magnification this mineral Is faintly

pleochlorio and with crossed nicols shows weak birefring-

enoe and parallel extinction. The writer was unable to

Identify the mineral, but recognized It as being respons-

ible for the green color of the rooks of this section of

the ohn Day formation. Other minerals shown In the

microscopic examination are sparse hematite, a sprink-

ling of angular plagloolase spars, and rare fragments

of calcite, chalcedony, epidote, hypersthene, biotite,

magnetlte, and apatite. The calcite and chalcedony appear

to be secondary minerals.

In the Pine Creek area the uppermost 40 feet of the
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Middle rohn Day is a glassy rhyolite flow. Float of a

similar rook is also found scattered on the surface of the

Middle rohn Day exposures on Rook Creek but the lava flow,

if present, is obscured by overlying talus. Hand specimens

of rocks from these localities appear identical and the

following description will apply to both.

Megasoopic Glassy with scattered, unaltered

phenoorysts of non-striated feldspar. An

occasional grain of magnetite may be seen with

the hand lense. Subbedral cavities partially
filled with a green alteration product. Some

specimens show faint flow structure marked by

elongated quartz (?) filled vesicules. Wea-

thered rocks are banded by progressive oxida-.

tion. Fracture conchoidal. Colors gray, buff,

pink, and hematite red.

Microscopic: Groundmass holohyaline with charact-

eristic sinuous flow lines. Minerals in ground.'.

mass other than glass too fine-grained to be

identified. Spherulites of glass noted but

uncommon. Scattered subhedral orystals of
orthoolase showing zona]. banding. Opal C?)

and quartz fills lense like vesteules. Mag-

netite present as fresh euhedral crystals or

dust-like particles. Oxidation of these



Fig. 1.5.-- Typical "bad-land" erosional Dorms of
the tower Jobn Day formation south of
Antone.

Fig. 16-- Photomicrograph of rounded hornblendo
in om Day rhyo].ite. Note sinuous
flow-lines of glass. plane light (x32)
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particles produced hematite surface banding.

Apatite and epidote present but rare.

The tuffaceous sediments of the Upper Tohn Day forma-

tion may be observed in several small outcrops in the north

central part of the district. They consist of fine-grained
rooks of friable nature and white, buff, or pale green

color. Baking of the uppermost beds by younger lava has

changed their color from white or buff to a brick red.
The materials of these Upper ohn Day sediments are,

except for color and the unidentified green mineral, much

the same as those present in the middle unit of the form.a-

tiori. When examined under the microscope, the rock is
found to be largely composed of devitrified glass shards,

pumice fragments, an opaque, clay-like material and minor

amounts of plagloolase, augite (?), magnetite, apatite and

zircon. Quartz grains appear more abundant in this section
than in the middle series. The secondary minerals, in

addition to the olayey substanoe mentioned above, include

opal, gypsum, and calcite in minor quantities.

Additional Notes The fine-grained shales and tufts of
the Lower oIm Day are considered trachytlo, whereas the

Middle and Upper tuffaceous members of the formation are

andesitic in character. The John Day formation is con-

sidered by Merriam (5, p. 291) and others to be largely

].acustrine in origin. More recent studies indicate that
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lacustrine deposition was localized, and that the bulk of

the formation is of aeolian origin.

Thickness

The Pine Creek exposure of the Middle obn Day is 210

feet thick, the rhyolite 40 feet, and the Upper member 200

feet, making a total of 450 feet. The Rook Creek section

shows 470 feet of Lower rohn Day and only 80 feet of the

Middle. A minimum thickness of the 1Tohn Day formation

exposed in this district would be 920 feet and the maxi-
mum, 1000 feet.

and Stratigra,hio Relations

No Identifiable vertebrate materials were collected

from the John Day rooks during the field investigation.

Although loaf impressions have been obtined from other
Lower John Day localities, none were found in a thorough

search of the Rook Creek outcrops.

Abundant fossil materials oolleoted in other localities
were used by Merr.Iam and Sinclair (6, p. 173) in determining

an Oligocene age for the John Day formation. More recent

investigations and regional faunal correlations have been

swmnarized by Stock (9, p. 330) and a lower Mlooene age

appears to be generally accepted for upper portion of the
John Day sediments.
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Although no direct evidence can be presented, the John

Day probably lies unoonformably upon the Cretaceous sedi-

ments in the upper Rook Creek section of the Antone District.

The Columbia River lavas have covered an Upper rohn Day

surface of considerable erosional Irregularity. This

relationship, as well as a slight angular unconformity, is

quite evident in the Pine Creek section.
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COLUMBIA RIVER BASALT

Distribution and Topographic Expression

The most extensive formation in the Antone District

Is the Columbia River lava. Similar lavas are character-

istic of a large area In the northwest which is generally

referred to as the Columbia Plateau. Approximately 48

square miles of these lavas were mapped In this district.

in the southern part of the district the Columbia Riv-

er lava forms a plateau-like surface which dips gently to t

the southeast. The north part of this high plateau Is

abruptly broken to form a prominent but irregular escarp-

ment with a general east-west strike. The dominant Spanish

Peak is bounded on three sides by sections of this escarp-

ment, and its surface Is a northern projection of the

Columbia River lava plateau.

Much of the basalt in the district occurs In the

jumbled and Irregular masses characteristic of landslide

topography. Other outcrops, particularly in the east-

central part, appear as broad, gently dipping surfaces

dissected by a series of parallel canyons.

In the Pine Creek area, the lavas capping the Jobn Day

sediments form flat, southward dipping slopes which termI-

nate, high on the north banks of Pine and Rook Creeks, as a

serrated rim-rock. The lower end of Rook Creek flows in a
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in a sharp-walled canyon eroded, in part, from the Columbia

River basalts.

Lithology

The Columbia River basalt formation is composed of num-

erous flows which vary in thlokness from 4.0 to 100 feet.

Flows of greater thickness have been noted overlying the

irregular erosional surface of the' John Day series, but

otherwise are not common. Red scoria and decompositional

products usually form a distinctive marker between lava

flows. This bright colored marker indicates a time inter-

val between flows and subsequent development of several

feet of soil between extrusions. Accumulations of basalt-

ic ash are foud interbedded with the Columbia River lavas.

Ainygdules of zeolite minerals are commonly found in the

scoriaceous lower section of the flow overlying the soil
zone.

Typical columnar jointing is observed in most outcrops.

A great variation In the cross-sectional dimensions of these

columns was noted (see figures 17 and 18, p. 55). It was

found that the smaller columns were usually of hexagonal

outline, whereas the larger were pentagonal. Other flows

were noted with an extremely irregular type of jointing.
The average basalt in this formation is a fine-gralned,

slightly vesicular rock with a gray to black color.



Fig. 17-- Pentagonal basalt oo1uns noted in
Spanish Peak lava flow.

PIg. 18-- Hexagonal columns in talus near base
of the "horns" of the Spanish Peak
escarpment.
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Fracture is sub-oonohoidal or irregular.

Thin sections of rooks from six flows of the Columbia

River basalts showed little petrographic variation. The

following description would apply to any one of the

specimens examined.

The texture is holoorystalline with prominent pheno-

crysts of labradorito coon. The groundrnass is fine and

appears to be largely composed of a felt-like mass of

plagioclase with minor amounts of anhedral augite and

olivene. Magnetite, in distinct crystals, is coon in

these lavas and shows no alteration except in weathered

sections. Subhedral phenoorysts of augite and slightly

altered olivene are scattered unevenly throughout the

rock and appear to be older than the same minerals in

the groundmass.

The labradorite phenoorysts show slightly resorbed
and corroded outlines, and appear to have crystallized

earlier than either augite or olivene. Inclusions present

are magnetite and minute grains of glass. These primary

spars are often fractured and separated, and the inter-

vening spaces filled with the groundmass minerals.

The order of crystallization appears to have procoded

as follows: magnetite, the phenoerysts of labradorite,

olivene, augite and the microlitic groundass.

An unusual specimen, taken from what may be a
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dislocated block of basalt lying at the base of the Spanish

Peak northern escarpment, is described briefly as follows:

Megascopic: Vitreous appearing and with a fine-

granular texture. Irregular masses of non-

crystalline white material scattered through-

out the rocks. These masses of 0.5 to 5.0

dimensions. Fracture sub-conchoidal.

Color gray.

Microscopic: Scattered euhedral crystals and

irregular aggregates of fresh augite. Ophitic

groundinass of lath-like labradorite. Pheno-

orysts of unaltered olivene rare. Irregular

microperlitic masses, which may be glass, are
common. This glass-like material encloses

minute spars and sutured fraents of quartz.

Magnetite is common. Calcite noted but rare.

A counterpart of this basalt was not observed in any

of the flows in the Spanish Peak area.

Thickness

The lavas of this formation were extruded upon a sur-

face of pronounced relief and have subsequently been dif-

ferentially eroded. More than 2000 feet of basalts are

exposed in the Oohoco escarpment and a thickness of only

300 feet is found in the Pine Creek area. At an elevation
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of 3840 feet in the N W 1/4 of the N 1/4 of section 1,
T 13 5, R. 24 E a drilled well, 300 feet deep, passed
through less than 100 feet of basalt. From the Cro-

taceous-Co].umbia River basalt contact to the sin1t of

Spanish ieak the formation is 1200 feet thick.

and Stratigraphic Relations

f. C. MerrIam (6, p. 173) considers the Columbia River

lava series middle Mlooene in age.

The formation Is separated from the underlying obn

Day sediments by a slight angular unconformity. These

lavas also lap over the Cretaceous sediments with a more

pronounced angular difference. In the north-east corner

of the Antone District, the Columbia River lavas are

overlain by a rernnant of a sedimentary series.
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MASCALL FORMATION

Distribution and Topographic Expression

The deposits known as the Mascall formation have a

very limited. occurrence in the Antone District. Not more

than .35 square miles of these sediments outcrop in the

extreme north-east corner of the area. A careful. examin-

ation of the region west of the lower end of Spanish Gulch

Indicates that the Mascall formation terminates laterally

before reaching the sharp east slope of Whiskey Gulch.

This formation Is extremely soft and the outcrops

are generally recognized by numerous irregular wash chan-

nels and rounded, landslide masses. A slide area, shaped

like a section of a giant funnel, is a prominent topographic

feature on the east bank of the north end of "Pine Gulch".

Lithology

The outcrops of Masoall sediments on the east slope of

Pine Gulch display prominent lenses of conglomerate, regu-

lar beds of fine-grained tuffs, and clayey shales. The

sediments on the west side of the same gulch are fine-

grained, creai-colored tuffs with occasional thin inter-

beds of sandy shale.

The conglomerate sections are usually not more than

feet thick, and occur as irregular lenses of pebble-sized



60

materials. These pebbles are partially cemented with a

coarse, ferruginous sand and, being more resistant than the

enclosing sediments, form prominent ribs delineating the

bedding planes of the formation. Pebbles of Columbia

River basalts are very abundant in these conglomerates.

Also noted were irregular fragments of weathered fossili-

ferous sandstone and the polished siliceous pebbles char-

acteristic of the Cretaceous formations.

The friable and fine-grained tufts are gray, light

yellow, or buff in color and are generally harsh and gritty

to the touch. When wet, these sediments form a clayey,

tonaceous mud that actually "flows" on the steeper slopes.

Microscopic examination indicates that the tuffa are, at

least in part, reworked Upper ohn Day sediments. Magne-

tite and quartz grains are present in greater quantities
than noted in the ohn Day formation. Te clayey-shale

member of this section of the Maseall contains a large

percentage of well-rounded quartz grains which were

probably derived from the siliceous Cretaceous sandstones.

On the west side of Pine Gulch the tufts are compact

and massive, with any trace of bedding largely obscured

by hardened surface mud. The color of the rook ranges

from light yellow to white, Clayey materials are present,

but the bulk of the rock is composed of glass shards,
decomposed pumice, and volcanic ash. The sparse fragmental
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feldspars are commonly sanadine or orthoclase; which, with

the large amounts of pumice and glass, Indicates that these

pyroclastics are rhyolitic. Sandy shales, light brown in

color, are irregularly intercalated with the tuffs. The

brown color of these shales suggests a soil or possible

organic matter.

The Masoall formation appears to be of lacustrine

origin and was deposited in a structural basin in the Col-

umbia River basalt. The original pyroclastics no doubt

blanketed the surrounding Columbia plateau surface and were

swept into the basin by a radial system of consequent

streams.

Thickness.

The total thickness of the Masoall formation, as

measured by Merriam, Stock, and Moody (7, p. 52) at the

type locality west of Picture Gorge, was 2090 feet. 1n the

Antone District, less than 6 miles west of the type local-

ity, the thickness probably does not exceed 300 feet.

Stratigraphic Relations and

The Masca].l formation in this district Is separated
from the older Columbia River basalts by a definite angular

unconformity. This relationship Is particularly apparent

in the fan-shaped outcrop of the sediments on the east bank

of Pine Gulch.



Fig. 19-- Outcrop of the Mascall formation on
the east side of Pine Gulch. Note
lenses of conglomerate and bedding-
plane traces in tufts. Unconformable
Masoall-Rattlesnake contact may be seen
below crest of ridge.

Fig. 20-- Outcrop of compact, massive Maseall
tufts in bottom of canyon to right.
Note slump in overlying Rattlesnake
formation.
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A similar relationship of angular unconformity sepa-.

rates the Masoall formation from the overlying rocks.
(see fig. 19, P. 62)

A review of the literature indicates that the Mascall

formation is generally accepted as being of late middle
Miocene age.



RLTTLESN.AXE FCRMA.TION

Distribution and Topographic Exress1on

The Rattlesnake formation, second to the Columbia .ver

basalt in areal extent, occupies approximately 7 square

miles of the norther part of the Antone District. Pine

Creek and the lower part of Rock Creek mark the northern

limit of this formation. The southern contact is very
irregular, but may be traced, with frequent Interruptions,

from the Camp Watson area to the extreme northeast corner
of the district.

The top of the Rattlesnake formation is essentially a

mesa-like surface which dips slightly to the southeast.
Rock Creek and its tributaries have dissected and removed

large sections of this formation. The resulting table
lands, which are bounded by irregular rim-rocks, are the
characteristic topographic expression of the Rattlesnake.

Certain areas, particularly on the west banks of Spanish

and Pine Gulches, show frequent slump and landslide masses.

When viewed from Spanish Peak or other highland vant-

age point, the Rattlesnake surface may readily be recog-

nized as the former floor of this section of the Tohn
Day valley.

Li thology
4

The discussion of the litho].ogy of the Rattlesnake
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formation follows a natural subdivision Into at least two

distinct members. The lower member is a series of inter-

calated silts and gravels, and the distinctly different

upper member has the appearance of a rhyolitic extrusive.

Gravels and silts: An excellent exposure of the

coarse gravels directly overlying the Mascall formation

was observed at the locality on the east side of Pine Gulch

previously mentioned. This section is composed of well-

rounded, unsorted, terrestial gravels ranging from pea-

sized granules up to boulders 18 Inchesin-dIameter. A

fine-grained, earthy tuft retains sections of these gravels

firmly In place. Occasional lenses of carbonate-cemented

conglomerate protrude from the surface of these Pine Gulch

gravel outcrops. It is quite possible that the basal memb'

of the Rattlesnake was once indurated with carbonate which

has since been largely removed by solution.

Petrographically the pebbles and boulders are largely

of Columbia River basalt. The major source of quartzite

and chert pebbles, and sub-rounded blocks of fossiliferous

quartzose sandstone, which are scattered throughout the

deposit, was undoubtedly the Cretaceous sediments. Pebbles

of a dark oolored.gabbro were also noted in these gravels.

Unsorted pebbles and cobbles alternating with and

grading into browi silts are prominently exposed in the

ôanyon of Trosper Creek. The best section may be seen on



Fig. 21-- Contact between rhyo].ltlo and silt
members of the Rattlesnake, Stringer
of sub-roltded basalt pebbles Just be-
low pick. RhyOlitic rock is soft and
porous.

Fig. 22-- ointed, compact silts below massive
rhyolltio cap-rook.
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the north bank ot this creek, In the center of section 34,

T. 12 S., R. 24 E. The gravels in this area are largely

Columbia River basalt. The tuffaceous silts are quite

compact, and In limited zones appear slightly indurated.

A microscopic examination of these silts showed many frag-

ments of unaltered monoolinlo foldspars and rare quartz,

The bulk of the material has a soil-like appearance, and

probably represents reworked Mascall sediments.

The uppermost 5 to 10 feet of the alluvial section of

the Rattlesnake formation in the Antone District is a buff-

colored silt. The silt is generally free of gravel, but

some outcrops show thin stringers of sub-rounded basalt

pebbles. 1n certain areas, the fine alluvium is compact

and has a prominent rectilinear jointing system. Monoolinie

and tric].inio feldspars In nearly equal quantities, and

sparse magnetite and qu&rtz were notedHi a microscopic

examination of this silt.

The Rhyolitic Member is a pumaceous rock which forms the

rim or cap of the Rattlesnake formation in the Antone

District. The outcrops areusually massive, and the weath-

ered surfaces are buff to pink in color. The color of a

freshly fractured specimen is white to bluish-ey. The
usual "rim-rock" displays the massive concholdal fracture

pictured in figure 23, p. 68. A horizontal, slab-like, jnt-

ing system was noted in the outcrops of the Ratt1esna west



Fig. 23-- Rattlesnake rim-rook on east bank ot
Spanish Gulch - Note conehoidal sur-
faCes of talus blocks. 0utcrop is
approxiatoly 45 feet high.

Fig. 24-- "Nest" of basalt pebbles in Whiskey
Gulch outcrop of "nuees ardentes".
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and northwest of the town of Antono. Other exposures of

this rim-rook appear as monolithic masses with unjointed

conohoidal faces.

An outcrop on the east bank of Whiskey Gulch, near

the center of the NW 1/4. of section 36, T 12 S., R 24. E,

was selected as being typical of this member of the Rattle-

snake formation in the Antone District Nine hand., speci-

mens were cut from this outcrop at vertio]. intervals of

5 feet. With two exceptions, to be mentioned later, the

petrographie features of these specimens were alike. The

following description then is a composite one which gener-

ally applies to rooks of the above mentioned locality.

Megasoopio: A porous, slightly vesioular rook

with many inclusions of fibrous pumice. The

fragments of pumice are buff or black in color

and range in size from minute particles to

flattened pieces 1/2 by 2 by 4. inches. Small

pods and lenses of brown and gray glass are

noted occasionally. Granules of basalt are

scattered through most specimens. No minerals

identified except an occasional unstriated spar.

Uneven to sub-conohoida]. fracture. Color buff

to light red on a weathered surface, white to

grayish-blue when fresh.

Microscopio Holohyaline texture with inclusions
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of Columbia River basalt and sparse pheno-

crysts of monoclinlo feldspar and magnotite.

Q,uartz, hornblende and apatite were noted, but

are extremely rare. Micro vesioules are often

filled with chalcedony. An. estimated 98% of

the rock Is composed of irregular pumice

fragments, ash, and curved or fibrous glass

particles. Muøh of the glass is devitrifled.

The sinuous micro flow lines and the spheru-

lites characteristic of a rhyolite are not

present. Glass shards are heterogeneously

arranged throughout the groundmass.

The lower four or five feet of this member of the

Rattlesnake usually includes "nests" of basalt pebbles.

(see fig. 24, p. 68) This lower section also is, for

several feet above the contact with underlying silt,

more porous and friable than higher sections of the outcrop.

The upper few feet of some outcrops of the Rattlesnake

have much the se appearance as the rhyolite flow capping

the Middle John Day. These vitrophyrie lenses have the

usual inclusions of fibrous pumice and basalt, and grade

laterally into the normal compact rhyolitlo rock.

This member of the Rattlesnake formation has been re-

ferred to in the literature as a rhyolito. Although this
investigation has been limited to the Antone District, the
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writer has concluded from the evidence at hand, that this
acidic rook has resulted from, the oollapso and compaction

of a "nuees ardentes" type flow. The baked condition and

glassy lenses near the surface may have been produced by

the combustion of gases rising from the fluid mass. The

extrusi.ve, then, may be considered a partially welded tuft
rather than a rhyolite flow.

Thickness

The gravels and silts underlying the rim-rook vary in

thickness from 50 feet on the west side of Pine Creek to
approxImately 150 feet in the Whiskey Gulch locality.
Trosper Creek is entrenched in these sediments to a depth
of at least 150 feet.

In the Antone District the welded tuft averages 40

feet in thickness, though outcrops to the west of Rock
Creek are generally thinner. 1n the extreme northeast

corner of the district a thickness of 64 feet was

measured.

Stratigraphic Relations and Age

The surface, upon which the sediments of the Rattle-

snake accumulated, appears to have been one of consider-

able relief. As near as can be deteined the toation
lies unoonformably upon the Columbia Riverbasalt In the



Fig. 25-- Erosional forms of an ashy section
of the Rattlesnake rid-rock

Fig. 26-- Slag-like horizontal surface of the
nm-rock. Pick lying on rim of pit
produced by softening of rock by
water and wind-scouring.
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area west of Whiskey Gulch. East of this gulch the contact

is one of distinct angular unconformity with the Mascall
except along the south wall of the lower Rock Creek Canyon.

Here the Maseall wedges out and the Rattlesnake lies Un-

conformably upon the dip slope of the Columbia River

basalt.
Locally the Rattlesnake rim-rock is overlain by

quarternary alluvial fans and irregular slope-wash deposits
from the highlands on the south. A small part of the
Rattlesnake surface may be overlapped by a basic extrusive
which occurs in the Camp Watson area. 'n general, however,

the Rattlesnake surface in the .Antone District is overlain
only by a thin soil cover.

The age of the Rattlesnake Is well established as

Pliocene, chiefly through the efforts of . C. Merriam and

his co-workers. (7, p. 58). A fauna collected by Merriam

and others In 1916 from localities a few miles east of the

Antone District Is listed in Table 3, page 7.



TABLE 3

RATTLESNAKE FAuNA

Carnivora:
Canis?, of. davisi Merriam.
Amphioyonid or Ursid ap.
Indarctos (?) oregonensis Merriam,

Stock and Moody.
Indarotos (? sp.
Mustela n. ap.
Feud ap. A, large.
Feud ap. B, small.

Rodentia:
Otospermophilus gidleyl ii. sp.

Lagomorpha:
Rypolagus, near vetus (Kellog).

Edentata:
Megalonyohid? gon. and sp. indet.

Proboso idea:
Probosoidean remains.

Ecuidae:
Pliohippus spectans (Cope).
Hipparion sinclairi (Wortinan).
Hipparion 000ldentale Leidy.
Hipparion leptode Merriam or
Hipparion ocoidentale Leidy.
Hipparion anthonyi Merriam.

Rhinocerotidae:
Teleoceras?, near fossiger (Cope)

Suidae:
Prosthennops? sp.
?Platygonus rex Marsh.

Camelidae:
Pliauohenia? or Altioamolus?

Bovidae:
Sphenophalos ap.
Ilingoceros or Sphenophalos? sp.
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HQRNBLENDE ANDESITE

Distribution and Topographic Expression

Extrusives of hornblende andesite are seen n the west-

ern part of the Antone District near the site of Camp

Watson. Less than one square mile of the lava Is known In

this area, though more extensive late extrusions appear to

the west.

Topographically this flow is readily distinguished

from the surrounding landslide blocks and talus of the

Ochoco escarpment. The two evenly rounded ridges lying

between shingle Creek on the east and a south fork of Fort

Creek on the west have been eroded from the moderate dip

slope of the andesite flow, The Rattlesnake surface, with

its low relief, and the irregular blocks of Columbia River

basalt mark the northern limits of the extrusive.

Lithology

The andesite may have been extruded from a fissure

paralleling the Ochoco escarpment. This conclusion is

based upon distinct petrographic variations within the

flow. Specimens from localities near the supposed point

of extravasatlon are coarse-grained and porphyritic. The

textural gradation to a fine-grained, slightly vesicular

rock may easily be traced northward from the source.
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The coarse-grained, porphyritic fades of this ande-

site is described as follows:

Meascopic: Abundant laths of altered, black

hornblende. Phenocrysts of this mineral aver-

age 2.0 , although some observed with a

length of 15.0 xmn. Plagloolase in irregular

aggregates common. Grains of magnetite may

be seen with the aid of hand lange. Weathered

specimens pink in color with scattered annular

hematite stains. These iron oxide rings range

from 2.0 to 10 mm in diameter and either in-

clude or are centered about a grain of part-

ially altered inagnetite. Fracture irregular.

Color gray-green to dark green when fresh.

Microscopic: Phenoorysts are hornblende and

aggregates of indeterminable plagloolase.

Hornblendo crystals show corroded sub-hodral

outlines often breached and filled with plaglo-

olase; also distinct reaction rims clouded with

secondary inagnetite and chlorite. The horn-

blende is distinctly pleloohiorlo in brown and

dark green.

Plagloolase shows zoning and irregular twin-

ning. AggTegates of these spars appear bent

and fractured but not separated. An occasional



Fig. 27-- Photomicrograph of hornblende andesite
showing plagloolase, fine groundmass,
magnetite, and euhedral hornblende.
Plane light. (x32)

Fig. 28-- Photomicrograph of corroded hornblende
with rim of secondary magnetite and
chlorite. Plane light. (x32)
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inclusion of altered hornblende was noted.

Most feldspars are sharply irregular in out-

line and show no evidence of resorption.

Other minerals noted in thin section were

magnetite and rare apatite. Ground-mass is

miorolitlo plagioclase w1h abundant magne-

tite.

Texture is porphyritlo boloorystalline.

Crystalliation followed the normal order.

The fine-grained fades of this àndeeite extrusive is

described briefly in the following paragraphs.

Megasoopie: Slightly vesicular fine-grained

rock with brownish gray color. Prominent

hematite-red banding. Occasional zeolite-

like vesicule filling noted. Fracture sub-

conoholdal.

Microscopic: Miorolitic texture. The plaglo-

class laths are well aligned and appear to

"flow" around the few sub-hedra]. andesine

phenorysts.

In addition to he microlites, the fine

grounthnass shows abundant sericite-like laths

too small to be definitely identified, much

magnetite, and an occasional stubby prism of

andesine.
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Rather vaguely outlined aggregates of

magnetite and thin chlorite probably indicate

nearly complete resorption of early hornblonde.

Partially altered magnetite, older than that

in the ground.mass, is responsible for color

banding seen megascopioally. These hematite

stains have developed exactly normal to the

micro-flow lines.

Rare apatite was noted as an accessory

in this rook.

Outcrops of the fine-grained sections of this extrusive

generally show a pronounced parallel jointing syàtem. These

joints are normal to the surface of the flow and are spaced

from an inch to 12 inches apart. The porphyritic fades

has no characteristic jointing.

Thickness

Slope wash and alluvium obscure the lower part of this

andesite flow, and it is impossible to accurately estimate

the total thickness. More than one flow may be present in

the area.

and Stratigraphic Relations

The major part of this andesite extrusive appears to

have flowed over an irregular mass of Columbia River basalt.
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The lower, or north end of the lava, probably overlaps the

Pliocene Rattlesnake. The stratigraphic relationship of

this andesite flow is Inferred by the local topography, and

cannot be substantiated by other field evidence. Overlying

patches of recent alluvium are noted in the gullies.

The age of this formation, then, is late Pliocene or

younger.

QUATERNARY ALLUVIUM

No differentiation of the alluvial materials was

attempted; all semi-consolidated and unconsolidated sur-

face deposits being considered Q,uaternary alluvium. This

includes the present valley alluvium, the old terraces and

benches, and the fan-like deposits occasionally noted over-

lying the Columbia River basalts and the Rattlesnake.

Only the larger deposits, or those of economic signifi-

cance are shown on the map included with this report. The

most extensive alluvial deposits are seen in the Antone

section of Rock Creek, on the lower end of Fred Creek, and

in the Spanish Gulch-Mule Gulch area.

The alluvium ranges from coarse gravels and boulders

in the upper reaches of the streams to fine silt in the

limited valley fills. Most of these materials have been

derived from the Columbia River lava flows, though younger
and

/older formations have contributed Semi-consolidated



deposits in Spanish Gulch are largely reworked Cretaceous

cobbles and irregular fragments of Pre-Cretaceous rocks.

In the Rook Lake and other landslide areas there are numer-

ous unsorted accumulations of slope wash and talus. Bluffs

along streams in the lower part of the district often show

compact ash beds. These light-colored ash deposits are

from one to four feet thick and are found near the top of

the outcrop.

With the exception of the above-mentioned ash, the

material is irregularly bedded and variable; a oonon

conditionin recent alluvial deposits. In parts of the

Rock Lake area it probably is over 100 feet thick. In

other sections it rarely exceeds 30 feet, and in many

places it is only a few feet thick.

The gravels lying on top of certain sections of the

Rattlesnake, and in the Spanih Gulch-Mule Gulch area may

be of Pleistocene age. An extremely recent alluvial fan

has been deposited on the south side of Rook Creek by

torrential overflow waters from Rock Lake.
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Fig. 29-- An accumulation of slope wash and
talus materials near Rook Lake.

Fig. 30-- Poorly sorted alluvium in channel
Spanish auloh below county road
crossing.

82



Fig. 31-- Recent alluvial fan deposited on
south side of Rook Creek by overflow
of water from Rock Lake,

Fig. 32 -- Ash bed near top of stres terrace
in lower Spanish Gulch.
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STRUCT1JRE

oIrn Valley Synoiine

A major structural feature of the Antone District

is the step-faulted, westward extension of a sharp syn-

clinal flexure of t1e Columbia River Basalt. The axis

of tbis syncline pitches slightly to the east and has

an approximate strike of S 76 E. This alluviated,

structural valley extends west of Antone some 8 or 10

miles and eastward for at least 40 additional miles.

The following paragraphs discuss the structural
details of the ohn Day syncline as noted along the

north-south section line about 1000 feet east of the

junction of Pine and Rock Creeks.

The north limb of this syncline appears as an eroded

remnant with an average dip of 12 degrees 5 5 E. An

irregular east-west strike-fault cuts this limb at

Pine Creek and the lower end of Rock Creek. The vertical

displacement, at a point near the junction of the two

creeks is approximately 500 feet and the downthrown side

is to the south. This hinge-fault dies out completely

a few miles west of the Antone District. The downthrOwn

continuation of this north limb appears to dip about 70

South, but accurate detail is obscured by younger forma-

tions.
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Fig. 33-- Mule Gulch marked by thin line of
trees left foreground. South limb
of John Day Valley synoline, out by
Pine and uniper Gulches, in right
foreground. Mesa-like Rattlesnake
surface in center background.

Fig. 34-- Antone fault traced by notch in sky-
line ridge and Fred Creek bluff on
right. Cretaceous monocline may be
seen in right background.
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The axis of the synoline appears to pass through the

area between the fault mentioned above and a parallel fault

3000 feet south. The u.pthrown side of this second fault is

on the south, and it also dies out beneath the Rattlesnake

surface to the west of the district. This "step" of the

Columbia River basalt dips 9° North, and has been dis-

placed vertically about 300 feet. Continuation of the

southern limb of the synoline is abruptly terminated in

this locality by a major fault trending east and west and

passing through the town of Antone. Details of this fault

will be discussed under a separate heading.

The southern limb of the John Day synollne is not seen

to the west except in a limited zone ined1ately northwest

of Antone. An excellent exposure of the south limb of this

syncline may be seen in the area east of Mule Creek. The

dip of the basalt in this locality is 110 North.

0choco Escarpment and Highland

The Columbia River lava escarpment rises from 2250 to

3100 feet above the gently sloping Rattlesnake surface.

Its present irregular east-west trend has been greatly

modified, particularly in the Rook Lake area, by landslip

and secondary faulting. The major fault traces, as shown

on the map included with this report, indicate that two
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Fig. 35-- VIew of Ochoco highland looking In
a southeast direction from oi'est of
Spanish Peak.

Fig. 36-- Spani3h Peak Hona" as viewed
west, shere. of Rók Lake.
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nearly parallel faults developed as a result of the sharp

reversal of the ohn Day synoline to an antioline. The

south limb of this antloline forms the surface of the

Oohoco highland, and has an average dip of 9 degrees S 8°

E. This gently dipping surface is in a youthful stage of

erosion and has not been greatly disrupted by faulting.

The axis of this antioline olosely paralleled the fault

which outs Birch Creek Ridge, the "horns" of Spanish

Peak, and continues west along oe Creek and High Creek.

Vertical movement on this strike fault, judging by the

displacement of Cretaceous rooks underlying the Columbia

lava, was not more than 150 feet. The dislocation of the

Cretaceous sediments may be observed along the base of the

Spanish Peak "horns."

The second of the two faults mentioned in a preced-

ing paragraph is the Antono fault. This fault may be

readily traced from Mule Gulch along the country road to

Antone and west through Fred Creek valley. From the head

of Fred Creek, west, its exact position is obscured by

landslide blocks and alluvium. The irregular east end of

this fault indicates that a zone of weakness In Pre-Cre-

taceous rooks was present before the u.pthrusting of the

Ooh000 escarpment. From Mule Gulch to Antone the east-

west trend of the fault follows the bedding planes of the

steeply dipping Pre-Cretaceous sediments.



Pig. 37-- Schistosity of Prs-CrteceouE reeks
as seen near county-road 'bridge 'r
Spenieh Guloh.

Pig. 38-- Drag fold in neta-sedisnte. of the
north liRb of the Pr*-Cr.taeeoue
ant icline.
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The Antone fault represents the pre-erosion position

of the Ochoco escarpment. The vertical movement on the

fault was at least 1200 feet. In the Spanish Gulch are,

Pre-Cretaceous and. Cretaceous rocks were probably exposed

at the base of this soarp. In the area of the present An-

tone valley several hundred feet of the John Day sediments

may have been exposed. The southward recession of this

section of the escarpment was largely accomplished by re-

moval of the soft Fohn Day and. collapse of overlying

jointed and cross-faulted Columbia River lava. This

recession is active at the present time, as evidenced by

the oirque-like landslide mass below the crest of Spanish

Peak, and similar masses farther west.

Pre-Cretaceous Folding and Faulting

From the meager evidence available in the Spanish Gulch

Ridge outcrops, the structure of the Pre-Cretaceous forma-

tions appears to be anticlinal. The axis of this antieline

trends N 85° W, and probably intersects the length of the

ridge at a point close to the Red acket mine. Faulting

accompanied the folding and has occurred in subsequent

periods. The north limb of the anticline dips at an

average angle of 68 degrees in a N 50 E direction.

Schistosity parallel to the steeply dipping beds is evident.

Drag folds and minute chevron folds may be noted in outcrops
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on the east bank of Spanish Gulch in the N W 1/4 of Sec. 7,

T 13 5, R 25 E. The south limb of this structure is not
too well defined. Intense faulting and cross fracturing

have obscured, in part, the traces of bedding. Several

readings taken from outcrops between the Red aoket Mine

and the "horns" of Spanish Peak indicate an average dip

of 65° S for the south limb of the anticline.

A similar anticlinal structure is indicated in the

Birch Creek Ridge area. 11owever, a north-south fault west

of this ridge has shifted the anticline laterally. The

movement on this fault probably also has a vertical compo

nent. This is indicated by the appearance of sedimentary

units in this area which have no representation in Spanish

Gulch Ridge outcrops.

Cretaceous monooline

The Cretaceous sediments, prominently exposed on Rook

Creek Ridge and in limited areas on Spanish Gulch and Birch

Creek ridges, dip from 15 to 25 degrees in an average

S 500 W direction. Local variations of this structure
appear on the west side of Birch Creek, and the north side
of a minor fault cutting the Cretaceous rocks approximately

2000 feet north of Joe Creek.

The east section of this Cretaceous monooline may crest

as an anticline and dip to the northeast. No evidence
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Indicating that possibility was found in the Antone DistrIo,

but It Is worthy of mention at this point since Cretaceous

rocks with a northeast dip have been noted in an area 7 or

8 miles east.

The Rock Creek Ridge section of the monooline appears

to pass under the ohn Day, the sediments, and the Columbia

River lava landslide masses which outcrop in the area south

and west of the town of Antone. 11owever, the westward ex-

tension of this structure is assumed and cannot be sub-

stanlated except for the following field evidence. Prim-

arily there is no indication of a north-south fault in the

A.ntone Valley which might terminate or otherwise dislocate

this monocline. In addition, an outcrop of the Cretaceous

oonglomerate appears on the south side of Fred Creek, some

600 feet west of Antone, and continues In the same direction

for approximately 4.000 feet.

This Fred Creek conglomerate outcrop 18 a prominent

bluff, nearly 100 feet high, raised into its present po-

sition as part of the upthrown side of the Antone fault.

This exposure has a 20 degree dip S 200 W. The difference

in direction of dip between the Fred Creek outcrop and the

dominant monoolinal surtace, as seen on Rook Creek Ridge,

may be the result of a local variation in amount of throw

on the intone fault.



Fig. 39-- Slump of Rattlesnake rim-rook.
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Fig. 40-- Displacement of Rattlesnake. Welded
tuft rim-rook shown in left background.
Rattlesnake - Masoall contact right
foreground.



Fracturing and Slumping of the Rattlesnake Formation

The discussion on the Jolm Day valley synoline mdi-

cates the relations of the two nearly parallel east-west

faults in the north part of the Antone District. The

block lying between the faults is essentially a narrow and

shallow graben which slopes from 1 to 4 degrees toward the

east. The "floor" of this trough, in general, is the sur-

face of the welded tuft member of the Rattlesnake forma-

tion. Cross-fractures in this surface appear at intervals

now marked by the canyons of Whiskey, Spanish, and Pine

Gulches In the area east of Rook Creek. Similar cross-

fractured zones are designated by Trosper, Cockleburr,

and Shingle Creeks in the area west of Rock Creek. These

fractures have no verticle component and probably resulted

from slight flexures or secondary movements accompanying

the depression of the graben. The weakened zones have

then been easily eroded and widened by the oonseciuent

streams mentioned above.

Local sit-ping and warping of the Rattlesnake forina-

tion may be noted in the Spanish and Pine Gulch areas.

Most of this slump is probably due to the erosion of the

underlying Mascall sediments. Additional movement of

the Rattlesnake occurred as the Masoall was "lubricated"

by descending surface waters.
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GEOLOGIC HISTORY

The geologic history of the Antone District may be

inferred, in part, from the discussions of geologic facts

and hypothesis in the preceeding sections of this paper.

With the exception of the Pre-Cretaceous rooks, and. pos-

sibly the Cretaceous sediments, su:tfioient fossil and

lithologic evidence is available to allow assignment of

the various formations to specific positions in the geo-

logic time-table.

The record begins in Pre-Cretaceous times with the

deposition of a considerable tbicess of marine sedi-

ments. The fineness of these sediments may indicate

deposition in the quiet waters of the bathyal zone.

Regional uplift and intense folding followed the depo-

sitional period. At least part of the present metamorphism

of these rooks took place during this post-depositional

period of diastrophism. The Spanish Gulch Ridge anticline

was probably formed during this early deformation. The

intrusion of these altered. sediments by ultra-basic dikes

was followed by a period of folding, faulting and silici-

floation. These two periods of metamorphism occurred

before the inundation by Cretaoeous seas. Post Cretaceous

faulting and silicification have combined to further in-

hibit the identification of these sediments and a more
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comprehensive interpretation of their history.

The abundance of quartzite pebbles in the Cretaoeous

conglomerate, and. the occurrence of chromite grains in

sandstone and impure limestone of the same age, may be

taken to indicate that the Pre-Cretaceous rooks formed

island or mainland masses during Cretaceous times. The

extreme irregularity between the two formations suggests

a mature highland of the older rooks and a rather rapid

transgression by the Cretaceous seas. The presence of

the basal conglomerate and the impure fossiliferous lime-

stone indicate that Antone Cretaoeous rooks were deposited

in shallow coastal waters.

'n the late Cretaceous period, the region was elevated

above sea level and the land surface eroded. Intrusion of
the Cretaceous sediments by acid magma followed this uplift,

perhaps in the early part of the Cenozoic era. Early in

the Eocene period the land received the pyroclastio showers

and lava flows of the Clarno tornation. This formation does

not outcrop in the Antone District, though it is widespread

in occurrence and normally overlies the Cretaceous rocks.

A long period of erosion apparently followed the late

Eocene cessation of vulcanisin. The formation overlying the

Clarno, Lower ohn Day, is late Oligocene in age. Duringtbe

lapse of time between the two periods, the Clarno probably

was maturely eroded. The contact between the Clarno and the
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John Day is distinotly unconformable, according to Merriam

and Sinclair (6, p. 173).

Regional depression followed by renewal of vuleanism

must have taken place during the late Oligocene. John Day

sediments began accumulating during this period. The Lower

John Day red beds have yielded few fossils to date; however,
the Middle and Upper members have provided an extensive

fossil maal record. The formation appears to have

collected under both aeolian and lacustrine conditions.

The presence of mammal remains, at least in the upper two

members of the John Day, suggests an aeolian deposition

with only local lacustral accumulation. Climatic conditions

during this period probably were mild, perhaps not too dif-

ferent from the climate of the present day. Open prairies

may have been covered by grasses and scattered stands of

timber.

Minor folding and faulting took place in the region

after cessation of the John Day deposition. The slight

unconformity between this formation and the overlying

Columbia River lavas suggests that the former had advanced

little in the erosional oyole.

The Middle Miocene record is noteworthy for the fissure
extravasation of the massive Columbia River basalts. These

fluid lavas covered an extensive part of the Northwest and,

almost certainly, all of the Antone District. Successive
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flows were separated by time intervals of sufficient dura-

tion to allow some soil accumulations. Perhaps 2000 feet

of these lavas, representing 20 or more separate flows,

were extruded during this period of vulcanism. Lava out-

pourings probably built up ridges adjacent to the fissures

until the acquired gradient allowed waves of the fluid mass

to spread over a large area. Convergence of flows from var-

ious fissures presumably formed basins which later were

occupied by lakes. It has been suggested that the Masoall

formation of late Miooene age, accumulated in such a basin.

However, the writer prefers to believe that the Mascall

sediments were deposited in a structural basin formed

during the folding and faulting of the Columbia River lavas.

This diastrophism accompanied a regional uplift which began

at the close of the Middle Miocene, and continued after the

deposition of the Mascall.

A short period of erosion during the early Pliocene

period leveled the Mascall in the Jobn Day valley syncline.

The Pliocene gravels and silts, deposited on the Mascall

surface were followed by the relatively t1n "nudes ardentes"

flow. Post-Rattlesnake faulting and lava flows may have

blocked the westward drainage of the ancient Jobn Day river,

and for the second time in the geologic history of the

region, the o1m Day syncline became a lake basin. Alluv-

ial fans accumulated and overlapped on the surface of the
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Rattlesnake flow, particularly in the area east of the

Antone District. Coalescence of these fans, slightly west

of the present Picture Gorge, eventually produced a north-

south land. surface which raised the lake level sufficiently

to allow drainage through a fractured "notch" in the North

limb of the John Day syncline. Erosion of Picture Gorge

and the bulk of the Masoall and Rattlesnake materials has

been accomplished by the John Day River and tributary

streams since the "notching" In early Pleistocene times.

The history of the Antone District since the re-

establishment of the John Day valley drainage system has

been one of active erosion. The soft sediments overlying

the Columbia River Basalt, particularly in the east part

of the district were rapidly removed by erosional processes.

In the Spanish Peak area the Ochoco escarpment has receeded

nearly two miles from its former Antone-fault position.

Local andesite fissure flows and ash deposits inter-
bedded with the older alluvium indicate Intermittent

periods of vulcanism during the quarternary epoch.



ECONOMIC GEOLOGY

The Rock Creek Mining District was an active placer

camp in the latter part of the Nineteenth Century. Mining

of the uaternary alluvium in Spanish Gulch and the upper

part of Mule Gulch is locally reported to have yielded

large amounts of coarse gold. No authentic figures are

available, though A. J. Collier (2, p. 44) 'thiggests that

the total production was in excess of 100,000 dollars.

The source of the placer gold appears to be a network

of thin quartz veins in the metamorphosed and brecolated

Pre-Cretaceous rooks. Since the close of the last century,

the older rocks in this limited area have been intensively

and unsuccessfully prospected for profitable deposits of

gold.

The Red Jacket prospect is located in the fractured and

oxidized upper part of a mineralized zone in the S W 1/4 of

section 7, T 13 3, R 25 E on the crest of Spanish Gulch

Ridge. A shaft, inclined about 30 South, has been sank

to a depth of nInety feet In brecciated and veined meta-

sediments. The free gold is associated with chalcopyrite,

bornite and pyrite In secondary quartz veins which seldom

appear over 1/2 inch thick. Early quartz veins, in widths

up to 20 feet, are common In the Immediate area. This

"bull" quartz carries no gold or other mineral value, and

has been faulted, jointed, and. partially recemented with
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secondary quartz and calcite.
A two-stamp mill, located at the Red Jacket prospect,

has been used intermittently to treat the ore of high grade

veinlets "gophered" from several short drifts diverging

from the inclined shaft. A grab-sample from the ore-bin

at the mill assayed at 23.4.7 dollars per ton.

Fig. 4.1-- Shafthouse at Red 3aoket prospect.

Chromite pebbles of irregular shape are found in the

ravines on the west slope of Spanish Gulch Ridge. Thin-

sections of the serpentlnized dike on the crest of this

ridge indicate that chromite occurs as a minor dissemin-

ation throughout the rock. Several of the chrome pebbles

found by the writer showed scales and thin veinlets of

redingtonite. This mineral is a hydrous chromium sulphate

with a faint purple color and a finely fibrous texture.

The dike zone was intensively prospected for chromite

during both world war periods.
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