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INTRODUCTION

Iocation

The area described in this thesis lies in the Methow River valley of
Okanogan County, north central Washingtonr. (Plate I) GCeographic

o 0
boundaries are north latitudes 48 29' to 48" 39', end west longi-

tudes 120° 16' to 120° 24'. The area covers approximately 70 square

miles, and includes the towaships T.35 N., R.20 E, and T.36 N., R.20 E,

(Willamette meridian). The town of Mazama is just east of the Methow
River on the west edge of the area. Approximately 5 miles east southe
east of the arvea is Winthrop (population 394) at the confluence of

Chewack Creek and the Methow.

1

Access by automobile is via U.8. 97 north from Wenatchee, then left on
state route 16 at Pateros. Winthrop 1s 90 miles from Wenatchee and

2k0 miles from Seattle. fThe Canasdlan boundary is 25 miles due north

of Mazema., South of Winthrop, route 16 is & hard-surface all-weather
highway; beyond the town there arq unpaved farm, Forest Service, and
logg;ng roads, as well as trails. There are no rellroads in the Methow
valley. A dirt sirstrip 1s located midwéy between Winthrop and the

town of Twisp to the south,

Deteils of the Investigation

The purpose of this investigation is to map the general geology of the

eres outlined, noting in particular lithologies and structure. The
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area was selected with the assistance of Dr. Julian D. Barksdale,
Professor of CGeology at the Unilversity of Washington, because of
the varied rock types, structures, and good exposures. The Geclogy

Department faculty approved the selection for a Master of Science

" thesls in May, 1957.

The period of investigation included the months of September, 15957,
end July, 1958, with a total of 20 days spent in the field. The
V.5. Forest Service planimebric map of the 15 minute Mazamé quad-
rangle, and sn enlargement of the northern portion of the U.S.
Geologicai Survey 30 minute Methow Quadrangle were used as base maps.

Aerial photographs (1947) were used in the field for detailed work.

Ackmovledgments

br. Barksdale visited the writer in the field several times and
constrivuted greatly to the completeness and eccuracy of this work by
his comments and explanaticns of regional structure and general field

relationships.

D. L. Maurer, a Washington greduate student, recently completed 5
thesis southeast of the writer's area. Mr. Maurer is to be thanked
for the use of his bipstratigraphic work in the Virginian Rldge forma-

tion and many helpful suggestions.

L?rofessor Stewart lLowther of the College of Pugel Sound was of assis-

tance in determining generic names of flora collected in the Winthrop

andstone.




Thanks go to Mr. eorge Didble, Winthrop banker, for his many kindresses
during the writer's stay in the Methow valley; and to geology students,

Richard Alverd and Richard Alliscn, for assistance in the field.

Fipally, the writer is indebted to Velms Hell for her time and effort

spent in typing thils thesis, and to Barbara Piltard, vwho at varlous times

- was & geology widow, chef, and chauffeur.

Previous Work

Russell (1898-99) mzde a recunnaissence trip down the Methow valley and
formally nsmed the Upper Cretaceous Winthrop sandstone and the "Jurse

Trias(?) Ventura system.” \

Barksdale (1941) studied the glacisl effects in the Methow valley and

published on glaciation in the area.

Barksdale (19U8), working in the Methow Quadrangle to the south, proposed

the followling formation names with the relationships as indicated.

"Naxe : Age Approx. Thickness
- oot {feet)

Pipestone Canyon fm. Kocene{?) 2,300
Unconformity

Midnight Peak fm. Upper Cretaceous 8,000

Winthrop saundstone® Upper Cretaceocus 2,500

Virginian Ridge fm. Lower & Mid. Cret.(?) = 10,000-12,000
Unconformity .

Newby fm. Priassic(?) 14,000
Fault contact

Mzthow gneiss Pre-Chelan batholith

Leecher metamorphices  Pre-Chelan batholith

*pamed by Russell {1898-99)"




The 1957 Univerdty of Weshingtorn summer field course was held

in the Methow valley, and the four townships surrounding Winthrop
were mapped. The west edge of these townships forms the east
boundary of the thesis area. The writer was enrolled in the course

end his unpublished report is used as & reference.

Rock and TFossgil Collections

A representative sulte of rock specimens with thin sections are in
the Geology Department Petrography Collection at the University of

Washinglbon.

A small collection of fossil plants from the Winthrop sendstone is
filed in the Museum of Paleontology of the University of Weshington
Geology Department as lot dumber L43. Locality numbers are UW A-2505,

UW A-2506, and UW A=2507.




PHYSIOGRAPHY

Relief and Elevation

The ares is one of moderate to high relief. The Methow River wvalley, at
1700 feet above sea level, is the lowest feature; while Goat Peak is the
highest at TO19 feet. Ridges and valleys make up most of the topogréphy;

with approximate aliitudes of 5000 and 3000 feet respectively.

Topography

Topographically, the area is divisible into two paris; the ridge sections
and the -broad Methow River valley. An early mature stage of developument
can be applied to the ridges end smaller valleyﬁ that lie between them.
The land is well-dissected and mostly hillside, with no level upland or
valley‘surfaces present. The ridges are rugged and'sharp~crested, and
the vallgys are narrow wlth little or no level floor areas. South-

vest of the Methow, beds of resistant sediments form strike ridges
paralleling the course of the river.: The tributary streams dissect

the dip slopes of a high red sandsténe ridge,_Luéky Jim Bluff,

forming striking "flatirons".(Plate II-2) .This topography contrasts
strongly with that northeast of the river where the ridges do not
conform to any pattern. Coat Pesk, Grizzly Mountaln end other feabures
vhich border on the Methow valley are mainly composed of volcanic
breccias and flows., Fawn Peak, 3 miles northeast of the river, is

mede up of & dloritic intrusion and steeply dipping sediments.




Plate II

“

1. Goat Peak (elev. TOL9) View north across the Methow

River wvalley.

2, Imecky Jim Bluff. Iooking northwest at the steeply
dipping dark red Ventura se&imen’cs which form the southe-
west limb of . & major syncliné. The white area near
the crest of the bluff is a weathered feldspar porphyry

'sili.
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Cutting & mile:wiﬁe swath diageonally across the sres is the Methow
River. It flowg southeast in a U~ghaped valley ;évered with'glacial_
deposits end river alluvium, Glacial terrmces line the northeast
side of the valley, and glacisl erratvic boulders ére frequently

found far up the small valleys that open into the Methow.

Drainage

The trunk stream is thelmethow River, the headwaters of which
rise along the Cascade crest in the vicinity of Harts Pass and
Washington Pass. The upper Methow flows southwestward until it
Joins its morth fork, Chewack Creek, at Winthrop. Then the trunk o ";'5
ptream £lows southward %0 miles and joins the Colurbia. One of the ‘
larger secondary streams, Wolf Creek, runs slong the southern edge - .
of the thesis area and gmpties into the Methow 3.miieé norﬁﬁwest-of .
Winthﬁop. Goat Creek (Plate III) drains the ares north and edst

of Goat Péak, end joins the Methow 1 mile below Mazama. Much of the
terrain east of Fawn Peak is drained by Cub Creek, which.ruﬁs south-
eastward out of the thesis area ana Joins Chewack Creek. Fawn Creek
flows paraliel to Goat Creek and drains the area south of Fawn Peak.
There are many smaller streams, several of them iptermittent. Mogt

of their courses are perpendicular to that of the- Methow.

4

The pattern here resembles a trellis. Eicept for Goat Creek, the
larger streams follow the northwest-southeast trend of the*majof
structures. The course of Goat Creek is influenced by the presence

of Goat Pesk and Fawn Peak on either side of it.
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Plate III

1. View north up Goat Creek. Goal Peak is on the left
and Fawn Peak just off the photo to the right. In

the lower right is & portion of an ice contact ter-.

race (dashed line).

s, View farther up the Coat Creek drainage as seen from
Favn Peak. Logging roads arve visible crossing the

Winthrop Ss. Isabella Ridge is on the horizon.
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The Methow River vealley has reached s later maturé stage of‘develpp4
pent then the surrounding area. It has a low gradiént, and the mile-
wide valley floor is several times the width of the mcander swings.

Mere are no lakes in the area, but a few marshy places are found in

the flood pliein.

Vegetation

with the exception of the Methow valley, the area is heavily forested.
Logging operations are in progress in Goat Creek canyon, Other than
some dense growth on the banks of the Methow, most of the velley is

farmland.

Ponderosa pine (Pinus ponderosa) and lodgepole pine (Pinus contorta)

are the predominant specles in the higher areas, Some quaking aspen

(Populus tremulioides) is found at lower elevations, aad mullen, sage-

brush, and grasses grow on open slopes and along the roads.

Climate

The climate of the area is semi-arid. 7The summers are hot and dry

with occasional thunder showers which sonetimes bring on flash floods.
Summer nights are guite cool, lowering the average temperature con-
sideranly. Tﬁe winters are cold and dry wilth mok of the precipiiation
falling as snow. JLocel inhabitents claim the summers.are getting dryer
since incresasing amounts of water for irrigation are being used. Below
are some figures from 1956 and 1957 observations at the Winthrop weather

station.




13 -

Tenperatures are Fahrenhelt.

1936 1957

Annual average 43,0° Ly, 0%
Temperature high : 99.0°(7/19) 96.0°(7/2k)
i‘émperature low -25,0°(1/31) -29,00(1/2k)
High monthly average | 69.3°(Jul) 65.7°(Jul)
Low monthly average 14,3°(Feb) 08.,0°(Jan)
Amnual precipitation 15.20" 13.18"

High month 2.79" (Jan) 2.94" (Dec)
Low month | | 0.40" (Jul) 0.03" (Sep)

Rock Exposures

Rock exposures in the area are good. The valley of the Methow River
is covered with glacial deposits and alluvium, but the steep valléy
gides aré generally well-exposed. TLucky Jim BLuff is a good example
of this, as the steeply dipping red beds form one of the most striking
features in the area. The crests:of many of the ridges have bedrock
exposed, but their slopes are cove&ea with soil and vegetation. The
smaller svream velleys sometimes have bedrock exposures where the
creeks have cub through the glacial and stream detritus. Logging
companies héve recently built many new rosads, particularly in the Goat
Creek viciniéy, exposihg fresh bedrock in roadcuts. In the northeast
portion of the area, outcrops are scarce due to thick soii cover aod

dense forest.
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Glaciation

The portion of the Metbow valley included in this thesis area was
buried beneath several thousand feet of lce during the Pleilstocene
(Barksdele, 1941). fThe continental ice came from the north end
granitic erratics of all sizes are present in the valleys and on hille
sides. Evldence of glacial scouring is plentiful, particularly in
bedrcck that bordérs the main valley. Examples of ﬁoches moutonées
are found between Goat Creek and Grizzly Mountaln. There iz rome

evidence ci & phase of valley glacilation in the U-shaped Methow

| valley. Just southeast of the area, in section 18, T.35 §., R.2L E.,

is & hanging valley, the probable result of glacial deepening of the
Methow. This was mapped by the writer's field party during the 1957
field course. Varved clays can be seen south of the entrance to

Beesel Canyon.

The most striking glacial features in the area are the ice contact
terraces that porder the Methow valley on the portheast. They extend from
the mouth of Goat Creek to GrizzlyiMbuntain. Viewed from across the
Methow, these terraces form a straight line almost two miles long,
accentuated by vegetation differences on‘and Pehind them. There are

10 corresgonding'térfaces on the southwest side of the valley, probably
because thezsteep unbroken wall of sediments that form Lucky Jim Bluff
were unable t; prevent fhe ice from carrying its load farther southeast.
For the same reason there sre no terraces north of'Gdat Creek where

éhdesite breccia makes the sheer Goat Wall, oxr at Grizzly Mountain

whose steep face is in dilrect contact with the valley floor alluvium.
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Plate IV

1. Looking southwest across the broad, alluvium covered

Methow River velley.

2, Glaciel drift from a gquarry in an ice contact terrdce

neor Goat Creek. L N
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STRATIGRAPHY

General

Thé‘sedimentary contacts in thé portiéh of the Methow valley covered
in this work parallel the northwest-southeast course of the river.
The upper part of the Middle Cretaceous Virginian Ridge is the
oldest unit mapped; It i8 a sequence of conglomerates, siltstones,
shales, and graywackes. Beds.of silica pebble conglomerate are

characteristic of the top of the formation where 1% grades into the

Winthrop sandstone. The Winthrop is predominantly a white arkose with

a few scatteréd lenses of buff siltstone. Resting conformably on
the Winthfop_is the dark red Ventura formation consisting of sand-
stones, sedimentary breccias, siltstones,'shales and conglomeraﬁes.
This sequence was measured and ié described in detail. Above the
Ventura is the Midnight Peak formation, a thick series of andesitic
flows and breccias. Goat Pesk, highest péint in the area, is com~
posed of this material. Midwsy between Goaﬁ Peak and Grizzly
Mountain is the large -oval-shaped ﬁody of the Goat Creek diorite,
which seems G0 cut oul the sequence of Ventura beds northeast‘of the
river. Ia eddition, there are numerous sills and dikes cutting the
Winthrop and Ventura sediments.

Sedimentary Rocks

Virginian Ridge Formation

The Middle Cretaceous Virginian Ridge formation is present in

C o
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Alluvium
Glacial dritt

Dark green to gray breccias & flows of hornblende andesite.

" Dark red arkoslc sandstones with red shales, breccias, &
conglomerate tenses,

Light gray massive arkosic sandstones & sandy shales,

Silica pebbie conglomerates & shicious sandstones & silistones,

with Interbedded subgraywacke, siltstone, & arkose beds.
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the northeast, southéast, and southwest corners of the thesis areé,
vhere it is in conformable contact with the overlying Winthrop sand-
stone., The formation was named by Barkedale (1948), snd was further
defined and measured in 1957 by Hanson, Shideler, Van Noy, and Wallace
in en unpublished field course report. Since only the upper part is
present in the area, this discussion will be restricted to the

Thompson Ridge member of the formation.

This saquence was measure&tas TL30 feet, which makes up about three-
fourths of the Virginian Ridge section. Silica pebble conglomerate
with gray siliclous sandstone and siltst&nes occur repeatedly in what
appears to have been cyclic deposition. Greenish subgraywackes, silt-
stones, and shales are found as thin interbeds. White arkose beds,

up to 8 feet thick occur locally, particulsrly near the top of the
section. The cycles, which progress from conglomerate to siltstones,

average generally T5 to 100 feet.

In the southeast corner of the area, the Virginiasn Ridge strikes
N.lOOE., dips very steeply to the northwest, and is conformably over-

lain by the Winthrop sandstone. The contact can be recognized on

both sides of the Methow valley. In sections 13 end 25, T.35 N.,

R.20 E., its upﬁer 1limits are characterized by beds of silica pebble
conglomaratéiwith lenses of white sandstone. Upsection, the conglom-
ervate beds beéome thnner and less frequent, greding into the arkose
of the Winthrop. The Virginian Ridge-Winthrop contact here, as
élsewhere in the area, 1s arbitrary because of its gradstional nature,

For mapping purposes, the boundary is placed where the silica pebble
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ey ey

conglowerate ceases to be continuocus in the section and occurs as

lenses in the white arkose.

In the southwest cornexr, the Virginisn Ridge silica pebble conglom-
erate strikes N.4O° W., dipping 60° to the northeast. Again the
contact ﬁith the Winthrop is gradational. The pebbles in the Little
Boulder Creek area have & maximum diameter of sbout 3/% inch, while
farther south near Wolf Creek they are as large as 1 to 2 inches in

dismeter.

Northeast of Fawn Peak, beneath the Winthrop, are some buff silt-

stones and black shales with lenses of white sandstone, all striking

¥.35° W. and dipping.;ery steeply to the southwest. Although this is

the proper stratigraphic position for the Virginisn Ridge, the character-
igtic siliéa pebble conglomerates ére not found. This a@parent litholégic
variation ma& be due to & change in the source of the.sediments in this
sector. Another possibility is that the conglomerate is present in

small lenses or beds, but was not cobserved because of the lack of good
outcrop. The position of the contact is shown on the geologic map as
questionable. A likely place for further study of this problem is

Roundup Creek, a tribufary of Goat Creek.

~ The Patterson Leke conglomerate member of the Virginien Ridge formation,

which underlies the Thompson Ridge membexr, has been assigned a Middle

Cretaceous (upper Albilan) age by Maurer (1958) on the basis of

Trigonia sp., Trigonla leans Gabb, Trigonle evansana Meek, and

Beudanticeras haydeni (Gabb).
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Winthrop Sandstone

The Winthrop sandstone, named by Russelil (1898-99), is a white arkose
found on both sides of the Methow River valley. The Winthrop is con-
formably sbove the Virginian Ridge formation, with a gradational con-
tact which can be recognized on both sides of the broad glaciated
Fethow valley in the southeast corﬁér of the area. The beds here
strike.N.lQO E. sud dip 70° to €0° west. The upper part of the forma-
tion is cut off by the Boesel Canyon fault. East of Boesel Canyon,
nuperous sills have caused contact metamorphism-anﬁ "hornfelsing” of

the sandstone,

In the vicinity of Lucky Jim Bluff, the Winthrop i1s very thick and

forms the crest of the highest ridge in section 17, T.35 M., R.20 B,

 fhe sandstone grades intc the svratigraphically younger‘dark red

Ventura. Red siltstone lenses and beds occur within the light gray

szndstone and become thicker and more numerous upsecilon. The Winthrope

Ventura contact is gradational and everywhere well~exposed. Attitudes

renge from N. LOC to M. 50° W’witﬁ dips of 60° to 70° to the northeast.

The Winthrop also occurs between Benker Pass and Fawn Peak in the north-
east part of the area, It strikes W.35°% to N.4OO W, with very steep
southwest dips. It is in contact with the Goat Creek diorite in most

places, but does grade into the Ventura north of Grizzly Mountain.

Darksdale (1948) measured the stratigraphic thickness as 2500 feet,

gad described the sandstone as it appears near the mouth of Boesel .

Canyon. However, the formstion widens considerably to the north, as




Plate VI

1, Massive Winthrop arkose outcrop in Banker Pass rosdcut.

N. ko® w., atp 58° s.w.

2. Wnite sandstone and black fossiliferous (plants) shale at
the north end'qf Lucky Jim BIuff. This is in the upper-
mst part of the Winthrop section. .The Ventura contact is

just to right of photo.
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the writer estimateg the thickness ai 5600 feet in the Little Boulder
Creek area. Excellent outcrops are elso found on the ridges overw
looking the Methow east of Boesel Canyon, and across the valley are
more exposures of the sandstone which show up as white furrows on
serial photographs. The Winthrop 1s the lightest colored sediment in
the area god is immediately identifisble in the field. Some confusion
might stem from its highly feldspathic composition as in places it

appears more igneous than sedimentary.

Bome specimens of the Winthrop were taken from section 25, T.35 .,
R.20 E. In bhand specimen fresh pieces are light gray, but weather to
vhite. Biotite flakes, feldspar, and quartz ere consplcuous in the
moderately indurated arenaceous rock. The grain size varles from fine
sand to smail pebbles, and the 5&&8 range from several inches to about

20 feet in thickness, with occasional lensing.

In thin section, sub-rounded quart:, prﬁhoclase, and twinned plagioclase
are predominant, with relative ﬁercentages aé follows: élagioclase k7,
quartz 36, biotite 12, and orthoclese 5. Jhese figures were ardved at
from point count anélyses of several stained polished sections of the
sandstone. The specimens were dipped in hydrofluoric acid, then lmmersed
in potassium diéhromate fof 20 seconds to produce yellow staining of

the pgtassiﬁﬁ;bearing-minerals. The ?eldspar grains are generally O.lmm
long O.2um wide, but a few reach 0.8mm in length. The quartz is 0.3 to
O.bmn in diameter. Biotite and mmscovite make up epproximately 10-12%

of the rock. The biotite, some of it chloritized, end muscovite flakes

are 0.1 to 0.2mm long and 0,05 to O.lmm wide. Calcite is present &s &




Plate VII

1. Photomicrograph of Winthrop sandstone shoving fractured
subrounded quérﬁz grains., Notice inmtergrown quaxtz (Q),
with interstitial biotite (B) and altered feldspar (F).

Plain light, x 40.

2. Photomlcrograph of Winthfop sandstone. Crossed. nicols,
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replacement product in plagioclase grains. Magnetite and zircon
occur as accessory minerals.

Across the Methow and north slong the strike from Russell's type area

{in section 13), the Winthrop is more'indurated due to ita proximity

" to numerous small ignecus bodies. Dark banding is common, and minerals

are difficult to identify In hand specimen. Quartz and feldspar pre-
dominate in thin section, but the greins are smaller than in the

samples discussed earlier, The quartz‘is subangulaf and, frequentliy
severely fractured. Much of it seems to have been recrystallized.

Ffom stained chips it is estimated that the feldspar is 35 to 40% potash
bearing minerals and 60 to 65% plagioclase. The rock is too fine-grained
1o peimit an accurate count of 1ts comstituents, The plagioclase has |
been partially altered to clayey material (2), pub albite twinning is
still noticeable. Clastic blotite is absent, bub muscovite (sericite)
and chlorite occuxr interstitially with the quartz and féldépar, and sesms
to have grova in place. The chlorite evidently is the reéult of biotite

recrystaliization. This rock is best described as a hornfelsed arkose,
‘ ' 2,

BEvidence of age of tﬁe Winthrop saﬁdstone is a small collection of leaves
and ferns found in Li#tle Boulder Creek ah& listed below. Identifications
were made by the writer from plates and descriptions in Bell (1956), with
assistance ffom Prof. 8. Lowther of Collepe of Puget Sound. Most of the
genera are li;{ed in Bell under the Pasayten Group (Aibian) as defined

by Daly (1912) and revised by Rice (1947).
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Cladophlebis cf. albexta (Dawson)

Cledochlebls sp.

Menispermites ap.

Onychiopeis &p.

Ventura Formation

The rocks of the Venturas were described briefly by Russell {(1898-69)
and called the "Ventbura system." He placed the age tentatively as
Jura~Trias (?) because of'%he‘red color of the cutcrop. It was des-
cribed as thick-bedded, red-brown sandstones, shales and conrse conw
glomerates, distincf from thé Cretaceous.terraﬁéé bordi%g it on the
eest end west. The nams is taken from en old abandonedlmining camp
in the area. No foésils ‘have heen found in the Ventura, either by .
Russell or the wrilter, but iits stratigrephic position above the Winthroﬁ
suggests an Upper Cretaceous age. Russell (i898-99) used "Ventura
formation” in his text, and the writer has epplied this name to the
sequence at Lucky Jim Blufr,

The steeply dipping red sediments form the high ¢liff pamed Lucky

Jim Bluff in sections 8, 16, 17, and 21 of .35 N., R.20 E. The same
sediments are also found in sections 7 and 8 of T.36 N., R.20 E., in
e saddle nbr?heast of Goat Peak. North of Grizzly Mountain the red

bedes outcrop in section 2 of 7,35 ¥., R.20 E.

The Ventura conformably overlies the Winthrop sandstone. The lithology
grades from the light gray arkose into red silistone, and fine-grained

red sandstone. The sllistone occurs as thin beds and lenses in the




Plate

VI&L

Looklng southeast ab red sedlnents of Venburs fovmatlion on Lucky

Jim Blulf.  Wintheop-Yenturs coplsct is ab right edpe of photo.

¥athow River wvelley iz on the left.
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upper Winéhrop, increassing in thickoess upsection until the gray
arkose gives wey entirely to the red beds. The coatact 1s placed
vhere the red beds and erkose are in the orxder of megnitude of 2

feet and 30 feet respectively.

Overlying the Ventura are the ondesite breccias and flows of the
Mldnight Peak formation. The contact, observed in sections 2 and

9 of T.35 N., R.20 E., is sharp and gpparvently conformable.

The beds south of the Methow strike N.40° to N.50° W. and dip 60°
to the northeast. North of the river, the Venture hes the same

strike but dips steeply to the southwest.

The lithology, described in detail in the columar secfion, includes
red conglomerates, sandstones, siltetones, and shales, cut by a few
small dikes énd sills. fThe entire Véntura seétion was measured by
Dr. Barksdale and the writer and is 2253 feet thick (Plate X). The

traverse was made in sections 8, 9 and 17 of T.35 Ney Re20 Eo




.

Plate IX

1. View north along & ridge of red silica pebble conglomera,te

on crest of Lucky Jim Bluff. K. b0° W., dip 60° NE.

2. TFed sandstone and siltstone midwey through the Ventura

formetion. The.section was measured &t this locality.

»
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COLUMNAR SECTION OF THE VENTURA FORMATION
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COLUMNAR  SECTION OF THE VENTURA FORMATION

-

in
& Red sandy soil with lenses of cher! pebbie conglomerate {total 310"
=] Qoarse red sillstor:e with lenses of ¢hert pebble conglomerate
N Medium fo fine-grained red sandstone with siitstone interbesis 1. 5" thick
5. Sifica pebble conglomerate with red matrix
»nl Z % Red shale & siltstone with sandstorre lenses 6" thick
o 2
O —
Ll <
O = 5 Red sandstone beds 6* to 2° thick, 4" sillca pebble conglomerate lenses at fop & bottom,
(S ooy g n siltstone lenses throughout the sandstone
w LCL_) g
o & Red shale
O
« R Red sandstone, becomes coarser downsection, sillca pebble congiomerale lens at bottom|:
o
a a Q Feldspar parphyry siii
5N}
% 5 = Fine-grained red sandstone, beds 6" to 2 thick
e ) . Red siftstone & shale -
Y =2 Red siitstone & shale with conglomerate tenses, Cu stain, nodular weathericg
. Pale red sandstone with minor conglomerate fenses & red shale interbeds,
0 ridge-former
-, Red siltstone & shale 110", fine~grained red sandstene {39, shale (5,
= sandstone (10%, tenticular sandstone & conglomerate {chert pebbles 1" dia. M3
= Rad shale {2'), red sandstone (5'), red sandstone with siltslone intarbeds
' o 19,5, red sandstone (2.5Y, red siitstone 13Y, red sandstene (5%
Q0 Red sandstone with sifislone interbeds
= Dark gray massive sandstone (15Y, shale (4
= Conglomerate lens, wvolcanlc pebbles, large % whlte chert, smal! % red chert
0 Red shale
! Covered witn talus of coarse green wilcanic breccla

Plate X, Scale: 1"= 100" Sheet 2 of 3
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COLUMNAR  SECTION OF YHE VENTURA FORMATION

0

Covered (total Z15' with talus of coarse green wlcanic breccia
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w | Q S Greenish gray wlcantc breccia
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(& = Dark red fine-grained sandstone .
<
x
x E_ 2 Dark gray sandstone grading into conglomerate of wicanic pebbles, chert pebbles, &
lcf - gray-green matrix. Lower 16" is congiomerate. Vein quariz
a. (19]
= - .
. > ™ Red sandstone, becomes dark gray downsection
- B . . .
B Gray sandstone with3' bed of fine-grained re¢ sandstone underlying it
R Gray sandstone
@V‘ white sandstone with smati red siltstone interbeds
1 m Massive light gray arkese with 6" red shale bed near bottom
s Gray sandstone .

Winthrop sandstene. Light gray, massive, arkosic 'Eandstone & sandy shales.

WINTHROP
SANDSTONE

Plate X Scales 1= 1007 Sheet 3 of
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Midnight Peak Formation

Barksdale (1958) proposed the name Midnight Peak formation for o
thick (8000 feet) series of tuffs, brecclas, and flows found 4in the
vicinity of Midnight Peak, 5 miles southwest of this thesls ares.
tratigraphically below the volcanics are a 500 feet sequence of
red sedimeﬁts, end benegth them the Upper Cretaceous Winthrop sand-
stone. Rocks of similar lithology, snd in thg pame relative strati-
graphic position, are found north of the Methow River at Grizzly
Mountain, Goat Peak, end th% Goat Wall. Although these camnot be
traced directly to the beds at Midnight Peak, the writer feels that
the similarities‘are strong enough to warrant using the same forma-

tlonal name.

Bxcept for a small kaocb in section 9,bT.35 N., R.20 E. (Plate XI-l),
the Midnight Peak formation is found north of the Methow River. From
Goat Peak and the (Goat Wall, the aﬁdesite'breccias‘extend southeast~
ward, paralleling the valley, and end at the Boesel Canyon fault.
Northeast of Goat Peak, Grizzly Mountaiﬁ, end L,cky .Tim BLuff, the
Midaight Peak is in‘éontact with thé Venture formation. Elsevhere,
the breccia has been intruded by.the Cbat'Creek diorite, or is bounded

by,ﬁhe'alluvium‘and giacial deposits of the Methow valley.

The rock is é'ﬁark gray-green andesite breccia. Only feldspar phenc-
crysts and a few amphibole and pyroxene crystals can be seen in hand
specimen, as the remainder of the rock is fine~grsined. Epidote veinlets
ére common, and on weathered surfaces, concentrations of epldote minerals

are easily discernible.




Plate XL

1. Knob of Midnight Peak breccia at base of Lucky Jim

Bluff on south slde of Methow River (d.a.sﬁed line).

2, lLooking north at the bold outcrops of andesitic Midnight ‘
Peal breccis oi; Crizzly Min. ' Methow River is to left of

_QhO to graphe
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Under the micr0300p§,_the feldspars are badly altered, but albite
twinning, zonlng, and crystal outlines are distinguishabie. Suitable
orientations for determinations are rare, but two phenocrysis were

run down &s oligociase (approx. Ab 75). However, this is not religble.
Many of . the largeflplagiociases coalesce, Uhi&entif;able clay miperals
obscure most of tﬁe feldspar. Slightly alfered pyroxene with magnetite
and chlorite inclusions and irom-rich rims are sbundant. Much of the
pyroxene is being reélaced by epidote. Amphibole, altered in the saxe
manner,'is also present. Theﬂfeldspar laths average lmm in length and
0.5m wide, Most of the mafics are smaller, bﬁt outlines of a few
large pyroxenes {1 x lmm) were seen (Plate XiI—l). Minor amounts of
calcite end quartz were ldentified. The groundmass is mostly saussurie
{ized:plagioclase. An estimate of mineral percentagés in the rock is
as follows: plagloclase 65, pyroxene 15, amphibole 10, chlbrite_S, and

epidote, magnetite, calcite, and quartz 5.

The texture of the Mldnight Peak is not uniform. Volcanic fragments
are very common {Plate XII-2), and many small sediment derived chert
pebblés are present;x The feldsparé &b tﬁe vottom of the sequence are
generally larger and more euhedrai than those'near the top. The rock

is not highly metamorphosed.




Plate XIX

1. Photomicrograph of Midnight Pea-.k andesitic breccils
showing euhedral pyroxene (Py), plagioclase (F),

" and magnetite inclusions (M). Plain light, x 20.

2, __Pho‘comicrograph of Midnight Peak breccls showing outline
of lithic (volcanic) fragment, msde up of plagioclase and
altered ﬁ;;roxene. Plain iight, x 20:

1




L,

!
& i .
: .
H r
:
s
' [
.
: 1
[N

o

.
L]
€
.
v




Intrusive Rocks

Goat Creek Diorite

The largest intrusion in the area 16 a dioritic body epproximately

N
4 miles loug and 2% miles wide. Tt is 1ocaxed north of the Methow
River between Goat Peak, Fawn Peak and_Grizzly Mountaln, and intrudes
the Winthrop, Ventura,‘and Midnight Peak_formations. The writer has

tentatively assigned the name Goat Creek diorite to the intrusion.

The compoéition does not vary to a great extent throughout the
intrusion, but the texture end degree of alteration do. In sectlons
19, 20, and 28 of T.36 N., R.20:E., the dlorite is dark gray and very
coarse-grained. large fresh feldspar laths are readily visible in
hand specinen. ﬁnalysis under the mlcroscope (Plame'XIII«l) shows

the fel&épar to be andesine {Ab 58) plagioclase, as max i extinciion
angles of -23° were measured on MP sections. The crystéls are stﬁéngly
twinned, and most of them measure 1 x kmm, with a few as long &s TTam.
PlamloCLase makes up 75% of the rock. A faint ele@ent of lineation is

exhibited by the arrangemeat of feldspar laths.

ﬁbout 25% of the rock is composed of biotite, amphibole, and their

alteration products.'PseudoEDrphs of amphibole contain chlorite and

epidote, and*tremclite and actinelife are common. The amphidoles total

about 12% of the rock. The biotite (8%)is relatively: unaltered except
in a few isolated cases vhere it has gone {o chlorite. Pyroxene is
present (2-3%), and shows polysynthetic twinning. Some uralitization

has cccurred as hornblende pseudomorphs of pyroxehe were chserved.




k3

" Plate XTIT

-

1. Photomicrograph of twinned plaglioclase in coarse phase
of Goat Creek diorite. Mafic minerals eve biotite (B),
tremolite-actinolite (A), and wralitized pyroxene (P).
Apatite (&) is pfesent as an accessory. Crossed nicols,

x 15,

2. Photomicrograph of finer~grained phase of Goat Creek diorite.

Crossed nicols, x 15. .
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Magnetite, both as an alteration product and as authigenic crystals,
is present as an accessory. Prisms of apatite 1.3 x 0.2mm also are
a common accessory. Traces of interstitial quartz and sericlte are

in the rock.

Running noxthwest-southeast throughlthe center of the body is a
medium-grained phase which contains S-to 10% more mafic minerals than
the coarse diorite (Pla%e XII:-E)‘ The feldspars are on the order of
magnitude of 2mm long, end are not as fresh as those described above.
There is 1ess.unaltéred biétité and more secondary magnetite in this
phase than in the coarser rock. Otherwise the composition and

mineralogy is similar.

Aiopg the‘northern edge of the intrusion there ls a fine~grained phese

vhich has undergone considerable alteration. The feldspars have been

destroyed to the point where they_appear fo be groundmase for the
tered pyroxenes and armhiboles. Chlorite'is present, and the out-

lices of a few ba@ly altered plagloclases are visible.

Mino% Intfusions

A

(North of the Methow River)

A number of small sills were mapped in and around section 13, 7.3% H.,
; '. )

R.20 E., at the gradational contact between the Virginian Ridge forma-

tion and the Winthrop sandstone. Considerable conpositional variety

was noticed here.

In section 13, T.35N¥., R.20 E., & large coarse-grained sill of hornblende
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diorite makes & prominent outcrop within the beds of the Virginian
Ridge formation, The body is epproximately 4o feet wide and extends
from just eabove the alluvium of the river valley for nearly & mile

until it disappears beneath soil cover.

Fresh-appéaring feldspar and hornblende were identified megascopically,
the mafics making up about 20% of the rock. Some feldspars are
completely surrounded by hornblende, indicating the earlier crystalliza-

tion of the former. The rock weathers to a reddish light browa.

Microscopleally, the main constituents are plagioclase feldspar and
hornblende'(Plate_XIV~l). The plagioclase is badly altered, but some
albite twinning is visible, The composition is estimated as sodic
andesine (Ab 70) since maximum extinction engles of ~18° were measured
on MP sections. Relrogressive alteratlon 1s shown by the slbitic rims
and the crystal interiors which have gone to clay mineral and clinozoi-
site. The plagioclase crysﬁals aversge 2mm long and lmm wide., In
generai,'fhe laith~1like shape of fhe oriéinal feldspar has'been #ell-'

preserved, and it comprises 60 to 65% of the rock.

'The hornblende is zoned, with darker shabs of green eppearing ot the

rims. Much of the hormblende is altered to chlorite and magnetite.

Thé pleochfbic formuls of the amphibole is 2 . Y¥X,with %2 and ¥ =»
light olive gfeeh, and X = very pale gree?ish tan. M@ny of the horn-
blende crystals terminatesbruptly sgeinst feldspars, and, ss was men-
tioned in the megascoplc description, several smaller feldspar crystals

are included within large amphiboles. The hornblende is present in
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amounts of 20 to 25%, and the crystals are approximately 0.8 to lmm
long and O.5m wide, The minor constituent chlorite makes up 3 to S%

of the rock, and the magnetite is less than 1%.

Quartz occurs interstitielly, end is evidently a late-comsr as it is
tered, Its crystal habit is completely controlled by the faces
of the earlier minerals. The quartz is not common‘enough to be

included in the rock name as it constitutes only about 5% of the diorite.

Approximately 100 yards nor%hwest of the diorite is another sill simie
lar in composition, but more severely aliered. In hand specimen, none
of the constituents appear fresh. In thin section, the feldspars are
even more altered than before, yet they still fétain thelr crystal oute-
line. ILithic fragments give the rock.the textural appearance of &
breccia. ‘Albite twinning made possible several determinétions, all of

which fall in the andesine range. The phenccrysts are about l.5mm long

- and 0.07 to lmm wide. The hormblende ie slightly smaller, end also has

~crystal faces well~preserved in eplte of alteration to chlorite end

megoebite. . " o

LY r

till'%érther‘ﬁp"the northvest are more sills. These are smaller and
c&nsi&erab%y'more leucocratic than the dloritic bodies jJust discussed.
The boéﬁes érg medium-grained with feldspar and quartz identifiable in
hand specimen:& Malfies sre minor except for vwhat appear to be scattered

hornblende{?) phenocrysts. The groundmass is light gray.

Under the microscope, the feldspars show little evidence of alteration.

Fuhedral quartz and Carlsbad-twinned plagloclase phenocrysts are
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contained in a groundmass of fine-grained quartz and feldspar. Calcite,
magnetite, and chlorite occur in severely folded aggregates, evidently
alteration products of (7) amphibole. These three minerals also are
found as aphedral phenoerysts. The original mafic minerals are entirely
gone, and there are no psuedomorphs which might give a clue as to what

they vwere.

Just eést of Boesel Can&on, another sill was mapped in the Winthrop
sendstone. It is not unlike the dioritic bodies described above. In
hand specimen, it is fe1ds£athic with acicular hornblende crystals 1 to
2om long. In thin sectionm, extréme alteration has teken place. The
plagioclase 1s altered to epidote and albite, and lum long ghosis of
Carlsbad twins were visible. The hormblende h#s been altered to chlorite

and magnetite. - o ' v

Minor Imtrusions

. {South of the Methow River)

South of the Methow, between Wolf end Little Boulder Creeks, numerous

felds@ar porphyry &i$eé were mapped. They were observed as far south

&g section 35 of T.35 N, R.20 E. in the Winthrop sendstone near the

Virginiaa Ridge formation contact. In the vicinity of Iucky Jim Bluff
many aiﬁesaand sills of the same material are present. They are con~
spicuous froﬁ\tha highway, eppeaxring as white streaks sgainst the dark

red Ventura sediments.

The most striking features in hand specimen are the large feldspar pheno-

crysts. In the southern outcrops, they are as long &5 4 to Smm and as
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wide as 1 o Z2mm. Farther noxth, the size decreases gradvally.

Sowe collected at the northwest end of the BIuff are only 2 to 3mm
long by .5 to lmm wide., Interimediate sizes were noted at localities
between these two cutcrops. The feldgpar phenccrysts comprise epproxie
mately 40% of the rock. Nexh in’ sbundance in all samples taken is
hornblende. Usually.it occurs as acicular phenocrysts that average

- 1 to Zom in length. At one place on Lucky Jim, the phenocrysts ere
very well developed and euhedral, reaching & length of 3ma and a

vidth of lmm. The groundwass is greenish-gray and aphanitic.

Microscopically, the feldspar was identifisble in several thin secbions
as andesihe plaglioclase. The phennéryats are generally subhedral.

In many cases, the plagicclase wasagghrentiy‘deu%erically altered to
epldote, small amounts of calcite end albite, Often the crystal out-
line of plegloclase has been perfecﬁl& preserved, while the original
mineral has undergone complete alteration. Twianing and zoning is
common, and coale$cent plagiocliases are present throughqut the rock
{Piace XIV-2). Sodic plagioclase rims surround epidote centers in
many of the'phen0cr§§ts, and unidéniifiable clay minerals wlthin meny
of the'fpldspérs make determinations impossible. In all, the plagio-
clase in'ppenocrysts‘makes up epproximately 60% of the rock.

Hornble;da iémcommsn, and with 1ts alteration products, comprises 20 to
25% of the rock. Basal sections vhere the characteristic 124°-56°
cleavages are seen are common. The principle alteration product is

chlorite. Often, the originsi crystal form of the hormblende remains,

but chlorite has completely replaced the primary mimral. The hornblende
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has & 2V of 80°, is optically negative, an extinction angle of 16°
and a pleochroie formula as follows: Y = pale greenish-brown,
Z = greenish-browvn, and X » medium brovn, with X = Z>Y. Magnetite,

also from the emphibole, is present in emownts of 1 to 2%,

No unaltered pyroxéne was obser;ed; but mafic alteration products

were found bounded by the octohedral:faces that are characteristic
of pyroxene besal sections. Minor amounts of mgséovite and quexrtsz
are present. Apatite occurs as an accessory, some of it with cores
altered to calelte. As ne;r a3 could be determined, the groundmsss

is cowposed of feldspar, quartz, epldote, hﬁrnbiende, and pagnetite.
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Plate XIV

Photomicrograph of diorite s11l north of Methow River
showing intergrowth of plagicz.ci.ase (F) and hornblende
(1), Feldspars are clouded mth clayey material, but
have sharp evhedral form, indicating deuteric alteration.

Magnetite (M) occurs as &n accessory. Crossed nicols,

x ho.

Photomicrograph of feldspar poxrphyry sill occurring in the

' ﬁentvra;i‘m. so{zjch of the I&ethdw River. Note the coalescent

plggioclé;?ae and sharp zon.’mg; Crossed nicols, X 20.

v




o

FPiante XTIV

T3

¥
I
!
i
!

g

L S S




GEQLOGIC STRUCTURE

Fezional Structure

This semi-arid area of moderate relief offers many advantages to the
study of geologic structure, Outcréps are plentiful and deformation
has obvicusly played an important part in controlling topographic

eXpIession.

The Methow River valley coﬁt&ins & thick sequence of Upper Mesozoic
sediments, bordered by the Cascade Range on the west and the Okanogan
Highlan&s on the es.st:. This depositional basin has been folded,
faul‘%;ecl, and éub;jected to varioqs mncr igneoﬁis intrusig;ms. The major .

fold axes trend northwest-southesst,

A brief outline of Cascades history (Misch, 1952) and mention of the
Okanogan Range will assist in establishing the overall geologlc pilcture

in the Mzthow,. , v

The anclent Cascadé‘_geosynclina.l clastic sediments and voleanics were

strongly metemorphosed in early Mesozoic times. Although the deforma-

tlon deéfcroyed. nearly a.L'L evidence of age;, a few late Paleozoic fossils
hg.ve bc—f.en i:ound. De'pc‘mit:ion of a thick'sequence of Jura~Cretacesous
sha.llm;' watle"r_, marine sediments followed this folding and shearing. The
easternmost of:‘ these sediments extend to the Pasayten valle;;r in the
north, ond: the Methow in the south (fig. 1, Misch 1952). ° Overlying
'b;xese marine beds are the fresh water continental sedimenté mapped by

Dr. Barksdale and the writer in the Methow valley.
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To the eé.st, the gueissose and directlonless granitic rocks of the
Olanogan Range extend north and northwest to the Canadian boundary
(Goldsmith, 1952). Allison, Xremer, Lindquist end Pitard (u.w.
Fieid Course, 1957) found these to bg in fault contact with the
Methow sediments. Eest of the ékaﬁogan Mountadins is a; thick geosyn~
clinal Paleozoic seriés of metamorphosed sediments, presumsbly
altered in the Jurassic (Misch, 191+9); These metamorphic rocks
extend westward to the Tiffany Range, mapped by Goldsmith, which

forms the divide bebtween tnc Methow and Qkenogan valleys.

Iocal Sﬁmctu.re

: e :
The most prominent structural feaiure in {the mapped ares is a lerge

northwest trending syncline, whose axis is parallel to the north

margin of the Methow valley (see geologic map). Lucky Jim BIuff and

- the high ridges on both sides of the river are on the linbs of this

sitructure. The andesitic breccias and flows of the Midnight Peak
formation are the upper beds of this synciine and evidently underlie

the aelluvium and drif'b of the M‘ath&f'valley. Tois interpretation is

shovn in structure section B-B' (Plate XV). The only outerop of this

breceis south of the river is a knob in section 9, .35 N., R.20 E.

Y 1
i i

Beneath thé""zggimmt Peak are the dark red sediments of the Vemtura
formation, wh:’Lch make up Lucky Jim Bluff. These bec‘tg strike N.40° to
60° W. and dip 45-60° to the northeast. Across the rivei, outcrops
c;f the Ventura ere found north of Vhiteface Creek and northeast of

Grizzly Mountain. The strikes are N.35-45° W. and 4ip is 60° to




the southwest.

In the vicinity of Goat and Fawn Creeks there {5 an igneous intrusion
which the writer calls the Goat Creek diorite. This stock cuts ous
parts of the Mmdnight Peak, Wint}z.rop; and Ventura formations, with
rela’tionshipsr as shown in structure section A~A' (Plate XV). Atti-
tuies teken in the roéls:s surrotading thc intrusion show no warplng
or distortion of the adjacent beds,- although coutact metamorphism is

spparent in the Winthrop sendstone and Midnight Peak breccias.

The arkoslc Winthrop is conformebly below the Ventura, and outerops
are numerous on both limbs of the syncline, Strikes are N. 40-50%W.,
and. south of the Methow the dips are 55-600 northeast. North of the

river, the Winthrop ‘di'ps very stéepi:} to the southwest,

‘Conformzbly wnderlying the Winthrop is £ne Virginian Ridge formation.
In the southwest part of the mapped aréa., the top of this wnit is
characterlized by the silica pebble conglomerate.  Since no silica
pebble conglomerate was found in the northeast, the _Win‘throp—Vi:ginia.n
Ridse  contact is ir:{f‘err.ed. &‘his'-pf‘z‘oblem has been discussed in the
sectlon'on stfa"oigraphy. ' |

The major syncline 15 ‘tz-unca;tea‘ south of Lucky Jim Bluff ard in Boesel
Canyon, {Jy a.‘- fauit normel to the fold axis. South of the fault is the
Winthrop sa.ndst‘;:m vhich strikes N.100 E. end dips very steeply toti*eest
and northwest. The sandstone is continuous across thé Methow wralley.
N; determination of directlon or amount of displacement of the fault

could be wmede. The writer feels that to understand the mechanics of
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Plate XV is in pocket,



o

this fauliting would involve s‘cuﬁy on é. more regional scale than has
been undertaken in this work. The stratigrephic relatiolnghips of the
Winthrop and the Virginian Ridge are similar on both sides of Boesel
Canyon, and the straight course of the fault seeﬁs to- inddicate that
this is a high asngle to vertical fgul’c. No evidence was f£ound to

explain what had happened to the se.ction above the Winthrop south of

" the fault.

'In the southeast cormer of the map 1 a por‘aion of the Upper J‘urassic(?)

Newby formation, mapped by Allison et als in 1957, and w7 named and
described by Barksdale (19%8). A small syncline and en snticline of

steeply dipping brecoi&s s.nd shales are shown on the map.

The relﬁ.ﬁionship between the Kewby and the Virginian Rldge is unconform-

‘able &b an sagle of almost 90°. Im section 8, T.35 N., R.21 E., the

Newby is iﬁ fault (?) contact with & sequence of sediments that sre poste
Newby yet underlie the Virginia;a. Ridge. These beds were tentatively
calisd the Cross Mountain formation b;y; Allison et a.l(. » but  their rela-
tmasmps +0 azldacent wnits ave mot understood. The Cross Mountain |

is e:.asent south of tne thesis a.rea. vhere the Newby and V:Lrg:.man Ridge

Lare in mfect unconformble contact. . The fact that the Virginian Ridge

:I_.s contiguous vith two olaer formations is further evidence for the

4 \

anconformity mentioned above.
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188 uwmmus plemt fossils occur gbout midway through this section.
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GEOLOGIC HISTORY

A history of the area covered In this thesis includes periods of

sedinentation from the Upper Mesozolc to Recent times, interrupted

by eplsodes of structural deformation.

Tt is known that an Upper Triassic-Lower Jurassic orogeny took place

in the Cascades (Misch, 1952), which was prior to the deposition of

“the Newby formation. The Newby«Virginian Ridge anguler unconformity

points to al least one major post-~Newby time break; and possibly two,
d.epem on the a,ctua.l t:x.m of deposition of the Cross Mountain
sequepce. Follm\ring ‘the Newby sedlmentation ’ there was folding,

tilting, and minor igaaous activity.

Lower Cretaceous marine deposits were laid down on the eastern flanks
of the Cascsdes northwest of the mapped srea (Misch, 1952). . Their
approximate equivalents are represented in the Methow valley by the
Newoy formablon. Marine sedimeantatlon continued with the Virginian
Ridge formation, bu’c. the anmronmnt at the time of the Winthrop sand-

stone de*oosition must have been shallow water mc.rine or continental

I'here,_ Was:, continumus deposition during the Upper Cretaceous, climaxed

1

T -
by the outpourings of andesite which comprise the Mldnight Peak brecclas.

After this, the fresh water sea retreated.

The main period of disturbance associated with this ares occurred

following the Midnight Peak flows, presumably during the Tertiary
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Period. Severé folding and faulting took place, Iwith the fold é.xes
trending northwest-southsast,. The breceias and underlying sediments
were folded into a la,r e syncline with steep liumbs., The sediments to

the south were also stroagly tilted, but are sepa,ra,ted f::om the northern
structures by"the Boesel Canyon ‘pault. Iittle is known of the Structurel
relat:ionships between the rocks north and south of the fault, however

it is post~Lolding.

After this episode of deformation, the Tertiary (?) Goat Creek ddorite

and pumerous minor dikes and sills were intruded.

Followmg 8 pemod of J.eI"‘Gla.ﬁ'y erosmn, Pleistocene contin.ental glaciers
came from ‘che noxrth. ‘ihey scoured the bedrock and scattered erxatics
throughout “bhe area. The continental glaciers retreated, and a valley
glaciel phase left its ifmprint on the Methow valley. Ice con;ﬁac:’a_
terraces near Goat'ci'eek, glacigl boulders and cobbles, and the general

U-shape of the valley support this later phase of velley glaciation.

I‘inﬂllv, Recent a.lluv:.um, Tyom the meandering Methow River zund its

triout&rms s i8 found on the va.lley floo:cs and. in stream beds.

R




CONCLUSIONS

The rocks in the Mazams ares of the Me’bhow River valley are predomi-
nently sedimentary, deposited in a basin under shallow water continen~
tal conditions. The 1:1.‘011910@5.3%3, zi__zotaling approximateiy 23,000 feet,
are conglomerates, slltstones, sa.né.s’conea, shales, and brecclas.
Tormational names beginning with the oldest are Virginian Ridge,

' Winthmp y Ventura, and Midrnighi Peak. The interformatiocnal contacts
are all conformable. Sowice areas of the ﬁppar Cretaceous sediments

were mostly granitic and wvolcenie.

The major episode of ‘deformation occurred after the Midnight Peak
breccias were extruded. Sediments and flows were strongly folded end
faulted. Subsequently there was a period o2 igneous activity, resulting

in mmearous small intrusions. .

During the Plelstocens, two types of glacial activilty took place.
Continental ice covered the entire area, scoured many bedrock surfaces,
and .deposived numé;*ous erratics -on the highest peaks of the map area.

The second type was' & valley phase which formed the U-shaped Methow valley.

The Tertiary (7) deformgtion resulted in & genmeral northwest-southeast

‘ é‘orud’wral;trend. The major fault in the ares is normal to the axes of

k)
\

| the folds.

Pleistocens drift, ice contact terrsces, and Recent alluvium are in

'évid.ence in the stream valleys.
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