O -
9] 2 oy Ul q s
b o o 4 i i s 1)
w O 53 42 @ £ i o] +? I Q
r: @ D el £ e " ) b I st 3
[ & n2 P O [av} vl £ 3 o &y O & =
et 4 R i, n i o3 s o~ b S Vi
£ @ © o £ 0! 3 o © o o
- g} N « B & B o LIRS R G R
Lo~ +3 Q AN | o + st <
KD > E n @ T O o T S ,
D LS @ 17 +2 €3 e ] <1 Y4 -4 3
r= 16y C A1) r-{ i 0 ol (o} o k) — ft fad [ i
el a $4 ol o L) Q i @] o [ [ o o)
Q O ) o o £ 0 o O G o0 [ ST
30 V - fn o 2 “w S o) 1 €y
W Ion] e f— | o o n @ e O 1 L
[ . B r [t el [ 3 5 42 0 G (a9 2 2 5 43
¢) £ e~ e Xl ! « K -1 !
< P @ O [$) Co 42 13 o 4 .4
i . K S 4 R s ps T )
I ) r~ - W 3 o 4 ) 1 4 3
r 3 4 [6)] o Q C 33 ksl L3
O » .Qm ot 5] o . ”J. §S ) .wm & Loy
&N ! 3 ol o > H ) +2 - O v
f O A2 Q - fad] i -1 3 + £
£ 3 . i 9] Q i 33 o o i -}
iy o) d £+ 0 .1 4 + O @ e L fa L 3
o D fan} t ISR 2 O on v 3
QO e A el b W e @ R S G 0
> £ 201 ) [ B O [ 0 h &) o ) I - O o
[ O > ~¥ i r—4 4- & = ] (VR e
-~ ot Mw C .Mw o sty 3 I @] G »: o L Q@ +2 s
-t | < a 2@ > O rl e I S0 erd bi
w i 3 C =4 O o ) N 4 5 ot
o I d 4 I ) I 4 oy u: [ ! ) a3 ] &4
(e o L1 &) i T Gy L0 X O o
E- 4 QO I B S R SR S B < B S
v s o) v €t p o] +2 o) L O (@] R
0 [ 4p] el R (] Q [ < 42 3 ol R4 b e 42
«1) e [ =] ] . o (&) m o4 ot Ke |9
- £t W o - O O b le] = jan & W ¢ o}
= 1 i .e St A (@) o o -4 i) O el 3 o £ o !
' i o) T3 ! O &y 42 5 Q 4 @ Sy R Ko
Ol P © O © o O S Vi 4> 8 o Ew) +2
oo w = 102} 16] Sy @ @ 42 o 4 (8] SIS
= 0 o~ ' o e a o O VIS . 3 =
B = Sy 0 - ¢ 4 0 [} o [} o e
by o O 2 o 3 2o 7 B & PR o) S > o s B
Iy - Q, L5 1 o ¢ ot e £y [ o L2 Q
= fas o + Q= 2w & +2 i
E- wt j 143} @ . . J o o -~ £
= = 42 O P @ £l = (ST (T R D ]
=T, o R > S T T - T N o S T T 7 g e ¢
e o £ © £ 1 S £ > o D% I e BV C
@ 1 O o 2 G- [0} ks ] p rei —i o) CS g
r 23 > ] e o (@) 4 o «Q [h s} AR o)
+2 [42] 3} O o [9) O o] < < [ o 4+ 3 o] (o3
[wd a) L o) - o3 50 [»] ot f A [#) Q. o e e v
o £ - Yo oh o8 & o #Hom oo e & @ @ o~




variation, about 10 degrees to the southeast. An angular
unconformity separates these older units from Pleistocene (?)
intracanyon and shest lavas which cccur in the eastern
part of the thesis area. The Pleistocene (?) flow sequemnces
are horizontal or may have a slight westerly primary dip.
Faults and basaltic andesite dikes sheow a strong north-
south alignment. The faults are all normal and, with minor
exceptions, nave their western sides displaced relativel
downwarde

T. P. Thaver mapyed the northern part of the thesis
area in 1933, The rock-stratigraphic units established by
him have been further subdivided in this work and certain
contachs have been relocated. The intrzcanyon lava flows
found in the study area were previousliy grouped {Thaver,
1939) with flow sequences which cap several cf the eastern
ridges snd were collectively called the linto Basaits,
The intracanysn flows which cccur in the northwest part of
the study arez wers named Santiam Basalts (Thayerj. De-
tailed study indicates th the intracanyon flows, including
the Santiam Dasalt, comprise o continuous sequence of intra-
canyon lavaz. These intracanyon lavas are distinctly
younger than the flews which cap the sastern ridges and are
therefore grouped secarataely.

The geologic boundary between the Western Cascode and

de boundary has besn interpreted to be a large-
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scale normal faulting, with the High Cascade side down,his
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S
xcellent -on the eastern side of the High Cascades, it is
A

reasonable to suspect =z similar rel

)

onship cn the western

e
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0

side of the High Cascades., This study revealed that az large-
scale fault is not present snd that the boundary is an anzu-
lar unconformity which separates Miocene and Pliocene rock

uwnits from Pleistccene(?) rock units.



Geology of the Bachelor Mountain Area,
Linn and Marion Counties, Cregon

by
Anthony Rollins

A THESIS
submitted to

Cregon State University

in partial fulfillment of
the requirements for the
degree of
Master of Science

June 1976



APPROVZED:

Redacted for Pr/vacy

Professor of GeOLogy

in charge of major

Redacted for Privacy

WA At N

Chalrman of the Dopar+m@n of Ceclogy

Redacted for Privacy

Dean of Graduagz School

Date thesis is presented /caﬁzgazl,éf'/§2257
/ 7

Tyred by Becki Rollins for Anthony Rollins



ACKNOLEDGEMENTS

I wish to extend my thanks to Dr. E. M. Taylor. His

guidance, both in the field and in the

laboratory has made

the completion of this study possible. Access to ERTS

photos and

related assistance provided by Dr. R. A. Lawrence

was very helpful. The assistance of Dr. Paul E. Hammond

during the
ful to Dr,.
Taylor for

To my

thanks for

the complet

field work is greatly appreciated, I am grate-
R. A. Lawrence, Dr. H. E. Enlows and Dr. E. M.
reading the menuscript,

wife, Becki, I wish to extend my heart-felt
her understanding and sacrifice, which allowed

ion of this thesis oprcject.



TABLE OF CONTENTS

I. INTRCDUCTIOHN

Location

Accessibility 2nd Txvnosure
Methods of Investigntion
Geologic ZSetting

Previous “icrx

IT. STRATIGRAPHY
Breitenbush Tuff
Gener:zl
Unit Descrintion
Petrogranhy
Grizzly Creek Laovas
General
Unit Descrintion
Petrogravhy
Nan Creek Volcanics
General ‘
Unit Descriztion
Coffin Mcuntein Flows
Cheat Creck Eeds
General
Unit Description
Triengulation Pealt Lovas
Genersl
Unit Descri»tion
Minto llountzin Leovas
Generzl
Unit Descrinticon
Pigeon Frzirie Lavas
Generzl
Unit Tescrinticn
Intrusive Rocks
Quaternzry Dencsits
Generzl
Unit Descrintion

I1T. CCMPARISCYN OF STRATIGRAPHIC CUITS ADOPTED
IN THIS VoRK TO TPOZSE PRIEVICUSLY
ESTABLISHED BY THAYIR

Y
)
g
o

ODVOVUNKRBHROWNFFTWORND 00 WnEFwWwiE =

N N el e e el

Iv, STRUCTURE
General Stotement
Folds
Faults

The

TF
western

iz Cascade Boundary



TABLE OF CONTENTS (continued)

V. VARTATION OF CHEMICAL COMPOSITION
OF VOLCANIC RCCKS

BIBLIOGRAPHY

APPENDIY !
Chemical analyses of Grizzly Creek Lavas

APPTZNDIX B
Chemical analyses of Nan Creek Volcanics

APPENDIX C
Chemical analyses of Triangulation Peak Lavas

APPEINDIX D
Chemical enzlyses of lMinto tlountain Lzveas

APPENDIY E
Chenical znalyses of Pigeon Prairie Lavas

APPENDIX F
Chemicrl znalyvzes of Intrusive Hocks

Page

66

75
76
78

80



LIST OF FIGURES

Figure Page

2 Location of Thesis Arez, Linn and Marion
Counties, Cregon, 2
2 Silica variation diagrem, all iron as TFeO., 67

3 Peacock dizgram constructed from data in
Figure 2. 68

L Basalt classification diesgram, after Xuno
1066, 69

LIST OF PLATES

Plate 1 Geology c¢f the Bachelor IMountain Area, Linn
and Merion Counties, Oregon IN POCKET

Plate 2 Geologic Crocss 3ections IN PCCKET



Uy

GECLOGY O X CHE

F THE ZA LOR MOUNTAIN ARE
LINN AND IQRION U

NTIZS, CREGON

Bl

cC

INTRODUCTION
Location

The thesis area is located in southeastern Marion and
northeastern Linn Counties, roughly 11 km east of Detroit
Oregon (Fig. 1). The size of the thesis area is just over
905 square km, and the relief of the thesis area is in excess

of 1,000 m.

™
il
4

Accessibility ond posure

Oregon Highway 22 passes through the center of the
thesis area, linking the tcwns of Detroit to the northwest
with Sisters to the southeast, This majer highway provides

sy, year-round access to the centrazl part of the area.
Several U, S, Forest Service roads provide access into the
western part of the arez, as do similar roads into most of
the eastern vart during the summer months, |

Exvosure is limited becsuse precipitation is so heavy
during the winter months that weathering, vegetation and
slope instability combine to obscure the outcrops. These
conditions prevail strongly in the westernmost Cascades,
particularly at lower zlevations. These effects are re-
duced at elevations above 1,500 m, resulting in a greater
nunber of useful outcreps. Also, the last period of glac-

jation (Frazier) created lzrge, spectacular erosional
b J [
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Figure 1: Location of thesis area, Linn and Marion
counties, Oregon.



escarpments, which provide limited areas of excellent expo-

sure.
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Field work was done during the 1974 summer season, The
base map used was a composite of the eastern half of the
Detroit 15-minute quadrangle (enlarged to 1:2L4,000 sczle),

- and the NW1/L and SW 1/L advanced sheets of the Mount Jef-
ferson 15-minute gquadrangle (1:24,000)., High altitude
(1:63,000) serial photographs and Earth Resources Technol-
ogy Satellite (ERTS) imagery, made available by Dr. R. A,
Léwrence, provided an overview of the area and gave an in-

o'

sight into the geologic structure. Low altitude U. S. For-
est Service photographs, provided by the Oregon State
Departmenf of Geology and Mineral Industries, were used in
the field for outcrop location and recording of contact and
attitude data.

More than 100 rock ssmples were collected for labor-
atory studies, which were completed during the winter of
197, -75. Laboratery investigation included petrographic
examination of thin sections and study of hand samples
with the aid of a binocular microscope, The Michel-Levy

method was used to determine plagioclase composition.

e

Whole-rock chemiczl analyses were performed using X-ray

fluorescence spectrometry for Fel, €ad, K. 50, TiO, and Al, 03,



atomic absorption spectrometry for MgO0 and NaZO; and a colo-
rimetric methed utilizing visible light spectrophotometry

for SiO The methods used in the analyses did not allow

2‘
for the determination of HZO and 21l iron is expressed as

FeO,

Geologic Setting

The thesis area is located along the north-central
part of the Western Cascade-High Cascade boundary in Oregon.
The Western Cascades are a complex volcanic vrovince of
moderate relief directly adjacent to the High Cascades of
central Oregon., Eruptive centers as old as Oligocene can
be found in the Western Cascade vprovince {Peck and cthers,
1964) and hot springs are active in the region today. In
the High Cascade province Pleistocene and Recent comvosite
volcances, lava flows and ash deposits are found. The

chain of High Cascade volcanoes, including Mount Jefferson

jacent to the thesis areaz, comurise a narrow

o]
[oB

immediately

o

north-south region of Recent and Pleistocene volcanisnm

Valker and others, 1068).

To the east of the High Cascade platfcorm lies the

[h
Q

Deschutesz Basin, wvhich has received 250~300 m of wvolcan
ash and fluvial volcanic sedimentary rocks during the Pli-

ocene (Taylor, 1973). To the west is the Willamette Valley,
which is underlain by nesrly 1,000 m of Zocene and Cligocene

.\.--



marine tuffacecus sandstones and mudstones (Newton, 1969).
The marine sequence is overlain by more than 100 m of

Miocene plateau basalt {Thayer, 1939),

Previous Work

T. P. Thayer investigated the geology of the North
Santizm River drainage in the 1930's and published several
articles on the structure and petrology of the exposed units.
Thaver (1933) discussed the general features of the cascades
of Oregon, and he proposed that the western margin of the
Western Cascades is an erosional feature and is not fault-
controlled. In 1936 Thaver introduced a structural inter-
pretation of the Western Cascade-High Cascade boundary.
Thayer proposed that rhyolite flowz found on the eastern

side of the North Santism River were correlative with Mio-

ped
n

cene rhyolite found to the west,. the eastern occur-~
rence is lower in elevation than the western by socme 500 m,
he suggested that the eastern part had been faulted down-
ward 500 to 750 m sometime in the late Miocene. Thayer
called this fault the "Cascade Fault", and described it as
the ",...western most of 2 series of buried fractures of
the Basin and Renge type." (Thayer, 1936, p. 1611)., After
the faulting had ceased, volcanic rocks of the High Cas-

3

e

{

cedes were erupted over the scarp, burying it., In 1937,

Thayer published 2 discussicn of the petrology, petrography.



and chemistry of the rocls exposed in the North Santiam
River drainage. Apparently, Thayer had developed more con-
servative thoughts ccnecerning the fault hypothesis because
it is not mentioned in the section entitled "Structure".
The final article, published in 1939, was a synopsis of his
Ph.D. thesis work, extending from Mount Jefferson to Salem.

Peck and others (196L) produced a reconnaissance gec—
logic map covering the northern part of the Western Cascade
and High Cascade provinces in Oregon. Concerning the re-
liability of the map, Peck wrote: ".,...artificial rock
exposures in road cuts were used far more than natural ex-
posures. As a result, the geologic map is much less reiiable
in those areas where access was limited by lack of roads.,"”
(Peck and others, 1994, p. 4). Further, Peck and associsztes
published small-scazle geologic maps, and therefore, were
unable to include detail,

In 1966 G. . Walker, R, C. Greene and E. C. Pattee
published an evaluation of the mineral resources of the

Jefferson Primative Area, the vestern part of which is in

W]

the study area. The positicn of wthe “estern Cascade-High
Casczde boundary as located by Walker and others differed
sharply from Feck's interoretetion, although less so with
Thayer's interpretation.

Re C. Creene (1968) published petrégraphic descrip-

tions and chamical data for volcanic rocks of the Mount



Jefferson Primative Arez., Some of these rocks can be traced

)
i

into the eastern part of the thesis area,



STRATIGRAPHY

The stratigraphic units described below, in order of
oldest to youngest, are informal rock-stratigraphic units
defined on the basis of field criteria rececgnized in the

thesis area,

Breitenbush Tuff

General

The name Breitenbush Tuff was first used by T, P,
Thayer (1939) to refer to a sequence of tuffs exposed in
the upver North Santiam River drainage 2nd the Breitenbush
River drainzge. The neme is retained here and used to refer
to the same sequence of ssh-flow and ash-fall tuffs, the
upver 150 m of which are exvosed in the western part of the
thesis 2rea. The Breitenbush Tuff is the oldest unit found

in the thesis area. Exposure of Breitenkush Tuff is limited

because landsliding and vegetative cover vrevent the crop-
ping out of less resistant units. Lakes and poorly devel-
oped drainage patterns are common on Breitenbush terrain;

an excellent example is the Bruno Lnkes area north of lMount

Bruno.

D)

The Breitenbush Tuff has been dated as Early Miccene

on the basis of plant sile identified by J. Wolfe (in

n
Peck and others, 19564, n. 8).



Unit Descrintion

The Breitenbush Tuff consists of welded ash-flow tuffs,

t—

nonwelded ash~-flow tuffs, ash-T211 deposits and reworked
pyroclastic deposits. The ash-flow units are often more
than 25 m thick and may rezch 75 m thick. Individual asn-
flow units are highly variable in thickness along their
length, reflecting veriations in depositional thickness and
variations in thickness imposed by ercsion. Individual acsh-
flow tuff units can be recognized in isolated outecrons on
the basis of opumice color and crystal content becsuse those
characteristics are distinctive and remain constent within

a given unit.

Welded ash-flow tuffs comprise about 75 percent cf the

Breitenbush Tuff., The welded ash-flow tuffs are comocsed

S

0
o
i

frogzments and crystals,

femr) -

nredominately of ash-sized gl
lapilli-cized pumice frazgments and are crystsl-vitric lapilli-
tuffs. Some of the welded ash-flow units with a high pro-
portion of rock fragments approach a fragment-rich lapilli-
tuff, However, fragment-rich units are rare in the
Breitenbush Tuff,

The walded ash-flow tuffs disvlay & vertical zonation
in degree of welding. Three layers or zones are particue-

larly well developed in the thicker ash-flow units.



Pumice fragments range in size from 16 cm to 0.5 mm an
are usually found in matrix support. In the more pumice-
rich units, the pumlce fragments ars found in framework
suvport and the rock fragments and ash occupy the inter-
stices. A size-grading of the pumice fragments is present
in some of the ash flows. The pumice becomes smaller up-
ward through the unit znd also somewhat less abundant.

The pumice varies from white to deeper shades of brown
and green. Commonly, vhite or brown pumice is surrounded
by a green halo of alteration which Legins at the fragment-
matrix interface and extends & few meters into the matrix.

In the upver and lower poorly welded zones, the pumice
is highly vesicular, often as much as LO percent of void
space. In the centrz2l densely welded wone the pumice may
be completely fused into black or dark gray glass totally
free of vesicles. In one of the welded ash flows, %two
varieties of pumice can te recognized. One tyne apparently
welded to a greater extent than the other, resulting in a
rock which contains totally fused, elongate, black glass
lenses and vartially collapsed, light tan pumice fragments.

Breitenbush welded ash-flow tuffs contain as much as
25 volume vercent plegioclase crystals, The plagioclase
crystals occur as suthedral grzins and broken fragments

in the matrix, znd as subhedral phenocrysts in the pumice

fragments, The crystals display a clear and unaltered

10

d
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appearance in hand specimen with slbite and carlsbad twin-
ning visible under the binocular microscope.

Volcanic rock frogments are found throughout the welded
ash flows. Generally, the fragments sre of basalt and ande-
site and are less than one cm in sizej; nonporphyritic frag-
ments predominate over vporphyritic fragments. The rock
fragments occur in the grestest amount at or near the base
of a welded ash-flow unit and decrease steadily upward.

Nonwelded ash-flow tuffs and ash-fzll deposits are
found in the Breitenbush section although they are less
commonly observed because they lack densely welded, eros-
ionally resistsnt horizons, These pyroclsstic deposits
comorise about 25 percent of the total Breitenbush section.

The nonwelded ash-flow units closely resemble the non-
welded parte of the welded ash flows, varticulerly the
upper pumice-rich parts of the latter. Rock fragments
occur in greater amount st the tzse and become less abun-
dant upward, but never reach the zdundance typical of the
welded ash-flow tuffz. Pumice is generally better sorted
and does not reach the large sizes encountered in the welded
ash flows. Pumice color variations are similar to the

welded ash flows and probabl esult from the same causes,

[\3)

«
~

ligntly

Plagioclase crystals ars

D
4]

op,
<

less abundant, although
of the csame mode of occurrence and compositional range.

Ash-f2l11 units 2re rare and discontinuously exposed in
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the Breitenbush Tuff., The ash-fall deposits are thirn, 2 to
5 m, and are difficult to trace along strike. The pumice
fragments are less than 1 cm in size, light buff to bleached
white, and fairly well sorted., Ash-~fall deposits appear to
have accumulated between major ash-flow eruptions. It is
orobable that the original ash-fall deposits were much more
extensive and beczuse of their low resistance to erosion,
have been reviorked by streams and are preserved only in the
lense-shaped deposits of local extent, prdbably stresm chan-
nels, The ash-fall deposits are finely bedded with parallel
laminations and crossbedding. Bedding is visible due to
variaztiens in the lithic fragment component.

Rock fragments are vresent in the ash-fall denosits,
amounting to about 25 volume percent. Basalt fragments, 1
to ,025 mm in size, are the most abundant and are well
rounded., Light-colored, silic volcanic rock fragments occur
also, but are rare.

The pumice fragments often contain phenocrysts of
plagioclase which are clear snd visibly twinned., The oum-
ice is well rounded and may have the vesicles filled with
finer material,

Overall, the ash-fall deposits are notsble for their
uniformity. No variztion in type of sorting, type of sed-
imentary structures or in lithic fragments was recognized.

Many of the units in the Breitenbush Tuff have had
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their uoppermost part reworked by streams. Current struc-
tures, including festoom crosstedding and scour and fill,
can be recognized. In the reworked deposits, the volcanic
rock fragments are rounded and the samd and silt-sized
fraction is well bedded, often with fine-scale, parallel

laminations.

Petrograchy

The Breitenbush zsh-=flow tuffs have a well~develoved
eutaxitic texture with the glass shards aligned and draped
over the crystals and rock fra gm@ntu. This texture is de-
veloved fully in the densely welded central rocks of the
relded ash flows, less so in the ncnwelded ash flows.
Figure 3 is a series of photomicrcgraphs of the densely
welded part of an ash flow exposed along Oregon Highway 22
near Whispering Falls Campground.

The plagioclase crystals contzined in the ash flows
range in comvposition from An28 to An5h. The plagioclase
crystals are usually subhedral with well developed side
pinacoids and irregular terminations. The crystals are
twinned according tc the albite and carlsbad twin laws and
show fine-scale zoning.
bayed, suggesting that they were unstable in the melt,

Some of the ash-=flow tuffs contzin-a percent or less

of mafic crystals. Those crystals which have been observed
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in thin section include fresh and heavily zltered pyroxene
and magnetite. Pyroxene is found in trace amounts in the
welded ash-flow tuffs, and is rarely unaltered. The crys-
tals of pyroxene are a2nhedral, suspvended in the shard
metrix and usually less than 0.5 mm in size. Fresh pyrox-
ene has been determined to be a clinovyroxene with a 2V

of 55-60°, and is length-fast. It is most vrobably zn
augite., In many units the mafic silicate has been comple-
tely altered to radial masses of yellow-green celadonite.
The celadonite revlacement has preserved the eight-sided
prismatic habit of the pyroxene crystals. DMagnetite occurs
as rounded zranuler messes and as fine disseminations in
the shard matrirx. In many of the ash-flow tuffs magnetite
is altered to clear-red hemztite., Hematite occurs as dis-
seminations through the matrix, as rims around the magnetite

and as stains along fractures in the plagioclase crystals.

Grizzly Creek Lzvas

General

The Grizzly Creek Lavas are exposed near the bottom of
the Cheat Creck, “hitewater Creeck, Pamelis Creek and North
Santism River canyvons. Resting atop the Breitenbush Tuff,
the Grirzzly Creek Lavas consist of 300 m of olivine basalt
and very minor olivine-bearing besaltic andesite lava flows

with intervening breccias, which are uniform in color,



lithology and alteration. Locally, the Grizzly Creek Lavas

into the Breitenbush Tuff;

o
(@R
-

occupy tovogravhic lows erod
however, the reiief along the irregular basal contact rarely
exceeds 15 m, The bese ¢f the Crirzly Creek Lavas 1s very
poorly exvosed in 2 landslide area north of Mount Bruno.

The age of the Grizzly Creek Lavas is unknown. Isotopic

age determinations were not available to the author and none

are published.

Unit Descrintion

The Grizzly Creek Laves are olivine basalts and are
amydgaloidal with vesicle fillings of several types. The
westhered rinds, which rapidly form on exposed rock sur-
faces, are dark reddish-brown, having been stained by hema-
tite. The red-brown color together with the amydgaloidal
texture is very useful in identification of Grizzly Creek
Lavas as none of the other flow sequences display those
characteristics. The individuzl flows are columnar jointed

although there is a tendency for the upper rvarts to grade

e

into & n»laty joint pattern.

The bases of the flows are charply defined with pivpe
vesicles occasionally present. Pipe vesicle inclinations
are extrenely varizble., The limited data available suggest
a source to the northwest of the thesis area. Veéicularity
increezses unvard reaching a maximum just below the auto-

breccisted upver part of the flow., Open or secondarily-

[N
A
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filled void svace rarzly exceeds 10 volume percent and is
commonly much less.

The sutoclastic breccias vhich occur discontinuously
between the flows are reddened snd deeply altered. The
clasts are cemented by calcite, zeolites of several types
and rarely by chalcedony, X-ray diffraction analyses con-
firm the presence of hesulandite, chabzzite and natrolite

in the interstices of the breccias.

Petrogravhy

The Grizzly Creek Laves are porphyritic olivine bas-
alts. The vhenocrysts are ei%her olivine exclusively or
olivine with sparse plagioclase or clinopyroxene. The
olivine phenocrysts are, in most cases, altered to hematite
and magnetite and rarely exceed 5 volume percent of the
rock. Clinovyroxene 2nd plagioclase occur as phenccrysts
less commonly than does olivine. In detail the olivine is
highly altered to celadonite or hematite and magnetite, and
in some cases, identifisble only by inference from crystal
habit., Those flows which have plagioclase and clinopyrox-—
ene vhenocrysts may be glomeroporphyritic with radial mas-
ses of plagioclase snd minor clinovuyroiene evenly distrib-
uted throughout the groundmass, Grain size is generally
between 1.0 and 0.5 mm for the vhenccerystsc and less than

0.025 mn for the groundmass.
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The groundmass is universzally intergranular, compcsed of
microlites of plagioclase, mafic silicates and disseminated
magnetite.,

Plagioclase occurs as phenocrysts and as microlites in
the groundmass. The phenocrysts are slightly variable in
composition between individuval flows, ranging from zbout
AnEA to abcut An58. The phenocrysts arelroughly equidi-
mensional, anhedral and embayed by the groundmass. The
groundmass grains are subhedrzl, elcngate crystals composed
of simple 2lbite twins.
| Clinopyroxene occurs as rare phenocrysts cof small sirze,
125 mm or less, and es extrenely fine, enhedral grains
distributed evenly throughout the groundmass.

Magnetite is found either included within, or zs rims
around, the olivine phenocrysts and is finely disseminated
grains through the groundmass., Magnetite is usually altered
to hematite, vwhich pervades the groundmess and stains the
phenocrysts,.

Apatite is a common azccessory found within the nlagio-
clase phenocrysts.

Chemically the Grizzly Creek Lavas are true high
aluminz basalts with 310, values between 50,2 and 55.0
weight vercent and Al,0, values of 18,0 weight percent.

~ J
Chemical analyses of Grizzly Creek Lavas can be found in

Appendix A,



Nan Creel Volcanics

General

The Nan Creek Volcaznics are composed of lava flows and
volcanic sedinmentary rocks approximately 600 m thick., The
Nan Creek Volcanies are variable in lithology, both ver-
tically and lateralily, with no systematic variation suited
to further rock-stratigraphic subdivision., The flow se-
quences vary in comnosition from extremely rare dacite to

olivine basalt. Welded ash-flow tuffs can be found within

0

the seguence, as cen mudflows and palagonitic breccilas,
but these, along with the sediments, comprise less than Z5
percent of the totzl section. Nan Creeck flows are not
greatly altered ond secondsry minerszlization is minimal,
2llowing the Man Creek Volecanics to be easily distinguished
from the Grirczly Creek Lavas,

The Nan Creek Volcanics rest atop the Grizzly Creek

P

Lavas with slight =znzular unconformity. The lower contact
[ o

H

of the Nan Creek Volcanics has a mavimum relizsf in excess

of 75 m. In the Mary's Creek area, Grizzly Creek Laves are
missing and the Nan Creck Volcanics rest directly on the

Breitenbush Tuff,

Unit Dezscrintion

C
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The flow seguences comprise the largest part

@

Man Creek secticn. The lithology of the flows is
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variable, including vorphyritic olivine basalts, basaltic
andesites, hornblende bearing sndesites and two-pyroxene
andesites. The flows vary considersbly in thickness also,

but are usuzll between 5 and 25 m thick., Jointing pat-
S

terns are varisble, ranging from small-scale columner
jointing in the basalts to thin, platy jointing in the ande-
sites., Vesicularity is lov, on the order of 2 volume ver-

cent, and is nommineralized. Autoclastic brecclas are re-
stricted in occurrence to the tops of the thicker basalt
flowus,

Four mineralogically and chemically distinct lava
types have been recognized in the Nan Creek Volcanics.,

1

They are 1) porvhyritic olivine tasalt, analyzed sample No.
by i ? J &

TR-58, 2) porvhvritic basaltic andesite, analyzed sample
No., TR-37, 3) porohyritic hornblende bearing andesite, ana-
lyzed sample No.'s TR-07, TR-9C and TR-02, and L) por-

nhyritic tvo-pyroxe andesite, snzlyzed sample No,'s TR-20

eand TR-3L4. Chemical analyses of Nan Creek Lavas are listed

The vorphyritic olivine bzsalt flows represent approx-
imately 50 percent of the total flow section., The basalts
contsin sbout 1 oercent olivine vhenocrysts and abundant
nlagioclase ohenocrysts, in »art glomercporvhyritic, The
phenocrysts are suspended in a pilotaxitic, subophitic

~

groundmass. The olivine is a magnesizn variety with a 2



of apvroximately 90°, The olivine crystals are anhedral
with numerous fresctures, rims of hematite and inclusions of
opague oxide. The plagioclase phenocrysts have a composition
of Ansz to AnSh' The groundmass microlites range in comp-
osition between An32 and An38. The plagioclase phenocrysts
are zoned and roughly equidimensional crystals. The micro-
Jites a2re elongate and are usually made of two or three
albite twins. The groundmass contains, in addition to
plagioclase, a clinopyroxene with a 2V in excess of 50°

and 2 positive optic sign. It is probably an augite. Mag-
netite is present as fine disseminetions throughcut the
groundmass,

Chemical analyses of the olivine basalts yield 8102
values of 52.0 weight percent and A1203 values in the range
of 17-18 weight percent,

Porphyritic basaltic andesite flows comprise about 40
percent of the Nan Creek Volcanics flow section. The basal-
tic andesites contain olivine phenocrysts, about 1 percent
or less, 2nd abundant plagioclase phenocrysts, commonly
more than LO percent of the rock. The groundmass is extrem=-
ely fine-grezined and of intergranular texture. Many of the
basaltic andesites are strongly pilotaxitic and the glom-
erovorvhyritic texture, typical of the basalts, is absent,
The olivine, as before, is a magnesian variety with a 2V

) 0 P .
of nearly 90° and occurs in arhedral crystals about 0.5 mm



in diameter. 1In some thin sections the olivine is almost
completely altered to hematite, however, the olivine 1s
commonly fresh. The vlagioclase phenocrysts are labradorite

gz to Anéo and are elongnte, subhedral crystals with nor-
m21 zoning.

The groundmass is composed of plagioclase and mafic
microlites as well as magnetite, The two silicate snecies
are in rouzhly equal vroportions and account for about 75
percent of the total groundmass. The remainder is finrely

d"scem1nat¢d megnetite.

The basaltic andesite have SiO2 contents of about 54

weight percent. These beszliic andesites are alzo of high
alumina content, between 17 and 19 weight percent.

The porvhyritic hornblende andesites represent abtout 5
percent of the total Nan Creek flow section. The hornblende
bearing andesites contain a percent or less of hcrnblende
ohenocrysts as well as three to five dercent of plagioclzse
ohenocrysts. The hornblende occurs as anhedral crystals
surrounded by reaction rims of plagioclase and magnetite.
Hofnblende was avnparently unsteble in the magma and was in
the process of being resorbed at the time cf eruption., The
hornblende is pleochroic yellow-green and of moderate relief,
Plagioclase phenocrysts are roughly equidimensional, sub-
hedral crystnls which range in couvociticn between AnhG and

An The groundmass is extremely fine greined, pliotaxitic

Li®
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and éf intergranular texture. The groundmass is composed of
plagioclase microlites, =z mafic silicate and magnetite, The
silicate vhases account for about 70 vercent of the ground-
mass with fine-grained magnetite malking up the remainder.

Chemical analysis of the hornblende andesites reveals
their 5i0, contents to vary betueen 59.9 and 67.2 weight
percente. A1203 ranges between 17 and 18 weight percent.

The porphyritic two-pyroxene andesites comprise about
5 percent or less of the Nan Creek flow sequence and are
evenly distributed throughout. The two-pyroxene andesites
contain about 2 percent of orthopyroxene phenocrysts and
another vercent of clinopyroxene phenocrysts. Plagioclase
phenocrysts are generally in greater abundance in the two-
pyroxene andesites than in the hornblende sndesites. The
groundmess texture is holocrystalline, intergranular and
with no alignment of the microlites.

The mineralogy of the two-pyroxene sndesites is more
complex than is normal for the volcanic rocks of the thesis
area. They commonly contain about 1 oercent of olivine,

15 percent of orthopyroxene, 5 percent of clinovyroxene,
75 percent of nlagicclase and 5 percent of magnetite., Oli-
vine is rare, but where it does occur, it is deeply altered

to celadonite with rims of hematite., The original compo-

sition of the clivine grains is unknown because they are
too zltersd, Olivine grein size is variable, but generally



0.5 mm., Orthopyroxene occurs as phenocrysts, which are
generally elongate, subhedral grains with good prismatic
cleavage and a vell-developned varting verpendicular to their
prismzatic elongation, The orthopvroiene is a hypersthene
with o 2V of 55-50° and 2 negative optic sign, Pleochroism
is distinctive from pale green to pale vnink, Grain size
ranges from 1.0 to 0.25 mm. Clinopyro:ene is less abundant
than orthopyroxene, However, many‘crystals are of larger
dizmeter, about 1.5 mm., The clinonyroxecne has a low 2V of
250, a lower relief than the orthopyroxene, a very pale
green color and no pleochroism., The clinopyroxene is prob-
ebly 2 vigeonite beczuse the crvstals are length-slow,
eiiminating members of the zugite-ferrcaugite series which
are length-fast., Plagioclase occurs as phenocrysts and zs
groundmass microlites, The phenocrysts are oscillatory zoned
with cores of Anhé—h8 and rims of AHBS—LO' The plagioclase
phenocrysts are subhedral, about 1 mm in length and are only
rarely embayed by the groundmass. Ilany of the phenocrysts
contzin inclusions of hypersthene in 2 band, Jjust inside

the iast rim of andecine added te the crystals. Magnetite
occurs as granular masses and disseminations throughout

the groundmass, Cecmmonly the magnetite will be partially
altered to hematite, which also stains the phenocrysts.

The twvo~pyrowene andesites have 3102 contents between

61.3 and AL.0 weight percent with Al,)O3 at 17 weight vercent.



There are two types of sedimentary rocks in the Nan
Creek sequence. Volcanic lithic sandstones and conglomer-—
ates commosed of volcenic rock pebbles are more abundant
than fine-grained, tuffzceous, leaf-bearing sediments.

The tuffaceous, fine-grained sediments which occur on
the eastern flanks of Mount Bruno are finely bedded and
contain many recognizable leaf fossils, The sediments
are fine sand-to-silt sized with a characteristic buff
coler (10 YR 6/L) and reach 2 maximum of 15 m thick.

The pebble conglomerates and lithic sandstones zare

s

poorly sorted volcanic lithic wackies containing up to 30

esite frzgments., The

=
Q

vercent nenvorphyritic basalt and =z
conglomerates and sandstones contzin & high proportion of
tuffaceous naterial and lithic fragments in the matrix
along with andesine and labradorite plagioclase feldspar
and rare quartz, Grain size is variable, between L and
0.125 mm for the rock fragments, and fairly uniform 0,125
mm for the feldsvar and guartz.

Sedinmentary structurcs include crossbhedding, parallel
laﬁinations and scour a2nd fill in channel lenées. There
is abundant evidence of »nenicontemporainouvs deformation,
Convolute bedding ic often present 2s is the breskup of
semiconsolidated beds into clasts susnended in a uniform
matrix of sand. Such texrtures ~2re suggestive of over-

steevening of sediment accurulotions during devrosition,



Mudflows and poorly welded ash~flow tuffs are present
in the Nan Creek section. The mudflows occur on the lower
part of the east flank of Bachelor llountain and are usually
18 m or less in thickness. The mudflows contzin blocks
about 0.5 to 10 cm in size, of both nonporphyritic and por-
phyritic basalt and andesite. The blocks are subazngular to
well rounded, the lztter being restricted to the upper partis
of mudflows which display bedding, strongly suggestive of
stream reworking.

Palagonitic breccizs have been recognized in the Nan
Creek section and can be found in the lower Cheat Creek
drainsge and the Nan Creek drainage. The breccias are
distinctive in that they contazin severzl different frag-—
ment tyves. Porphyritic bzszlt fragments are most common,
but of two types. One type is a deep red color sugges-—
tive of complete alteration of the magnetite to hematite,
The plagioclase phenocrysts in the red clests are altered
to an opaque vwhite and twinning is indistinguishable in

hend svpecimen., The other type is fresh in appearance,

I

medium<gray and contazins clear vlagioeclase vhenocrysts,

A densely welded ash-flow tuff hes been recognized in
the Nan Creek drzinnge. The unit is compesed of black
glass lenses, rocik fragments and pumice lumps and is
roughly 5 m thick., The ash-flow tuff wes recognired on the
basis of = well develoved eutaxitic texture, by the pres-

ence of included volcanic rock fragments and fully collapsed



and fused pumice. In thin section the eutaxitic texture
is clearly seen with the shards draped over the rock frag-
ments and crystals of plagioclaée feldspar. The plagio-
clase composition is An28 and the crystals are subhedral
with some embayment evident, Bulk chemical
analysis of the glass (Saomple No., TR-11) yielded SiO2 val-

ues of 68.9 weight percent and A1203 content of 15,5 percent.

Coffin Mountein Flov's

The tops of Coffin Mountain, Bachelor Mountain and
Cub Point northwest of Coffin‘Mountain, are underleain by
a series of baszlt and baszaltic andesite lava flows, which
reach 2 mevimum thickness of 175 m., The stratigrarphic
position of these flows rem=2ins uncertain because they are
in contact with only the MNan Creek Volcenics which underlie
them, Tor that resson they are included in the Nan Creek
section. The bottom contzact is irregular and gently con-
cave upvard, suggesting thaet the Coffin Mountain flows
occupied 2 tovographic deoression in the lian Creek Vol-
canics, Small lenses of lithic sandstone, usually less
thzn 1 m thick, occur intermittently along the bottom con-
tact, The sandstones are well bedded and contain festoon
crossbedding, scour and fill =nd varallel laminations.,

Individual flows rezch 2 maximun thickness of more

than L5 n, but pinch cut rapnidly to either side, The flow

series thins to the north of Coffin Mountain and to the
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east on Bachelor Mountzin.

The flows show columnar jointinz on a large scale, the
columns resching a maximn diameter of 1 m, The columns
begin a2t the sharply defined base of the flows with 2 small
dizmeter ( 2 to 3 cm) znd highly undualtory vertical walls,
The columns become larger in dismeter and fewer in numter
verticslly by confluence of the small columns in several
steps. Five to ten meters above the bottom contact the
columns reach 0.5 to 1 m in diszmeter znd the vertical walls
become planar with only a large-sccle rhythmic "pinch and
swell" undulation. Towerd the top, the columns combine into
a joint pattern which creates rock mzsses, roughly cubic in

shape, 1 to 2 m on an edge. In this upper part vesicularity

NS

slowly increases unvard =nd rezches a2 maximum of 3 to
volume percent in the fine blocky jointed zart just below
the overlying autoclastic breccia,

Pive vesicles are commeon along the base of the flows
and, vhere they show en inclination, suggest that the flows
originated from the southeast, Columnsr concentrations of
vesicles are rare in the Coffin Mountsin Flows. However,
those which were observed were longer vertically thsn those
few encountercd in the thinner flow units.

Autoclastic breccins. are pressnt intermittently be-
tween each of the flows, The breccizs are dark colored,

anpular, monolithologic breccias which have a fine matrix
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of altered clay-rich material, They are poorly consoli-
dated and often the uvper parts ccntain smell (6 m long)
lenses of crossbedded volcanic szndstone. The breccias are
eroded preferentizlly on a cliff-face exposure, creating
undulatory "notch" between flows,

Coffin Mountain Flows are fine-grained vorphyritic

with sparse pheno-

U)

olivine basalts and basaltic a2ndesite
crysts of olivine. The Coffin lMountain Flows are uniform

in mineralogy and show only small textural variation.

The groundmass texture varies between holocrystalline inter-
granular and holocrystalline subophitic with the former most
comnon., Plagioclase commonly shovs nilotaxtic texture sas
well as numercus radial growth centers or "glomerocrysts”
throuzhout the rock,

The minerzlogy of the basalts includes about 1 percent
of olivine, 65 percent of vplagioclase, 20 percent of clirc-
nyroxene and 15 per rcent of magnetite-hemzotite., Apatite is
a minor accessory found in the plagicclase.

Olivine occurs ag 2nhedral phenocrysts usually altered
to either hematite or celadonite with hematite rim The
olivine, vaich is rclatively fresh, is a m2gnesian variety
with 2 2V of nearly 20®, Olivine is a rare constitusnt

to 2 nercent or less of the tota >l rock. Grain

‘)

amountin
but alvays between 0.5 and 0,25 mm.

The nlagioclase has a comvositicon of An66 to Angg znd

n



occurs exclusively as microlites in the groundmass. The
labradorite is subhedral with a2lbite and carlsbad twinning
visible,

Clinonyroxene is vresent in the groundmass and occurs
as rounded, anhedral crystzls varying in size between 0,25
and 0.01 mm.

fagnetite is found as granular, rounded masses and as
disseminations throughout the groundmazss., Magnetite is
commonly altered to hematite, and in some thin sections,
megnetite is very rare, most having veen altered to hema-
tite. Magnetite is distinctiwve in the Coffin Mountain
Flows becsuse it occurs in relatively large masses, up to
025 mn in diameter.

Analyses of Coffin Mountain Flows yvield 8102 values
of 52-53 weight percent, across the commonly used 52 weight
percent division between basalt and basaltic andesites
(Williams, and others, 1955). The Al 03 values of 18-19
weight percent nlace the Coffin lountain Flows in the high
alumins bzsalt category., Chemical analyses of the Coffin
Mountain Flows are listed in Avrendix B, sample numbers

TR-02, TR-93 and TR=0l.
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The Cheat

o

rcex Beds are pyroclastic breccizs and vol-

-~

'
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canic sanastones abtout 245 m thick, which are found on the



southern flanks of Trizngulation Peak, near the top of Wood-
vecker Ridge and near the top of Mcunt Bruno. The Cheat

»

Creek Beds overlie the ¥Nan Creek Volcanics and are themselves
overlain by the Triangulation FPezk Lavas. The overall shape
of the bottom contact suggests that the Cheat Creek Beds
filled a topogrzvhic low which exlsted between Triangulation
Peak, "oodvecker Ridge and Mount Bruno. The relief along
the contact is low, less than 10 m. The sediments consist
principally of bedded palagonitic breccias with angulaer
to subrounded fragments of basalt varying in size from large
lapilli (3 cm) to coarse ash (0.250 mm). Basaltic fragments
generally comprise less then 15 zercent of the rock, excervt
in the parts of the unit where the fragments are rounded.
There, baszlt fragments reachh a maximum of 30 vercent of the
rock,

The origin of the Cheat Creek Beds i1s most probably
combination of lMaar-tymne eruptive activity with low to mod-
erate energy current revorking of parts of the unit. The

bedding features dezcribed for Mear volcanoes (Fisher an

Waters, 1G70) ore precsent in large part in the Cheat Creek

W

Beds. Hovwever, & significant vart of the section displays
sedimentary structures commonly observed in fluvial sedi-

ments.

Unit Daescrintinn

Pazlagonitic breccias comprise most of the Cheat Creek
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Beds. The volcanic clasts are lapilli =zize to medium ash
(5 em to 1/2 mm) with & fine ash (0.25 to 0.125 mm) matrix
of palagonitized glass. Palagonitization of the glass frag—
ments is, in most cases, complete, However, in rare cases,
some sideromelene con be seen in thin section. The rock
fragments are nonvorphyritic and sparsely porzhyritic bos-
2lt. The clssts are angular to subangular with little
evidence.of rounding in the majority of the section.

Bedding veries betveen massive beds which are as much
as 0,5 m thick and contain no apparent internal stratifi-
cation, and thin beds which contain a variety of bedding
structures. The massive beds occur infrequently throughout
the section. Generally, massive beds are lecs than 25 cm
thick and discontinuous compared to finer bedded parts.

The finely bedded units comprise the larger part of the sec-
tion and displey fine parallel laminations and cross bedding,

de

g

osit of angulsr basaltic

&3]

A given laminse is composed of
fragments, from severzl grains to several dozen grains thick,
suspended in o very fine matrix of valagonite, Beds thet

are single grzin thick are not found in the angular brec-
ciated parts of the Cheazt Creek section. The bedding

rarely displays small scole wave form bedding, with wave
lengths of 2 to 4 m and amplitudes of 2bout 10 cme. Graded
beds are very ccmmonly observed, particularly in the frag-
ment-rich »narts of the section. Cross bedding is predomin-

stely of the festoon forset variety, particuilzarly in the



graded beds and in the beds which contain a large propor-
tion of rounded basaltic fragments,

The beds exvosed on the southern flank of Triangulation
Peak in the Cheat Crecek drainaze display orimary dips. The
beds divp avoy from the red cinder devosits in the upper.part
of the unit 2nd dio uniformly to the southeast in the lower
part. Attitude data from the flow sequence above the Cheat
Creek Beds suggest that the Cheat Creek Beds have been
tilted tectonically 2bout 10° to the southeast. Accordingly,
the dips on the eastern flank of the cinder deposits and
associcted valzgonite devosits zare much steever (250) than
the dins in similar beds on the western flank (5°). The
lower part of the section dips 7° to the southeast and the
successive truncetions of individual beds to the west sug-
gest that the source area was to the east, The onrimery
dip wes probably esmell, 59 or less, down to the west,

The red cinder breccics grade laterally and downward
into yellow valagonite breccias suggesting that a subaqueos

vent built up out of water, erupting subaerisl cinder and

i

ash. The cinder denosits zre found in the middle and up-
per p=rts of the Chest Creek Beds. They grade downward

and laterclly ints the nalagonitic breccias described
nreviously, but do not display the same textural or de-
positional fentures, The cinder denosits are reddened,
oxidized bomb~ znd lapilli-size nonporphyritic and svarsely

vorvhyritic bssalt fragments embedded in ash-~sized matrix

)



of similar materizl, X-rcy diffraction studies reveal the
presence of chabazite in the matrix, which probably acts,

n vart, 25 o cementinz szent, The deposits are now con=-
hy b [ =

i

acted and firmly cemented; for this reason the rock bresks

g

across the constituent clasts., The cinder deposits exhibit
a2 pronounced orimery dip, often in excess of 15°, As the
entire Cheat Creek section is tilted 5 to 10° dovnward to
the southeast, the dips in the cinder deposits vary from
300 to the southeast on the eastern side, to 10° to the
northwest on the western side., UNo source intrusions zre
exnosed in the cinder deposits or in the valagonite brecciss
adjzcent to them., Dikes cut the Cheat Creek Beds immedi-
ately to the west, but these dikes extend into the over-
lying flow sequence, eliminsting them zs possible feeder
systems.

An ash-flow unit occurs in the uvpver part of the
Cheat Creek Beds in the Outerson lMountain-Triangulation
Peak area, The ash-flow tuff is a crystal-poor vitric
1apilli tuff which is moderately welded with some col-
lanse of the larger pumice fragments, Some volcanic rock
fragments are present, btut in this deposit they represent
less than 10 volume percent of the rock, The pumice frag-
ments 2and z2sh are vpinkish buff to white throughout the
devosit, Pumice varies from coarze ash to medium lapilli
size, The denosit shows 2 moderately well develoned

eutaxitic texture., The &sh flow is approrimately 15 m
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ot zpparent =1lthough some suggestion

He

thick and rzonation
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of a decrease upward cf included lithic fragments was noted.

General

The Triangulation Pezk Lavas occur on the top of Wood-
vecker Ridge, Mount Bruno and Triangulation Peak. They are
a series of porphyritic basaltic andesite and fine-grained
porphyritic hyrersthene-bearing dacite lava flows. The unit
is comvosed exclusively of lava {lows with thin, discontin-
uwous autoclastic breccias between them. The Triangulation
Peak Lavas lie unconformably aton the Cheat Creek Beds and

reach a maximum thickness c¢f aporoximately 315C m on the too

of Mount Bruno. No age data are available for this unit.

Unit Descri=ntion

In hand svecimen the unit is distinctive in that the
flows are universally fresh znd light colored with no vis-
ible zlteration, The finer-grained basaltic andesites show
a2 well developed fine~scale flow bandirgz.

Individual flows vary in thickness between 5 and 15 n.
The lower-central parts of the flows are platy or columnar
jointed and the urnver varts are platy jointed. Vesicles
are less cormmon in the nonporphyritic flows, usually less

than 2 volume zercent of the rock., In the porphyritic flows
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vesicles can amount to between 5 and 10 volume percent of
the rock, particularly near the top of the flow. Pipe ves-
icles are rarely exvosed, However, those observed suggest
that the source was to the north of the thesis area,

Autoclastic breccizs are rare in the Triangulation
Peak flow series, Those which were recognized could be
traced for only a few meters and were less than a meter in
thickness.

Two lava types are found in the Triangulation Peak
Lavas., Porphyritic basaltic andesites comprise 95 percent
of the section. Rare vorphyritic hypersthene-bearing da-
cite flows are found on the flanks cf Mount Bruno.

The porphyritic basaltic andesites are hynocrystalline
with an intergranular groundmass texture, Plagioclase
usuzlly amounts to more than 70 volume percent of the rock
with pyroxene about 16 percent, magnetite 5 percent and
interstitial glass about 5 percent. They contain olivine
nhenocrysts in amounts between 1 and 5 volume percent,

The olivine is a forsteritic variety with a 90° 2V, Re-
fractive index of the olivine is 1,700, indiceting =2
chrysolite with a compositicn near Fa17. The clivine is
altered to hemstite around the rims znd 2long internal
fractures., Plagioclase is also a common.phenocryst,
usually cdecreasing in abundance as olivine increases. The

plagioclazse vhenocrysts vary in composition from Anh8 to
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ubhedral grains which

(I )

AnSb' The phenocrysts ere elongste,
were apparently in equilibrium with the groundmess. The
phenocrysts =are zbout 0.75 mm in =ize, but may reach 1.5 nm
in the coarser-grained flovs.

The groundmazss is comnosed of micrclites of plagioclase,
pyroxene, magnetite and glass. The plagioclase microlites
are elongate, subhedral grains composed of two or three
albite twins, The nyroxene is a clinopyroxene of length-
fast orientastion, suggesting that it mzy be a part of the
BUﬁ'te—ferroeugite series., Magnetite occurs as fine dis-
seminations throughout the groundmsss and m2y be concentrated

in the interstitizl glass., The glass x

<,

aries slightly in
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sboundznce, but is always

The bas=ltic andesites varyv in 8102 content hetween
52.1 and 55.0 weight percent, alumina values =zre slightliy
below the averzge of the other flow units 2t 16 weight ver-
cent, Chemical analyses are listed in Appendix C.

The porvhyritic hynersthene-bezring dacite flows are
thick, 15 to 20 m, and of limited extent. The dacites are
blécky,to nlaty jointed, the latter beingz most common,

The hypersthene phenocrysts are of low abundance,
usually 2 volume vercent or less, The hvoversthene oheno-
crysts are elongate, subhedral crystels which show strong
green to ninkish~red pleochrcoism. The hynersthene is fresh

2nd unaltered, Plagioclase is a common phenocryst occur-
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ring in equidimensional crystals in 2pparent equilibrium
with the groundmass, The plagioclase phenocrysts have a
comvosition of AnZA to Anzé and are czoned, equidimensional
grzins., As vhenocrysts, rnlagioclase comprises about 15
volume percent of the rock., The groundmass is intergranular
and conzists of extremely fine-grained vplagioclase and mag-
netite with 2 sma2ll zmount of interstitial glass. The
plagioclase of the groundmass is too fine grained for comp-
ositicon determination. The microlites are elongate and
concsist of two or three albite twins. Ilagnetite occurs as
disseminations thrcughout the :groundmass associated with

the minor interstitizl glass. The glass is found in the

Iy

-nd

1

smell intersticies between the plagioclase microlites
is light brown,
The hypersthene-bezaring dacites have SiO2 contents of

68.0 weight pzrcent end Al,0, contents of sbut 16.0 weight
L Y

(WS

percent, A chemical znalysis is listed in Appendix C,.

Minto lMount=2in Lavzs

General

The Minto lountain Lavas are restricted in occurrence
to the upver most one-third of Minto Mountzin, the top of
Bingham Ridge 2nd a small remnant which supports Bruno

~

Meadows. The Mirnto Mount avas are the oldest unit in

Al

—

An

the thesis area that is demonstratably part of the High



Cascade Platform. The ¥Minto Mountzin Lavas lie with angu-
lar unconformity atop the Nan Creek Volcanics. The contact
between the Minto Mountain Lavas and the Nan Creek Volcanics
is well exposed in Nan Creek Canyon on the southern flank

of Minto Mountain, The Minto iountain Lavas begin with
aporovimately 10 m of well-bedded, fine-grained tuffaceous
sandstone, which orovides accurate structural control of
the unit, The IMinto Mountain Lavas are part of the High

Cascade Platform and their upver surface reflects this as

it gently slopes downward to the west.

Unit Descrintion

The Minto Mountzin Lavas reach a maximum thickness of
LOO m on Minto Mountain. Of this, approximately 30 vercent
is porvhyritic diktytaxitic basalt znd 70 percent is bas-
altic andesite.

The diktytaxitic flows are abundant in the lower vart
of the section. There, the diktytaxitic flows are thick,
usually 15 m or more, and in their lower part may become
medium to coarsely crystzlline., The diktytaxitic flows of
the Minto Mountain Lavas are more variable in thickness
than diktytaxitic flows in other units, varying from 5 to
25 me The individual flous are also highly variable in .
thickness along their length. Joirt pvatterns vary from im=

perfect columnar to blocky.



Vesicularity does not vary greatly between the dikty-
taxitic flows. The tot2l void svace approaches 25 volume
vercent on the average., The vesicles are concentrated in
lavers 2.,% to 2 cm in thickness vpar=sllel to the flow banding.
In these layers the totsl void space may approach 65 volume
percent, Vertically oriented, imperfect cylindrical zones
of high vesicularity occur here and there throughout the
mass of the flow. They rarely continue vertically for more
than a2 meter or two,

The mineralogy of the diktytaxitic basalts consist of
olivine, vlagioclase linooyroxene end magnetite. Plagic-
clase is the most zbundant, about 55 percent of the rock.
Clinovoyroxene zmounts to 20 vercent, magnetite 0 percent
and olivine is fairly constant at about 2 percent. Olivine
is feound as anhedral phenccrysts, appro tely 0.50 to
0.25 mm in size. The olivine is a magneslan variety with
a 2V of ¢0° and high relief., The olivine is usually rimmed
by hematite as well as having hematite disseminated zlong
the frzctures within the crystels, Plagioclase occurs as
phenocrysts and ss microlites in the groundmass., The
phenocrysts have a composition of An56 te Anfg. The ground-
mass crystals are andesine, variable in comrosition between

and An The phenccrysts rorely exceed 2 mm in

n
L2 52°
length and zre ususlly sbout 1 mm long. Croundmass vlagic-—

clase is extremely fine-grained in most cazses, although it



may reach .5 mm in size, Clinopyroxene occurs as small

anhedral crystals in the groundmsss either in a subophitic

or intergrsnular texture. The clinopyroxene has a 2V of

o)

50 to 55° and is vprobably =2n augite. Magnetite is present
as disseminated crystzls or as rounded crystal nmasses. In
the groundmass the crystals are extremely fine-grained,
often difficult to distinguish exceot under high magnifi-
cation, 'Apatite is 2 common accessory as is pyrite in
trace zamountse.

Chemical analysis of lMinto Mountain diktyteaxitic
basalts aiscloses that they are high slumina basalts with
SiO2 at 50 weight percent 2and A1203 at about 17.5 weignt
percent, A chemical analysis is listed in Appendix D.

The basaltic andesite flows are found both inter-
bedded with and stratigraphically above the diktytaxitic
basalts. They are uniformly 5 to 10 m in thickness.

Joint vatterns include voorly columnar in the central and
lower varts of the flows, and blocky to platy in the up-
per parts. Autoclastic breccias are common in the section
and many reach 2 m in thickness, The breccias are composed
of reddened, highly sltered fragments of flow crusts, which
vary between 2 cm and 0,5 mm in size, The matrix of the
brecciss is composed of very fine ash-sized frzgments of
the underlyihg flow which tightly bind the breccia so that

it fractures across the constituent clasts,



The basaltic zndesites are porphyritic with olivine
and vlagioclase phenoccrysts which amount to approximately
5 and 10 volume vnercent, resvectively, The olivine pheno-
crysts are a forsteritic variety of olivine with a o0°
2V, The crystals are znhedrel with some embayment by the
groundn2ss, The olivine 1s altered in 211 cases to hema-
tite which rims the crystals and is disseminated along
interna2l fractures. The plagioclase phenocrysts vary in
composition from An56 to Anéo between individual flows
and zre subhedral, elongate laths,

Groundmzss textures are not significantly variable,
and 2re holocrystalline, intergraonular and often pilo-
taxitic., The groundmess consists of very fine-grained
plagioclase, a2 mafic silicate and magnetite., The ground-
mass is comvosed of 70 pefcent plagioclase microlites,

25 vercent mafic silicete and 5 vercent magnetite. The
plzgioclase crystals are elongate and composed of two or
three pairs of nlbite twins. The mafic silicate onccurs

as rounded, anhedral grains of high relief, high bire-
fringence and 2 greenish color., Magnetite is disseminated

evenly throughout the groundmass and zpatite is a common

—

accessory found in very small smounts in the plagioclase,
The baszltic andesites range between 5L4.2 and 55.8
weight vercent SiO,. The more silic varieties have fewer
~

phenocrysts of olivine and a greater amount of plagioclase



phenocrysts. A1203 is slightly below that expected of 2
high alumina bhasaltic andesite a2t 15.9 weight percent.
Chemicz2l analyses for the Minto Mountain basaltic ande-

sites are listed in Appendix D.

Dy

Pireon Przirie Lavas

General

The Pigeon Frairie Lavas are a series ol intracanyon
lava flows which nearly filled Whitewater Creek, Pamelia
Creek =nd North Santism River Canyons. The unit reaches
2 maximum thicknress of 500 m in the North Santism River
Canyon, north of Mount Bruno. The flows which reached the
western part of the thesis aree, in the HNorth Santien
River Canyon, are largely intact, although their southern
extensions have been removed by the North Santiam River.
The lavas have been extensively glacizted and large, high-
standing erosional remnants, which are excellent examples
of reversed tonography, are found in the upper Whitewater
Creek and Pamelia Creek Canyons. The presence of older,
vossibly 3almon Sorings, glacial deposits on top of the
Pigeon Prairie Lavas in the North Santiam River-Canyon
indicates that the lavas were erupted st least before the
Salmon Springs glaciation.

The distribution of the Pigeon Prairie flows, along

with their morohology, suggests thet they originazted from

42
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vents in the High Casczdes and flowed westward, down the
ancestral Vhitewater Creek and Pamelia Creek Canyons, into
the North Santiam River Canyon and out to the west about
15 km., Some of the lava floved to the south, back-filling
into the Minto and Merion Creek Canyons. Independence
Rock and the quarry rock 2t the western base of Minto

Mountain are remnants of those flows,

Unit Descrintion

The lava flows of the Pigeon Prairie are typically 5
to 25 m thick with autoclastic brecciz 1 or 2 m thick at
the toos. Joint patterns include blocky to platy in the
thinner flous and well-developed columnar in the thicker
flows., In the Minto gquarry a2 vorphyritic andesite flow
is excellently exposed and the columnar jointing is well
develoned, disnlzying rosette, fan and inverted fan geom-
etry.

The Pigeon Prairie Lavas are of three types: 1) por-
phyritic olivine basslt, 2) porphyritic andesite and 3)
diktytaxitic olivine baszlt.

The porphyritic olivine bzsslts comprise more than
50 percent of the Pigeon Prairie section. The basalt
flows very individually in thickness between 5 and 20 m,
but are of generazlly constant thicliness zlong their

length. The contacts tetween flows are of low relief with
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little erosional effects zpparent., Columnar jointing is
extremely well developed in the thicker flows, particularly
in the lower paft of the section. The thinner flows, 5 to
10 m, display a blocky jointing, which creates roughly
cubic blocks 0.5 to 1 m on an edge. Individual flows can
be traced for 1 km or more along their length, particularly
in the uvver Whitewater Creek Canyon where exposures are
best.

The porphyritic olivine basalts are fine-grained and
are of several textural types. Olivine is variable in amount
although always present =2s phenocrysts. The olivine is
usually between 1.0 and 0.125 mm in size, Plagioclasze is
cften 2 more abundant phenocryst than olivine, but is ccm-
monly restricted to the groundmass, particularly in the
very fine-grazined flows, Groundmass textures include
holocrystalline intergranular, holocrystzlline subophitic
and hypocrystalline intergranular. Pilotaxitic texture
is present in some of the finer-grained flows. Vesicular-
ity of the basalts is generzlly below 5 volume percent.

The minerzlogy of the olivine baszalts is simple, in-
volving only four major phases; olivine, about 2.percent
of the rock, vlagioclase 70 percent, nyroxene 15 percent
and magnetite 12 vercent., The olivine is a forsteritic
variety with a 90° 2V, The olivine commonly contains

magnetite grains and may be partially zltered to hematite
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around its rim end along internal fractures. The crystals
of olivine are anhedrzl and extremely irregular in shave
because they ha#e been embayed by the groundmass. Between
individuel flows, plagioclase varies only slightly in
comnosition from Ansz to Ansé in the phenocrysts, and from

Ath to An,4 in the microlites of the groundmass. The

36
vlagioclase is in elongate, subhedral grains which are
avout 0,750 mm in size as phenocrysts znd sbout 0.25C mm

in size as groundmass microlites. The plagioclase displays

[¢)]
.

t

[
[¢)

albite and carlsbsd twinning. The pyroxene is restr

ca
..J

to the groundmass of the basalts where it occurs as small,

anhedral crystals. In the intergranular-textured basalts

’J-

the pyroxene occurs as nearly svherical anhedral grains
about 0,0125 mm in diameter. In the subophitic basalts
the pyroxene is more irregular in shape and about 0,125
mm. The pyroxene is a clinonyroxene of moderate relief.
Magnetite occurs as disseminated grains in the ground-
mass5, 2s inclusions in, or s rims around, the olivine
phenocrysts. The magnetite occurs as snhedral grains or
eggregates of grains and is often altered to hematite,
In some of the vorphyritic olivine basalts, magnétite
completely surrounds the olivine phenocrysts,
The olivine basalts have SiO2 contents between L9 and

51+2 weight vercent znd Al?u3 contents of about 16.5 weight

percent, The A1203 content is slightly below that of high
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alumina basalt according tc the classification of basalts
by Kuno (Kuno, 1966). See Appendix T for chemical analyses
of the Pigeon Prairie Laves,

Porphyritic andesite flows amount to about 35 percent
of the total Pigeon Prairie section. The andesite flows
are thicker than the basalts, reaching 30 m in thickness,
The basal contacts of the andesites are semi-planar with
little relief. Platy Jjointing opredominates, creating
plates with 2 thickness of about 3 cm.

.

The andesites vary little in texture, being univer-
selly porvhyritic with phenocrysts of plagioclase. The
groundmass textures vary between intergranular to sub-
ophitic snd are commonly pilotaxzitic, The flows are hclo-
crystalline with finer-grsined, less than 0,025 mm, micro-
lites of plagioclase,’clinopyroxene and dissemineted
magnetite,

The andesites are composed of 70 percent nlagioclase,
20 vpercent clinovyroxene and 10 vpercent magnetite. Plagio-
clase occurs both as phenocrysts and microlites in the
groundmass, The plagioclase phenocrysts have a composition
of Anyy to An),, are subhedral, elongate and show albite
and carlsbad twinning. The microlites are subhedrel,
elongzte and are composed of two or three albite twins,

Clinopyroxene phenocrysts azre identifiable as pnigeonite,

The pigecnite is enhedral, occasionslly twinned and embayed.
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The clinopyroxene of the groundmass occurs as disseminzated,
fine-grrined, anhedrazl crystals located in the intersticies
between the plagioclese microlites., Minor apatite is fre-
quently found in the plagiocclase ohenocrysts. DMagnetite
occurs as disseminated grains in the groundmass and rarely
as individuzl grains in the ovhenocrystic clinopyroxene.

Beczuse the SiO2 content varies between 57 and 59
weight percent, the porphyritic andesites actually lie
astride the chemical boundary between baszltic andesites
and 2andesites, The term andesite is preferred for these
rocks because olivine is sbsent and the plagioclase phenc-
crysts are of andesine composition. Aluminz content is
generally sbout 12 weight percent, zlthough one very por-
phyritic sample contzins 21.6 weight percent. Chemical
analyses of Pigeon Prairie porphyritic andesites zre listed
in Appendix Z,

Diktytaxitic olivine basalt flows asre present in the
Pigeon Prairie Lavas although they revresent only a small
part of the total section. The diktytexitic flows occur
near the ton of the section in the North Santiam River
Canyon 2nd in the upper “hitewater Creek Conyon, The in-
dividurl flows are thin, 5 to 7C m, znd uniform in thick-
ness along their length., Vesicularity is uniform, around
20 volume percent, with pive vesicles and vesicle cylinders

vresent. Pipe vesicle inclinations suggest that the flows
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moved westward from an easterliy scurce, consistant with the
date obteined in the other flow types. The diktytaxitic
flows disvlay very voorly developed columnar jointing in
the lower and centrzl parts of the flow, giving way to a
blecky jointing tovard the top. Individuzl flows can be
~traced for cever2l kilometers zlong their length becsuse
their texture is distinctive ond easily traced across areas
of roor exposure.

The diktytaexitic olivine bosalts do not vary greatly
in texture cr minerzlogy other than in the abundance of
olivine and v»lagioclase phenocrysts, Coarse-grezined flows
with abundant vlapioclase phenocrysts display the best de=~
veloved diktytaxitic texture, Some flow alignment is
evident in the elcngate vplagicclase vhenocrysts and rarely
in the microlites. The diktytaxitic basalts are holocrys-~
talline,

The mineralogy of the diktytexitic olivine basalts con-
sists of olivine, plagioclase, clinopyroxene and magnetite,
Flagioclase is the most abundant amounting to about 55
vercent of the rock. Clinopyroxene comorises about 20 per-
cent, magnetite 10 percent and olivine 5 percenﬁ. Olivine
occurs exclusively as phenscrysts in anhedral, fractured
crystals, The clivine is a forsteritic variety with a 2V
of nearly 90°, The olivine usually has rims of hematite

as well as hematite disseminated along internal fractures.
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Olivine is between 1.0 a2nd 0.5 mm in size, most often about
0.5 mm, Plagioclase occurs as phenocrysts and as micro-
lites in the grbundmass. The phenocrysts have a composition
of An5b to An56 and the microlites & composition of Anhh to
Anhé‘ The plagioclase is intergrown in an open lattice-
work in which vart of the intersticies are filled with gas
and are part filled with very finely crystalline plagioclase,
clinopyroxene and magnetite., Clincopyroxene is restricted

to the groundmess, where it occurs as anhedral crystals
intergrown with, and commonly partly surrounding, plagio-

clase. The 2V of about 55° suggests that the pyroxene is

3

S disseminations in

Q0

vrobaebly an augite, Magnetite occurs
the groundmass, usually so fine as to be difficult to dis-
tinguish as individual crystals. The magnetite meayv be
altered to hematite imparting 2 reddish color to the rock.
Apatite is a universally present accessory found in varying
amounts in the plagioclase feldspar.

Chemically the diktytexitic bssalts are high alumina

bezsalts with SiC. values of LG,7 weizht percent =nd Al
o

0
273
ight percent. Chemical analyses of Pigeon

A

In the uvper Maricn Creek drainage, just east of Marion
forks, 2 series of intracznyon diktytaxitic basalt flows
are exnosed, The stratigravhic relationship between these

as is uncertain because

<

basalts znd the Pigeon Preirie L2
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the two units are not in direct contact. The Marion Creek
basalts have been heavily glaciated, indicating that the
flows were erupted at least before the last glacial advance.
Because the Marion Creek flows cccupy the same structural
vosition, and because both the Pigeon Prairie and Marion
Creek flows have been glaciated, the Marion Creek flows are
included with the Pigecn Prairie Laves.

The Msrion Creek unit consists of about 100 m of dik-
tytaxitic besalt flows which individually mey reach 20 m
thick. All remain uniform in thickness for most of their
length. Thin, 5 to 25 cm, discontinuous autoclastic brec-
cias occur between many of the flows. However, an equal
number have no breccis associated with them. These breccias
are commosed of reddened, highly-zltered fragments of the
underlying flow which range in size from 0.5 mm to 8 cm,

The thicker, coarser-grained flows display the most
readily recognized diktytaxitic texture, and have abundant
plagioclase nhenocrysts. Vesicularity is generally less
than 20 volume percent, although concentrations of vesicles
of severzl types do occure. Horirontal concentrations of
vesicles occur in the centrzl perts of the flows end may
continue, parallel to the fabric of the flow, for several
meters before lensing out rapidly. Vesicle cylinders occur
in the lower narts of the flows and comﬁonly extend a meter

or more vertically.
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The diktytaxitic bas2lts are porphyritic with pheno-
crysts of olivine and plagioclzse., Olivine amounts to
about 1 percent of the rock, plagioclase LO percent and the
groundmass 50 percent. The olivine is a magnesian variety
with a2 2V of nearly 900. Refractive index studies reveal
the olivine to be a chrysolite with a composition near FalS'
Rarely, olivine is partly altered to hematite around the
rim. Plagioclcse occurs azs phenocrysts and as microlites
in the aphanitic groundmzss, The vhenocrysts have a comp-
osition of An52 to AnSh and occur as subhedral crystals in
spparent equilibrium with the:groundmass.

The groundmass contains microlites of vlagioclase of
uncertr~in composition, 2 maefic siliczte and magnetite. The
mafic silicate occurs in extremely smell, anhedral, highly
birefringent crystzls, Mégnetite occurs as finely dissem-
inzted grsins throughout the groundmasss. Apatite is a
common 2accessory foune in the plagioclase phenocrysts.

The diktytaxitic ®rasalts range in SiO2 content from
L8.2 to 49.8 weight percent. Al,0, contents are fairly
constant =t sbout 15,8 weight nercent., Chemical analyses
of Marion Creek flows =zre included in the Pigeon Prairie

Lavas listed in Appendix E, samvle numbers TR-77 and TR-50,

Intrusive Roclks

The intrusive bodies of the thesis area occur in the



form of dikes and small plugs.

Volumetrically more important, dikes are common in the
stratigraphicaliy lover units. The most common type is of
basaltic andesite composition with sparse phenocrysts of
plagioclase and olivine. The basaltic andesite dikes are
about 10 m wide, but vary greatly alcng their length.
Groundmass textures vary between holocrystalline inter-
granular and holocrystalline subophitic, the former being
more COmmon,

Their mineralogy includes phenocrysts of plagioclase
and olivine and a groundmass comvosed of plagioclase,
clinopyroxene and magnetite., The olivine is a forsteritic
variety with a high 2V very near 00°, Anhedral olivine
crystals amount to about % percent of the rock. Alter-
ation of the olivine is common, usuz2lly in the form of
hematite around the rims and along internal fractures.
Alteration of the entire crystal, to either celadonite or
hematite and ﬁagnetite, has been cbserved in some cases.
The vplagioclase phenocrysts have a composition of approx-
imately AnSh with scme slight variation batweeﬁ individual
dikes. The phenocrysts are subhedral, equidimensional and
normelly zoned crystals in apparent ecuilibrium with the
groundmass. The phenocrysts are approximately 0.75 mm in
sirze with little variation.

The groundmass consists of plagioclase, clinopyroxene



and magnetite. The rlagioclase is most abundant, about 75
volume vercent of the groundnsss, The plagioclase is elon=-
gate,'subhedral znd composed of simple albite twins, The
clinopyroxene occurs as rounded, anhedral grains dissem-
inated evenly throughout the groundmass, amounting to
roughly 20 percent of the groundmass., Magnetite is dis-
semincsted also as very fine grains and accounts for about
5 vercent cof the groundmass.

The basaltic andesite dikes range in Si O2 content from
53 to 57 weight percent., The dikes are certainly menbers

of the high 2luminz basalt series as Al,0, is guite high,

(3?\)

"3
between 17.7 and 19,7 weight percent. hemical analyses
are listed in Appendix F,

Besalt dikes occur, tut are much less common. Those
that the zuthor has found, were located in the western nart
of the thesis a2res, intruding the Brietenbush Tuff., Basalt
dikes are thin, 1 to 3 m, and in most czses, cannot be
traced for more than 50 m along their length., The beselv
dikes zre sparsely porphyritic with phenocrysts of olivine
3nd plagioclase., The groundmess is holocrystalline inter—
granular with some pnilotaexitic alignment of the vlagioclase
microlites. The olivine is a forsteritic variety with a
2V of 90°, The olivine is commonly altered to hematite,

celadonite or iddingsite., Olivine amounts to about 5 vol-

ume vercent of the rock., The plagioclase vhenocrysts have

53
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a composition of An56 and are elongate, subhedral crystals
in apparent equilibriwum with the groundmass. The groundmass
consists of nlagioclase microlites, clinopyroxene and mag-
netite in nearly ecuzl vnrcrortions.

Several intrusive plugs of dacitic composition occur
in the Outerson Mountzin-Triangulztion Peak area, The in-
trusions are roughly ovel shoped, varying from about 50 to

125 m2 in outcrop area. The smaller plugs stand 10 te 15 m

above the general topography and the largest, Spire Rock,
stands 25 m high, in & shape vorthy of its neme. In all,

there are five separate intrusive outcrops, all of identical
mineralozv. It is possible thet the five sevarate exposures
of the descite are nctunlly interconnected at denth.

The dacite is porphyritic with phenocrysts of hyoer-
sthene and nlagioclase which comprise approximetely 2 and
5 volume percent of the rock, respectively. The dacite is
glomeroporphyritic with 2 tendency for the hypersthene
phenocrysts to be very closely associzted with grouvs of
nlagioclase nhenocrysts. The hypersthene is subhedral,
elon ate znd unaltered. Apporently, the hypersthene was
in ecuilibrium with the enclosing ligquid as no embayment
has occurred., The vnlrzioclase ohenocrystie have 2 compo-
sition of “nzo and chow oscillatory zoning. The pheno-
crysts are subhedral and equidimensionel in shape. The

plagioclase phenocrysts =2re ez tCHSIVPL" embayed and were
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probably not in equilibrium with the enclosing liquid.

Mzagnetite occurs as lesrge, granular messes which occur in

=

association with the hyrersthene phenocrysts. The ground-

mass consists of extremely fine subhedral crystals of plag-

ioclase and disseminated magnetite.

Quaternary Devnosits

General
The thesis area is located in a2 region which has been
reatly affected by alpine glaciation. The result has been
to modify the topography and to cover a large part of the
thesis area with =2 considerable volume of glacial debris.
Streams have recvorked most of the glacial deposits, par-

ticularly in the North Santiam River Canyon.

Unit Descriotion

The Quaternary Devosits are of two tyves: Those formed
by glacial processes, and those formed by fluvial processes.
Further, two sets of glacisl deposits have been recognized
in the thesis area. A single occurance of weathered glacial
debris is referred to as "older" mgﬁ&{he, so as ﬁo distin-—
guish it from fresher anpearing, oresumably younger, gla-
cial devosits,

The glacizl devosits include lateral and terminal or

recessional moraines. Lateral moraines are found in the

upper Whitewater Creek and Pamelia Creek drainages, and
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"older" lateral morasine dencsits occur on the Pigeon Prairie
in the western port of the thesis area, The deposits are
composed of large, zngulsr cobbles and boulders in a sand
and silt-sized matrix., The clasts consist of many tyves of
volcanic rock, thcocugh oredominately of nonporphyritic baszlt,
The deposits are in matrix suovort with the larger clasts
rarely zmounting to more then 30 nercent., The lzteral mor-
aines occur against the canyon walls and stand about 6 m
apove the cenyon floor. The largest of these extends for
about 7 km along the northern wall of Thitewzter Canyon

Jjust dowﬁstream from the confluence of Cheat and VWhitewater
Creeks. These moraines contain clasts which are fresh and
unaltered, The desosit is 2 dark gray, reflecting its un-
altered character. "Clder" laterzl moraines asre recognized
on the basis of weathered rinds on the larger clasts and a
vervesive limeonite stain throughout the matrix of the de-
posit. The occurrence of "0Older" lateral moraines is
restricted to & single deposit located a2djacent to the

n the northwestern pazrt of the thesis area.

e

Pigeon Prairie
Recessional or terminal morsines a2re present in the
lower part of the "hitewater Creek Cznyon and in the middle

of the Pamelia Creek Canyon. Exposed in the river bank,

adjacent to the Yhitevwater U. 5. Forest Service Campground,

LD

is zpproximately 7 m of terminsl or recessional moraine de-

posits. The deposits zrc very noorly sorted with clasts
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rangihg in grain size fren boulders nearly 1 m across to
fine sand., The larger clasts 2re in matrix support and are
angular. The clasts consist of many types of extrusive lava
including several varieties of fine-grained basalt, andesite
and rhyolite. DBedding is atsent from the deposit. The
moraine has been breached by Whitewater Creek and a large
part has been removed by the stream. 'hether or not this
devosit is a recessional or terminal moraine is difficult

to determine., If the deposit is actually recessional, the
proof can be obtained cnly in the North Santiam River Can-
yon farther west, Glacial devosits have been extensively
reworked by the North Santiam River and apparently no mor-
sine deposits remain., The evidence of recent glaciation
extending at least zs far as the ends of the east-west
oriented cznyons in the eastern vart of the thesis ares is
abundantly preserved. It is possible that the latest gla-
cial advance did not extend into the North Santiam River
Canyon. It is equally possible that it did and that the
evidence is sufficently obscure so as to require detailed
study beyond the scope of this thesis,

The moraine devosits which are located in the middle
of the Pamelis Creek Canyon are much smaller and are most
probably a recessional deposit. The moraines occur as
two separate arc-shaped ridges about 5 m in relief. The

two ridges sre separated by Pamelia Creek. As before, the



devosits are composed of very poorly sorted angular frag-

ments of volcanic rock znd appear fresh and unaltered,
Alluvial déposits occur in the bottom of all the can-

vons 2nd reach 2 maximum thickness of about 15 m in the

»ntiam River Canyon. The alluvial deposits

)
o

main North
consist of moderately sorted cobbles and pebbles with a
matrix of coarse to medium sand, The larger clasts are in
framework support and imbarcation is commonly present. The
cobble~ and pebble-sized clasts are well rounded and the
sands are subrounded to subangulsr, All the clasts are
volcanic rock fragments of many types and textures, though
vorphyritic and nonporphyritic basalt is in greatest abun-
dence.

A thin layer of light-colored zsh is present in the
soil in some parts of the thesis areaz. his ash is pre-
sumably Mszama Ash as it is reportedly v»resent all around
thz thesis ares (Lidstrom, 1972). The ash is most com-
monly observed in soil horizons which have been desscted

by smell strezms,.
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COMPARISON CF STRATIGRAPHIC UNITS ADOPTED
IN THIS WORK TO THOSE PREVICUSLY
ESTABLIGCHED EY THAYER

T. P, Thayer (1933, 1936, 1936, 1939) mapped the
northern vart of the thesis area and stratigraphic units
he defined and described have been further subdivided and
described in this thesis. In places contacts have been re-
located 2nd svecific rock sequences have been reessigned to
new rock-stratigranhic units as a result of this investi-

gation.
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The name “Breitenbush Tuff" introduced by Thayer (1939),

as 5 modification of "Breitenbush Series" (Thayer, 1936) is
retained and used in this thesis to refer to the same se-
quence of ash-flow tuffs., The contacts displayed for the
Breitenbush Tuff are modified, varticularly on the eastern
slope of Mount Brunc. There, a2 new logging road cut re-
veals thet Breitenbush Tuff does not extend around to the
eastern flank of Mount Bruno. Instead, the Breitenbush
Tuff dips under the Crizzly Creek Lavas at about the point
where the North Santizm River turns west.

The Pliocene flow sequence (Cuterson Formation of
Thayer, 1939) has been subdivided in the Grizzly Creek
Lavas, Nan Creek Volcznics, Cheat Creek Beds and Trian-
gulation Peak Lavas, The CGrizzly Creek Lavas, and Nan

Crecek Volcanics are subdivided on the basis of differing
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degrees of alteration. The Grirnzly Creek Lavas are amyg-
daloidal with vesicle fillings of cuartz, calcite and zeo-
lites., The olivine phenccrysts in the basalts and basaltic
andecsites of the Grizzly Creek Lavas are altered to celad-

onite, hematite and magnetite. Accordingly, Crizoly Creck

Lzvas are stained by hemztite, imparting tc them a deep

O
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red-brown coler. The Han Cree!

[4

Grizzly Creek Lavas and are recognized on the bhasis of a
general lack of slterztion, The wvesicles in
2are not secondarily mineralived, Overcl
fresh and unsltered, The Cheat Creek Beds are distinc?ive

end rest with onzular unconformity atop the Nan Creek Vol-

2 . o ) ™ _.v‘ ) m Pl ey by L 1. T - -
canlces seonrzting tham from the Trisngulation Faak Lavas,
m m 3 b - v T = e Ao e 3 A . ) S .ty
The Triangulotion Fenl Lavess heve attitudes which diverge

from the bulk of the rest of the Pliocene units, =nd for
this resscn a2re distincetive structurallsy. A
angulation Perk Lavas consist of distinctive bzs2ltic ande-

sites 2nd hynersthene-bezring dacite; the latter is not

found in the lower flow units.

The flow units vhich are stratigrovhically above the

inclined Pliccene flow vnits were belicved to be Quaternary
by Theyer and were subdivided by him into "Undifferenti-~

sted Young Levas" Basalts"

-
3
i
]
ct
Q
lav)
(]
[0}
v}
}_J
cr
n

<G
o
[0 ]
ct
(+
=
o]
o=
"

and "Santiam Basalts"., The name "Minto" is retained and
used to refer to the flow cequence which occurs on the up-

per one third of Minto Mountain and Bingham Ridge. The



61

flow sequence of Minto Mountzin and Bingham Ridge was grouped
with the younger intracsnyon flow sequences which stand in
relief in the upper Whitewater Creek and Pamelia Creek Can-
yons, Théyer recognized the intracanyon relationship of
the flows underlying the Pigeon Prairie and also the iso-
lated occurrences of intracanyon lava up the North Santiam
River Canyon. These flows he grouped together and called
Santiam Basalts. In this thesis the large high-standing
flow sequences have been grouved together with the intra-
canyon flows of the Pigeon Prairie and with the North San-~
tiam intfacanyon flows, Additional geochemical data and
carcful field correlation of the diktytaxitic flows, par-
ticularly between the “Thitewater Creek flows and the flows
of the Pigeon Prairie supvort the conclusion that they zre
parts of the same flow sequences, Flow correlation was

not possible between the Pamelia Creek flows and the rest
of the intracznyon lava, but their topographic expression,
lithology, chemical variation and structural position are
very similar and are strong evidence that they are part of
the same sequence, The name Pigeon Prairie Lavas was

adopted for these intracanyon flows.
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STRUCTURE

General Statement

The rock units which are stratigravhically below the
Minto Mountein Lavas dip with some variation to the south-—
east avproximately 10°. The structural variation is found
principally in the Nan Creek Volcanics and in the Triangu-
lation Pesk Lavas. The former has been thoroughly fractured
and effected by minor normazl offsets, which are most likely
responsible for the sttitude variations. The latter prob-
ably had considerable primszry.dip, as part of a volcanic
complex, and as the tectonic dip is small, the primary dips

o

have had 2 significsnt effect on their present attitude.
The Minto Mountain lLevas and the rock units stratigraphically
above them are horizontal or may actually have a slight
vesterly dip. This angular unconformity marks the geo-
logic boundary between the Western Cascade and High Cas~-
cade pnysiogrephic provinces.

Dikes and faults in the thesis area have a preferred

o
T,

orientation, roughly N1O with the dikes showing the

strongest varallelism.
Folds

The thesis area is on the eastern limbt of the Idana

anticline (Thaver, 1939) wvhose axis trends northeast-
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southvwest, The anticline is part of 2 regional fold series
vhich extands across the northern part of the Western Cas-

cade province in Orezon (Peck and others, 1954). The fold-
ing is cenfined to the Ilincene znd Pliocene rock units and

folding on & smaller scazle is not evident in the thesis

Z2red.

The faults fcund in the thesis arez are steeply dipping
normal fzults, which cross-—cut all the stratigrevhic units
below the ITinto Mountnoin lLavas. Faults in the Minto loun-
tein Laves and stratigraphically hicgher units are very

3 r - 17 - 1 33 1 . )
end of very smnll, T m or less, displazcement. These

rere

D

cross-cuiting relstionshins suggest that faulting cccured
in the lzte Pliocene or early Pleistocene, but since th
dating of the rock units is generally poor, more accurate
estimates ¢f the timing of faults is imvpractical.

The faults which could be trzccd for sny distance

trend very close to ten degrees west of north, roughly

vparallel to the dikes found in the thesis zrea.
The displacement 2long the faults in the thesis area
is gquite variable., Usually disvnlacement is less than 5 or
210 m although faults of laorger displacement have been found.

Of interest is the direction of disnlzcement along a large
number of the traccable fzults, The largest fault, both in

displacement and in length is located on "oodpecker Ridge



end is offset such that the western block is dovm relative
to the eastern by some 25 m, This is significant consid-
ering that much discussion in the litersture (Allen, 19éé)
is devoted to a major fault, which is suggested to have dis-
placed the zastern half of the thesis area downward 1,000
m or more. In actuality, the normal faults which have dis-
placenents large enough to warrant mapping have the west
side dovn throvn relative to the east.

Faults of an east-i:est orientation are rare in the

sres and none czn be traced for more than a few m,

(9}

thesi

mall disvplacement, rarely more

[35)]
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The High Cescades of Cregon are a chain of h
standing composite volcanoes which rest atop a sequence of
veleznic rocks which comuricse the High Cascade platform.
The Western Cascades of Oregon lie immediately west of the

f older volcanic rocks.

o}

High Cascades and =zre mposed

D

The structurzl evidence for large-scale normal faulting
of the bzsin z2nd range type is persuasive for the High

Cascade-Deschutes Basin boundary which is the eastern

4

. margin of the Cascade range in Oregon. Because the Western

(35}

Cascades are of sufficiently high relief directly adjacent

o0~

to the High Cascades, and becsuse some of the Hizh Cascade
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rock ﬁnits are actuslly at lover elevations than many of the
Western Cascade rock units, Thayer (1937) suggested that the
western boundsry wes azlso 2 normal fault, Allen (1965) pro-
posed that the High Casczdes were actuzlly the centrzl part
of a large volcano-tectonic depression hose width corre-
sponds to the distance from the thesis area east to Green
Ridge.

Cne of the orincipal objectives of the thesis project
was the accurate location of the geologic boundary betvieen
the Western Cascade =nd the High Cascade provinces., Along
with accurate positioning, the exact nature of the boundary
was also to be determined., The High Cascade~estern Cascade
boundary is cn angular unconformity which seperates the
older, iliocene and Pliocene flow uvnits, Breitenbush Tuff,
Grizzly Creek Lavas, Cheat Creek Beds, Nan Creek Volcanics
and Trizngulation Pezk Lavas from the flzt-lying linto
Mountzin Lavas and Pigeon Prairie Lavas., The latter series
apvzrently had their source vents scmevhere in the present
High Casczde province. As far as czn be determined from
stratigranhic relations end field exposure, no large-scale
normal fault, with the ecstern side displaced dovnvard
relative to the western exists., The course of the North
Santinzm River is not fault controlled znd the stratigraphy

continues without interrupticn across it.
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VARIATION OF CHEIICAL COIMPOSITICON OF VOLCANIC ROCKS

The volcanic and intrusive rocks of the thesis area
range in comvposition from olivine basgalt to dacite., The pre-
dominant rock type is columnar-jointed porphyritic olivine
basalt having SiO2 contents between L8 and 52 weight percent,
Columner-jointed vorvhyritic basaltic andesite, whose SiO2
content ranges from 53 to 58 weight vercent, is the nex
most common =nd usually contains phenoccrysts of olivine and
lebradorite., Plzty jointed andesite, vhose SiO2 content
ranges from 59 to 6L weight vercent, makes up most of the
rest of the flow secuence, D;cite lava and intrusive plugs,

whose Si0, content is 68 weight percent, are also present,

2
but comprise less then 5 percent of the total. The ash-
flow tuffs rsnge from dacite, whose 5i0, content is 68
weight nercent, to rhyodacite, whose SiO2 content is 70
weight vercent, and represent about 10 percent of the total
section. Volcanic sedimentary rocks 2f undetermined chem~

ical composition comnrise zbout 20 percent of the rocks in

the thesis zres,

gl

Overall, the wvolcznic and intrusive rocks of the thesis

area sre calc—alkaline ith =z Peacock (1931) zlkali-lime
index of about 60, very near to the calc-alkaline-calcic

boundsry of £1 (Fize 17). HMany of the bzsalts and basal-
tic andesites have Al?O contents in excess of 17 weight

percent 2nd vhen plotted on the tasolt classification
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diasrem of Kuno (1066) 211 analyses f2ll within the high

zlumina baselt field (Fig. 12). The variation of the metal

oxides vith SiO2 for the rocks of the thesis area are dis=-
Y

played in TFigure 13.

There is an a2pporent hiatus in SiO2 values between 6L
snd 67 weight percent, Chemical analyses of 'estern Cas-
cade rocks compiled by Peck and others (196L) show a sim-
ilar hiatus in the extrusive suite between A3 and 68 weight
vercent., The SiO2 values for the volcanic rocks of the
High Cascades {Peck, 196L) also show this break, but it

occurs at 62 to 66 veight percent.
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Aopendix A,

Chemical analyses of Grizzly Creek Lavas.*

Sample TR-53 TR-LL TR-17
8i0, 51.8 50.1 55.0
1 o
A150, 16.5 18.2 17.¢
Fel 10.2 809 705
Ca0 9.3 10.1 8.1
Mg0 7.1 6.9 5.1
K0 0.47 0.23 0.5
Na,0 245 3.2 3.8
Ti0, 1.17 1,60 1.30
Total 99,04 99.13 99,24
TR-63 Olivine basalt: elevation 3,500 ft, N.%W. 1/L Sec. .

26, T. 10 3., R. 7 E.

TR=LL Clivine bes

T.

0 3.,

21t
.« 7

1

«
S
R

elevation 2,480 ft,

TR-17 Qlivine becring Qasaltic andesite:
2,L80 ft, S.B. 1/4 Sec, 33, T, 10 5., R. 7 E.

*HQO-Free, All Iron as FeO.

Ce Sec,

elevation

20,

[

P



76

Appendix B, Chemical analyses of Nan Creek Volcanics.,

Sample 'TR-97 TR-98 TR-90 TR-34 TR-58 TR-20
510, 59.9 6742 63.1 64.0 52,0 61.3
A1,04 18.1 16.8 18,7 16,7 17.0  17.6
Fe0 6.3 L7 L.8 5.6 Ouh La?
Cal 6.1 3.2 5.0 L7 77 6.5
Mz0 3.8 1.0 1.6 1.0 7.1 3.7
K0 1.05 2,20 0.81 2.17 0.70 1.05
hazo L.O Leb Le5 5.0 3.7 Le?
Ti0, 0.77 0.7% 0.5% 1,07 1.32 0.82
Total 100,02 100.32 90,07 99,64  98.72 Q9,41

TR-Q97 Porvhyritic hornblende besring andesite: elevation
3,280 ft., Cu%. 1/2 Sec. L, T. 12 S., B, 7 E.

et
v

LAY
1

TR-08 Porrhyritic hornblende bearing andesite: elevation
3,200 ft., C.¥., 1/2 Sec. 4, T. 11 S., R. 7 E.

TR-00 Pornhyvritic hornblende bearing =2ndesite: elevation -
3,320 ft., N.2. 1/L Sec., 30, T. 17 3., R. 7 E. !

=~ TR=3L Porohyritic tuo pyrorvene andesite: elevation 2,100

7~
ft., S.E. 1/L Sec. 36, T. 11 3., R. 7 E.

TR-58 Porphyritic olivine basalt: elevation 4,400 ft., ﬁmf
m 7 w
- e it e

S.E. 1/L Sec. 9, 10 3., R.
TR-20 Porphyritic two vyroxene andesite: elevation 3,840 ..
ft., C.N. 1/2 3ec, 32, T. 10 S., R. 7 E, ("
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Appendix B. (continued)

Sample TR=-92 TR-93 TR-OL TR-11 TR-37
510, 50,9 57.0 52.9 68.9 54,6
A1,0, 19.1 17.0 18.3 15,5 19.1
FeO. 10.2 8.5 8.3 3.2 8.6
Ca0 8.3 6.9 8.8 2.8 8.1
MgO 6.0 5.0 5.2 0.9 3.7
K0 0.59 1.10 0.56 2.85 0.80
Na ;0 3.5 3.6 3.70 L7 3.7
TiO, 1,50 1.10 1.50 1.60 1.37
Total 100.9 100,29 00,26  100.45 99,97

levation 5,200 ft., N.W. 1/2 Sec., (it
in)

TR~92 0Olivine Baszlt: e
23, Te 11 S., Re 7 =,

TR-93 Basaltic zndesite: elevation 5,625 ft., C. Sec. -~
j.lL, To -"1 So, Ro ’{7 Eo

TR~QL Baszltic andesite: elevation 5,400 ft., N.E.
1/l Sec. 13, T. 1 3., R, 7 E.

TR-11 Dark glassy groundmess, dacite welded ash-flow
tuff: elevation 2,380 ft., MN.B. 1/4 Sec. 14, T.
11 3., R, 7 E.

TR-37 Baszaltic sndesite: elevation 3.920 ft., S.E. 1/L .-
Sec, 23, Toe 70 S., Re. T
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Appendix C. Chemical analyses of Triangulation Pesk Lavas

Sample TR-88 TR-38 TR-L6 TR-65
510, 56,1 5hol 52.7 52471
A1,0, 17.5 16,1 18.5 17.0
Fe0 7okt 7ok 8.6 10.1
Cal 7.2 7.9 8.4 7.5
Mg0 L.O 6.7 6.0 6.3
K0 0.90 1.36 0.55 0.75
Nazo L.0 Lol 3.6 3.4
Ti0, 1:02. —el7 _1.38 _1.08
Total 99.02 0G.43 9%.73 198,33

Mﬁ

TR-88 Basaltic andesite: elevation 5,200 ft., S.5. 1/4 !
Sec. 10, To 10 S.y R. 7 Z.

TR-38 Basaltic endesite: elevstion k4, 880 ft., S.E. 1/h I''

Sec. 23, To 10 S., R. 7 B .

e

TR-L5 Basaltiz zndesite: elevetion 4,840 ft., N.W. 1/4 1
Sec. 25, To 10 S., R. 7 E.

TR-65 Basaltic cndesite: elevation 5, 301 ft., Mount e
Bruno Summite.



Apvendix C. (continuszd)

ample TR-67
SiO2 68,2
1&.1203 15.9
FeO 3.6
Cal 2ol
Mg0 0.7
K20 2eL5
Na20 L.8
TiO2 0.5
Total 98,59
TR-57 Porphyritic hyversthene dacite: elevation L, 800

ft., S.8. 1/, 3ec. 31, T. 10 S., R, 7 Z.
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Apvendix D.

Chemical znalyses of IMinto Mountzin Lavas,

Sample TR-78 TR-59 TR~62 TR-76
510, 50.0 5Le2 54.8 55.8
A1203 17.7 15,8 17.5 17.4
Fel 2.7 6.2 7.9 g.7
C20 2.8 7.9 762 7.0
Mgz0 745 7.8 L.9 L.7
KZO 0.17 1.28 1.1 C.90
Na, 0 3.1 3.6 L.3 3.7
Ti0, 1.32 1.10 1.18 1,21
Total 99.25 98,48 08,63 00,74
TR-78 Diktytaexitic beselt: elevation 3,760 ft., N,E,°
1/l Sec. 14, T. 12 S., R, 7 E. |

13’ T. 73. SQ’ R‘ 7 EO

TR-62 B:

TR-75 DBzosa

Basaltic =nd csiue.

elevzti

cn 4,080 ft., off grid
" /% km east of center

erst boundery Sec,

Cf'IJ

g
ic zndesite: elevotion 3,610 ft., C.S. 1/2
Ly Te 77 34, Ra 7 Z,
ic andesite: elevation 4,240 ft., 2.5. 1/4
1 T 1T Q . 70
- iw - ey it e Rl 3
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Apvendix T, Chemical analyses of Pigeon Prairie Lavas.

Semple TR-31. TR-29 TR-30 TR-23 TR-39
510, 50,8 LO.O 51,2 57.3 51.1
A1203 16.5 16,3 15.9 21.6 17.9
Fe0 9.2 9.7 9.5 5ol 8.5
Ca0 9.1 8.4 9.4 7.1 7.7
MgO 8.3 7.8 8.6 3.3 6.5
K0 0.54 0.80 0.70 1.00 0.70
Nz,0 3ok 3.6 3.6 Le3 3.7
Ti0, 1,59 1.43 _ 1,70 0.96 1.04
Total 00,43  97.03 100,60 100.96  97.14

TR=31 Olivine baszlt: elevation 3,040 ft., N.W. 1/L
Sece 20, Ts 210 S., Re 7 E.

TR=29 0Olivine b

2. elevation 3,120 ft., N.E. 1/4
Sec, 20, T

saibe

. 10 3,, R, 7 E.

TR-30 Olivine bzsalt: elevation 2,800 ft., M,W. 1/L
Sec., 20, T, 10 S., R. 7 E.

TR-22 Porphvritic szndesite: elevation 3,480 ft,.,, S.E.
1/L Sec, 14, T. 10 S., R. 7 E.

TR-39 Olivine bas=alt:
Sec, 15, Te 11

2,840 fte, S.Fe 1/b i
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Appendix E,

(continued)
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Sanmple TR=40 TR-18 TR-50 TR-77
SiO2 L9.7 58,9 L8,2 L9.8
Al,0, 17.9 18.3 16.9 16.7
FeO 9.5 3ol 8.8 8.7
CaC 9.3 7.8 10.0 10.1
g0 8.0 L7 9.8 2.8
K2O 0.13 0.80 0.60 0.64
Nazo 3.3 L2 2.8 2.7
TiO2 1.3L 1,12 0. 80 _0.80
Total 09.17 90.22 97.20 99.24
TR-L0 Diktytsxitic baszlt: elevetion 3,500 ft., S.7.
1/L Sec. 17, Te 10 S., R. 7 E.
TR-18 Porvhyritic andesite: eclevation 2,600 ft., S5.T.
1/l Sec. 10, To 77 S., Re 7 E.
TR-50 Diktytaxitic basalt: elevation 3,160 ft., N.7.
1/l Sec. 35, 7. 11 S., R. 7 E.
TR=77 Diktytaxitic t v elevation 3,200 ft., S.7.

1/L Sec. 25, T. 11 S.,

Re 7 E.
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Avppendix F.

Chemiczl 2nalyses of Intrusive Rocks.
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Sample TR-22 TR-13 TR~55 TR-8L
810, 533 57.8 53.3 68.8
Al?O3 19.7 19.7 17.7 16.1
FeO 6.8 3.9 7.6 3.5
Ce0 el 8.8 8.0 1.9
Mgl L.9 3.7 6.3 0.5
K.0 0.35 0.82 0.67 2.76
Na,0 3.7 3¢5 3.8 5.2
T102 1.16 0.95 0.94 0.L2
Total 99.31 99.18 08,31 99.25
TR~-22 Baszltic ~ndesite dike: elevation 3,000 ft., S.'W.
1/L Sec. 1L, T. 10 S., R. 7 E.
TR-13 Baszltic sndesite dike: elevation 3,160 ft., S.7.
1/L Sec. 1L, 10 5., R. 7 E.
TR-55 Bascltic sndesite dike: elevation 3,280 ft., S.7.
1/L Sec, 30, T, 10 S., R, 7 E.
TR-8, Hypersthene da cite slug:  Spire Rock, N, 1/4

Sec. 11,

Te

10 S., Re 7

e



