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ABSTRAGT

This thesls describes the geology of an area ten miles
east of the Okanogan River and thirteen miles gouth of the
Canadian border in northecentral Okanogan County, Washingbton,
Special attention 1is g&ven\to the petrology. The rocks of
the avea aye n variously metamorphosed, eugeosynclinal se=
quence of sediments and volcanies, which have been locally
éranibized and, also, invaded by lgneous granodlorite. The
poorly soréed, very fine to very coarse gralned clastlc sed=
Lments have been recrystallized or metamorphosed to phyllite
or fine grained schist under epizonal and mesozonal regional
metamorhpic conditions, The andesitle volecaniecs have been
somewhat recrystallized and loeally changed to fine grained
amphibolite or sehist, The granitlie rock that outerops in
the north part of the area has uniform grenodioritlic compoe
sition, even texture, sharp borders, a conbact metamoxphle
gzone and other indications of an lgneous origing The grane
1tie rock that ouberops in the south part of the area hes a
varioty of ecompositions and fabrics, loecal erystalloblastie
texbture, gradational contacts, indlcatlons of metasomatism,

gome continuation ef the reglenal struecture into the granitie



roek, and other features indicative of a replacement orxrigin,
All of the rocks of the area were subjected to low grade
retrogressive metamorphism which caused replacement of some
of the earlier minerals, and obscured or destroyed many dew
tails of texture, structure and mineralogy., The present
topography is largely a product of glaclal eroslon,



ACKNOWLEDGEMENTS

I want to express my sincere gratitude to Professor
Peter Misch who suggested the area of thls thesis, gave ad=-
vice on field investigations, guided the laboratory work
and critically read the thesls during its preparation, I
am :Lndebtedhto the Department of Geology of the University
of Washington for providing me a fellowship during my grade
uate work there and to Mr, and Mrs, L, C, Dublgk whose hose
pitality I enjoyed during part of the fiold season,



INTRODUCTION

LOCATION AND GENHERAL DESCRIPTION OF THE AREA

The aroce studied is about ten miles east of the Okanogan
River valley and exbtends to within thirteen miles of the Cae
nadisn border, It is bounded on the west by Toats Goulee,
which 18 now the valley of Sinlahekin Creek, and on the east
by Horse Springs Coulee, These coulees oconverge to the north,
The town of Loomis 1s at the apex of the angle they form, The
southern 1imit is o line extending roughly northeast from Blue
Lake in Toats Coulee, These bounderies inelude an area which
measures approximately ten miles north and south by fouw miles
oast and west, Refer to the index and geologic maps (Figure
1 and Plate I),

With the exception of the sbeep coulee walls, the surface
18 gently rolling to slightly mountainous (Figure 2 and Figure
3), The coulees==products of Pleistocene glaclatloneeare,
however, deeply incised and provide a maximum relief of nearly
3900 feet, The ecoulee sides are 2000 to over 2500 feet high,
They are locally precipitous and are the sdite of the beat and,
in fact, most of the outerops, Exposures are very good, ale
though sometimes inaccessable, along Toatas Coulee, They are
progressively poorer along Horse Springs Coulee, on the hill
tops, on the remalnder of the uplands and on the coulee floors,
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Bed rock ls locally exposed in Horse Springs Coulee but 1s
completely covered by alluvium and glaclal drift in Toabs
Coulee, Muech of the upland 1ls covered by open pine forest,
The couleo floors are grossland with scattered brush and with
deciduous trees along the streams, A small part of the area

is farmed and much of it ls used for grazing,

PREVIOUS WORK

For most of this area no earller work appears in the llte
erature, However, there have been some investigatlions of near=
by and, in part, directly edjacent arecas, In 190, Smith and
Galking published a report on thelr reconalssance survey of
the northornmost Washingbon Cascades from the Okanogan River
to the coast (L90l)., Thedr mapping ends just north of this
area, as does that of Daly's Porty-ninth Parallel Survey re-
port (1912), The area described in a paper by Waters and
Krauskopi extends, in one place, slightly west of Horse
Springs Coulee (L941). Work done by Mlsch overlaps mine
at the south as does the doctoral thesls of Goldsmith (Misch
1949¢, 19494, 1951, and unpublished material, Goldsmlth 1952).
These papors refor to some of the rocks present in the area
but, chiefly, to thelr occurences outside the actual area,
They have all been helpful and are cited in this report but,
for the most part, they are lacking in applicable detall and



are not specifically concerncd with the arca here under cone
sideration, Obther authors, as indicated by the references

and bibliography, heve also contributed useful informatilon.

PURPOSHE AND METIIOD OF THE INVESTIGATION

This area was suggested as a thesis problem by Doctor
Peter Misch in the spring of 1952, The fileld work was done
during parts of July, August end September of that year, and
the laboratory work the following winter, Iy objects in the
field were to make a geologle mep, determine the structure
and stratigraphy, end collect specimens ior petrographic
study, I was able only to determine the gross atratigraphy
and general strucbural trends, so the petrography of the rezlon
will be my chief subject, About two hundred fifty specilmens
were obtained and more than one hundred sixty of these were
atudied in thin section, Mield mapping was done on aerlel
photographs of 1:20,000 scale which were purchased from the
Soll Conservation Service of the United States Department of

Agriculture, The final map was made from these, using methods
described in Aerilal Photogrephss Thelr Use and Inbterpretation

by A, J. Dordly,



OUTLINE OF THE AREAL GEOLOGY

The area 1s underlain by a variously metamorphosed se=
quence of sediments and volcanles and by granitic rocks, The
original sediments ranged from argillaceous through silty and
sandy to conglomeratic, and were poorly sorted, Tho volcanlcs
are of intermediate, usually andesitlic, composition, The se=
quence 1ls typilcal of eugeosynclinal deposition, It resembles
the comprehonsive "Anarchist formation" which Daly (1912)
mapped near the Caﬁadian border and which Waters and Kraus-
kopf (19L1) extended southward to near the present area,
However, no actual correlation by detalled mapping or paleon=
tologlc evidence has been made, Similar rocks, such as the
Cache Creek serics, the Chllliwaek serles, tho Hazelton group
and others, have been described in Washington, British Columbia
and as far north as ilaska for which ages ranging from upper
Paleozoic through Jurassic have been suggested, The almost
complete absence of fossils and the lack of distinctive,
identifiable lithologic units in the "Anarchlst formation
and in the present area, combined with the, as yet, very ine-
complete mapping, moke any correlations or datings somewhat
guspect, Therefore, 1t scems udvisable to rofrain from
assigning the rocks of this aroa to a definlte age and from

correlating them with any named sories or groupe They willl



be referred to only by the descriptive term "conglomerate
bearing metasediments and metavolcanies", Thelr only defle
nite relationship to other layered rocks was established
through detailled mapving by lMisch and his students south of
the present area, Thelr work demonstrated that the carbonates
of the Alkali Lake formation, though once considered the young-
est pre~Tertiary rocks of the general reglon (Waters and
Krauskopf, 19l41), are actually stratigraphlcally lower and,
therefore, older than the rocks of the subject area and Uthe
intervening Scotch Creek and Evans Lake formations, Waters
and Krauskopf tentatively assigned the carbonates to the
Tpinssic, Subsequently, Misch (1949¢), on the basls of
preliminary fossil determinations by H. E, Wheeler, tenta=
tively assigned them to the Devonian, Further study, though,
gseems to indicate that the originally suggested Trlasslc age
18 probably correct (Misch, oral communication), lowever,
the other pre=Tertlary rocks of the reglon, which are essen=
tially metamorphosed clastlc sediments and volcanics, are
younger and not older than the carbonates of the Alkall Lake
formation, The rocks of the present area appear to overly
the Scoteh Creek formatlon and thus continue the sequence
ostablished by Misch (Flgure l.), Some of the rocks in the
south of the mapped area probably beleng to the Seotch Creek
formation, The limits of thils formation cannot be accurately

determined, but it is apparently gucceeded by the conglomerate
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bearing metasediments and metavolcanics, Even though thelr
exnct relationship cannot be determined, there ls little
questlon about the relatlve stratigraphic posltlon of the
Seoteh Creol rformation and the other rocks of the aroa, The
stratigraphic sequence, up to ond including the Scotch Creek
has been established to the south, while, to the north, the
Scoteh Creek is followed by the conglomerate bearing metae
sediments and metavolcanles., In addition, Scotch Creek rocks,
associated with conglomorate and olher rocks gimilar to those
of the subject area are exposed in teotonlc windows in thrust
gheets of Alkall Lake carbonate rocks,

The several bodles of granitlc rock are of two distinct
origins, Those in the north of the arca are thought to be
igneous intruslons, whille those in the south are interpreted
as products of granitlzation, Thegse latter are part of the
Fish Lake complex of Goldsmith (1952),

The area was subject to falrly strong deformation, The
deformation was sufficlently intense throughout the area to
control crystal orientation and produce follated rocks from
the more argillaceous sediments, Locally, it was strong
enough to thoroughly shear und make follated rocks of the
coarse grained clastlcs and of the volcanlcs, It also caused
rather tight folding, Steep dips, usually in excess of aixby
degrees, wore found to predominate, and some reversals were

noted, although enough information to estublish the detalls



of structure is lacking, The strlke and the structural tronds
average roughly northesouth, The time of the deformation is
obascure, just o8 18 the age of the rocks arfectved by it, In
the traditional view 1t 1s upper Jurassic or Nevadlan, How=
ever, it is apparent from more recent work that this general
portion of the Cordilleran geosyncline experienced repeated
orogenle activity from at least late Triasslc or early Ju-
ragsic to early Tertiary time, When the maxlmum deformation
occured in this partlcular area, is open to question, Core-
tadnly it cannot be dated from evidence in the immedlate
vieinity, Tho regilonal metamorphism, being contemporaneous
with and, in part, a product of the deformation, has the

same age, whatever that may be, The granitizatlon overlapped
the orogenic activity, bub was mainly subsequent to it or
egsentlally static, The igneous granitic rock may have been
implaced soon after the decline of orogenic activity,

The present topography is largely a product of glacial
eroslon which was influenced by, but which greatly modiflied the
pre-existing landscape, Though ice at some time completely
covered the area, 1lts greatest movement was along the present
coulees, which were probably established in the first place
by marginal drainege since they cut, nearly at right angles,
across the earlier eastward drainage, Ice movement and lce=
marginal drainage are chiefly responsible for the form and

dimensionsg of the coulees (Figure 5) and, of course, for most



15

of the rellef, Preservation of glacial striae (Figure 7),
drif't and eskers (Filgure 6) indlcates that only minor erosion

hog telen place since the retroat of the ice,.

(SRS RN

Figure 5, Looking south across Blue Lake
in Toats Coulee, Notice the characteristic
U=-ghaped valley aad the glacial drift or
morainal material on the coulee floor,
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Figure 6, An enlarged portion of an aerial
ggetograph showing the remains of an esker
Horse Sporings Coulee, The scale is

approximately 1:12,000 or five inches to
one mile,




PETROLOGY, PETROGRAPHY AND PETROGENESIS

GENERAL STATEMINT

Aside from superficlal glacial deposits and alluvium,
tho rocks of this arca are those considered typical of eugoo-
synclines, They are granitics set in a metamorphosed sequence
of volcanics and poorly sorted sodiments, Metamowrphism under
various combinations and degrees of heating, deformatlion and
metagomatism has alterod or recrystallized the sediments and
volcaniecs or changed them to, for example, hornfels, phyllite,
schist or amphibolite, The product of the most profound of
the motamorphic transformations is directionless granitic‘
rock, HNot all of the granitic bodles, however, are the ree
sult of replacement, Some are true igneous intrusions,

In addition to the primary metamorphism, the entirve
area has undergone a period of sbatlc retrogressive motae
morphism which has produced chlorite, sericite and other low
grade mlnerals at the expense of the original or earliler
Tormed constltuents, Those {ine grained, often unidonti-
flable, minerals tend to obscure much of the prior miﬁeralogy,
texture and structure, Thelr presence makes proclse identie
flcation of the feldspars particularly difficult and limits
the accuraey of composition estiﬁutes. Their velling effect

frequently makes illustration of various features by photo=
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micrographs virtually impossible,

In spite of the rebtrogressive metamorphlsm nearly all of
the rocks are relatively resistant, This 1s borne out by thelr
notably miney response to differentiai erosion, Rock types as
diverse as grenodioerite, metaconglomerate, and meta~argillite
have bheen eroded at nearly the seame rate, A further Indlca-
tion of their strength is the fact that only a few especlally
well foliated specimens required speclal treatment during
preparation of thin sections, None of the others had any
tendency to part or crumble,

In the following chapters, to facilltate petrographic
synthesls, the metamorphic rocks will, wlth few exceptlons,
be deacribed and agssoclated with theilr parent sediments or
volcanlics, The exceptions to this scheme will include the
granitized rocks which wlll be treated separately, and cere
tain metasediments snd metavolecanlcs that are closely asso-
ciated with or related to the granitle bodies and will theree
fore be desocoribed with them,

METACONGLOMERATE 3

Motaconglomerate 1s the most conspicuous sediment and
perhaps the most dlstinctive rock of the area, In contrasgst
to the dark and drab aspedt of the other sediments and the

volecanics it is fwequently light colored, It sometimes stands
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a 1ittle above the other rocks because of 1bts superlor
resistance to erosion, It is relatively abundant, consti-
tubing roughly an eighth or more of the volume of sediments.
Bods vary in thickness from a few inches (Figure T7) to
several tens of feet generally, although one exceptlonal
unlt exceeds a hundred feet, It ls, however, broken by thin
inbterbeds of sandstone and consists mainly of granule-slze
fragments,

In outerop and hand specimen the conglomerate 1ls, with
a few exceptions, light colored, Some examples, particu=~
larly those of finer grain size, are medium grey to nearly
black, The identifilable fragments are quartz, quartzlte,
chert and, rarvely, metamorphic and volcanlc rock, These
are set in a dark fine gralned matrix, The fragments are
angular to subrounded, but most commonly subangular, They
range in silze from fine granules to cobbles several inches
in dlameter, Larger cobbles and boulders were not obgerved
though there may be scme, The bulk are of granule and pebble
slze, Determination of fragment size and shape 1s hampored
in many specimens by recrystallization whlech has obscured or
even obliterated the outlines or boundaries, A few granule=
s8ize conglomerates were ldentiiied only with the help of the
microseope, Bedding ls absent except for rude traces in
some of the granule conglomerates, Effects of dynamic meta-

morphism are very minor in most speoimens, Even where in



20k

morphiec fragments, A third has a few pleces of foliated
metamorphic rock, The fourth has several small pebbles with
a dlabasic texture, Only a single spocimen is really a
polymict conglomerate, In addition to the ubiguitous quarte
zlte and chert, this specimen is composed of fragments of fo=
liated metamorphic rock and of hornblende rich rock which may
have been a statically metamorphosed dolomitic shale, Thus,
by far the greater number contain no more than a alngle rock
type,

The matrix, in contrast, has very little tendency to be
quartzose or siliceous, In only a few specimens are the
interstices filled with quartz in the form of silt, sand or
cement, In most samples the interstices contaln material
much like the matrix of greywackes, It is presently composged
of various amounts and combinations of chlorite, sericite,
blotlte, hornblende, muscovite, There may also be minor
quantities of actinolite, tremolite, epidote minorals, cars
bonate and diopside, Chlorite and biotite are the most abun-
dant, The minerals and their combinations indicate that the
interstices were filled variously with quartz, with carbonate,
with clay, wlth mixed clay and carbonate or, most commonly,

o material approaching the chemical compostion of chlorite,
Besides depending on this original compoaition, the present
mineralogy i1s also a functlon of the metamorphie grade and
history, Diopslde, indicative of at least the temporature



of the warmer mesozone, is the highest temperature mineral
identiflied, Some rocks show no Indicatlon of having attained
a higher grade than the epipone and contain only chlorite and
gsericite as new minerals, Most commonly, metamorphlsm has . ‘
roached the warmest porbtion of the eplzone or the cooler meso=
zone and produced fine grained blotite and some muscovite and
hornblende, Besides the primary metamorphilc assemblage which,
where the relationship cen be established, appears to be
esgentlally synkinematic, there is a postkinematic retrogres=
aive growth of chlorite and sericite, often at the expense

of earlier blotlite and muscovite,

Determination of the derivation and depositlonal ens
viromment of these conglomerates is complicated by the apparent
inconsistence between the compositlon of the fragments and of
the matrix, as well as between the uniformly quartzose come
position and the poor rounding and sorting of the fragments.
3inece thelr fragments are, with rare exceptions, of eésentially
a single rock type, the conglomerates are in a gense oligomict,
Yot they conform to none of the other implicatlons of this
term, They tend to be angular rather than rouﬁded. They are
often very poorly rather than well sorted, The interatlces
are filled not with sand and cement of quartz, but with chlori-
tic materiol, TFinally, they are associated with shale and
dirty sendstone rather than orthocuartzlte, Thorefore, they

are not beach gravels of a transgrosslive sea or products of



any other of those environments vsually indicated by normal
ollgomict conglomerate, Instead, they have charactoristics
suggestive of vigorous erosion and rapid deposition and, by
virtue of theso same characteristlcs, they rather represoent
the kind of environment cheracterized by greywaoké. The
fragments aro angular and poorly sorted, The matrlx, belng
comnonly composed of chlorite, some serilclte, lesser amounts
of’ carbonate and other acceasories, approaches an idcal grey-
wacke matrlx. composlitien, Then too, the conglomerates are
assoclated with shale and poorly sorted, dirty sandstone,

The only thing they lack to be equivalent to greywacke is
varloty of rock fragments, Indeed, since the othor foatures
80 gtrongly indicate rapid eroslon and deposition and fail

to auggeat any way in which sorting or selestion of rock
types could have occurred, the conclusion that no other types
woye avallable seems Justified, If thoe erosional berrene
could have supplied an appreciable quantibty of rocks, other
then quaertz, quartzite and chert, they should be more in

evidence than they are,

META=ARENITES
lMore seand was doposited in thle area than any other class
of sediments, It »nrobably malkes up a Little more than half of

the total volume of sediments, Sandstone oy rocks derived from



4t are to be. found in conbact with virtually every other type
of rock present in the area, It exlsts in all gredations and
mixtures with finer and coarser clastics, It ocours In beds
varying from literally one sand grain thiclmess to units seve
oral bens of foet thick, Thicker acouwmulations are broken

by interbeds of shalo or, less often, congleomerate, The
gandgtone is medium gray Uto black,hwith the darkexr shades

of groy predominating, Indivldual beds are usually masslve,
Bedding or other sedimentary structures are seldom viaible,
Because the sandstene usuelly lacks both sedimentary and metas
morphie structures and is theroughly cemented or recyryatallized,
4t rivals tho conglomerate and surpasses most other rocks in
pyosglsbunee to erosion. ve fracture is irregular to cene
gholdal and is somebimes related to metamorphle but nét to
sadimentery structure,

‘ In hand specimen individunl grains are seldom distinet,
but enough grains ocan be seon to establish bhewtﬁht that they
vary widely in size, This is notlceable within indlvidual
‘specimens and botween separate specimens, There is a Goms
3-plete gradation and sometimes a mixture of slues from'éilt
TN granulds; The rook frequently looks Like quartzlte and

' was so namod in the fleld, It breaks across the gralns, seme=
times forming o concholdal surface, It has & somewhat sugery
appearance and, even when dark colored, ls translucenﬁ on ‘

thin edges, Mieroscoplc identiflcation of constltuents
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other than quartz usually, however, modliiles or even inval-
idates the fleld clagsification as quartzlite, On the other
hand, many specimens are obviously impure and nay be described
in the fleld as dirty, argillaceous or arkosic, There 1is all
too often a troublesome gsimilarity to the volcanles, The
more uniform, dark, reerystallized units look very much like
aphanitic or (inely crystalline andesite, while those which
contain Iragments ol quartz, chert or feldspar rescmble
porphyritic andesite, 'The likeness is enhanced by rocrystale
lization and the blurring effect ol retrogressive metamorphlsm,
Distinctions can, of course, belmade, but they require careful
observation, This similarity is a declded hindrance to deter-
mination of stratigrophy and structure in the field, As
implied by the ioregoing descriptions, very few of these
rocks have developed significant metamnorphlec structures,
Though some of the limited gquantities of schlst and mylonlte
in the area are developed from arenaceous scdiments, this
fact is evident only under the microscope, As a rule, the
only visible eiivects of deformation are moderate fracturing
or shearing, The megascopically identifiable minerals are
quartz 1n the form of grains or of lragments of chert, line
grained micas aand, occaslonally, feldspar,

The grein size varlation noted in hand specimen is even
more apparent under the microscope since the elastle texture

is still visible in many ot the rocks, Average grain sizes
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of the different specimens vary through the ontire sand range.
Furthermore, most individual samples exhlbit a wide varlety

of grain sizes, Some in faet contain appreciable quantlitles
of very i'ine grained material and of granules in addition to
gand, With few exceptions the sorting ls poor, When thelr
orlginal shape is not obscured or destroyed by recrystalli-
zabion or shearing, it can be seen that the grains are largely
angular or subangular, A large portion of the clastic pare
ticles afe quartz, gquartzite and chert - more than ninety
percent in some specimens, Clastlc {eldsper 1s sometimes
present though usually in minor quentities, Rock fragments,
of other than pure gilica rock such as quartzite, are a llttle
less plentirful than feldspar, and both are sbsent from the

me jority of samples, Small amounts off clastic blotite, rMmise
covite and hornblende are occasionally included, Uith‘the
exception ol the quartz, guartzite and chert, all of the clas=
tlie consbtituents are at times difficult to distingulsh from
the matrix or from metamorphically formed minerals, It 1s
believed, however, that this has not igkroduced any serious
error into the estimates ol relative cuantities, In nearly
all of these rocks the clastic grains'are gurrounded by a
matrix which constitutes five to about thirty-five percent

of the volume, The matrix now consists of chlorite, sericite,
muscovite, blotite, very fine grained quartz and foldspar and,

ocecasionally, epidote, calcite, actinollte, actinolltie horn=-
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YMost of therm do not contaln apopreciable amounts of leldsparp

or rock fragments, and the nonequartzoso detrital matrix is
decidedly not minor. With the exception of quartz, ﬁhe
magrlx ls frequently the only significant component and may
account for ten o thirty ocreent of the volume, Nor area the
Implicabions of moderate sorting and rounding in subgroywacke
gabtisfied, Iryainets term protoquartzite, or cleaned-up
greywacke and subgreywaclke soeocms inaplicable to theseo rocks
beeause of their poor sorting and relatively high matrix con-
tent (Op. Cit., page 321); On the other hand thelr poor sort-
Ving, laek of rounding and‘high contgnt o non~quartzoée dotrie
tal motrix are characterlstic ol greywacie, The feldspar and
roeck fragmants chareccteristic ol normal groywdcko, howevor,
are m@su, e Thus, 1t seems reasoanble ©o susgest that the
oondifiens_of.orosion and depositlon were sulted to the accun=
ulation of greywacke but that all of the noooésary qom@onents:
silmply were net available, Perhaovs LI the sourco,torbano
. could have supplied sulficlent feldspar aud rock fragﬁents,

\these recks would be groeywacke or subgreywacke, The sburce
rocks were, incldentally, at least partly merine sediments
u8 is indicated by the abundance of cheort,

Metamorphice eff'ects in the sandstone are intermediate

botween those ob;erved in the conglomerate and those in
the shale, Changes in the sandstone are similar to,

but greater than those in the comglomerste and conslder=
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ably less than those in the shale, In portlons of the area
subject only to epizonal metamorphism (Plate I), mineraloglcal
changes are limited to the development of chlorlte, sericilte,
epidote and clinozolsite in the matrix and minor recrystale
lization of quartz and of caleite if it is present, With
increasing metamorphle grade the chlerite and serilclte are
gradually replaced by blotite and muscovite, Infrequently,
aotinolite or actinolitie hornblende have formed, Felldspax
i3 not distributed widely enough to permit determination of
gystematie ehanges, but a 1little oligoclase does form in the
matrix under mesozmonal conditions, In addltion to this newly
formed oligoclase and the reorystallization of clastle feld=
gpar grains, both of which are isochemileal changes, some
plagloclose and potassium feldspar are the result of metae
somatism in the vicinity of the granitic bodles near Blue
Lake, This development will be discussed in more detail
elsewhere, Near the stoek south of Loomis there is some
hornfelsing, It 1s usually incomplete, but there are local
ayeas of almost complebte recrystallization, Hore again, the
matrix 1s first and most noticeably affected,

The effeets produced by penetrative deformation during
the regional metamorphism vary considerably and have a dlstri-
bution not unlike that of the metamorphic grades indlcated
by the newly [ ormed minerals, That 1ls, the most pronounced

effeets aroc to be found in the southwest part of the area



which is also the site of the highest grade mebamorphism,
while there is only minor shearing and crushing in the

reglons of eplzonal metamorphism, Throughout most of the
avren, deformation and development of metamorphle gbructures
were essentlally eonfined to the more fine grained sediments,
This is indicated in the field by the common inberlayering

of massive sendstone with slate or phylllite derlved from
shale, The same thing is evident on a microscoplc 8cale,

too, Layers high in fine grained materlal show eligament of
micaeceous minerals and shearing and lensing of included frage
ments, while adjasent s8ilty or sandy layers eontaln unorlented
micas and unbroken clastic grains, Only in the southwest®
corner of the area was deformation intense enough to produce
foliated rocks from the sendstone, Here some rather poorly
erysballized schist and blastomylenite were formed (Figure 8).
Part of the erystalllzation in the schlst and most of that

in the mylonite 1s postltinematic, ‘

SHALB«DERIVED ROCKS

Rocks derilved from shale are only a liitle less abune
dant than those derived from sandstone, Théy probably cone
stitute somewhat more than one«third of the‘tobal volune of
gediments, Individual beds range from mere partings in sande

gbone to units exceeding several hundred feet in thieclmess,



Figure 8, Blastomylonite from near contact
of southernmmost granitic rock neaxr Blue Lake,

These fine grained metasediments show much more pronounced
of focts of the penetrative deformation during reglonal metae
morphism than do the more coarse grained sediments, They
frequently have well developed foliation whille adjacent or
interbedded sandstones reveal no trace of metamorphle struce
ture, In most lnstancos where the relationship could be
determined, the follatlon is more or less parallel to the
bedding, Cloavoage or gehistosity is not, however, univer=
gal in the fine grained sediments. Many units, particularly
the thicker ones, are partly to completely massive, The

resisbonce to erosion of those rocks is inversely related
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to the degree of development of foliation, Yhe vhyllite is
very sugsceptible to erosion while the bloclky arglllite or
horafels is nearly as stwrong as the more coarse grained
sedinents or the volcanics,

On fresh surfaces tho metamorphosed shales aire medlum
to dark grey or black and occasionally greenish or browmish
e Dhave die na Mlakl 00 byighl eolewh . Deddite: war ks
timos be seen as falnt color or composltional banding, eta=-
morphie sbructureg are more obvious, Phyllites arc comon,
Thelyr parting varies from woll developed and closely spaced
to rude and widely spaced, Some speclmensg may be broken into
paper-thin fragments while others may be split casily only at
intervals of an inch or more, The ioliation planes of some
of the phyllites are deformed into parallel wrinkles., A few
thin gectlons show this wrinkling to represont the develop-
rent of a new 8 plane (32)° This may indicatec a second phase
oi' deformation, implylng a shift in the dircction from which
force was being applied, but 1t may also merely represent a

shift in the directlon of yiolding ol the rock during the

same phase of delormation, Since thils 2 is only lecally
apparcnt, it may well weopresent the second of the two alter-
natives stoted,

Microgcople examination is semewhat hampered by the fine
grain size, as well as the masking effect of the low grade

retrogressive metamorphism, lNost specimens display clastilc



relleb texture, with at lemast some silt and sand slzed grains
recognisable, It is thus indicated that the poor sorting
which characterizpes the more coarse gralned sedlunents, exw
tende to the fine grained sedlments also, NMoreover, just as
the other sedimenis, the [ine grained sediments are welatively
high in quartz, Some samples contain forty percent or more

of identifiesble quartz, with nmore prohably present in the
very {ine grained matrix, High quartz content is alse sug-

gested by the magsiveness and resistance Lo eroslon offnmny

occurrences of these roocks,

In some specimens metamorphic changes axre limibedibo
wnoriented crystallization., These are from the blocky ow
structurless unite, Though it is not always evident,:roe
erystallization is probably complete throughéut the qﬁéa.
Tt 4a best developed in hornfelsized rocks noar the Loomls
"f gfanitic stook where it vepresents contact metamofphla@
,&Figﬁre 9). In numerous specimens it 1s sufficiently:;d~
;j:Vancad to permit identification of some or all of thé"bon-
stitﬁents. Pergentage composition estimates are seldém
posaible, however, The minerals include quartsa, feldébar
in amounts varying from zero to thirty percent, abundant
blotite, chlorite, muscovite and seriolte, bcoasional ﬁornn
blende which 1s a major constituent in a few rocks, and
minor amounts of carbonate, epidote, aetinolite, sphene,

pyrite, limonite, hematlbte and grophite, Proportions vaxry
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Plgure 9, Photomiervgraph of hornfels [yom
near the Loomls stock, This 1s an exceptlon-
elly well recrysballized specimens

widely, bub quarts is nearly always present in considerable
quantities, It 1s usually aceompanied by miocaceous mlnerals =
chlorite and sericlte or blotite and muscovite, depending on
metamorphie grode - and less often by feldapar or amphibole,
Although the feldspar can seldom be accurately identified, 1t
is apparent that both orthoclase and plagloclase may be pro=
gent, The lititle plagioclase that permita deberminatilon 1s
calelc oligoclase or sodic andesine,

A number of outerops of rock with fine grained texbure

and poor to falr cleavage was deseribed in the field as slabe,



Almost without exception they proved, when seen in thin segw
tions, to be nore coarsely crystalline than was apparent
from megascoplc examination, Sericlte, chlorite and the
micas are partiocularly well represented, Bilotite and muse
covite crystals up to & half millimeter in length are gommon,
Many of the crystals are aligned, indilcating synkinematic
growth, while others, which are usually more fine grained
or have developed at the expenée of earlier alligned gralns,
are postkinematic, It is probably this postkinematic cixye-
atallization combined with the presence of large portions
of non=eleongate minerals =~ mostly quartz - which accounts
for the poor cleavage in spite of the good development and
orlentation of much of the mica, The randomly oriented
tabular erystals tend to bind the rock together, whille the
quartz does not contribute much to the foliation in any of
these roeks, Since these rocks arve, at least to a limited
degree, cleavable and contain an appreclable quantity of
identifiable, aligned minerals, they appear to qualify, pere
haps with reservation, as phyllites, Only a Iew examples
of cleavable rock with no more thaan the extremely fine‘
grained to submicroscopic minerals proper to slate were
found, They occur'only as thin beds in more coarse grained
sediments,

In addition to the atypilcal ﬁhyllite descr;bed, there

are numerous outerops of more normal phyllite, It 1s iden=



tifiable in the rileld by its characteristic cleavage and
sheen, In additlon to some submieroscopic, unidentifiable
minerals, speclmens contaln various proportions of chlorite,
gsericite, blotite, muscovite, quartz in usually s omewhat
smaller amounts than in the poorly foliated rocks, as well
as ninor amounts of feldspar, amphibole and several acces=
sory minerals, The quality of the follation or cleavage
appears to be directly related to the quantity of micaceous
minorals present and thus to the amount of.clay, clastle
nica and related mincrals in the original sediments,

Some of the phyllites and hornfelsoes are spotted. The
apots are oval in cross scetion and orlented with thelr long
axes parallel to the follation, They are lighter colored
than the remainder of the reck and appear to be concentrae
tiong of sericite in a more chleritic matrix, The reagon
for the concentrations is not deiinitely knewn, The éeri-
cite may be due to retrogressive replacement of andalusite,
which was formed during contact heatinge

In the southern part of the area, in the region of
relatively hicher grade metamorphism, there are minor quen=-
tities of schist and para;amphibolite. Part of these may
have been derived from shale and dolemitic shalc, However,
since their erigin is not clear, they will be described
elsewhoro, |

Thesc pelitiec rocks are of less help than the more

coarse groined sediments in determining the environments
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of erosion and depositlon, Nevertheless, they do support

the coneclusions bagsed on evidence supplied by the othor
godiments, The sallent feature of the enviremment already
postulated was yapldity of crosion and deposition, This is
again suggested by poor sorting, and a large amount of quartz
in proportion to mica=forming constituents, Actlve mechonie
cal croslon with little chemical weathering and rapid accuii=
ulabion without sorting or reworking arve indlcated; these

conditions ave appropriate to a eugeosyncline,

CHERT

In striking contrast to the usual heterogenous, poorly
sorted, frequently coarse scdlments of The area there 1s,
on a hillside about two miles northeast of Blue Lake, an
outerop of maessive chert, Isolated exposures are scattered
for a third of a mile across the slope, Indlvidual ouberops
expos e little wore than ten feet of sectlon though the total
A may be many times this amount, The attitude is obscure and
tho thiclmesgs and relation to adjacent beds are masked by
soil cover. Although the chert is essentially masslive, 1t
shows o faint indication of northeast to easte-northeast
strike and steep south dipe The attitude is similar to
that of the nearest roliated beds whileh, however, are separated
Y ppon the ehert by massive rocks and soll mentle, Aeridl photo=-

craphs show a vague linocation in o dircetion just cast of north
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and hint at the possibility of an open synecline plunging to
tho south, The chort would be in the trough of the syncline,
The sun of available information leaves the stratigraphic
and structural setting of the unit in doubt,

The chert in outeron and hand speclmen is massive and
irregularly fractured, It 1s translucent on thin edges and
ranges in color from nearly white to medium dark grey or to
rusty brown where it 1s iron stalned, In thin section 1t
consists of a micreocrystalline aggregato with incipient
reerystallization of quartz, It contains scattered, milnute
calcite crystals, a percent or two of fine gralncd muscovite
and a little nagnetite whiech 1s being altered to hematite
along fractures, Some of the rractures have been healed
with quartz. There are no textures, structures or inclu-
sionsg Yo glve a clue to the mode of origin, The rocks found
nearest, but unfortunately not in contact with the chert, are
nineralogically and, perhaps, genotically similar, One 1s
whitish, very rudely foliated, fine gralned, quartzose rock,
Under the microscope it appears to have been an argillaceous
8ilt containing about cighty percent quartz, A~Llthough there
was o signiflcant admixture of argillaceous material, it was
unusually pure as compared to the dirty matrix materlal of
mesgt of the scdiments of the arca, The rock was eplzonally
metanorphosed under week dynamic conditions, with sorie ree

erystallizatlion of quartz and formation of oriented serlclte,



There 1s a trace of sericiltilorm biotlte or possiblec atlilp-
nomelane, Crystallization continued after movemcni ceasod,

The othor nearby rock type more closely rcgembles the
chert, It is a hard, grey, very {ine grained rock not. greatly
unlilze the chert in appearance, yet, to some degree, lacking
its density, luster and characteristic fracturec, s deter-
rnined microscoplcally, it consists ol about one Uhird seri-
clte and two thirds eutromoly ilne grained guartz, There
is some iIndication of deformation, but most ol the crystallil-
zation was not dynamlcally controlled, Mincralogically this
is nueh like the proeviously described rock, though the quartz
may not be of clastie origine It 1s concelvable that ﬁhis
was an lmpure phase of the chert Which was nore easily dew
formoq and nore readlly recrystalllzed,

The chort and, to a lecgser exbent, the other two rocks
<msntioned, mark o period during which condltions of deposition
were consldorable, though pornaps locally, different irom those
under which the bullk of the sedimentation took place ln the ‘
area, Instead ol a rapid piling up of poorly sorted detritus,
there was an accumulation o. relatlively pure silica;by‘chemical
precipitation, organic processes or hlghly selective déposi-
tion, This was a time of grcater stabilily with less vigorous

crosion and less active transportatlion of oroded material,
]
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MARBLE

Just south of the arca mapped in relative detall, but,
presumably, in the same general gtratlgraphlc sequence,
limited exposures of a marble unit were found, The nearest
outerops of other rocks which are several hundred yards away,
conslst of conglomerate and dark, pebbly greywacke, Soll
cover and lacl: of visible bedding in any of the rocks prevent
even approximate determination ol rclationships, No other
marble or limestone members were found In the area,

In hand specimen this marble is a medium grey, oven
textured, fine grained rock, The microscope shows 1t to be
composed almost entirely of lrregular, interlocking carbonate
crystals which average slightly less than one half millimeter
in diameter, 'The composition ov the carbonate was not de=
ternined but, judging from 1ts reaction with weak hydrochloriec
acid and from the minerals [ormed from the small amounts of
carbonate present in other rocks, it is probably somewhatb
dolomitic, Also in the thin section are a few sub=-rounded
quartz grains in a thin stringer and scattered sparsely through
the matrix., Thore are no sedimentary or metamorphic struce
tures or alignment,

As does the chert, this rock represents a period of
derosition during which conditlions were congiderably more
stable then during the formation of most of the sedlments

in the area,



VOLCAWICS AlD METAVOLCANICS
Volecenic rocks constitute roughly one third of the vol=

canlc and sedimentary sequence of the arca, They are cone
cordantly interlayered with the sediments, It is assuned
that they represent flows though .no positive evidence to this
efi'ect was obtained., Again, whilc it i1s possible or even
probeble that most of the flows were submarine, no conclusive
evidence of this was ngted. Metamorphism nay have destroyed
mpny of the critical features, Individual units range in
' thickness from an observed minimum of aboub ten feel tp well
over one hundred feet, Some may actually be much thiéker.
The lateral extent was not détermined, although some units
could be traced for more than a mlle, |

A‘ The volecanics ave generally massive, The only sﬁruc-
. ‘tures they cxhibit have been induced by metamorphilsm, Falrly
v"extensive fracturing and moderate shearing grade locaily into
schistosity (Figure 10), Most of the volcanics, howevér, have
resisted deformation and remain struc?ureleﬂs, even thgugh
o adjacent shalo beds ecommonly have been transformod'Inﬁb phyllito,
'JlThe metavoleanics vary in color from Light grey to black and
often have a greenish cast, lMost of them aro medium or dark
greenish grey. weathe?ed surfaces are stalned brown By iron
oxides, The predominant texture is aphanitle, although only
a few speecimens appear completely dense, lost contain some

feldspar, hornblende or biotite phenocrysts. The phenocrysts



Figure 10, Typical fracturing and shearing
in meta=andesite,

constitute several to perhaps sevenbty-five peroentAof the
volume, They range up to ten millimeters, but are mosﬁ_'
offen one or two millimeters in length, They occaslonally
show rude flow alilgnment,

Although they vary from light to dark and from dense
aphanitic to coarscly porphyritic, most of the voleanies
are mineralogically simillar, Bofore metamorphisn they were
vihrtually all andesitic. The feldspar which consbitutes about
forty=five to soventy pcrcent of the rocks 1s sodle andesine

ranging from Anjyg to Anjo 1n composition, luch of 1t occurs



as ocuhodral to subhedral phenoerypts or as fine laths in
pocks with dlebasic bexture, and the remainder forms anhee

dral grains in the groundmass (Figure 11), lMany of tho

| mm

Figure 11, Photomicrograph of a relatively
well preserved specimen of volecanlc rock
with diabasic texture, It originally cone
gisted of approximately slxtyefive percont
plagioelase and thirty-five percent horne
blende, 1iote the ragged corystal borders
and the overall speeckled and fogged appoear=-
ance due to inciplent replacement of the
igneous minerals and formation of very fine
low grade minerals,

phénocrysts have normal and a few have oscillatory zoning,
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Though the range of composition of the zoning can seldom be
determined with any precislon, it appears to lle within the
limits montloned, Hornblende accounts o1 most of the re=
mainder of the majority of speecimons, varying rom about
twenty to fifty percent, and commonly amounting to about
thirty percent, It too is often in the form of stubby phenoe
crysts or, occasionally, in slender prisms, They are, houw=
ever, seldom as large as the plagloclase crystals, TFew
exceed four millimetors and most are one millimeter or leas
in mxinum dimension, A small portion of the hormblende is
brown, but most of 1t is groen, Blotite is the only other
quantitatively important primary minkpal. Percentage detore
mination is made difficult by the abundance of secondary or
metamorphlc biotite derived from hornblende, Igneous bio=
tite appears to constitute a maximum of about twenty ﬁercent
of the volume, but it is frequently absent, Partlcularly
when it is present in relatively large amounts, 1t tends to
form phenocrysts of about the same size as the hornblende,
Other minerals arc rare in occurrence and minor in améunt.
Anfew samples contain a little orthoclase or quartz, walle
éugite apnears in only one, However, pyroxene would be une
stable under low end medium grade metemorphic conditions and
may therefore have been eliminated, 4ll other minerals
1dontified in thin seetion are interpreted as products of

LU L

“metamorphism or alteration,
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Changes wrought by metamorphism in the voleanics are,
in general, rather minor, As mentioned above, most units
résiated the deformation which made folilated rock of closely
assoclated fine gralned sediments, Although fracturing and
moderate shearing aro widespread, dovelopment of achistosity
i3 loecal and limited to the southwest part of the area where
the grade of metamorphism was higher and the deformation
apparently more intense, The product of this stronger metaw-
morphism 1s erthoamphibolite or, more commonly, for lack
of sufficlent amphibole, a hormnblende~plagloclase schist.
Bioti#e is often present, though usually in minor amounts,

In the bulk of the volcanies only the mineralogy, and
not the structure, has been changed hy metamorphlsm, Since,
over much of the érea, the grade of the regional metamorphism
approached, but did not exceed, the yange of stablillty of
andesine, hornblende, and blotite, 1t had 1ltbtle offect on
these minerals execept for limited alteratlon of and08$pe to
oligoclase and epidote, Most of the mineralogleal dhdngea,
therefore, took piace during the retrogressiVO-phaaé.i The
main exceptions to thils tendeney to form lower grade mincrals
_were simple reerystallization of the lgneous minerals and
biotitization of hornblende, The lgtter reaction 1s apparent-
iy a responge to potassium metasomaﬁism which is alséfsuggested
by the local formation of owthoelase and mierocline porphyro=
blasts, Reerystallization of the original minerals 1s ex«

tongive and notoworthy in somc rock typcs such as the amphi-



bolites and hornblende-~plagloclage schists, while in those rocks
which have cssentially retained their volcanic textures, reecry-
stalllzatlion has occasionally given rise to inclplent porphyroe
blasts and even to crystalloblastle texbures in the original
aphanltic fabric, The most common and obvious changes are,
however, altervation of plagloclase to gsericite and alteration
of hornblende and blotite to chlorite, Uhese reactions range
from incipient attacks on crystal edges and partiogs to come
plete replacement of the origlnal minerals, Alteration of
elther plagloclase or hornblende releases calclum to form
epicote minerals or calcite which are comaonly seen In close

association with sericite and chlorito,

THE LOOMIS INTRUSIVE STOCK AND ASSOGIATED ROCKS

Rising sharply above the town of Loomls and extending
to the south 1s an outerop of granitlc rock which shall be
called here the Loomis gtock (Plate I)es The exposed portion
of this stock i3 four miles long by about one and one fourth
niles wide, Ibs western face rises more than 2500 feelt above
the floor of Toats Coulee, To the south, and separated Lfrom
1t by only a few hundred yards, is a smaller granitlc body
about one half mile wide and three miles long, The simie
larity and proximity of the two outerops indlcate that they

are parts of the same unit,
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The Loomis steck is glightly more resistant to eroslon
than the surrounding metasediments and volcanics, Both of
its oubterops form moderate eolevations, The conbtact, however,
is only very locally marked by a pronounced change in slope
or by obvious differential erosion, Wherever it was seen in
the fleld, the contbact is fairly sharp, The transition from
granitic to country roek generally occurs over a few iuches
or leas, Where follatien is present in the surreounding rocka;
it 48 wsually parallel or subparallel to the contact., The
gole observed exception is at the southwest corner of the
main, northern euterep, There the surface trace of the fo-
liastien is approximately at right angles bo the contaet, UNo
continuation of this trend could be found in the granitiec
rock, In fact, no structure of any kind was found in either
ouberep of the stock, There is some fracturing and faulbing
of the §£ock but no obwvious or well developed joint pattern,
The present shepe of the exposed portion of the stock does
not appear Lo be determined by lnternal structure or by any
other systematic controelling factor,

Specimens from various parts of the steck very only
slightly in appearance. They are medium er light grey
to green~grey, structureless, medium=grained and occa=
slonally, slightly porphyritic, The largest phenocrysts
are aboub ten millimebters in maslmum dimension, but only a
few are big enough te be comspicuous in the meddium grained
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ground mass, Megascoplcally identifiable ninerals, including
those which Torm phenocrysts, are qﬁartz, feldspar, and, less
often, biotite, OQuartz tends to be the most obvious nineraly
beceuse alteration has mado the outlines of the feldspars
indistinet and given the mafics an illedefined appearance,

The wicroscope shows a typlcal sample of the Looﬁis
stock to be hypautomorphic granular and medium grained with,
af times, a Lew cuhedral or subhedrai phenocrysts of piagio-
¢lase, orthoclase or blotite and subhedral or anhedraljpheno-
crysts of quartz. The bulk of the plagloclase and blotite
has relatively good crystal form, while the quartz andjorw
thoclase are largely interstitial, The rock, disrogaféing
‘products of alteration, is composed of approximately twenty—
five percent quartz, fifty percent plagioclase, [ifteen por=
cont orthoclase, and ten nercent blotite or hornblonddg The
plagioclase varles from An3yp to Angy and 1s most oftoﬁjabout
An33, 1In additlon to these dominant ignoous minerals; many
specimens contein sericite, chlorite, epldote minerald, cale
cite, leucoxcne, hematité, pyrrhotite and pyrite,

The ceccuracy of composition estimates 18 limited.by the
ever present and sometimes extreme alteraticn, The dltoras
tion, for example, makes it diffieult to distingulsh ﬁetwoen"
the various feldspars unless the plagioclasce has good'albite
twinning or the potassium feldspar has the microcline grid,
Unfortunately only a small share of the feldspar carxies
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v
gome such disbinguishing characteristic, As though in pare
tial abtonsment for thelr usual role as hindrance to 1ils
3 determination, the products of alteration somotinmes gi&es
a elue to the original compositlon, NFor ingtance, caléite
or epidote, which are sometimes assoclated with sericite,
guggest that the latbter mineral replaces plagloclase rather
then orthoclase, The mafics are affected to, perhaps, an
even greater ecxtent than are the feldspars, In some slides
chlorite has completely replaced the original dark minerals,
In the others, practically none of the blotite or hornblende
1s completely fresh, All of the orystals have suffered at
least incinlent alteration, Incidentally, it is the retro=-
gressive chlorite, along with a lesser amount of opldote,
that imparts the greenish cast to many of the specimens,
At present, bilotite is by far the most abundant igneous mafic
mineral, It is possible, however, that hornblende was orle-
ginally nmuech mnore plentiful than it is now, Epldote is fpg-
guently associated with the chlorite, indlcaetlng formation
of' these minerels {rom hornblende rather than blotite, It
appears thet most specimens at ene time contalned at least
a little hornblende, end that some had considerable anounts.
Though the products of alterction unguestionably make
conposition determinations legs precise than they might be
if the rocks were fresh, most esltimates are sufficiently

accurate for purposes of rock classification, They indi-
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cate that the Loomls stock is essentlally granodiorite,
varying locally to guartz-diorite,

Aplite dikes, related to the siock were lound in the
nearby country rock and in the stock itscll, Although they
occur in and about the stock, none were seen cubting the
contact, They vary irom a irectlion ol an inch to several
feot in thickness and are either of rcasonable uniform thicke
nces or evenly tapered, Soil cover or pinchouts prevented
traclog any of them for morc than about thirty feot, The
dike ﬁorders all appear to be sharp, In outerop and hand
soocimen the roek of the dikes is white, cream or light grey
and medium to Iine grained, Feldspar, quartz and fine grained
metallic minerals may be ldentified megascoplcally.

In thin seetion the aplitic dike-rocks show a strongly
sutured micropegmatitic or aplitic texture with seriate grains
of medium~{ine average size, Theoy are composed of guartz,
foldspar and a little muscovite with minor amounts of blotlte,
pyrite and alteration products such as sericite, epidbte,
chlorite, hematite and limonite, Although cash of the spee-
cimens examined containg both orthoclase and plagioclase;
the relative proportions of the two feldspars vary widely,

At one extreme a sam le contains andesine with only a trace
of erthoclagse, while its opposite mmber is made up of ortho-

eclase, microcline and perthite but only a minor amount of

~andesine, It appears thot the latter or pottaslum felkdspar



- rich type is more nearly representative, a lthough, admittedly,
thls statemont is based on limited‘data.

There geems to be no reason to doubt that the usual
okplanation of pegmatites and aplites applies to thesevrocks.
They are probably formed from the residuum of magmatic cry=
gtallization ejected from some internal site of concentvratlon
after the stoek was essentlally cooled, No reason is presently
apparent for the rather unusual preponderance of plagloclase
in part of ghe specimens,

The stock, at one place or anothor, ls in contact with
most of the local types of metasediments and metavolcanics,
but it most commonly abuts fine or medium grained sediments,
With the exception ol locally numerous apophyses, the contact
is falrly regular and sharp, The boundary gone between ine
trusive and country rock seldom occupies more than a few
inghes and often appears as the trace of a plane. Specimons
from some of the sharper portions of the border were examined
‘microscopically. The grain size of the granitic rock de=
ereases as the contact is approached, but, in the thin sece
tions studied, this changoe occurs only within about one
cenbimetor of the contact, There is little apparent inva=
gion of the eountry rock, In at least one ease the SHarpness
of the boundary is limited only by tho necessity of fitting
the eryatels ofthe two rocks together, There ls some reecry=
stallizotion in the couwntry rock, particularly in the finer
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grained sediments and the matrix of more coarse grained ones,
In a few specimens the recrystallized sediments contaln ine
cipient feldspar porphyroblasts, They are best developed

vory ncar the contact, but even there they have an amoebold
shape and are {illed with inclusions, Metasomatvic addition

of materlal from the intrusion may have contributed to the
growth of the porphyroblasts but camnot be demonstrated, The
fine grain slze ol the sedimonts precludes quantitgtive deters
mination of the orilginal composition and thus provents detecs
tlon of eny chemical change,

As mentloned above, fine grained sediments show the
greatest change due to contact metamorphism, Very locally,
reerystallization was extenslve enough to produce fine;grained
hornfels (Figure 9)., The specimens of coaraser sediments which
were examined all retalned much of their clastlc texture,
While fine grained micas were iormed and quartz and {eldspar
were recrystalllzed in the matrix, the larger gralns were
unchanged or rcceived only a thin evergrowth, The volcanics
which were exposed to heat from the stock show few if any
changes that can be distinguished {rom those caused by the
reglonal naln or retrogressive metamorphism; thus it is
probable thet theo heating at the contact caused nothing more
than minor recrystallilzation,

Sinece, in the foregoing paragraphs, the Loomls stock is

rol'erred to as igneous, while elsewhere in the paper, somewhat
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gimilar granitic rocks are desecribed as the produots‘qf
granitizatlion, 1t seems advisable to support these opﬁosed
interpretations as canpletely as possible, Therefore, evie
dencoe indicatlve of the lgneous origin of the Loomls stock
wlll be presented here and the signs of granitization will

be described later in thelr appropriate place, Internal
evidence will be considered filrst, An igneous origin is
suggeated by the uniform mineralogical composition of the
Loomis stoock, The samples examined were collected from scat-
tered localities, but thelr composition varies only within
narrow limits, Most of them are granodiorite, while a few

are quartz diorite, The difference i1s chielly due to a
moderate variation in the amount of orthoclase present, In
view of the considerable diversity in compositlon of the
sediments and volcanics that would necessarily have been

the parent material if the stock were a product of preplace=
ment, such uniformity would be most unexpected, The minerals,
moreover, include none which are peculiar to metamorphlc rocks
exeept those that evidently have their orligin in the late
retrogressive metamorphism and replace earlier igneous minerals,
Uniformity is also a characteristic of the grain size and of
the texture, No narticularly fine or coarse grained varieties
were found, Virtually all of the specimens are wmedium grained,
hypautomorphie granulor, No motamorphic‘features such as

crystalloblastic texture, schistosity or gneilssose banding



wore observeds

Other indications of igneous orlgin are to be found in
the surrounding rocks and in their relationship to the stock,
i71th minor exceptions the metamorphlc structural eclements in
the counbry rock are approximately parallel to the contact,
This parallelism probably indicates that the intrusien of
lgneous material was controlled by the rogilonal structural
fabric, Also, contrary to what might be oxpected if the
steek were a nroduct ol replacement, the granodlorite is com=
nlotely directionless and no metamorphic structural elements
can be traced into it, In addition, there 1s little or no
gradation between granitic and country rock, Some of the
contacts are virtually knife sharp, The country rock cone
tains no trace of the feldspathization that would have been
a necesgary part of granitizatlon,

The granltized rocks near Blue Lake are, roughly speaking,
centers of relatively high grade metamorphism surrounded by
zones of successively lower grade, The metamorphic zones in
the vicinity of the Loomis stoek form no such pattern, lone
of the surrounding metamorphiec rocks is of a grade higher
than the cool mesozone, The stock is in a setiing of Iincome~
plete and selective epilzonal and cogler mesozonal mebamorphlsm e«
a'very improbable locatlon ror rveplacement granite., The meta=
morphic production of directionless granitle rock requires

thorough recrystallization, metasomatlsm and transformation,



If the eonditions necessary to bring about such changes

had ever existed at the site of the Loomis stock, they

would surely have had gome vigible effect on the surrounding

vocks, Certainly something more than the known limited horn=

felsing would be velated to the stock or assoclated with it,.
Moat of the evidence - minoralogical, textural and

structural - gtrongly supports en igneous int9rpratation

and none of the evidence contradicts such an interpretation,

REPLACEMENT GRANILTIC ROCKS

On the east side of Toats Couleo, near Blue Lake, in
the gouthwest part of the mapped arca there are two outerops
of granitic rock (Plate I), The northern outerop is roughly
eQuidtmensional and about one half mile in diameter, ‘ﬁhe '
other is about one half mile wide at its north end and/widena
 gradually to the south, in which direction Lt continues for
about three miles to the vicinity of Pish Lake, It ig be=

" lieved that the two units are genetically related and per-

haps eonnected at depth, but, to avold eonfusion, they will
be deseribed separately. They probably belong to Goldamith's
Pish Lake complex (Goldsmith, 1952), '

Northern Blue Lake Granltie Body
The northern body forms a lknob directly east of the dam
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at the north end of Blue Lake, The granitic rock is a little
more resistant to erosion than are the surrounding metasedie
ments and metavolcanies, In outerop and hand specimen it is
very light to medium grey, fine to medium grained and direce
tionlesa, Feldspar and biotlte are megascopically visible

in mogt specimens and quartz in some, There is considerable
vardiation in color, texture and composition in speclmens
fram different lecationg within the unit,

In thin sectiong the variations among speclmens are even
more apparent than in hand apecimens., Some of the samples |
have & very nearly igneous appeavance, Whille others show
definite indications of metamorphic origin, Though they
have minor differences in detail, the igneous appearing
rocks can, in general, be deseribed as medium fine gralned,
xenomorphic to hypautomorphic granulay granediorite, An
example contalns approximately fifteen percent quartz, forty
percent plagloclase, twenty percent alkall feldspar and
rifteeﬁ percont mafic minerals, Some have a fow perﬁgnt of
muscovite or sericite, The mafic minerals are hornblende,
biotite and epidote, In most specimens nearly all of the
hornblende has been replaced by biotite and epidote, The
plagioclase, which ranges in composition from about Any,
to Anu5, commonly has normal or escillatory zoning, It is
ogeasionally in the form of glomeroblasts and porphyroblasgts
with erenulated borders and numerous inclusions, but the bulk
of the plagiocclase crystals are reasonable well formed, The



alkall feldspar includes orthoclase and microcline and is
in part microperthitic,

There is consilderably more variation among the less
igneous appearing specimens, Thelr bexture, grain size and
composition are less similar and uniform, Individual crye
stals tend bto be poorly formed, A single thin section may
contain tiny, amoeboid porphyroblasts of quartz and feldspar
and large, nearly euhedral plagloclase porphyroblasts as well
as many of intermediate development, The feldspar porphyro=
blasts commonly surround and include grains of quartsz, horne
blende, biotite and epidote (ilgures 12 and 1), The plagio=
clase 1s less often zoned in these rocks than in the more
ignoous appearing ones, bubt has a similar range of composition,
Only small amounts ol potassium feldSpar are presant,”usually
in the form of microelinc. Biotitiéation of hormblendes is

far advanced, 1In spite of the conslderable compositional

variety most of these rocks can be elassified as quartz diorite, -

The nearby counbry rocks include most of the typos de=-
seribed In the chapters on metasediments and mebavolcanies,
sﬁch as‘altered andesite, greenstone, amphibolite, metacon-
giamerato, vhyllite, schist and blasta@ylonite. On the whole,
they differ from similar roeks to the ﬁorth and east Iin being
of a higher metamorphic grade and having undergone somewhat
more deformation, Whereas most of the rocks which are farther

" fvoi ‘the ‘Blue Loke granitlc bodies belong to the épiZdﬁe and
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cool mesozone, those that are nearby conitain minerals chare
acteristic of the warm mesozone or even of the katazone.
These higher temperature minerals include diopside, traces
of vesuvianite, and suahwless definitive minerals as horne
blende, biotite and andesine, Though the metamorphic grades
of most of the rocks are not preclsely defined, the minerals
and theoir combinations are indicative generally of mesozonal
and, locally, of warmest mesozonal temperatures. Bven in
the rocks with relatively well developed foliation, some
of the well formed crystala of the higher grade minerals
are unoriented and, therefore, postkinematice Tﬁe static
me%amorphlsm appears to have reached as high a grade as the
synkinematie phaae and was probably locally a little higher.
That this part of the area was more strongly deformed is
indicated by the presence of well sheared conglomerate,
gchistose amphibolite and blastomylonite - none of which
were found to the north and east, Thewve is, furthermore,
a higher proportion of schistose, as opposed to structure=-
less, mebasediments, Still, however, some of the gediments
and most of the volcanles falled to develop noticeable follw
ation, ' |

Most of the amphibolites and amphibolitie schista in
this southwest part of the area appesr to be derived from
sediments rather then volcandcs, Most of them contain
appreeiable quartz - ten bto twenty-five percent = which



would not be available from andesite or basalt, and some

conbain seventy to eighty perecent amphibole or xoughly two
| to three times the amount in most of the voleanicas, Some,
noreover, have faint to strong compositional banding which
is probably mimetic alter bedding,

The grenitic body and the rocks in ite imnediate vie
einity and to the south are, to a greater or lesser extent,
feldspathized, Porphyroblasts vaery from minute, 11l-defined
growths (Pigure 13) to large, inclusion=filled insets with
crenulated growth-borders (Figure l.) and, finally, to
nearly euhedral, clear crystals., Some of these last could
easily be taken for‘igneous phenoerysts, were 1t not lor
their association with other vorphyroblasts in all stages
of development, thelr retention of a few inolusions'of:metan
morphlc minerals, or, at timea, their presence in rocks of
evident sedimentary origin, Most of the porphyroblastg are
plagioclase which sometimes has normal or osclllatory éoning.
In the velcanics, where a valid comparison can be made, the

plagioeclase ls more sodiec bhan the originél igneous plagio=

clage, For example, an altered andesite with igneous plaglo-

¢lage of the composition An35, containg porphyroblasts with
a composition of Anppe. Some porphyroblasts in the granitic
roecks and a few in the country rocks near the contact are

microcline or orthoclase,
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The contacts of the northern Blue Lake granitic body
are fairly well defined but not sherps The narrowest transie
tion zone observed occuples about one foot, In this distance
fine grained schist pives way to what, in hand specimen, looks
1ike & fine grained granitic porphyry, Under the microscope
it may be ‘seen to consist largely of rather uniform slzed
plagloclage porphyroblasts about two to three millimetoers
long., S&ame are nearly euhedral and clear while others con=
tain inelusions and are poorly formed, They are set in a
matrix of fine grained quarbtz and blobtite and small, mostly
ineipient, plagloclase porphyoblasta, The contact at another
pléea is a gzone of transition about ten foet wide, Here the
gountry rock is para-smphibolite and the granitlc rock ls
fine grained hypeutomorphle granular quartz diorite, The
two differ only slightly in composition, The maflc assem-
blage of the quartz diorite ineludes epldote, part of which
is ehnlased in feldspar porphyroblasta., At another loeallty
the four rocks shown in Flguwe 15 were collected from iso-
loted outerops distributed along o line one hundred febt
long, roughly at right angles to the contacts The Lirvst
is an altered andesite containing a small amount of quartz
that may have been metasomatically added. The second is
also an albered andesite, bub it contains megascoplcally
obvious feldspar patches., In thin seetion under plane
1ight these patches are faintly discernable, very lrregus=



lar, inclusion filled plagioclase porphyroblasts, The third
is a fine grained, uneven textured quartz dierlite, It
apparently differs in composition from the albered andesite
only in that 1t contains a signifiecant amount of gquartz and
a trace of micrecline and mieroperthite, The last is a
medium fine grained hypautomerphie granular granodiorite,
Some of the plagloclase is nearly euhedral. The rook cone
tains about twenty percent orthoclase and mierocline, It
seems possible that the granitle rocks developed from ﬁhe
voleanlcs through recrystallizstion, feldspathization and
addition of silica, However, the ovidence gupplied by the
four specimeng 1ls neither complete nor continueus enough
to gonclusively demonstrate this, It dees, nevertheless,
suggeat a progressive growth and development of the plagie-
elase, and a possible inorease in 4ts amount, as well as a
definite increase in the amount of alkall feldspars

Both field and petrographic evidence indicate that this
body of granitic rock was formed in place by processes of
grenitization, It lacks meny of the characteristles of an
igneous intrusion, It has no sharp conbacts, no concentric
cantact metamorphic zone, no chilled bofdars. and does net
have widespread uniform textures or mineralogy., On the
other hand, there are numerous affirmative indleations of
granitization, The contects are more or less gradatienal,

Specimens taken from various parts of the transitlen zone



Pigure 15, Maecrophotographs of rock slices fron speecimens token
at intervnls along a line roughly at right angles to the centact
of the northern Blue Lake granitic body, The scale is indicated
on each ploture,

(A) An altered andesite, Changes include replacement
of part of the original hornblende by bhiotite, chlorite
and epildote, The rock countalns a few percent of quartsz
which may have been metasomatically introduced,.

(B} 4 somewhat more strongly altered andesite that contains
very vague and poeorly formed feldspar porphyroblasts which
are full of Inclusions,

(0} & zenomorphic quoartz dicorite with uneven texture
and mincral distribution. It contains small amounts
of microcline, orthoclase and microperthite,

(D) Hypautomorphic fairly cven textured grenodiorite,
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appear bo represent different stages in the development of
the granitiec rock, The first sign of this development 1s

the appearance of inciplent plagioclase porphyroblasts in
the mebtagsediments and motavoleconics, Parbticularly to the
south, some of the porphyroblasis ocour at a considerable
distance from the grenitic outerep. At least a part of

them ave apparently due to godium metasomatism, Metasoma=
tiam algo supolied potassium to blotitlze hommblende and
px'obably to cause the formation of ox-tb.@cls.se and micro=
elino 1n locally avpreciable guantities in the granitlc rocks
and. in very limited quantities in the countary rock, Une
fortunately, most of the potasgium feldspar is in relaw
tively well ecrystalllzed granitic rocks, where evidence of

- gvowth in place has been largely destroyed. However, the
near«contact ovceurrences that were studled could, mest
roasonably, be intevrpreted ag products of replacement,

There may have been addition of silica from an oubside
souree, but thls would not he necessary. Some of the sed=
iments conbain an sbundance of quartz, which, by local
reddetribution, ceuld have made up any silica deflcleucy

in the other sediments and the velcanies, Thus, through the
regrystallization and metasomatism, which are seen in thelr
primary and intermediate stages in the country rock and the
gonbaect zZones , directionless granitic rock is Lfinally formed,
This tmnsfo#mti.oh of a heterogéhem group of' sediments and
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volcanica does not, of coeurse, produce a very uniform body
of rock, Textures of the granitized reck range {rom obvie
ously erystalloblastic through uneven menomorphlc granular
5o lgneous appearing hypsutomorphic granulsr, Potassium
feldspar or quartz may be vresent in fairly lsrge or in
small gquantities, or they may be absent from the mineral
assemblage, Similarly, the plagloclese and mafies vary
markedly in abundance, Finally, significant support of a
granitizabilon interpretation is found in the areal distris
bubloen of mebamorphic grades, Although the granltic body -
is roughly at the center of the area of highest grade metas
morphlsm, the metamorphilc zones are not arranged cleosely
and concentrically about 1t as 1f in vesponse o centast
heating, On the contrary, the lsograds are widely spaced
and somevhat irregular, Thelr configuratlon bears no direet
relotlonship to the granitic body, The granitic reck is
gltuated where the most hoating eccured and where the
greabest mobllity of lons, aboms and molecules would he
expecteds ILs locatlion is a wesult rather than a cause of

the distribution of mebamorphic grades,

Southern Blue Lake Granitic Body
Te gecend granitic body in the southwest part of the
mapoed area is about a mile soubh of the one just deseribed,
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ITts boundaries, as shown on the accompanying geologic map,
are somewhat arbltrary. fithe map indi‘catos the Limits of
both directienless and gnelssese granltold rocks The
boundary liae, thusg lecabted, unavoildably includes some
netagediments that &re only slightly or very incompletely
granitized, The east boundary in perticular is loosely
defined,

hese granitic focks, a do the others in the area,
stand o litbtle above the surrounding mebasediments and
metavolecanics, This topographlc expression of superler
vegisbance bo evesion is very slight, however, In oute
crop and hand specimen the granitle recks are light groy,
fine to medium grained, end range {ram gneilssose bto dlrece
- pionless (Pigure 16). TFeldepar, quarbz and bietite arve
megaseonically identifiable in most of them, The banding
of the gnelssoge rocks ig continuous or parallel with the
structure of nearby follated mebtenorphic rocks wherever the
relationship could be determineds Some of the banding may
be traced iante the granitic bedy and is finally lost in
directionless erystalline rock.

The granitold reeks that ezhibit metamorphlc structure
inelude gnelasose granulibe (Plgure 16A) end recrystallized
poragnedss (Figure 16D), The graaulite ls of quartz dlorltic
composlitions It contains sodie andesine and quartz, and

. lesser amounbts of blotite, chlorite, epldobe, rmscovilte
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and sphene, Some of the plagioclase is relatively well
formed but mﬁﬁh of ‘4t is in porphyroblasts, Pakt of these
porphyroblasts are ne more than incipiente. Simllarly, a
large part of the quartz 4s in irregular segregations and
amoeboid porphyroblasts, The blotite and epidote are clesely
agsociated, suggesting the formatlien of both from hornblende,
The banding hag the same attitude asg the follation of schists
which eccur on strike to the north, The paragnelss has a
somewhat similar composition, but conbains no muscovite and
only a few percent of mafies. In the field the gneiss is
interlayered with fine grained hornblende schist, The layers
and the metamorphic strustures within them are all essentially
parallel, Actually the banding of both the granulite and
paragnelss is now largely mimeticj for postkinematlic re=-
erystallization has destroyed mugh of the mineral alignment,
The direetionless granitie rocks which were studied

yary [rom quarts mongonite (Figure 16B) te quartz diorite
(Figure 16¢), The quarts mongonite contains hbout forty
percent plagioclase of the composition An30' thirty-ftve 

percent microeline, ten percent quartz and fifteen percent
mafie minerals, The mafics are blotlite, epidote, and rem-
nants of hornblende that have escaped biotitization, The
quartz ddorite 1s approximately silxty persent oligoclase,
thirty~five percent quartz, and five percent blotite with
very minor caleibte and sericlte, The Textures are very

(
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nearly igneous appearing and would probably be described as
such in the absence of other evidence of metamorphic origin,
Most specimens contaln only such minor indlcatlions of ree
placement ag ineclusion of earlier caloldte and epidote gralns
in plegloclese and occasional small patches which show a
fabrde suggestive of crystalloblastic growth,

The nearby and assoclated metamorphic rocks are simidar
to those near the granitle body just to the north, They
include fine grained schist, greenstene, greenschist, horne
blende aschist, messive and schistose amphibolibe and altered
volecanies, A large portion of them are follated and, 1n
general, the foliation is better developed than it is élse»
where in the area, Fostkinematic recyystallization has,
however, destroyed much of the crystal alignment, This
- statdc phase may have been of slightly higher grade than the
gynkinematic crystallization, bult generally appears to have
been about the same, Thoere are numerous indications of
feldspathizetion in the rocks within and necer bthis granitic
area (Figﬁres 18 and 19), and bebween this and the granitie
bedy just to the north (Figure 13). Most of the feldspathe
ization has produced plagioclase porphyroblasts and reflects
godium metasomatism, Near the contact some irregular patches
and incipient porphyroblasts of eorthoclase and microeline
were found in redrystallized schists (Figure 17)s. The

potassium metagomatism which they suggest i probably also
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responsible for the rather oxtensive blotltlzation of horne
blende in this vicinlity.

Most of the evidence offered in support of a granie
tization interpretation of the northern Blue Leke granitle
body may be used equally well to support the same interpre=
tation Tor this southermmost granitic rock, Although it is
very poorly exposed, the contact appears to bo gradational,
Peldspathization and recrystallization are evident in some
of the metamorphile and granitic rocks, Crystalloblastle
foatures are locally apparent in the granitie rock which
also oxhiblis a significant lack of mineralogical and tex-
tural uniformity., The location of thls granitic body relas
tive to the metemorphic isograds is similayr to that eccupled
by the granite just to the north, Finally, in additien to
the indicatlons of granitization which awre common to both
units, externmal metamorphic structures continue undisturbed
and ean be traced into the southern granitlec body untdld they
are lost in directionless rock, By itself, this feature
virtually rules out the vossibility of foreceful intruslon
and, combined with the other evidence, it permits no ale
ternative to interpreting the granitic rock as a product

of roplacement,



METAMORPHIC ZONES

One of the results of the petrOgréphio sbudy was the
deduction of the metamorphic history of the wvarious rock
types of the area through the study of many individual
specimens, An importent part of this historical recons
struction was debtermination of the metamorphlce grade to
which each specimen was subjected, By plotting this ine
formation on @ map and using Lt es a basis for contouring,
it has been poasible-to draw isegrads or lianea of equal '
metamorphic grade (Plate I), Theso lines thus indlcate
the distribution and limits of the various metamorphlc zones,
They are not, of course, ta be considered exact limits, but
it 1s felﬁ‘that~they are a reasonable representation of the
lnown facte, and thet no gross errors will bé found iﬂ thedr
placemnent,

Zonation 1la based on the vpresence of certaln index
ninerals and ineral combinatlons, The most useful wefe 4
chlorite, sericite, biotite, muscovite, hornblende, plaglo=-
clage subdivided according to its composiblon, dlopside or
vesuvianite 4n a few rocks and, to a limited extent, potage
glum feldspar and the epidebe minerals, Since all of these
have a more or less broad range of sbtability, combinations
were used whenever possible to obbaln the best definitlon




of metamorphic grade, Most roeks can, with reagonable cers
tainty, be placed either in the eplzone or in the mesoZone,
while only a very few specimens carry minerals suggestive
of the katagone, These last, moreover, are, according to
their sgsociated ninervals, products of the coolest katazone
or perhaps only the warmest mesezone., Mineral combinations
permitted similer relatively exact assignment of other
specimens, for example, to the middle mesozone or to the
vicinity of the epizonale-mesozonal boundary. However,
for the majority of samples only a range could be determined,
This necessitated a somewnat statistical approach to the
drewing of ilsegrads,

Tn addition te the main phase of metamorphism whieh
varied in grade more or less systemabtlcally over the area,
a subsequent stage of low grade vebrogressive metamorphism
was unifoymly super-impesed, It resulted in the partlal to
almost complete reduction of higher grade or previously
crystallized minerals to chlerite, sericite and other low
grade minervals, often in very fine grained and sometimes
unldentifiable form, This alteration has the effect of
ebscuring tvextures and structures and making mineral iden-
tification and composition estimation difficult or unecertain,
Ag far as possible, the effects of this retrogression were
separated from the main metamorphism and were not congldered

in the delineation of mebtamorphlc zonesg.
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In the vicinity of the Loomis iIntrusive stoeck, there
was also some contact metamorphism superiuposed on the
reglonal metamorphism, An attempt was made to eliminate
the eontact effeects by relying chiefly on synkinemsatic
minerals for the determination of metamorphlec grade, There
ls, nevertheless, a rough similarity between the shape of
the stoek and the configuration of one of the isograda, It
is not beldeved, howaver, that the lsograd reflects contact
effects, but, rather, that the distribution of regional
mebamorphic grades was debermined by structursl trends
which conbrolled the movement of heat and which subsequent=
1y also conbrelled the implacement of the stoek, The stock
and the lsograd are, therefore, related only in thet the
ghape of each was, to some exbent, debtermined by the same
controlling factor e namely, structural fabric.

The isograds are bnsed, essentially, on the hilghest
grade minerals that can be related to the reglonal metae
morphism, It is not suggested, however; that all of the
minerals in all of the rooks were .at one time of the grade
indicated by the isograds, for the metamorphism was both
seleetive and incomplete in most of the area, Partleularly
in those roeks which did nob suffer penetrabtive deformation
such ag the coarse grained clastles and the still massive
voleanies, many of the constituents falled, at least in
part, bto respend to the metamorphic conditions, Shearing
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was evidently needed to trigger some of the reactlons and,
since deformation was not intense, many pobential transe

Tormations did not take place,



SUMMARY OF GEOLOGIG HISTORY

The geologie higtory of the mapped area, as it has
affected the rocks that may be seen there now, began with
the deposition of sediments and the outpouring of volcanlecs
in a eugeosynclinal trough, The age of the geosyncline and
of the sediments and volecanics it contains is uncertain,
Migseh and his students have established the fact that the
Alkali Lake garbonates to the south are stratigraphically
lower than—fhese rocks, It appears that the carbonates may
be upper Triassic, The eugeosyncline, which sgurely became
active in this area after the carbonate deposition, 1s,
therefore, probably post-Triassic, The sediments and vol=
canles, separated as they are from the carbonates by the
Evans Leke and Scoteh Creek formations, must also be poste
Triasslec and may be Jurasslc, \

Deposition was followed by orogenic deformation during
which penetrative movement and heattng.regionally metamor=
phosed the bulk of the rocks essentially to thelr present
state, The time of this deformatlon,ls also in doubte. The
Cascades experienced major pulses of orogeny at least from
earlier Mesozolc until early Tertimry time, The deformation
of this partieuler locality, of course, followed the deposi-

tion of the clastlc sediments, which, in turn, came after




the questionable Triassic deposition of the Alkall Lake forma-
tion, It is probably, therefore, post-Triassic, but there is
no evidence to refine the dating Lurther,

Grenitization, though related, as a part of a continuing
process, to the deformation and associated reglonal metamore
phism, wes essentially postkinematice. Its age is only slighte-
1y less than that of the deformation, The igneous granite of
the Loomis stock was probably lmplaced at about the same time
as, or perhaps slightly later than the granitization was
toking place, for its contact metamprphic effects appear
o be superimposed en those caused by the gynkin&matic
regional metemorvhism, In turn, the granitie rock was
subjected to the late retrogressive metamorphism, Replace=
ment granite formed at depth during regional granitization
may have been mobllized and injected to produce the Loomis
stoel,

After the rocks and their structures were formed, the
area participabted in the eplerogenic movements of the Case
cades, during whlch uplift and erosion alternated with
local depositlon of sueh formations as the Hocene Swauk
and Roslyn and the Mlo-Pliocene Ellensburg, The area was
brought te 1ts present elevation during Pliocene time,
Pledstogene ice movement and glacilal runeff shaped the
gouloes and modified the remainder of the landscape, thus
bringing the topegraphy very nearly to the form it has to=-
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© day, Subsequent erosion has made only local and minor

changes,
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(SEE INDEX MAP)
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GEOGRAPHY FROM AERIAL PHOTOGRAPHS

GEOLOGY BY H.A,PELTON-—SUMER OF 1952
PLATE I

GEOLOGIC MAP OF AN AREA
SOUTH OF LOOMIS,WASHINGTON
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