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FOREWORD

The Klomath Mountains Province of souithwestern Oregon Ts probably one of the mare geologically inter-
esling regions in the state, Historically, it was in this part of Oregon, neor the present town of Jockson-
ville, that gold was discevered in 1850, Since that time, saveral million dollors Tn preciouws metals,
copper. mercury, chromium, ond ni¢kel hove been mined from this highly mineralized region. Mineral
exploration Ts still being carrled on In the Klamath Mountalig by private componies in the hope of finding
new deposits.

One of the grimory functTons of the State of Oregon Deportment of Gealogy ond Mineral Industries
is lo encouroge development of our mineral resources in order to enhance the economy of the state and to
provide the rew materlols required by our technological society. At the present time, yearly per-coplto
demond for minerals is obovt S150. The U.S. Bureau of Mines believes that by the yeor 2008 cur require-
ment will be approximately $420.

In order to corry out @ mining-exploration program in the most efficient monner, Tt 1s necessoy to
utilize all avoilable geslogic mopping. for the pout several yeors, Dr. R. H. Dott ond his groduote stu-
dents from the University of Wisconsin hove been investigating the exiremely complex geology that under-
lies the Klomoth Mountolns Province, and their prelimina-y reports have been very useful to economic
geologists in outlining the most favorable oreas for mineral exploration. This bulletin summorizes the
field studies carrled out by the Unlversity of Wiscorsin personnel in southwest Oregon, supplemented by
oll avoiloble published and some unpublished mapping. The informotion presented in this report will pro-
vide much new geologic dota for the use of exploration companies. If the minTng Industry is to meet the
future demands for mineral products, it will need to make use of oll of the most recent geologic mapping
in those mineralized regions sfiowing the greatest promise . Southwestern Oregon Ts on oreo that warronts
further investigation.

R. E. Corcoran
Oregon State Geolegist
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Abstract

Until 1969, the southwestern coast of ®regon hod nol been siudied in detail since the pioneer mapping of
J. S. Diller ot the turn of rhe century. From 1959 through 1970, University of Wisconsin geclogists con-
ducted o variety of studies, bt wilh emphasis upon sedimentology ond ils relation to tectonic history.
Beginning about 1965, U.S. Geologicol Survay and University of Oregon geologists olso began working
in the orea. In the late 1960's, great advances in the understanding of offsdhore gealogy ond of the enig-
matie Fronciscon conplex of northern California os waell as the formulotion of the theory of plate teclon-
ics ol | provided importat insights for the understarding of the Oregon coost.

The Maozeic rocks of the region compeise four tectonc=sirotigraphic subpravinces thot con be
eompored approximately wilh befter understood covntarports in northern Colifornio. First is 0 north-
central area (probobly o iarge klippe ) with o Klowwih and Sierra type basament of greenschist metoyedi-
mants ond metavolcanics (Galice Formation) intruded by diorite plutoas ond alt unconfosmobly overlain
by o thick Lower Cretaceous conglomerole ond groywacke sequence (Humbug Mountoin ond Rocky Psint
Formotions), which is similor to the Cretoceous sequence of California’s Socramento Volley. Second is
o centrol mixed blueschist ond greenschist terrane {Colebrocke) with ssociated large ultromafic momses,
some of whose minerologicchorocteristics ond isotopic dates suggest origin somewhere in the upper mumlle
during lote Poleozoic time. Bolh rocks now appear to comprise large thiust dlieels emplaced during medial
Cratoceous time; they are somewhat like blueschists ond serpentinites along the eastern side of the north-
ern Caolifarnia Coost Ranges. A portion of the Golice Formotion is the most proboble precursor of the Cole-
brooke Schist. A third subprovince along the coost and on the narth edge of the mop créo |Is underlain by
the lotest Jurassic {Tithonian) Otter Point Formotion, which consists of intensely sheoved brokan forma-
tions of awdstone, araywacke, conglomerate, chert, ond volcanic rocks, ond mélanges thot, in addilion,
include serpentinite pods ond small dioritic mosses, A fourth mjor division is underloin by fhe Dolhon
Formation, which has long been o subject of shrotigrapliic controversy . It now oppears that the Dathonis
coextersive wilh, ond portly equivalent in 0ge to, the Franciscan of California os has long boen suggesied
by California geologists. The Otter Point Formotion certainly is aquivalent in age to the Jurassic portion
of the Fronciscon, but its relotion to the Dathan is not cleor, The Qrrer Point is much mor @ sheared than
the Dolhon, contains more canglomesate, slightly moce mofic valconic rocks. ond hos oppositely direcied
poleocurrent feohices . The Francissan is o lorger entity shot probably is aquivalent to both Ceegan units.

Appavently underthrusting or subduction of on aceonic lithosghere plote beneoth the ede of the
continental plote occurred egisodicolly during loleg Mexzoic 1ime. Rocks of the Klomoth basement (Golice)
and al1o the Colebrooke tesrane, whosa original location is unknown, were metomorpliosed ond intruded
by diorites during Lote Jurassic (Nevoden) oragenasis. This classic tecionic event along the Paclficcoal
seonu to reflect o culmination of sea-floor spreaading between 125 and 150 million yeors 090, A latrest
Jurassic (Tithonian } volcanic ovc~trench system immediately daveloped near the present coost, ond within
it the Otter Point-Dothan-Franciscon coniplexes were formed. |n Early Crataceous time, the Klamath Prov-
ince forther et wos partly overlapped by marine sirata. Then o second culmination of lote Mesozoic seo-
floor spreading in medial Cretaceous time {about 100 million years ago) is thought 1o hove caused large-
scols westward dislocation of some Xlomolh rocks into the coostol oreo, ond also 1he overthrusting of the
Colebrocke Schist ond ulramofic sheets over both 1he Klomolh ovtlier ond the Otter Point-Dothan com-
plexes. Although the older rocks were considerably deformed at thol time, they were not metamorpliosed.
(* moy be that these most dislinciive thrust sheets meraly represent the |ast of o long, more or less contin-
vous phate of sea-floor spreading ond plate subduction rother thon o discrete, short=Burotion thrusling
eveént,

Tectonic quiescence occurred during latest Creloceous and early Cerozoic times when morine
sadimenlotion ( Cope Sebastion, Hunter's Cove, ond severol Paleceene to Eocene formotiont) occurred
on the west ond north morging of the soastol region as well as on the eastarn margin of the Klamoth piov -
ince. Finolly, in lale Cerozoic time (roughty Ithe lost 30million yews) o totally different tectonic style



was superimpased; which is charoctarizad by varticol San Andreos-like foult zanes trending north-niarth-
west . Whereas evidence suggests conlinuing {or resumption of } saa-floor spraading from the medern Gos-
da submarine ridge, the late Cenozoic struclures olong the coast are closely okin te those of the ceniral
and sovthern Colifomio Coost Ronges where no oceon-plote underthrusting or subduction is currently oc-
curring. Thus southwestern Oregan, narthwestern Califernia, and the odjacent oceanic regien together
constitula on exceptionolly complex region with structural charocteristics bath of spreading and non-
spreading lithesphara platas. The ¢train sufferad by "nonspreading” western California has been propo-
goted ot leost 200 miles northward from the Mendocino aceanis: Iransform fracture zone slong the margin

of the <ontinental lithesphere plate, but he continentol Americos plate must be decoupled from the spread-
ing Gordo oceonic plate, which appears to be underthrusting tha continant at the prasent time.

viil



GEOLOGY OF THE SOUTHWESTERN OREGON COAST
WEST OF THE 124th MERIDIAN

8y R. H. Datt, Jr.
University of Wisconsin, Moadisan, Wisconsin

Introduction
Purpose

The occempanying regional mop (Plate |) Is o progress repart. 11 presents o compilation of both
detailed and reconnoissance geologic mopping accomplished by myself and former studants in the caastol
mountoins of outhwesiern Oreaan between 1958 ond 1968, supplemented by all availoble published and
some unpublished mopping (see index mop, poge 5). As the text was beiing written in 1969, ofter comple-
tion of the mop, o significontly different structurol interpretation invalving more thrust faylting than is
shown here wes proposed (Coleman, 1%9), and Upper Jurassic fossile were found by Romp in floct in the
tovtheatiern ecrner of the mop orea within the Dothan Formation cutcrop aree (Ramp, 1969). Two alter-
note structyrol interpietations for the central part of the mop ore portroyed in cross sectians CC*', and
sevecol o ternote interpretations of ather preblematic struciurol and stratigeaphic relotionshlps are discussed
herein with their apporent advantages and shorticomings noted. The chief purpose of the map is to dhow
the disteibution of contrasting rock units, critical stratigraphic ralationships, and major rock boundarias.
Subsequently derived field ond loboratory doto may alter the stsucturcl interpretations.

The coosta!l region of southwestern Oregon corsists of heovily vagetated mountainous tesrain with
naorly 4,000 feet of macinum relief (Figure 1). Roinfoll opprooching 100 inches per yoor has produced
deep weathering, nswell a derse vegetation that resulls in poer rock expowres, except along rivers,
100 cliffs ond new roods. The distribution of exposures fos selected orecs con be found in vevious theses
completed ot the University of Wisconsin, which cre ¢cited in the bibliegraphy. Coples of all such theses
ore on file with the State of Oregon Department of Geology ond Minerol Industries in Portlond.

Mopping woe done on topographic mops with o scole of 1:62,500 enlorged to 3 inches per mite for
vie in the field. The cemplex structura, monotonous lithalagies, pourity af fossils, end poar outcrops of
the mopped oreo impaired field wark. Néw logging raods ond the relocation #f the Coost Highway (U.S.
101) minimized the odditionol handicaps impased by the impenetrable brush.

Geologic work began in the coostol region ot the turn of the century, ond it moy well be another
holf century befare o full understanding of sovthwestern Oregon geology is reolized. If this mop hostens
the process, it will have served its intent.

Previous mapping along the const

J. S. Oiller, giont among aorly Pocific Comt geologists, wes the first moa 10 map in southwestern
Oregon, After prepasing the Rosaburg Folio {1898), he moved to the Coos Bay districs, which hod ba-
come the mojor source areo of coal for coostal cities such o3 Son Francisco, ond did the Coos Boy Folic
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(1901 ). Following this praject, Dillar extended his work southward into the northera part of the areo of
the present mop. Some coal existed hesre, 100, but plocer and lode gold depcsits among the Sixes River
ond Johngon Creek droinoges (northern part of Plote | area) doublless provided the greoter incentive for
the project. The rasulting Port Orford Folio, published in 19030, included the northem one-third of
the present map -~ thot is, from its northem border south to lotitude 42°30°.

One owst marvel ot the occomplishments of Diller ond his assistonts in such o formidoble task o
they undericak in mopping opproximately one thousond square miles in three field seamorm. Their occom-
plishment is partly explained by the fact that rrany inlond orees octuolly were more occessible then than
today because of octive mining and homestaoding. Diller’s field notebooks, copies of which were ob-
tained through the caurtesy of the U.S. Geologicol Survey Library in Denver, reveol o graat deol more
siruciurol data ond sontiderable insight into Diller's ideas ond debates obout critlcal field relatianships
thon oppeor in tha terse folio. Some of these insights ore referred to subsequently. It is noteworthy,
olso, thot his field notas reveal that Diller actuolly hod covered a much lorger reglon in racannoissonce
fashion thon his publications ol one indicote .

In 1902 Diller published o paper in which he emphasized the importance of on inferred Miccene
peneplonction of he Klaomoth Mountains. Although his arguments for o widespreod peneplane are not
compelling today, the orlicle does represent on early resognition of on importont mid-Cenozoic change
#in lectonic behovios of the region. In 1903-b ond ogoin in 1907, Dillar synithesized his concepts of
Mesozaic stratigraphy in souttwestern Oregon. The tecond of his straligraphic popers oppovently was
stimyloted in large part by an ottoch by Louderbock (1905) on the relotionships asd oges of certain of
Diller's sirotigraphic units. It oppears in retrospact that both were partly right and portly wrong.

In 1916, Butler and Mitchell completed o report an the mineral resources of Curry County. While
this report included o virtvally wnkaown large areo south of the Port Orford map, it was of such a racon-
noissonce noture thot it odded relatively littla naw Ingight. In 1943, o reconnoissonce mop waos pre-
pored by Treasher of the coostal margin from Gold Baoch to the Californio border, but it wos not generally
ovoiloble and odded liitla, Maanwhile, Moxson ( 1933)had published o generol mop thot included Del
Norte County, California.

Beginniig in 1949, ihe first of 0 new phase of reports by U.S. Gaclogico! Suivey geologists under
the leoderhip of Froncis G. Walls apeeared. Three reports and mops of areas to the east of the present
mop that are of spacial impartance include on extersive report an Hie Kerby quadeangle (Wells, Hotz,
ond Coter, 1949), o geologic quodrongle map of the Gollce quadrongle (Walls ond Wolker, 1953), ond
o bulletin on tha Gasque! quodrongle in northwestern Californio (Cater and Walls, 1954}. In 1955,
Wells produced an uncolorad preliminary nwp of southwestern Oragon (scole 1 inch par 4 miles), ond in
1961 he culminoted his work in the region by coouthoring with Peck o colored geclogic mop of western
Oregon (scole: 1:500,000). Also in 1961, Romp published o comprehensive summory repart of the chro-
mite deposils in southwesiarn Oregon, which included descriptions of some of the arecs neor the eattern
border of the present mop aweo. In 1968, Baldwin pyblighed o reconnaissonce mop of an oreo sovth of Ag-
ness, |n 1969, Lent completad mopping of the southern ho!f of the Langlois quadrangle. which overlaps
most of the aight townships an the north—<entrol edge of the mop. Also In 1969, Coleman of the U. S.
Geologicol Survey completed on investigation of severol u. romofic mxses in the central ond ecstern parts
of the areo of Plote |, as well as patralagic studies of the Colebroake Schist. Mis woek has {ad 1a an im-
portont reinterpretation of regioral siruetweal relotiandiips,

Previous stratigrophic studles

Many reports baoring on regional stratigraphic and poleontologic problems that relote to the coastal
region have oppecred In the post decade_. In 1959, Imloy ond others publithed on important siratigraphic
synthesis of lotest Jurassic ond aarliest Cretacecus strato (the Myrtle Growp) in southwestern Oregon.
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Figure 1. Humbug Mountain, the highest prominence on the southwestern Oregon coast, as teen looking south-
eost from near Port Orford. The mountain is composed of massive Lower Cretoceous conglomerate. Seo
stacks in the foreground are the Otter Point Formation, which is in fault contact with Lower Cretacaous
strata (Rocky Point Formation) in the left distance. Pliocene sands ond gravels occur in cliffs behind the
camera. (Photograph by Henry Lowry, Eugene, Oregon.)
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Subsequently both Imloy ond Jones contributed extensively to on understanding of the biastrotigraphy of
Meso2eic rocks both in Oregon ond orthern California (Imlay, 1959, 1960, 1961; Jones, 1960, 1969,
ond Boiley and athers, 1964). A Cretoceous correlotion Chort for the Pocific Coast prepared by Papence
and others (1960) relctes rocks on tlie Oregon coost ta these of surrounding regiors. Camp and Koch (1966)
daccribed o Jurassic lechthyosour rostrum from the present mop oreo. Meawhile, Cenozoie daposits and
Fossils olong the coost hove received the ctiantian of Bondy (1944; 1950), Boldwin (194S5; 1965), Dwhom
(1953), Addicatt (1964), and Janda (1969).

lnmﬁﬂntim: in northern California

Severc| studies in northern California hove a direct baarlng upon Oregon cosstal geology . Tolia-
farro (1942), Wells and others (1946), and Rice (1953) referred to the “Franciscan' all stroto souty of the
bordes tha! ore mopped here as "Dothan.” Subsequently, proclicolly oll Californio geologisks hove con-
sidered the Dothan to be coextensive with the Franciscon ossembloge. Althcugh this treatment hos been
questioned in the post (Dott, 1965) owing to the paucity of detailed mopping ond obviouws structural com-
plexity in northiwesternmast Colifornio. it now oppears that the Dothan ond the Fronciscon ora, ot least
in part, contenwgIvaNOOUS.

Noteworthy in the recent explosion of Fronciscon litesoture are sepovhs describing lithology, fossils,
skuchure and metamorphism by lrwin (1957, 1960, 1964), Bailey ond Irwin (1959), Boiley, lrwin ond
Jones (1944), Boiley ond others {1968), end Bloke, Inwvin and Coleman {1967). OF particular interest
is the recognition of the important role of mojor thrust foulting within and ot the wastern morgin of the
Klometh Province (lewln, 1960, 1964; Bovis ond Lipman, 1962), Closely relatad thereto hos been Hie
study of widespreod blueschist matanwerphism wilhin Fronciscon rock of northern Colifornia (Bloke and
Ghent, 1965; Bloke and others, 1967). Gluskoter (1964) demonsiroted thot some strotigraphic order ex-
isted in the Franeitean, at lagst locally, but he, as well o5 Hsu and Olirbom (1969 ), also showed that
K-feldspar distribution must be inlerpreted with coution In Franciscon rocks. [sotopic doting of northern
California rocks (Lanphere ond others, 1968; Suppe, 1969) olse has comsideroble bearing upon an under-
stonding of odjocent Oregon geology .

Offshore geologic and geophysical studies

Recent marine investigotions hove shed coniidercble light upon the relotionships of anshore and
continentol-shelf geclogy to that of the Pacific crust. In Hils ragard, the eoncept of plate teclonics,
which wos first proposed os the present map was being drafted, seent to offer an oppealing explanation
of the gross strvctural fegtures of the coostol region. The Ffirst relevant movine work wos the mognetic
survey by Raff and Moson (1961), which was impossible to relote to anshore seclogy without the *New
Tectonics.” A bathymetric study by Byrne {1962) waos followed by onother farther santh by McMonus
(1965), in which the mojor Blanco frocture 20ne wos recognized. Morgan (1968 ) discussed possible
movements of hypothetical lithasphera plates for the Pocific Nosthwest, and Tobin and Sykes (1968)ond
McEvilly {1968 ) documented recent seismicity in the offshore region. Most recently, Silver (196%,
1969b) hos troced orchase structvres auos the diell in aortiern Colifornio, ond also hos discovered de-
formotion in Cenozoic ¢ontinericl slope deposih oppasenily related to thrusting of o decoupled cconnic
lithosphere plate bereath the continent. Silver has thus shown why oceai—caust shruchires, such as the
8Blonco fracture zane, e not directly ralatable 1o ongliore fagtures. Clifion ond others of the U,S. Ge-
ological Survey ore currently studying nearshore mavine sedimeniotion.

University of Wisconsin studies

In 1959 | chose the seuthwestern coast af Oregon os o loborotory for investigating relations be-
tween tectoniun and sedimentolion in on oregenic belt, My intreduction to the ragion come in 1955
while | was working for Humble Cil & Relining Co. Excellent seo—<liff and river exposures of Mesozoic
strato contained intaresting sedimentary shiuctures, ond the presence of diorite<belng lote Mesozoic
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— Aalto, 1968 structural complexitias. J.G. Koch (1950)
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o doctorol groject, much of which wen
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mented olong Elk River. W. R. Koiser
{19562} completed o sivdy of the petrology
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8y DOTT (1960-67) Including my investigation of the Cape

Blonco-Biocklock Point araa (Dott, 1962)
in the northwast corner of the mop areo,
these studies caver all of the comtline.

Poor exposres and relotive inoc-
ceusibility dicsouroged mopping inlond, but wo prajects (Burt, 1963; Schwob, | %63) were underioken in
the Colliar 8utte quadraxgle east oF Gold Beoch whese fossiliferons strata were known. Bacauie hoped-
for criticol unconfaoxatle relotioni were not found there, clues were scight next in Dilles's Field notes
for other favoroble inland oreas, especiolly whese Hia “Nevodan unconformity® might be found. ln 1965,
the search bore fruit on the east slope of Borklow Mountoin (Dot , 19460}, ond then Aolte remapped the
critico! orea sirrounding thot loeality { Aalto, 1968},

In 1965 o brief preliminary summory of the opparent strotigirophic ond structurol relotiosnhips oris-
Ing from the Wiseonsin work up to thot time wos prosented (Dott, 1%5). A more detailed occount has
owoited publication of the present mop ond 1ext in which o number of revisions ore incorporated. All
strotigrophic nomes proposed herein ond elsewhere by me and by former Wiscansin students ware cleored
with the United States Geological Survey's Committee an Stratigraphic Nomes,

Of a mare topicol noture, Dott ond Howord (1962} described some sedImantory structuras in the
Upper Cretoceous sediments near Cope Sebostian, and Dottt (1983) illusirated feotures from Jurossic ond
Lower Cretaceous strata of the region. Aolto ond Dott (1970) discussed the sedimentology of deep-water
conglomerotes in the Juraxic ond Lower Cretaceaus rocks. A discussion of Upper Cretoceous sedimantology
is in preparotian. Dott {1968b} publiched o sedimentofogicol and polecgeogmephic study of the Upper Eo-
cone deposits of e Coos Boy region forther north in which o generclized pre-£ocene palasgaaleglc mop
of oll of southwestem Qregon was included. Mesoaoic rocks of the presant map oreo olso were discussed
in terms of provenauce for the Eocene sedimants. Kevin Scott olso briefly studied Eocene siralo that rest
unconformobly upon Mesozoic rocks in the northern part of the mop areo ( Scott ond Dott, 1963}, In 1967,
Laudon completed o perrologic study of modasn beoch conds within the mop avea. In 1970 Medwis ond
Dott pwblished doto suggesting o mantle origin for some of the ulharofic rocks ond reloted them to o seo-
floor spreading hypotfiesis .

Crescent City
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Tectonic Setting

The Klomarh geologic provincea lias ot the eontinental margin o nthe western edge of the Cardil-
lecon mobile belt ond stroddles the Colifosnio-Oregon border. Klamoth rocis comprise o large, westwardly
convex arcuate pariern nomed the Mendocino orocline by Carey {(1938). Diller (1903b), Toliofarro {1942),
lrwin (1960; 1964) and alhecs hove stressed the fact that Klamath rocks generally lia In younger-westword
bands; these are closely comparable to bands in the Sierro Nevada (Davis, 1969). Coey {1938), Wise
(1963), ond Hemilton ond Myars (1966) speculoted that 1he Klamoth bands originally were stroighter ond
hod been bent inlo Itheir present orcuote {orecline )pattern by northward movament of western Califarnia
relative to the interior of the continent. Davis (1969), however, suggests thot westword thrusting of the
Klomath ot o lower awgle than the Sierra rocks occounts for the present arcuote pottem.

Diller regarded cll of the comtol Mesoaoic cocks a3 port of the Klomolh Province -- o view oc-
cepted by the writer until recentfy. frwin (1964) argued thot o more fundamentot shucturcl boundary is
the thrust-foult zone bounding Fronciscon rocks on the acst; he aaumed thot it extended into Qragon
olong theeost margin of the Dothan Formotion, o view which aow seems verified (Hotz, 1969). Accord-
ng to this interpretation, however, tha outlying Galice Formation, intruded by diorite in the north port
of the present mop oreo, is anomalous, for such rocks 1ypify the interior Klamath Province forther east,
lrwin spaculoted thot the lotter hod baan thrust relatively wesiward ocross the Dothon rocks. Because of
the now overwhaelming evidence thot rocks formed in different tectonic environments hove been jumbled
together slructurally, the subaequent discussion of rock unils is arganized by distinct subprovinces.
Although the mop emplanatian (Plate 1) is not 30 divided, the wbgrovinces are clear hom the areol
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distribution of major mop units,

Several zones of heterdgeneous mixtures of intensely sheared rocks ove readily apparent. Some
such zones vary from o quotter to half a mile wide, trend north-northwest, are rather straight, and con-
toin many vertical shear surfoces within them. The clearest exomple is the Pistol River sheas 20ne, ex-
tending soustheast from Cope Sebostion ta Carpenterville (Plate 11), Several lineor arrangements of sea
stocks (For example, Mock Reef sauth of Croek Peint, T. 38-32S., R. 15W., see Figure 35) represent
resistant tectonic blocka within such zones. In addition, Otter Point rocks, which ore mest intimately
associoted with shear zones, strike dominantly rrorth=northwest. All of 1he above led to the conclusion
that o complex of ma[ar verticel foult zanes similar to the San Andreas foult extends 100 miles north from
the Colifornio border along the Oregon ceost (Dort, 1965) (Figure 2). Koch (1966) measured many
subhorizontel slickensides on steeply dipping surfaces, which also suggested strike-slip movement . We
did not exclude thryst faylting from corsideration -- indeed, we feund evidence of thrusting at several
localities (for example, south of Pistol Rivear, southeast of Humbug Mountcin, ond ot Wedderburn) —-
but we regarded 7t as subardincte to, ond e lacol monifestation of, the vertical foults. Now it is clear
thot the wo types of fevlting lormed at different times; they reflect very different strese regimes, but
their effects ore superimpoted in 0 nst confusing manner.

Inland a few miles the structural style appeared to reflect the Klamath orcuate pattern, although
a few large, vertical foulls also accur there. A long-standing generalization amweng soutlwestern Oragan
workaers that serpentinite mosses eccur along faults seemed confirmed by our own observations, Moreover,
Koys and Bruemmer {1964) deduced from gravily dote that serpentinite mossas 25 miles eost of the present
mop orea probobly ae steeply dipping. indeed, sheared vertical serpentinite pods do eccur within steep
foult zones along the coast (8lacklock Point, Myers Craek, Corpenterville, ond olong the Coquille River
faclt north of Agness in the novtheast poit of the mop arec), but in retrospect the structural model ofhigh-
angle foults dominated our thinking toe much, Lent (1969), for example, found i) impossible to establish
any prevalent trend to sheared zones within the Otrer Paint Farmotion along the north adge of tha present
mop oreo.

In 19S5, follewing exceptionally heavy winler rains and floods, on exposure was discovered on
the Rague River 10 miles obove Gold Beach by Boilay and Jonas(1965) thot revealed Colebsooke Schist
ond small pods of serpentinite thrust over the Otter Point Formation. |t wos apparent that the entire west-
ern margin of the Colebrooke is o thrust contact. Subseguently, Coleman (1969) recegnized the proba-
bility of much lorger allocthonous bodies of both schist and serpentinite in the centrol port of the mop
oreo, ond Lent (196?) siawltaneausly racognized the overthrust relotion of schists ot the north edge of the
area. All of this supported lrwin's earlier (1964} thiusting speculation. Although vertical fault zones, as
portrayed in Plate |, bacome o kind of ruling hypethesis in our wark, it is now clear thot, whereas some
of the "shear zones" certainly ore steep and straight in trend, othess represent zones of relatively low-
engle displacement thot hove been modified by subsequent deformation and extensive landsliding. Medaris
ond Dott (1970) presented o mop thot displays in simplified form Coleman's concept of o large allochthon
cut by several Cenozoic foults (reproduced in figure 36 ).

The concept of metonges was introduced to the Pocific Coost by Hsv (1968) and in the some yeor
the "new global tectonics" offered o plousible mechanism of underthrusting of oceanic crust to explain the
vast sheared and chootic Franciscan and Otter Point tercanes (see Hamilten, 1969). It now appews that
pervasive melonge structures were farmed in southwestern Oregon {Figure 3) ond northern Califernia dur-
ing Jurossic and Early Cretoceeus times ond were culminated by the emplacement of lovge, discrete thrust
sheets in mid-Cretaceous and possibly in early Cenozoic times. Northwest-trending verticol faults pre-
sumably related to the Son Andreas system than were suparimposed on all older structures in lote Cenozoic
time {Pot1, 1965; 1969) to produce the present conplex structures,

The continantal shelf is very narrorw of E southwestern @regon, and submarine seismic activity off-
shore is corsiderable (Figure 2). The selsmicity, together with Pleistocene terraces elevated hundreds of
feet cbove sea level. ottests to continuing mobility of the region. Silver (196%¢; 1969b) cites evidence
that oceanic underthrusting due to seo-floor spreading frem the Gordo rise 100 miles west of the coast is
continuing today, although the continental plate margins shew o pottern of strain more akin to that of the
Colifornia Coast Ranges to the ssuth than to fhat of the nearby spreading acean floor. Apparently the
continental and oceanic plotes ere decoupled here (see Medaris ond Bott, 1970).
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Figves 2. Tectom's seing of the Pocific Northwest ond odiccent oceanic erust. Note the dlscordonce benween
the Mesozaic 1o early Cenozoic arcuate shuclural Poitern {dashec! linas} ond the suparimpesed lote
Cermzeic Cascoda velcanic arc and Foulling (heovy lines). Loterol ond block fovhring ore eonfined bo
the western ©8g0 of the Americon lithosphere plote, end do 1101 exlend to the Gordo oceanic plat-e, which
oppears 10 beconlinuing to spreod fram 1he Gor80-56n Jvan d8 Fuca ridge system ond 10 be 1lirust beneath
the continad.  C.S. 1s the Coos 8oy swyachinorivm. {Orshoce: ofter Oon, 1965; offshore: ofter Me-

Marvys, 1%F; Morgon, 1968; Tohin ond Sykes, 1988).
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Figure 3. Intensely sheared mudstone and sandstone typical of the Otter Point Formotion in which boudinage
effacts have almost obliterated the bedding (note the small fold faintly defined by relict bedding at right).
Such choracieristics typify melonges and broken formations (see Hsu, 1968). Most theor surfoces here
are steep and trand roughly north-south. {Exposed in sea cliff just north of Sisters Rock, SWXT. 34 5.,
R.14W.)

Tectonic Subprovinces of the Map Areo

For discussion of Mesozoic stratigraphic units, the mop aréo hos been divided into several distinct
subprovinces, the rocks of which probably were deposited in separate creas and later were structurally
telescoped together.

The central region includes two distinct portions, a northern part with Klaomath-type rocks (Galice,
diorite plutons, Humbug Mountain, and Rocky Point units) and a southern port with the Colebrooke Schist
and closely associoted ultramafic, gloucophane, ond amphibolite rocks. The central region extends rough-
ly from Sixes River south to the middle of the map area ot approximately the lotitude of Collier Butte
{(T.37S., R.12W.).

The coastal region includes the lote Mesozoic Otter Point, Cape Sebastian, and Hunters Cove
Formations from Whalehead (T. 39 S., R. 14 W.) north to Sisters Rock (T. 34 S., R. 14 W.), ond also
from Port Orford to the north edge of the map. Otter Paint rocks predominate across the north edge of the
map as well.

The southern region includes all of the Dothan Formation outcrop area -- essentially from Collier
Butte to the south edge of the mop in California, where it includes rocks mopped as Franciscan. Cenozoic
rocks are treated in one section for the entire area. Inferred correlations of strata among the three sub-
provinces are shown in the accompanying chart (Table 1).

Mesozoic Rocks of the Central Region of the Map Area

Galice Formation ( Late Jurassic )

Definition: The Galice Formation was named by Diller (1907) for exposures on Galice Creek
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(25 miles eost of the map area) where there is o thick succasion of block slotes, less comnwn thin send-
stonas, and locally obundant valconic rocks. Subsequently the formotion was describad extensivaly by
Wells ond others (194%) ond Wells ond Wolker (1953). [n the Port Orfocd Folio, ®iller (19030, p.1,2)
nated the presence in the Jahnson Creek drainoge {T. 325., R. 12W.; see Figure 4 } of "Jurassic slates”
with fossils like those of the Maripose Slete of the Sierra Navado with which the Galice Ts carrelative.
But Diller judged tha slates ta cover anly o smoll oreo, sa he mapped them within the "Myrtle Formation,"
which led to gross errors in relotive oge ossignment for saveral rock units. Waells {1955) ond Wells and
Peck (1961) later diffarentioted thase sletes as the Galic.e Formation. We hove recognized similor stroto
in the Jolinson Creek oreo, where we, too, found fossils like these of the type Galice (Dott, 19640).
They olss occur to the ssuthwest ond west, os was suggested by Diller's field notes. Koiser (19%62) ond
Koch (1966) dascribed metasediments ond metovalcanics ossigned to the Galice clong the Elk River east
of Humbug fvountain; rw fossils other than undiognestic farominifers were found there, but lithalogy and
stratigraphic relatiorships leove no doubt af their identity.

Lithelegy: Tlie Galice racks are dominontly block carbonoceaus orgillite and slaty or ghyllitic
mudstones interstratified with firmly induroted groy sondstone bads, which commanly show incipiant claov-
oge (Kaiser, 1962; Koch, 1966). Minor fine, roundad conglomerate and very rare bedded chert clsoore
present. A distinctiva bandad litholagy consists of olterncting mudstone ond cross-lominated f'ne sond-
stane layers generolly between one-half ond one inch thick. Ceorser sondstones overage abeut 3 to 5
inches but range up to saverel feet in thickness; they commonly ore graded and contain dark mudstone
pabbles, Petrographically the sondstanes ore lithic-feldspothic wackes. Plogioclase, quartz, chert, and
black mudstone chipé dominote within o sericitic matrix; no K feldspar wos datacted ond valcanic datritus
is rore, Albite and oligoclase, cartencta, chlorita, apidate, ond zircan ore present. The Golice stroto
represent zaolite and lower greenschist metomorphic grades. Hornfels is choracteristic adjocent to diorite
plutons, but eontaet matamarphisr wos in ganaral vary mild. Pswdéry white veinlets adiacént {e diorite
contacts, aspacially whara shaored, contaoin the zealites laumontite and [ecnhardite (Kaiser, 1962). The
density of six sondstanes ranges from 2.54 to 2,71 (overoge 2.61).

Volcani¢ rocks of the type ovec include andesitic to rhyelitic flows, braccios, and tuffs (Waells
end others, 1949). Near the coost valccinic rocks ore lass canspicuous and have received only curscry
study. Kaiser (1962) mopped considerable "greenstone' which may be Galica on the wast side of the
Pecrse Peck Diorite just east of Humbug Mauntain. Tha greanstona raprasants cotoclasised mofic igneous
rock showing chlorite, apidota, ond hotnblanda. Naorby, fust obove Bald Mountoin Creek bridge (NW.
carner sec. 20, T, 33 5., R. 14 W.), volconic breccia is expased, Scattered greenstones with ellipscidal
or pillow structure ond minor associotad bedded chert occur in orecs nwopped os Galice in the norflieastern
corner of tha map orea oleng Johnson Creek (Figure 4).

Age and stratigrophic relotionships: The Galice Formation is the oldest satisfoctorily dotad rock
in the entire coostal region. Buchia concentrica callected from slotes ot a lacality on Sucker Creek
(NEXNES sce. 33, T. 32S., R. 12 W.) dotes the rocks os lote @xfardion be early Kimmeridgian (Dott,
19660). This oge conforms with the long-standing lithic corralation with the typa Galica Formation, No
bose hos been recognizad for the Galica strato in the coastal region, ond the entirely valconic Rogue For=
matian, which is odjocent ta the Galice in the type area (Wells ond Walker, 1953), wos nat recognized.
Pawiible relotionships to the Colebrocke and Dothan Formations are discussed in loter sections.

The Galica was coavoal with the lithologicolly very similar Maeripesa Slote of the western Sieire
Navado in Californio. Both were metomorphosed, deformed, ond intiuded by dicrite. [n the cogstal
@regon region, the Galice is averloin unconfornwbly by unmetamworphosed Early Cretaceous (Valanginian)
conglomerate, thus closely doting the effects of the classic Navodon evageny (Dott, 1965; 19660). Late
Jurassic or Tithonian fessils ariginolly reported from the conglomercte were misidentified, accceding to
Imlay ond Jones (written communication, 1978).

Calebrooke Schist (Jurassic)

Definition: Diller {1903a) coined the nome Calebraacke Schist, which was modified by Koiser
(1962) ond Kach ( 1964) to Colebrooke Faimation becouse of a great diversity of lithalogies. Diller's
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designation is used in this report. The vnit wos nomed for Colebrooke Bute in T, 34 S., R. 14 W, {mis-
spelfed "Colebrook™ on the 1954 topogrophiic quodrongle mop ). The Colebrooke lies in the centrel and
northern part of the region, and is largely, if not entirely, otlochthonous upon essenticlly unmetomoiphosed
Upper Jurassic ond Lower Cretoceous rocks (see cross section B-8'). Colemon (1969; olso orol coinmuni-
cation, 1969} believes thot it is an immense ollochthonous noppe, and wos metomorphosed elsewhere be-
fore being overthrust to its prasent positions. Some small oreas of schist (notably ot he exireme rorthiwest
cerner T. 38 S., R. 14W.), however, connol be exploined simply o5 reninonts of o single huge, post-
Eorly Cretaceous klippe because they lie in deep vol leys surounded by Creteceous conglomercte thot con-
toins schist detrltus ond veln quortz pebbles with carbanaceous inclusions (Koch, 1966; Lent, 1969), ond
they ore overlain unconformably by that <onglomerate. Diller (19030) considered the Colebrocke os pos-
sibly of pre-Devonion oge, but it now seems clear thot it wos derived from Jurossic (chiefly Golice)rocks,
which were metanwrphesed near the Jurossic<Cretoceous Period boundary .

Lithelogy: The Colebrooke Schist consists chiefly of gray-to-slock, thinly stratified, fine-groined
sediments metomorphosed to corbonoceoys Quortz-mice phyliite ond schist. Mudstone ond fine sondstone
were the dominent original lithologies, but considerable sondstone and fine conglomerate also were
present, especially in T. 355., R. 13W. Large, lustrous mlico potches in the conglomerates represent
recrystallized mudstane chips. Principal minerols include quortz, chlorite, white mica, olbite, ond cer—
bonoceous moterial thought to be in past grophite. Less common ore epidote, colcite, clinozoisite?,
stilonomelone, amphibole, sphene, and the blueschist minerol lawsonite (Kaiser, 1962; Koch, 1966;
Lent, 196% Colemon, 1969}. White quartz veins with minute carbonaceous seans ore ubiquitous. The
bulk specific gravity of 28 somples of metosondstones averages 2.72 (t 0.125 standord devlation ) with ¢
ronge of 2.54 - 3.18.

Metavolcanic rocks ond associated chert comprise § - 10 percent of the Formation. $ome bosoltic
Flows st7ll shew ellipsoidol structures, and ere not folioted. 8eing resistont, they tend to be more latorally
tracecble than any other lithology (sec Figure 5). Praominent examples referred, of leost tentotively, to
the Colebrooke occur along the Rogue River nortl of Skoakumouse Butte, in Copper Conyon 2 miles west
of Agness, ond south of Foster Creek ( T. 34 S., R, 12 E.}. Foliated pyraclostic rock also ore present.
The metavolcanic recks contain chlorite, octinolite, olbite, epidote, stilpiomelone, ond pumpellyite,
but no lawsonite (Colemon, unpublished menuseript), According to Colemon, bulk chemicel compasitions
ore like that of oceonic basalls and of bosalts in the Fronciscon complex, but ot leost o few ore more sili-
cic (see Table 2).

Metamorphic grode:  The Colebrooke metasedimentory mineral wsemblage indicotes o metemor-
phic grode tronsitional bebveen greenschist and blueschist focies, but metobasalts show only greenschist
minerals {Colemon, 1969). Colemon found lowsonlte in 15 percent of 130 metosediment specimens studied
by him (unpublished monuscript ). No metamorphic zonation like that seen in similor northern Californic
schist terrones wos Found. Coleman believes thot Colebrooke metamorphism occourred of abeut 200 - 250°C.
ond 5 - & kilobars gressure.

Structura: The Colebrocke hos suffered ot Imost two distinct penelrotive deformations. The moin
fotiotion, which is related to metemorphic recrnystallizotion, parallels original stratificotion (51 ), ond
dlps at low angles. Overprinted upon Sy foliation and eorly folds s o pronsunced stroln-slip cleavage
(S1) porollel toa secend phose of folding with north=south oxes occerding to Colemon (1969). Colemon
also reports o stotisticol eostword vergence of recumbent Fold oxiol plones, which he believes Is nest con-
sistent with on interpretation of eostword overthrusting. Weshword thrusting, hewever, is suggested by the
ecsterly dip of the exposed thrust z.one on Rogue River and by the overtuming of Lovwer Cretoceous strota
belaw the thrust north of Caolebrooke Butte (T. 34 5., R. 14wW.)

Age of metamorphism: Whole-rock K-Ar datlng {Dott, 1965) of Calebtooke Schist specimens of
125% 6m.y. ond 138 ¥ 10 m.y. ond o Rb-5r isochran date of oppreximately 130 m.y. (Colemon, unpub-
lished maonuscript) oll point to metomorphlism —- or, better, finol cocling --of the Colebraske oround
130-135 m.y. ago, or very neor the Jurosic=Cretoceous beundery, the exact oge of which is still some-
what uncertain,
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Table 2. Selected chemical analyses of igneous rocks,

Dierites Otter Point Dothan |Colebrocke
Pearse Peak® Colller FilTow Dicbase Pillow  Diacbase | Pillow | Pillow
Buile Lovo Dike Lova Dike Love Lova

5248 5262 5140 CB=14 &1-70 &1 =704, 62=123A £2-123 S=41 62-1548
S§02 S0.14 60.88 54.48 64.19 49.27 48.20 40.83 53.14 61.80 52.04
TiO2 1.42 0.41 0.3} 0.52 1.9 2.27 1.20 1.43 1.43 1.16
A|203 15.% 17.71 13.8) 16.43 19.62 16.72 16.10 1 .52 16.99 18.32
F02°3 1.19 2.92 .73 2.37 2.41 2.82 3.08 7.80 6.31 2.35
FeO 8.75 2.7 3.9 1.95 4.10 509 4,08 3.60 0.59 4.69
MnO fr. tr, . 0.20 0.21 0.41 0.22 0.43 0.06 0.19
MGO 7.2 2.2 8.67 1.54 5.22 6.60 5.06 7.50 0.50 4.04
CoO 9.34 4,32 6.69 3.8% 8.08 8.74 14.40 1" 6,73 1.55 5.60
Naz0 2.76 4,17 5.08 4.18 4.67 4.22 4.1 4.80 9.50 6.42
Kzo 0.95 2,68 0.46 1.86 0.62 1.04 0.02 0.28 0.20 0.2}
P205 0.24 0.16 0.02 0.13 0.10 0.44 0.07 0.10 0.30 0.10
HXO+ 2.2 1.47 2.02 1.93 4.06 2.92 5.08 2.02 0.75 4.04
HyO_ 0.23 0.54 0.67 0.04 0.00 0.00 0.00 0.00 0.00 0.00
o 0.00 0.00 0.00 0.00 0.00 0.00 5.7 0.00 0.00 0.00
Torel 9.7 99.64 99.84 99.23 99.54 99.47 99.91 9.3 99.58 99.16
[ $.O)
@ 0.344 0.642 0.0%9) 0.444 0.132 0.24% 0.004 0.058 0.002 0.032

* Fram Diller (19030); oll other onolyses by H. N. Wiik, Helsingfors, Finland.
t Gontains calcitic amygdules.

somple numbers.

Location;

5268 Suwmmit of Botd Mountain, SE4 sec. 33, T. 33 S., R, 14 W,
5262 Brush reek, SEdsec. 5(2), T. 34S.. R. 14W.
5140 Coosd rood, SEdsec. 7. T. 345S., R. 14W.

CB-14 Summit Collier Buite, s0c. 21(?), T. 37S., R. 12W,
61-70and61-70
62-123 and 62-123

- Pistol River, NEdsec. 22. 7. 38S., R. V4W.

$-61 Northof Brownie's Bluff, SEdsec. 35(2), T. 375., R. 13W.
62-1548 - North Fork Pistol Rlver, NWlsec. 5, T. 335., R. 13w,

- M In Fork Hunter reek, NWJ) sec. 13, T. 375, R. 14 W,

The two dikes intrude the pillow lovos with corresponding
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Similar schists in northwestern Californio: Schists similor to the Colebreoke bound the Dothon
(or Franciscon? ) rocks east of Crescent City ond for mony miles southward along their east side in Cali-
fornia, o¢ was noted by Diller (1903b) and other early workers. Two klippe of corbenoceous schist occur
near Orick, California {see Weed Sheet of the Geologic Mop of California) 40 miles south of Crescent
City, They rest upon Fronciscon rocks much as the Colebrooke rests upon Otter Point rocks in Oregon.
Diller ond othér ¢arly workers considered the Collfornio schists to belong to the Klamath terrane, speci—
ficolly to be metamorphosed Golice sediments with o mojor fault separating them from the Franciscan as=-
sembloge. There hx been general agreement thot such o relation does exist, but the exoct position of
the Klomath boundory thrust foult reiotive to == and its effecls upon —- the Fronciscon were less cleo'.
Diller noted that schists on the top of South Fork Mountoin (100 miles southeast of the present mop areo)
were different frain those [ower on Ihe west side of the mountoin, and recently it hos been shown thot
Fronciscon rocks hove been metomorphosed to blueschist with the grade of metamorphiam increosing uphill
toward Ihe typicol Southy Fork Mountain schist (Kilmer, 1962; Bloke and Ghent, 1965). This upside-dewn
metomerphism has been interpreted os indicating that ot least some of the schist in South Fork Mountoin is
metamorphos¢d Fronciscon rather than melo-Golice, ond Ihat the maja Klamath kaundoiy thrust liesabove
rather thon below the blueschists. Rb=5¢ doting of the topographically low Fronciscon metasediments,
which contain Eorly Cretaceous Buchio species, indicotes metomorphism very seon ofter sedimentation ot
105 £ 16 m.y. ago. Because the blueschist metamarphism of Franciscan rocks seems to hove been closely
related to the Klamath boundary fault, thrusting there is inferred also to hove occurred Tn medial Creto-
ceous time, @n the other hand, Bloke and others (1%47) acknowledge o difficulty in mony coses in dis-
tinguishing the South Fork Mountain schist from Galice metasediments directly to the eost, ond Suppe
{1969) reports o K-As dote of 135 m.y. frem Picket Peck "neor the type locolity,”" which is very similar
to dotes obtained from the Colebrooke. These discreponcies may reflect mote than one protolith for the
South Fork Mountoin schist.

Both field evidence and isotopic doting indicate that metamorphism of Mesozoic rocks in the west-
ern Klamalh and Coast Range Provinces wos complex. At least three more or less distinct perieds of blue-
schist metamorphism are now recognized in Calif ornia (circa 150 m.y., 125 m.y., ond 10S m.y.; Suppe,
1969). A ¢lear understanding of the metamorphic rocks is crucial to ultimate int¢rpretetion of structural
details in the region, but as is shown mare fully below, the eerrect oge and structural relotionships of the
Dethan Formation in Oregon ore intimotely involved in understanding the metamorphism. The Colebrecke-
type schists east of Crescent City, which have never been studied as much es the Soulh Fork Mountain or
Colebrooke Schists, may either be Bothan (Franciscan? ) sediments metamorphosed next to the Klamath
boundary foult or they moy represent metomerphosed Klomoth basement (Galice? ) thrust over Ithe Dothan.

Probable precursors and struclural relationships of the Colebrooke

Most recent workers agree that the Colekrooke closely resembles the Golice Formation {(Kaiser,
1962; Doht, 196é0; Coleman, 1969; Lent, 1969). Ceoleman cites chemical doto that also suggest to him
a ¢close similority between Colebrooke and Galice rocks. They ave said to ke slightly higher in silica,
ond lower in lime, strontium, uranivm, and thorium than the other Mesozoic formations, but the differ-
ences ore statistically very small. Locol patchgs lithologically identical with ¥ie Colebrooke occur with-
in areos of Ihe Galice and along the Biushy Mountoin=-lron Mountoin fire rood (T. 34 5., R. 12W.). An
apparent melamorphic gradalion frem lypicol Cotebsoeke schists with foliation in oll litholegies north-
word to Galice sfates and only faintly foliated sandstones wos reperted {Dott, 1966a). Colenson (unpub-
lished monuscript) believes, however, that a thrust foult separotes the two units neor lron Mountain.,
Therefora, on impartont issue is whether or not oll of the [orge arec of Colebrooke 7s ollochthonous. Cole-
mon finds blueschist and greenschist minerals in the Colebrooke, but ontly greenschist minerals to the north
n Golice racks, He also finds thot the ColeYrooke in this region shows two distinct deformations, where-
o nearby Golice rocks show but ene. A linal controst noted here ond elsewhere by Coleman is thaot the
Galice terranes include for nwre dioritic inirusions Than occur in areos of Ihe Colebrooke. Subsequent
studies in the region should include extensive detailed structurol onolysis of oll metomorphic recks in or-
der to test fully the Colebrooke~Golice relotionship.

The apparent field relations in the central port of the mopped orea |ed to the postulate thot Doth-
an rocks olso moy hove been metaomorphosed to form some of the Colebrooke Schist {Schwob, 1963; DoHt,
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1% S). This susggestion was bosed first vpon the opporent Tucreose of metomorphic grode northword be-
rween the Chetco ond Rogue Rivers (Plote |; Figure S). Llocol incipient cleovoge chorocterizes the mud~
stones neor Brookings (Widmier, 1962), ond some phyllite is present locally in the mudstone south of the
Chetco River on Long Ridge (T. 385., R. 12W.).

Forther north naor Snow Comp Adountoin and Quosatono Butte, extersive zones of phyllite ond
schist ore interbedded with nonfolioted sondstonaes ond conglomerotes. Still farther north ot Rogue River
all rock types are foliated. 1he apparent conlinuity of metavolconic zones from unmetorrrphased Dothon
terrone (Widmier, 1962) northward into Colebrooke terrorie (Schwob, 1963; Burt, 1% 3) lends suppert to
this [nterpretotion. Mereover, the Dothon-Colebrooke contact ot Snew Camp Meuntoin (which Coleman
hos reinterpreted os o thrust) aligns with the projected boundary between the sandy Mecklyn member and
the mudstone-rich Winchuck member of the Dothon mopped by Widmier {1962) forther sonth.

A preliminory petrogrophic comparison of Bothan sandstones with metasandstones of the Colebsocke
(Schwab, 1963) suggested that the rwo were simllar in mojor companents. All of these observations, to-
gether with the relctively high specific grovity of Dothan sandstenes (2.67 ¥ 0.034 standord deviotion of
31 somples), tended to support our hypothaesis thaot the Dothon is pre-Nevadon ond could hove served as o
protalith of tha Colelrocke Schist {sea upper cress section C-C'), However, nore extensive siructurolond
metomorphic dote gathered by Coleman from both Dothaa and Colebrooke rocks, together with possible
Lote Jurassic (post~-Nevodan) fossils Found by Romp (1969) in apporent Bothan strata, now al | but rule
out the Dothan ¢¢ o second protolith for the Colebrocke.

Glaucophana schists and amphibelitas

Gloucophane=bearing blueschists were mopped in the nevth port of the oreo by Diller os "amphi~
bole schists, " ond were interpreted os contoct metomorphic rocks (Diller, 19080, p. 3). Although Cole-
mon found fine lowsonite widely distributed in the Colebrooke Schist, the high=grade glacophane rocks
ond omphibolites oppeor to be more or less isolated tectonic blocks associated with mojor foult zones
(Koch, 1966; Colemon, unpublished monuscript), thus they ore discussed seporately here ofthough they
ore generally teo smol] to show on the mop.

In oddifion to examples mopped by ®iller, by Lent (1969), ond by Coleman {1%9), examples
cccur near @ major fault holf o mile southeost of Blocklock Point (SEX sec. 24, T. 31 S., R. 16 W.;
bott, 1962), ot severol locolitieswithin onemile scutheostof Sisters Rock {SEdsec. 6, T. 355., R.13
W.; Koch, 1966), ond cbove Pistol River insec. 24, T. 385., R. 14W. (Widmier, 19%2). Finolly,
wove-woshed boulders of blueschist occur on the northeast side of Cope 8lanco. Blueschists studied by
Koch (1964) and Lent {1969) contoin glovcophone, chlorite, epidete, crosiite, octinolite, zoisite,
clinozoisite, quortz, olbite, muscovite, gornet, mognetite, and hematite; jadeite has been reported only
in the fo north (Lent, 1969). Mlost examples ore stirongly foliated and, in some, green bands alternate
with klue. While much of the glaveophone rock oppears closely reloted to the Colebrocke Schist, in
northarn Colifornio similar tectonic blocks of relotively high-grode gneisic gloucophane-epidote-gornat
rocks yield isotopic dotes of about 150 m.y, (Lee ond others, 1964; Suppe, 1969), which ore older thon
doted for other hlueschists. Cominon proximity of such rocks to the western thrust boundary of the Cole-
brocke suggests tectonic emplacement of the blocks from some deep zone. North of the Sixes River, the
gloucophane rocks ore randomly scottered (Diller, 1903a; Lent, 1969) and probobly represent remuionts of
on eroded thrust sole.

Amphibolites: Koch (19464) noted the presence of local omphibolites too limited in extent to show
on Plote |, which he believed hod developed from dicrite or gobbro. They cre composed of green hern-
blende, chlorite, ondesine, oligoclose, sphene, zircon, pyrite, hemotite, mognetite, ond carbonate.
Glaucophane ond almandine gornet ove sporingly present, Coleman (unpublished monuscript) has swdied
amphibolites ot othes locolities, especiolly these osiociated with the lorge ultromofic mass in the eat-
centrol port of the map oreo ("gneissic rocks” of Flote 1), Gneissic hornblende diorite, omphibole gneiss,
ond amphibole pegniwlites ore more extensive still Tarther east (Well and others, 1949; Wells and Walker,
1953). The summit of Big Craggies (T. 37 5., R. 12 W.) consists of coarse amphibole pagmotite and am-
phibolite. Colemon interprets it os port of o klippe of omphibalite ond peridotite . Preliminory K- As doto
for o stngle omphibole from the Big Croggies amphibolite suggest that metamorphism of these high-grode



Table 3. lotopic oge doto.
Values reported ore overoges of ot leas? two replic.ate onolyses (I factor represants totol anolyticol ervor).  Procedwes vsed for K and Ar arwlyses
by isotope dilution ot Isotopes, Inc., os well as As and K a10lyses ot Geochron are Flane photometry. See text fer Furthes discuasion of field relo-
tions ond interpretations ofresults. ( Largely ofier Dotrt, 1965)

sAeroge hdu' Aver= Apparent
Sonple Labo- As40%, age Isotopic
No. Locality Rock type Mineiol ratory opm ArdOtor %K Age, m.y.
Rhg SEANWY sec. 36, Rhyodacite sill Introding Whole rock | 0.00652 0.35 3.23 3ol
T. 405, R. 14w, Dothan Formotion
RD62-62 NWINE} sec. 5, Mofic dike in Late Crelaceois Whole rock | 0.00200 0.25 0.93 B
T. 395., R, 14W, Hunters Cove Formotion
RD62-190 NE}SEdiec. 14, Granite bovlders in Oothan Biatire {G 0.0150 0.13 2.01 103410
T. 16N, R.2W. Formotion c.onglomerate (chloritized) G 0.0103 0.27 1.265 nozas
CS-1+ NWVINW] sec. 20,
T. 33S.,Ra4wW. Coletrooke Formalion {Whole rock G 0.0170 0.44 1.84 125¢% 4
62473+ NE&ENEJsec. 3, Quortz-mico Whole sack G 0.01683 0.46 1.995 138310
t. 3%S., R 13V, schist
62-82+ SWASES sec. M, Motic dike in peridotite Amphibole G 0.00078 0.29 0.0808 13015
T.36S.,R.14W . (probably in o klippe)
6560 NE}SWisec. 29, Broy Mt.Dicvite intruding Horrblende u 0.00257 0.44 0.322 135% ¢
T.325., R. 12w, Galice Formelion
ERR-1 NWViSWY sec. 15, Biatire G  0.0298 0.44 2.8S L) B
T. 335., R.I4W, Pecuse Peck Diorite intrud - { {A 0.03246 0.89 3.64 145% 4 }
Q-1+ NEINES sec. 27, Ing Galice Formalion Horrblende G 0.0192 0.24 0.9 Zist 20t
T. 335., R. 14w,
18-25-7  SEASWY sac. 20, Vitric ondesite or docite Whole rock | 0.00198 0.40 0.18 1492 4
T. 39S.; R, I?N. {probably teclonic blocks
within Dothan Fornwtion)
CB-14+ Top Collier Butte Collier Butle Diorite Hornblende G 0.0103 0.445 0.915 151 212
{T. 375.,R. 12N,
vniurvayad)
J5-8+ 1.5 mi.WNW of Saddle M. Diocite Hornbleide G 0.00405 0.06 0.185 28525
Soddle Mt.(7.37S.,
R.12W.,unswveyed)
16-28-5  SEINWA sec. 3, Maf'ic dike in sheor zone Whole 1ock I 0.00577 0.32 0.3 25 s

T. 395., R. 14W.
“TRodiogenic Ar%0. 11, bsotopes, Inc.; G, Geochron Loboratories; A, Univessily of Alberte; U, U.5. Geological Survey | Menlo Pork)
+ Dored under Student Project Awasd by Geoctwon Laborataries. £ Anomalausly high; see text.

Constonyts: A Bm 4.72 % 10-10 1. 2¢= 0,985 X107 10 yr-Y; k¥0/k = 1.22X10~% g/g (ot lab U clomic obundance of K40=1.19 x 10~%)

8l

1SVO2 NOOIJO NIIFLSIMHLNOS 3HL 40 A201032



MESOZOIC ROCKS OF THE CENTRAL REGION 19

rocks moy hove been contemporaneeus with metamerphism of the high-grode blueschist tectonic blocks in
Colifornio (circo 158 m.y.; Colemon, personal communication, 1970).

Ultramafic rocks ossocioted with the Colebrooke Schist

The large masses of serpentinite and peridotite bordering sniall dioritic ond gobbroic masses all
occur within or odjocent to the Colebraske Schist (Plate I, Figure 5). They ore chiefly harzbyrgite with
miner dunite and pyroxenite. All are extensively serpentinized to lizardite and clinochrysolite and miror
ossocialed brucite. The Signal Buttes and Snew Comp masses, as well as the possibly reloted Vondergreen
Hill (sec. 32, T.35S., R, 14W.) ondCorpenterville (sec. 3, T. 395., R. |14 W.) bedies, contoin en-
stotite, diopside, forsterlte, and spinel (Medaris and Dott, 1970). A high eluminum content of the py-
roxenes and spinels, together with opparent Paleczoic K-Ar dotes (Table 3) from two dioritic todies
within the ultromofic masses (Dott, 1965), suggests ariginal crystallization in the mantle more than 200
million years ogo, ond subsequent structural transport -~ possiibly by sea-floor spreading - to their pres-
ent sites. Calcivm=silicote metasonwotic border haloes in practicolly oll adjacent rocks (Colenman, 1967)
ond universally sheared contocts also point to tectonic emplacement. Coleman believes that the lorge
ulfromefic mosses ore sheets emplaced by overthrusting, but not necessorily every'where the some fhrusting
as that which offected the Colebrooke; emplacemant of coma of tha sarpantinite moy hove precaeded that
of the Colebrecke. According to the concept of sea-floor spreading, the underthrusting of on oceanic
crust beneath o continental piate should hove been more or less continuous t rough Mesozoic time.

Around Signal Butles ond from there northwestwerd to Regue River, intimate jumbling of lorge
mecses of schist ond serpentinite tend to support the interpretation that the Colebrcoke moved upon o
“tectonic carpet” of serpentinite (Colemon, 1969), althowsgh some of the mixing could reflect londslid-
ing. The serpentinites at and north of the mouth of Rogue River also ore interpreted by Colaman to be
eroded outliers of a thrust sheet, which interpretatie.» seems supperted by @ grevelence of neerly Flor sheor
surfaces in Otter Point sediments in road cuts west of Wedderburn (Figure 6). Koch (1964) interpreted
this oreo to ba o shear zone dominated by vertical faults with subordinate small thrusts. [t moy be thot
hera, os ot Sisters Rock, Port @rford, ond elsewhere, vertical Cenezoic faults hove been superimposed
upon older flot thrust sheets.

Dioritic and gobbroic intrusive rocks

Distribution: Dioritic stocks collectively referred ta as "gabbro® by Diller (19030) and dikes of
diorite and docite ore common in the northern holf of the map aceo, where most intrude t e Golicie Forme-
tion. Several stacls and dikes of dierite and seme gabbro (fer example, Snow Camp Msuntain, Collier
Butte, ond Seddle Mountoin; Figure S5) ond at feost one granite (south end of Iron Mountain, NWi T, 34
S.. T. 12W.) occur within large ultramafic masses, In the Kerby quodrongle o few miles eost of the pres-
ent mop orea, dioritic mosses of betholithic oreal proportions and granodiorite stocks occur (Wells ond
others, 1949); similar ones also occur in northernmost Califernia (Lanphere ond others, 1968). All ap-
pear to be petrologically related (see Lund and Raldwin, 1969), and they yield similar isotopic dotes.
Colemen (unpublished manuscript) hos mode the important cbseivation that dicrite intrusives ore almost
completely locking in the Colebrooke Schist. This, he feels, is further evidence that the Colebrooke wos
not formed where it now lies.

Pearse Peak Diorite: The miwost complataly studied intrusive in the area is the Peorse Peck pluton
(T. 335.. R. 14W.) (Kaiser, 1962, Koch, 1964). It consists of hornblende diorite ot its morgirs ond
hornblende-biotite quariz. diorite in the center. Hornblende, which vories considerobly in abundance,
ond plogioclase are dominont c.onstituents. Theplogioclose is stromly zoned, ronging from An30 to Angs
(Kaisar, 1962), Quortz comprises S to 10 percent, while biotite, untwinned intermediate microcline,
sphene ond mognetite ore occesserites (Figure 7). The northwest margin of the stock contains some pyrox=
ene. Representative chemical onolyses of this ond other diorites appeor in Tobie 2, ond they ore notable
for rather low K9@/Noos® ratios. Most of the minerols, but especially the plogioclase and biotite, show
alteration. The southwestern border has suffered extreme cotoclosis along whot Koch (1966) nomed the
8rush Creek sheor zone. There the rock thows extrema alteration with devalopment of laiymontite,
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Figure 6. Intensely sheared sandstone and mudstone of the Olter Point somplexallong U. 5. Highway 101 just
west of Wedderburn at the mouth of the Regue River. As in Figure 3, beudinage effects in the mudstone
are conspicuous, ond brittle fracture charocterizes the more massive sondstones. The sheor surfoces, how=
ever, are neorly flothere. Kech (1966) osswmed local thrusting related to strike-slip foulting. Colemon
ond Bloke (personal communications, 1969 ) regord this os o result of lorge-scale, low-ongla thrusting
ouwmead 1o hove amplaced nearby ultramofic masses and the Colebrooke Schist. Their interpretation, which
has much to recommend it when considered in the regionol context of thrusting, would clter the mop inter~
pretation of Plale | in this oreo (W3 T. 365., R. 14 W. ).

Figure 7. Photomicrogroph of the typicol Pearse Peck quaniz diorite phose, showing characteristic subliedral,
zoned ond selectively altered plogioclose (left center ) with hornblende above ond to right, ond quortz
befow. Upperright corner hos biotite with prehnite interleaved. {After Xaiser, 1962} [X 45}
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leonhordite ond prehnite {Koiser, 1962}. A narrow hornfels zone is pi-esent ot contocts with Golice
melosediments.

Other diorite mosses: The Collier Butte and Snow Consp dicrite bodies, which are surrounded by
serpentinite, also have been studied petrographicolly. The Collier Butte body is more silicic, but other-
wise is similor to the Pacrse Peck, baing compesed of zoned and oltered plogiociase (An37_45), Quamtz,
and hormblende with ) percent K feldspor, ond minor biotite, c¢hlorite, sphene, clinozoisite, magnetite,
ond pyroxene (Burt, 1963), The rock is fainHy porphyritic. It oppears to be intusive into the surround-
tng ultromofic cemplex, fer it has sharp contacts ond contoins serpentinite inclusiens. The neaby Snow
Cemp Meuntain diorite contains cosiderably more clinopyroxene and no quartz. The Scddle Mauntoin
Diorite, which opporently is much older thon the others, is compesed of twinned and zoned plagloclasa
(Ang) _4n), clinopyroxene, minor amphibole, magnatite ond epidote; K feldspar and quortz are insigni=
ficont. fts contacts with the ultromafic rocks ore sheared ond cltered,; and it cleorly is faulted agaiiet
Lower Cratoceous strota along Leowson Creek (sea Figure 5),

The ramaining stocks ond dikes in the mop areo vory somewhet in compesition ond texture. Deoeitic
dikes ore very poor in mofic minerals, while some derk gobbroic dikes ore rich in mofics. Distinctive
porphyritic dikes with lorge 2oned plogioclose phenacrysts ore especially commion in the northeastern port
of the mop oreo.

Ages: The fossiliferous Humbug Mountain Conglomerate of Early Cretaceous age unconformably
overlies the Galice Formation ond contains abundaont fragments of Pearse Peck-type diorite oswell ¢
Galica moterial. Thus the Pearse Pack and related diorites in the mop area ore pre-Early Cretaceous, al-
though Oiller considered them post-Eerly Cretoceous and pre-Eocene. He woted many "gobbro™ ond do-
clte clasts in the Cratoceous conglomerates, but apporently he wos nore imgresced by docitic dikes cutting
serpentinite; the foher of which he was convinced must be post=Creiacecus. Thot he was owore of the
conflicting evidence is cleor from his field notes (see Dott, 194éa for more details), but there is no hint
of this inthe publisled folio. It wos momnien practice at the turn ef the century to interpret mest contacts
betwaen ultramofic ond Cretaceous rocks as intrusive, whereas today Hiere is adequate evidence of struc-
tural dislocation in practically all cases {Coleman, 1967).

K-Ar doting of biotite from the Pearse Peak bedy yielded results of 141 Y7ond 145t 4 m,y. 0s
reported earlier (Dotl, 1965). One dote of 275 ¥ 20 m.y. From hornblende is regorded os spurious (see
Tobie 3). Recently Morvin Lonphere of the U.S. Geological Susrvey obtained o K-Ar doteof 1 St 4 m.y.
on hornblende from my somp|e of the Broy Mountain diorite mass ( SW cor. T. 325., R. 12 W.). A gob-
broic dike cutting peridotite { SE¥ sec. 34, T. 36 S.. R. 14 W.) earlier gave o K~Ar dote from hornblende
of 1302 15 m.y. (This was from a small, rother isolated exposure that now appears to be o klippe, thus
isof limited value for intarpretation.) The Collier Butte Diorite yielded o hornblende K-Ar dote of
151 112 m.y. (Pott, 1965). Recent K-Ar doting by the U.S. Geologicol Survey on hernblendes and
micos from the Pearse Peok, Iron Meuntain (T. 33 5., R. 12W.), ond Gome Loke (T. 36 S., R. 12W.)
diorite bodies confirm Hie range 13510 145 m.y. for finol cooling of most dieritic plutons in the region
{Colemon, personol communication, 1970).

It oppeors that the fermolion of dioriles of similar compasition occurred widely in the Klomath re-
gion during Lete Jurossic time (Oxfordion to Tithonion). Those in Cregon correspond closely to the
“northern group” of plutors (145 to 155 m.y.) in northern Californio {Langhere ond othars, 1948}, of-
though the Pexse Peak and Bray Mountuin bodias moy be slightly younger. Collactively these plutons re-
flect o ngjor episode of well-doted, cilossic.ol Nevadon plutonism. The isotopic dotes suggest o gap of
perhaps as mweh as 10 or 15 millisn years between plutonism and Cotebrooke metonwrphism,  Alternati ve~
ly, it is pessible that plutonism and metororphism were contemporaneous, if the schists remained obove
the argon-fixing temperature (150° to 200” C.) longer thon did the diorites. 8ecause of subsequent [orge-
scale structural dislecations; however, the plutonism ond the metomorphism of the Colebrooke may not
hove been os closely related either in time or space o3 hod been owsumed.

At lesst two dioritic to gobhbroic bodies within serpentinite masses oppear to be much older than
the others. The Soddle iViountoin pluton, which is only 2 miles northwest of the Jurassic Colfiar Butte
Dicrite, yielded o K-Ar hornblende dote of 285 m.y., ond o smoll gabbroic body within the intensely
dieored Corpenterville serpentinite mos; yielded o whole-rock K-Ar dete of 215 m.y. (see Toble 3).
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Such old dotes suggest on entirely different (probobly sub-crustal ) origin for these rocks than for the other
diorites {(Medoris ond Doll, 1970).

Humbug Mountoin Conglomerate { Eorly Cretaceous)

Definition: Widespread coorse, mossive conglomerate was discussed by Diller (1902a), who noted
thot Tt wos concentrated in the lower port of the “Myrtle Formation," which he hod nomed ( 1898) in the
Roseburg quadrangle 50 miles inlond. Loter the Myrtle wos elevated to group rank (Imisy and others, 1959 ).
Diller found it very difficult both to mop the conglomerate ond todiscem shruchures within the “'Myrtle"
rocks, portiolly dyue to his foilure to recognize the greot unconformity bebween it ond the dioritic ond
metasedimentory Golice complex {figure 8). This error resulted portly from his belief that only o smell oreo
of 'Juressic slotes” existed in the Johricon Creek drafnoge, where one of his ossistonts had found fassils (see
discussion of Galice Formation). [n retrospect iv is difficult to understand how Diller so underestimared
ihe contrasts between the unmetamarphosed Cretaceous strata ond the slightly metomerphosed and Tniruded
Galice, Recognition and trocing of the mojor unconformity between them was a major key to interpret-
ing the northern port of the mop orea. One resiilt wos the reolization that the octual orea of ""Jurassic
slates” (Galice Formation) is cbout five times as greot as Diller supposed.

The term *Myrtle, " although perhops useful os o loose time-strotigraphic detignation foc Eorly Cre-
toceous stratc on the coost, has been abondoned os o formol rock unit nome here becasse the coastal sirata
ore |ithologicolly distinct from the type Myrtle Greup, ond physical continuity between the hvo oreds is
interrupted by o wide zone of Eqcene rocks. Koch (1966) named ond defined the Humbug Mountain Con-
glomerate for outcreps on Humbug Mountain, a bold promontory on the coast insec. 35, T. 33S., R. 15
W. ( Figure I). The fermation is ot least 2,500 fect thick, ond opgpeors to ronge up to 5,000 or 46,000
feet both there ond clorg the Elk River, 4 miles to the northeast. Neor the north edge of the mop orea,
itisot leost 1,000 featthickot MountAvery (Lant, 1269), ond from 2,000 ¢o 3, 800 feet thick ot its
eastern limit in Copper ond Barklow Mecntains (Figure 4).



MESOZOIC ROCKS OF THE CENTRAL REGION 23

Besol (Mevadan ) unconformity: In 1959 on exposwre of the unconformity ot the base of the Hum-
bug Mwuntain Conglomerate was discavered on Elk River (SWiSw3 sec. 8, 7. 38 5., R. 14 W.), but it
waos & years before another localily wos found. Qa the eost side of Copper Mountoin Diller recorded in
succession slate, diorite, conglomerate with "Aucello picchii,* and on the west side of the mounioin he
recorded "Avcella crassicollis.'" Aucello was subsequently referred ta the genus Buchio. Three miles to
the north on the southeast side of Barklaw Mountoin he reported a similor sequence from slates up to con-
glomerate, Using Diller's field netes as a guide, | was fortunate, in 195, to find the contact exposed
on the eost face of Borklow Mountain along a fresh logging trail (Dett, 19660). Fossil eontrol in older
and younger recls brackets the oge of the unconformlity os early Eorly Cretoceaus. (Imloy end Jones
[weritten communication, 1970] hove re-evoluoted the collections reported in 1966as "Upper Jurassle --
Portlondian"; these ore new regmded os Rerriasian or Valanginian.)

Lithelegy: Along Elk River, ot leat the lower 1,500 feet of the formation is so massive thot at-
titudes con rorely be determined. The unit is very coarse there, containing boulders 2 feet in diometer,
but overoging betveen 2 and 4 inches (Figure 9). Similar coarse conglomerate also accurs above the un-
conformity on Barklow Mountain. Partial columnar sections of the formation were published by Koch, but
they represent higher ports of the formation in which m#re sandstone ond mudstone occurs interstrotified
with chovacteristic hetcrogeneous conglomerale. Graded bedding choracterizes mony of the higher beds;
groded conglomerale wnits overoge about 2 1o 3 feet, bt range up to 10 feet thick (Figure 18). They
ore best exposed on the sonthwest and nerthwest sides of Humbug Mountain, and on the headlond just narth
of Myrtle Creek (sec. 19, T. 345., R. 14 W.). Alternoting mudstone and sandstone units overege o
few inches in thickness, but some sondstanes range up to 4 or 5 feet in thickness. The coorse, massive
lower c.onglomerates opparently represent deposition adjacent t e o rugged shoreline, probobly olong ec-
tive foult escarpments, whereos the upper, pastly graded sequence represents umisuolly coorse turbidity
cureent deposits and groin flows (Koch, 1964, Aolto and Dott, 1970). 1he challow=water fossils, which
occur in conglomerote ond sondstone ,oredisploced elements (see Imloy, 195¢),

Cosglomerate closts, most of which ore moderately well rounded, include o voriety of igneous
and metomersphic types clearly derived Irom the underlying hasement, as well os some clasts derived by
scour of cantemparoneous sediments. Koch (1946) found thot varieus igneois rocks comprised about 60
percent, metomorphics 30 percent, and sedimentary only 10 percent of the closts. Petregrophic analysis
revealed diorite, amphibolite, andesite, kerataphyre, propylite, dacite, rhyolite, lopilli tuffs, chert,
schist, phyllite, slote, vein quortz, and unmetanwerpliased sandstones (Kech, 1966). In the Baklow
Mountain oreo, froportions ore similor, with more metomorphic clests near the base; igneous types are
about equolly divided belween porpbyritic volcanic and dioritic varfatias. A few percent of white, milky
quarlz pebbles also ove present {Dolt, 1966a). Farther north, Lent (1969) reported chert 30 parcent,
schist and phyllite 20 percent, diorite 15 percent, volcanics 20 percent, sandstone 10 percent, ond quartz
50 percent. Fahbric is 10t conspicuous in the conglomerates, but aslight preferred orientation of elongate
closts moy be seen in some units.

The sandy matrix of the conglomerotes, os well as interstratified sondstones, is ongular, poorly
sorted, ond heterogeneous in composition (Figure 11), In general, tha sandstones ore feldspathic-lithic
{chert) wockes with 10 to 1S percent total feldspar (0 to S percent K feldspar}, up to 25 percent quartz,
51010 percent volcanic clasts, ond 60 to 80 percent sedimentary fragments (Koch, 1966). @f the last,
Koch considered 20 to 25 percent to be chert; hewever, it is proboble that some of this is devitrifiad vol-
conic glass that is very difficult to distinguish from true sedimentary chert; pebbles of similar materiol
with white feldpsor phenocrysts occur in most of the Mesozoic conglomerates of the region. Variable but
important emounts of pliyllite fragments and serpentinite olso ore present, ond Lent (1969) reports low-
sonite, prehnite, clinopyroxene, and gornet locally in sandstones. The abundant matrix in the sondstones
is dork, ond is composed of chiorite, illite, vermiculite, ond interstratified chlorite-montmorillonite
(in order of decreosing obundonce & determined by J. B. Hayes). Mudstones of similar composition in-
tersirotified in the upper Humbug Meuntoin Conglomerate are darc gray to klock, and have scattered cal-
careous lerses. Moacerated plant debris ond rove pelecypeds are concentroted {n siltstone lomince.,

Anme ond correlation: The Humbig Mountain Conglomerate contains mollusks at its bose on Bark-~
low Mountain that hove been doted as Early Cretaceous (Berriasion or Valonginion) (Imlay and Jones,
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Figure ¢. Coorse Humbuvg Mountain Conglomerate along Elk River o few hundred feel above the bosal uncon-
foemity (SWi sec. 8, 1. 335., R. 15W.). Note the wellreundad thapes of mest boulders, poor sorting,
ond lack of percaptibla stratification. Light=calared clasts ore Pearse Peck Diorite ond dorker ones
(especially angular ene at lefr} ore Galice metesediments ond metavolcanics.

Figure 10. Graded conglomerate units typical of the upper Humbug Mountain Conglomcrate exposed in Fiest
heodland just narth of Myrtle Creek, sec. 19, T. 34 5., R. 14 W. The conglomercte here contains many
block, faintly sloty pebbles derived from the Galice Formation. Biller {19030) reported tham to be
schist, implying derivotion from the Colebrooke Schist exposed only half a mile to the south. His litho-
|ogic tesminology way yomewhot misleoding, however; more definile Colebrooke-=like pcbbles are present

on the lower Elk River {see text).
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Figure 11. Comporison of sondstene compositions for the Olter Moint and Lower Cretaceous [Humbug Mountain
ond Rocky Point) formolions. Vertical bar iepresents 21 standard deviation, and cross bor is the mean
volue. Note the ganerol overlap of values (stippled) except for cemposite (polycrystalline) quartz.
{After Koch, 1966; Koch's doctoral thesis [1963] contoins much additioncl stotisticol tieatment of the
compesitionol dota.)

Figure 12. Contorted zone within alrernoting graded sondstone and mudstone units typical of the Rocky Foin
Formaotion; pencil provides scale. (Sea cliff near Rocky Point about 1.5 miles north of Humbug Mountain.)
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writtan communicetion, 1970). No fossils ore known Irom tha massive lower holf of the formation near Hhe
coast, but the pelacypod Buchia crassicollis occurs Ta the upper holf throughout the region. Associoted
with Buchla on the coost are the ammonocids Honnoites, Eodetmoceras?, Sorosinella hyotti, ond Phylloceres? ,
and the belemnoid Aulocoteuthis. This latter assembloge indicoles on E-;rT)-I Cratoceous | Valanginian )
oge for ot least the uppor half of the formation (Koch, 19%64). Possibly Hie lorgely barren lowe: postion
is somewhat virioble in 0ge due to unconformuble anlop, but reatudy of Buchio zowes in the areo by Jones
{196 9) suggests thot none of the formotion is of Late Jurassic oge.

The Humbig Moyntain Conglomecote opporanily it correlotive with ports of the Riddle and Doys
Creek Formations of the formolly defined Myrile Group near Roseburg (Imlay and others, 1959). Similar
faunas occur on the west side of Hie Sacramento Volley, ond ot scottered lacolities in the Franciscon 06-
sembl age of northern Colifernio {Bailey and ethers, 1964).

Rocky Paint Fermation (Early Cretoceois)

Definition ond lithology; Koch (1966) applied the term Rocky Point Formation too sequence
obout 6,000 feed Hiick of olte nating s ndkt nes and mudstones, which crop out continuously in seo cliffs
novih of Humbug Mountoin ot Rocky Point in the NW3 sec. 15, T. 33S., R. 1SW. The unit olso occus
both south ond north of Peorse Peak and in the vpper Elk River syncline (Plcie |. Figwe 4). Lent {1969)
believes thot the formation may be in excess of 8,000 feet in thickness near the Sixes River,

The Rocky Point Foemiction differs from the underlying Mumbug Mountain Conglomerote in contain-
ing much less (ond fiiner) conglomerate. It is charocterized by groded sondstones ove¢oging from 2 to 5
leet thick ot clternate with beds of dark groy mudstone, which overage from 3 to 5 inches in thickness
(Figure 12). Gronule ond fine—pathle conglomercte is clmast enlirely confined to the bases of thegraded
sandstones. The pabbles ore composed of chert, igneous, and some metanwrphic r clw. The sandstones
ore compositionally ond lexiurolly identicol with thosws [n the upper Humbug Mo ntain Conglomerste
(Koch, 1944). Averoge density of 26 sandstonas From both formations is 2.54 (ronge ¢ 2.41-2.78). The
two fo mations hove o grodotional contocy, their distinctien being orbitrarily determined by the highest
significant cobble or boulder conglomerate.

Besides grodud bedding, the Rocky Point Formotien contoins some sale merks (both flules ond
grooves ), fine cross laminotion, convolute lominoe, and o few 20nes o f contorted sicoto (Figure 12,- see
also illustrotions in Dott, 1963 and Koch, 1%6). Koch determined that peleccurrents flowed towardthe
we t. The Rocky Point sediments probobly were deposited largely by hirbidity currents. The cocrseness
(excess of 6:) ratio of conglomerote-plus<ondstone 10 mudsione) qualifies the sequence as so—alled
proximal lurbidites (Aalte and Dott, 1970).

Age and correlation: The Rocky Point Fermation contains Buchia crossicollis, Sorasinella cf. §.
ongulata, 5. cf. demnsicostata, Kilionella, Neocraspedites? , and Olcostephonus cf, © . quodrirodiatus
of Early Cretoceous (Valonginion ) oge (see Koch, 1966), The Buchic commonly ore concentroted in
coo se sediments, asot Rocky Point; concentrations of (orge plant debris olso ore eommon. The formotion
is cacralotiva with part of tha Doys Creek Formotion neor Roseburg (Imloy ord othaes, 1959), post of the
Lower Cretoceous séquence of the Socromento Volley, ond some of Ihe Franciscon cssenibloge {Boiley ond
others, 1964 ).

Undifferentiated Late Jurassic and Early Cretaceous strata (
of the east-cenira region

On the east-centrol edge of Hie mop oreo from Snow Camp Meuntain to Agness, undifferentioted
vppermast Jurassic ond Lower Cretaceous stroto { " 1K") ore present. The rocks wera refarrad to the Myrtle
Growp by Imloy ond others (1959). Burt (1962) and | hove mopped them on Jocoby Butte (neor Collier
8utle) and along Lawsen Creek to the nertheast (Figure 5), ond Boldwin {( 1968) has sludie them ot ond
south of Agness. Colemon (unpublithed manuscripl) postulotes that most of theso avoas ore ollochthonows
upon viromafic ond Coletrooke rocks. To date na basol conlect hos been sésn, olthangh Tithonian mud-
stone ord conglomevote are present of Joscby Butte ond Sevanmile Peck. Most of the undifferentioted
shralo are Cretoceows as indicated by Buchio species ond ommoncids (Figwwe 5). No volcanic racks are
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associoted, ond the beds consist of well-stratified dork mudktone and sondstane with prominent zones of
very well-reunded pebble and cabble ("boll bewing") conglomercte . Most of the conglamerates are
well serted ond closely packed, The lock of ossocioted volcanic rocks, greater abundonce of fessils, and
less prominence of graded bedding together suggest that these sirata were deposited in more stoble shelf
or slope enviranments than those inferred for the Tithonion.aged Otter Point rocks forther west {Aolto ond
Dott, 1970).

Undifferentiated strata (" JK"} north of the Sixes River opparently oll belong to the Otter Point
complex (Lent, 1969), so ore discussed below,

Mesozoic Rocks along the Coost

Otter Point Formation or complex (Latest Jurossic)

Pefinition: A complex flysch-like assembloge of steeply dipping ond sheored lotest Jurossic block
mudstone, sondstone, conglomerate and volcanic rocks cropping out along most of the ¢oastline from Cape
Blocklock south to Whalehead was riamed the Otter Point Formatien by Koch (1966} in reference to o
heacdlond locoted 3 miles rorth of the nwouth of Rogue River. The Otter Point lies north, west and south
of the Klamath-type rocks previously described for the north port ¢F the mop areo and odjacent to Hie
Colebrooke Schist tarther souli. The formation is bounded olmest everywhere by foults. Although its ori-
ginal thickness is unknown, it is ossumed to hove been thousonds of feet. There is little stratigraphic
continuity within the Otter Point rocks, for they hove been intensely sheared in many areas (Figuras 3
ond 6). Sheored serpentinite pods and a few snull masses of diovite ore assecioted. Becouse of the per=-
vosive shearing, lock of preserved strotigrophic order. ond the presence of exolic rock mosses, the Otter
Point as a whole sheuld be conciderad o tactono=strotigraphic complex or mélange, rother thon o true
rock-stratigrophic unit (Hew, 1968). Exotic rocks, such o5 serpentinite, are not everywhere present, so
that mony individuol outcrops qualify ®5 Hsu's broken formation; occessible examples cccur ot the Headh
in Pert Ocfard, and in the headlands and U.S. Highway 181 rood cuts in 7. 395., R. 14W. No formal
attemps hos been made to differentiate separate melonge units within it. [n spite of the rather chootic
over-eil choracter of the Otter Point, some lateral continuity of lithic units, such as conglomeratic ond
volconic zones, certainly does exist os is shown on the mop.

The Otter Point complex, besides being structurally complicated, is olso the most litholegicelly
varied unit in the region. Therafore, no single locality or strotigrophic section con adequately choroc-
terize it. For this reoson. Koch designated and illustroted several reference columuor sections. OFf the
entire @tter Point, block mudstone and thin, fine sondstones comprise rowghly 30 to 48 percent, whereas
coorse sandstones ond conglomerates cemprise from 20 10 30 percent each; volconic racks make up the re-
mainder. The type section is dominontly verticot, thinly bedded black nardstone and fine sandstone (Fig-
ure 13), with o tin volcanic breccio at the tep and pebbly mudstone at the bose. Either foint groded
bedding or fine cross lominoe occur in many of the sondstones, ond light groy colcoreous nodules cre com-
mon in the mudstones. Mollusks and plant debris occur sparingly throughout (Koch, 1966 ), Elsewhere,
portions of the unit ove dominated by thick ond coorse graded sondstone with only thin awdstone iaterco-
lations, such as Koch's reference section neor Miller Creek in Squow Volley (6 miles novtheast of Otter
Point) and in Befemnite Cave 20 miles sauth (W1 sec. 16, T, 395., R. 14 W.), which areo hos been
referred to the ®ttar Point since Widmier (1962} first studied it (Figure 14). A third distinctive litho-
legic type is dominated by thick pebble-to-boulder conglomerote, both graded and 1wngroded, os in
Koch's reference section ot Nesika Beach, 2 miles nerth of Otter Point. Zones of ellipsoidal laves ond
voleonic breccias ore distributed throughout the autcrop ea. They, together with massive conglomer-
otes; being relotively resistant to erosion, tend to he the most eosily mapped lithologies.

North of Sixes River, ‘Lent (1969) has recognized @tter Point sediments and velconic rocks in
nst of the orea shown os "JK" along the nosrth morgin of the present nwp. He chorocterizes it there os
s0 sheared and discontinuous thot no conmsistent trends could be discerned. He olso found serpentinite
niore or less rondomly distributed within oreos of the Otter Point rocks, Diller collected Buchio piochii
ot several locolities norlh of Sixes River (Imloy, written communication, doted 1953).
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Figure 13. Otter Point, 3 miles north of the mouth of Rogue River. Verticol black mudstone ond thin sendstones
of the lype section of the Otter Point Formotion are overlain ot the right by light-colored Pleistocene
thollow-morine sonds exposed on on elevored marine lerrace.

Figure 14, Flysch-like sequence of thick, groded sondstonc units olternating with mudstone in the Otter Poing
et "Belemnite Cove™ (NWA sec. 16, T, 39 5., R. 14 W.). Graded bedding and scle marke thow thot tha
sequence is overiumned. It was deposited by turbidity currents that flewed frem south—southwesl 1o north-
northeast. This saquence represents a lorge biock of well-stratified strata surrounded by intensely sheored
Qtter Point conglomerate and graywarke; thus it is 0 block within a broken formation terrane (1ee Hsu,
1968).
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Conglemerate: The conglomerates ore os variable as Ihey ore conspicuous, Prominent conglomar-
ote sequances, some with boulder-size matericl, occur from Houstenoden Creek (sec. 9, 7. 395., R.

14 W. ) to Whaleheod Creek {(sec. 3, T. 405., R. 14 W.} (Widmier, 1962; Aolto, 1968), on the north
bank of Regue River from SqQuerns Volley rood in sec. 9 eastward into sec. 11, 7. 36 8,, R. 14 W., andin
the lower Pistol River area. Most common ore massive, ungraded conglomerates composed ef well-rounded
and well -sorted chert pebbles with high sphericity . Naxt in obindonce ore less sorted pebble conglomer-
otes with considerable sondy motrix; many, thaugh not oll of this type, shew groded beddiig os in Koch's
Nesika Beach section. Penecontemporenecus mudstone closts tend to be obundant in these.

Coarse, massive, but poorly sorted conglomerates with many rounded bowulders and ¢cobblas, while
lass obindont over-all, are cansprcuous because they ore os much #5 100 feet thick and ore well exposed.
Notable exomplas occuir at Indian Sands headland near Wholeheod (sec. 33, 7. 39 5., R. 14 W.), where
beulders os nwch os t .5 feet occur, ond intermittently in headlonds from Miller Creek (sec. 16, T. 39S,
R. 14 W.) south ta Thomas Creek. They ore interstratified in o sequence o f finer massive conglomerates,
groded sondstones, ond thin mudstones (Figure 14 ), all of which have been intensely froctured ond sheared
{Widmier, 1962; Aalto, 1968). One of the most beoutifully rugged portions of the entire Oregon coost
was corved from these resistont racks in the é-mile stretch from Houstenaden Creek south te Whalehead
(Plate [; see Figure 35). Sugerlogf Meuntain (sec, 34, T. 31 5., R. 13W,) cantains coarse conglomer-
ate tentatively referred by Lent (1%9) to the Otter Point, but blueschist closts reported to be present
suggest that this example octuolly moy represent a yaunger fermatian.

Smotler canglomerate peb¥les are compased chiefly of black, groy, green end red chert. Less
obundont in variaus sizes are ondesite, kerotapliyre, porpliyritic greenslone, dacite, white vein quortz,
phyllite, ond, in the coorsest clasts, dioritic, grancdioritic, and gobkroic varieties (Kozh, 1966; Aclto,
1968). Penecontemporonecus mudstone and sondstone closts as well as rare nwllusks, belemnoids, ond
plont debris else occur sperodicolly. Presence of mony coorsa plutonic clasts neor Whalehead suggests
proximity of thot oreo e @ ru®8ed tectonic islend dyring lotest Jurassic 1ima.

Raore bist distinctive unsorted pebbly mudstones occur near Otter Point, in the southwest face of
Cape Blonco {Figure 15), of the Sislers Rock rood junciion with U,5. Highway 101 (sec. 31, T. 34 5_,
R. 14 W.), on the north side of "8elennite Cove," ond ot Indion Sonds heodlend nea Wholahead. By
for tha most spectacular examgle is ot Cape Blanco, illustroted by Dott {1962; 1963) ond by Aalto ond
Dott (1970) (see Figura 34). A lenticulosr moss 60 feet thick ond half o mile long of unstratified and
completely mixed sediment slabs as much as 20 feet long, rounded pebbles and boulders os [arge os 3 feet
in diometer, larga chunks of trees and belemnoids are cll set in 0 nwddy and sondy matrix that comprisas
aboul half of the rock. The mass is ovarturned, and occurs interstrotified with thick, greded sandstone
units as much as 7 feet thick, which display sole marks formed by currents thot meved in on east-westsense.

Sandstone; Thin, fine sandstone occurs throughaut the @tter Point, although thicker ond coorser
sondstone 1s prominent lacolly (Koch’s reference section neer Miller Creek in Squarw Vollay, ot “Balemnite
Cove, " ond ot Cope 8lanco). Most of the lotter show groded bedding, bt sole marks ore rorely seen.
Mudstane closts, plant debris, ond rare mollusk shells ore olso present.

Petrogrophically mest of the sondstones ore feldspathic and lithic (chert-volcanic) wockes. Thay
contain less thon S parcent K feldspar, less than 6 percent polycrystalline quartz in controst to Lawer Cre-
taceous sondstones (Figure 11). In volcanic zones, volconic detritus is predeminont (Kech, 1966; Aalle,
1968). Lent (1969) distinguished two sandstane types north of the Sixes River - —a messive feldspor-rich
voricly with 2 to 3 percent K feldspar, and o do-ker, lithic voriety with relotively less quortz. and feldspor;
white veins of loymentite olso are present. The typical dork color of Otter PAoint sandstone results from o
predeminanily chloritic matrix (X-royed #y J. B. Hoyes, written cammunicatian, 1964} as well o an
obundance of dark chert, mudstone and other rock frogments. The averoge deasity of 60 sandstone samples
is$2.61 (ronge =2.26 - 2.85).

Voicanic rocks ond bedded chert: The volcanie racks are predominantly kerotaphyre, bosolt (ond
spilite ), pyroxene ardesite, and propylite (Koch, 1964). Some chemical anclyses ore presented in
Table 2. Aphonitic textures ore mwost common, but a distinctive type of porphyritic pillowed basolt with
white plogioclase phenocrysts os much as holf an inch lang is widespreod (Figure 16}. Examples ore ex-
pased ot Ihe nouth of the Sixes River and on Blocklock Point. along Rogue River (sec. 2, T. 36 S.,
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Figure 15. Speciocular unstrotified pebbly mudsitane moss in Oller Point rocks on the west foce of Cope Blanco.
Normal, stratifiad graded groywackes e boltom of view show overturning, thus were deposited upon o
submarine mudflow that produced o lens half o mile wide ond 60 feet thick {maximum). The deposit con-
tains chootic sediments with lorge chunks of wood, belemnoids, and all sizes of clastic sediments. Note
slabs of thinly bedded Otter Point sediments within the mms. (See also Dott, 1962 and 1963).

Figure 16. Otter Point pillow basalt with conspicvous coorse fetdspar phenocrysis exposed on Pistol River
(NEd sec. 22, T. 38 5., R. 14 W.). Such porphyritic pillow lova seems to be characteristic of the
Otter Point.
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R. 14 W, south of Regue River (in SWi sec. 28, T. 365., R. 14W.), on Hunter Creek (secs. 20 to 21,
T.37 S., R. 14W.), ontho north side of Sundown Meunlgin (SW3sec. 3, 7. 28S., R. 14W.), on
Pistol River { NE% sec. 22, 7. 385_, R. 14 W.), ond ot Creok Point (see Plate I1). Besides pillow stuc—
tures, flow rocks locally show vesicles and omygdules. Minor tuffaceaus rocks olwe are associoted locally.
Lent (1969) found zeolitic metomorphism (lamwntita-prehnite<quatz) to be prominent in @tter Point
valconic racks near a thrust contact with Colebraoke schists ot the north edge of the map area.

Volconic braccios of dioritic and gobbroic composition -- some with diobasic texture -- ore wide-
spread ond hove been a source of confusion. They are best seen in well-woshed suterops in streams or sea
cliffs, The frogments typically are 1 to 2 inches ocross, but may be slightly coorser. Two vorieties of
breccio con be distirguished. One hos speckled, angular Irogments oll of identical texture ond composi-
tion, whereos the tecond hos typicol diokasic clasts mixed with darker and finer grained fregments os well
as o few caorser dioritic ones (Figure 17); sedimentaiy rock fragments ore almost entirely obsent. What
little matrix is present oppeors la be chloritized, fine-groined igneous moterial. Characteristic associa-
tion of the breccios with pillowed volcanics of similar composition suggests that they are explesion brec-
cias or agglomerates erupted from the some submarine vents as the lovas. Their ongulor, unsorted texture
ond absence of in-mixed sedimentary dabris suggast thol the breccias formed in moderately deep water be-
low the deepest wave ogitatian. The breccias are present in most of the thicker volcanic: sequences, but
ore most occesible in Hunter Rock next to U.S. Highwoy 18] {center sec. 12, T. 37 5., R. I3 W.),
just south of Crook Point, on thesummit of Sundewn Mountain, in o single thin zone ot Otter Point, onthe
beach ot Sisters Rock, ond within vaolcanic z:ones on Hunter Creek and Pistol River. A few dioritic ond
gobbroic dikes with texturas and compositions much like that of the Yweccia frogments aceur within the
Otter Point Formation. Because of their similarity and common proximity to velcanic zones containing
breccias, it is assumed thot these, too, ware emploced during volcaonic episodas (see Table | ), ®ikes
and breccios isolated fram abvious pillewed racks, however, ore more problemotical, Identical breccios
ond pillow iovos oceur in the Franciscan of California.

Bedded chert occurs in small, lenticular mosses within several volconic-vock zones, mast nctobly
on the soulh side of Blacklock Point, ovound Sisters Rock, Just east of Gold Beach (SW1 sec. 5, T, 375.,
R.14W.), ond along lower Hunter Creek, Color varies omong white, groy, block or trown, red, ond
green. Both Koch (1966) ond Lent (1969) identilied radiclarian tests in several samples, .t most of the
chert has been recrystollized.

Age ond correlotion: Besides plant debris ond Radiolorio, fossils include Buchia piochii, belam-
noids, ommonoids ( Phyllaceras? ond #rotoconthodiscus crossi) (Koch, 1966), end on ichthyosaur rostrum
(Comp ond Koch, 1968). Though fossils ore not comavon in the ®trer Point, Buchio piochii of lotest Ju-
rassic (Tithonian} age occurs widaly, Hsu (1968) noles that m&longe saquances are difficult to dote in
the conventional sense, becouse leclonic proceses moy hove brevaht tegether blocks of diverse ages. lhe
very wide distribution of Bischio piachii ond the complete absence of fossils of ony other age, however,
suggest that the Otter Point contains only Tithonien stroto.

The Otter Point rocks have been correlatad with the Riddle formation near Roseburg (fmley and
others, 1939), the Knoxville Formation of the northwest Sacramento Volley, and port of the Franciscan
ossembloge (Boiley ond others, 1964). @f thase units, the Otter Point most closely resembles the Fran-
ciscan both lithologically ond stiucturally. Further discussion of passible relationships with the Fronciscon
ond the enigmatic Dsthon Formotion appeors below .

Cope Sebostian Sandstone (n&'w nome ) {Late Crelocecuss)

Occurraices of Upper Cretoceous strota: In Iwo restricted arecs, Upper Cretaceous ( Componion—
Moestrichtion) strate occur on the coast, and they contrast markedly with oll older unils. The larger oreo
encampmses oboul 30 square miles ot and soulth of Cope Sebastian (west-ceniral port of mop area; see
Figure 18 and Plate 11), o smoller one covers only a few square miles north of Blacklock Point {(northwest
carner of mop aorea). A third oreo of possibly equivalent-age rocls has been mopped by Lant (1969} north
of the Sixes River (not shown here). Although locally the Upper Cretoceous rocks hove been folded,
faoulted ond intensely froctured, over-oll thay ore distinctly lass indurated ond deformed than nwst of the
older rocks, Moreover. they lock osociorted volcenie rocks, ore petregraphically distinct, ond cantaina
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Figure V7. Volconic breccio closely asociated with pillow laves olong Pistol River. Note ursorted angular,
closely pocked noture of fine "diobasic” frogments mixed with coorser "diaritic” ones. Such breccio is
chorocteristic of most major 2ones of volcanic rocks in the Otter Point, Colebrooke, ond Dothon vnits,

ond also is present in the Fronciscan of Colifornia.

Figure 18. Cope Sebastian and Huaters Cove from the south with the mouth of Myers Creek ot right center
(taken before new U.S. Highway 101 was built along the shore in middle distonce). Masive Cope
Sebostian Sandstone forma the Cope heodlond, and the shaly Huntess Cove Formation underlies the
entire ridge to the right of the Cope summit ond the north shore of the Cove. Blocks ond stocks in the
middle ground are Otter Point rocks within the Pistol River sheor zone, which posses from the light-gray
patch of serpentinite (lefr of tallast spruce tree) diogonally northwest over the Cape.
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.+~ Figure 19., \ippes Coetaceous strato ( Hunters Cover Foimalion ) expesed ol low tide in the nerthwest-plunging

- Blockibck syficline just northeast of Blacklock Point (W. edge, T. 31 S., R. 15W.). The thick sand-
stone unils shown ore the uppermost port of the Cratacecus section exposad there; more thale ond thinner
sondstones characterize the lower part. The synclinol axicl troce clasely parallels the Blocklock Point
foult (see inset, Pl.1). A spectocular angular unconformity with overlying Miocene sondstones ( "Empire
Formation™) occurs in the sca cliff to the right of this view. (Photogroph by D. L. Morgridge)

different suite of sedimentary structures. Diller referred the Blacklock strata to his "Myrtle Formation, "
and, although he never published reports of the Cape Sebastian area, he did collect diognostic fossils on
Myers Creek neor the Cape ( see Popenoe and others, 1960). Butler and Mitchell (1916) and Wells (1955)
erroneously referred the rocks of the lotter area to the Eocene. In 1955, H. V. Howe of Louisiana State
University, while working for Humble Qil & Refining Co., found Upper Cretaceous Foraminifera in shales
in that arca, and subsequently Wisconsin geologists found more fossils. Map distribution and descriptions
of the Upper Cretaceous rocks have been published by Howord and Dott (1961 ), Dott and Howard (1962),
and Dott (1962, 1965). Two new formations, which were described by Howard (1961 ) and Howard and
Dott (1961 ), are named herein.

The Upper Cretaceous strata are intensely fractured near steep Cenozoic fault zones such o the
prominent Pistol River shear zone, which extends from Cape Sebastian southeast at leost to Corpenterville,
Northwest-trending folds of varying scales also are prominent within these rocks (Figure 19). Local over-
turning and thrust foulting characterize the southernmost end of the sequence south of Pistol River, where
o few mafic sills have been intruded into the Upper Cretaceous sediments (Plate 11, inset 8 ).

Definition of Cape Sebostian Sendstone: A very massive, light=tan-weathering sandstone approxi=
mately 800 to 900 feet thick forms the steep Cape Sebastian headland (Figure 18), and underlies a large,
foulted synclinal structure that extends southeast from there to the Pistol River. [t olso may be present in
a structurally complex area 4 miles farther south, and in small outliers of faulted sandstone o few miles in-
land (see Plate I1). This formation is not knewn elsewhere in southwestern Oregon unless it is present on
Edson Creek near Sixes River ( Lent, 1969). Although named for the cape, the type section measured by
Howard (1961) is on the south side of the first headland immediately north of the cape itself (on the line
between secs. 25and 36, T. 375., R. 15W.). The type section was so chosen because Ilhe west fuce at
the cape is virtually inaccessible, and it is faulted so that a depositional contact with the overlying
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formation is not preserved. The bose of the formotion lies below sec level, but obundont conglomerate
ond coarta sarrdsione in the lower 200 feet of the seo cliffs is interpreted to be veiy near the basol contoct
(fipvre 20). A similor situotion exists in Myers Creek below the old U.S. Highwoy 101 bridge otonoborn~
doned quarry in mossive sandstane (INWIMNEL sec. 7, 7. 38 5,, R, 14 W,; Plote !, inset A), which is
designoted as o reference locality. Strike in mudstones of the Otter Paint downstreom shaw o 60° discord-
ance with that of the basal, canglomeratic Cope Sebostion Sondstone in the quorry. The unconfarmity ap-
pears 1o be exposed in 0 raadeut on old U.S. Highwoy 101 o quarter of a mile south of Wildwood Inn
(sec. 7, T. 385., R. 14W.; see Plote I1). A thin, paorly cemented basal conglomerote with pebbles
and cobbles of graywacke, valeanic, ond diaritic rocks underlies massive sondsione. At lees) onedoughnut-
sioped clast had been bored by o pholod clom, & hove mony modern beach cabbles, One-eighth of o
mile nocth of He Pistol River store, massive sandstene with ecarse conglomerote lenses oppeors to represent
o basol zone resting unconfarmably upon, ond dippling steeply away from, :nassive, Fine ¢conglomerote and
groywocke of the Otter Point, which formg the hill by the Pistol River s¢lwol house. The uppe pat of the
formation grodes i nsersibly into the oveslying tholy Hunters Cove Formation (Figure 20).

Low er conglomeratic portion: At oll of the obove locolities, the congloinerote occurs os lenses,
which vary from 3 inches to abaut 3 feet in marimum Hitckness. Tliey contain o mixiurae of roundad clasts,
and o few unils thow crude groded bedding (Howard, 1961 ). In the type section ond ol the base of the
cope proper, savercl zones of the lower conglomerote comist of up to 80 percent light=-gray, oblate col-
caraous frogmants os much as | foot long. These presumakly came fram nodules in certain miudstone se-
querces of the Otter Polnt complex. Also associoted are rounded clasts of volcanic rocks (some wilh
conspicuous large feldspor phenocrysts typical of certoin Otter Point volcanics; see Figure 16), white
quart, rare dioritic closts, and lorge, nearly spherical boutders of sondstane identical with typical Cope
Sebostian sondstones. The lotter are Interpreted as concretions formed by localized early diagenetic
cementalion [ollewed by scour ond redepesitlen. Thay sre choraclérislic of most Uppar Crotoceous con-
glomerates 1n the region. Prominent conglomerate of uncertain stratigrapliic position within the formation
occurs north of the mouth of Houstenoden Creek (NW4sec. 9, T. 39 5., R. 14 W.), clong U.S. High-
woy 101 in the NWISW2 sec, 30, T. 375.. R. 1SW., ondin SWisec. 33, T. 375., R. 14 W.
(Plate Il; especiolly insets A ond B.)

A little below the ridge top in the SWiS€X sec. 16, T. 38 5., R. 14 W., o nealy verticol sectian
of unusuiol breccio thot oppews to be of sedimentary origin con be seen in contoct with block, hard mud-
stone of the Otrer Point Fornalion, The breccio, which is esudely stratified through on intersal of 40 to
50 feet, coatoins poorly sorted clasts of Otter Point sondstone, fine conglomeote, ond nuidsione fragments
up 10 5 feet long set either in o mudstona or coarte sondstone malrix. Some rovnded boulders of Cope Se-
baation Sondstone type occur near the top. Amuming it is sedimentary, deposition of this unusuol motevial
must hove bean in o relatively nwre protected environment thon thot inferred for the other basol deposits.
The possibility thot this is o teclonic (mElange) breccio connot be 1uled out ot this time, however.

Uppar mossive sondsione: Conglomerote lenses charocterize the lowar ona-third 10 one-half of the
formation, whereos He remoinder consists chiefly of moderotely well sorted, very maxsive, fine- to medium-
grained sondsicne with an overage specif'c grovity of 2.51 (range: 2.37-2.75). A vary distinctive kind
of box=work or honeycomb weathering chorocterizes the sandstones where expased In sec ¢liffs., Fesioon
cross stratification with amplitudes genev-ally of 5 to 10 inches con be seen sporadically; they ore best
disployed in the type section ond on the seuthwestern ond southeostern faces of Cape Sebaxstion {Figura 21).
Ripple nyarks olso ore present. One suspects that cross sirotification is more or less unversol, but outerop
conditions rarely reveal it. Both thin conglomerote lenses ond shole zones olso occur,

The sondstones are composed of about 40 to 50 percent Quortz, 20 percant plogioclase, 10 to 1S
percent K feldspor, 5to 10 percent volconic rocks, 2 to 5 percent mica, 2 percent chart, and cbout 2 per—
cent sondstone ond mudstone closts,” motrix generally is less than 10 percent. Groins are subrounded and
soeling is modevate,

At leost the fossiliferous upper port of the Cape Sebastion Smirdstane (Figure 20} clocrly wos mo-
rine, ond waoe formed in o strongly agitoted environment. #Many features of the forncilon ore similer to
those of the Pliocene-Pleistocene maring terroce deposits alorg the pre<ant comt {see Figure 33). It is
asswmed thot practically ofl of the Cope Sebastion Saixstonre represents littarcl ond nesitic deposition.
Paleccurrent data skow a wide vaxlation; In the Iype oreo, currents were toward the southeost, but
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Figure 21 . Exceptiandlly weli-exposed traugh-type cross bedding in the middlas part of the Cape Sebastion
Sandstone on the southwesl face of the Cope. Incipient box—work weathering so typicol of ol | Upper
Cretoceous sondstones on the coost can be seen of the boitom center.

Figure 22. Typical Hunters Cove Formation disharmonicelly folded ot the north end of Hunters Cove ( NE} sec.
1, T.375., R.15W.). Nate ihe flysch=like chorocter of alternating shale ond sandstone,  Additiensl
sedimentary feolures weve illustroled by Dot end Howard (1962).
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Figure 24. Unusual conglomevotic sandstone moss opproximately 20 fest thick within the Hunters Cove Formo-
tion south of Crook Point (Mock Point, SEl sec. 31, 7. 38S., R. 14 W,; see Plate I1). Lorge rounded
boulders ore interpreted os eroded concretions formed by local eorly cementotion of Upper Cretoceous
sanditones followed by scour in wood chonnels. Note cross bedding in the coarse sondstene.

elsewhere they were toward the east or locally to the west.

Hunters Cove Formation (new name) (Late Cretaceous)

Definition: A sequence of alternating thin sandstones and mudstones at least 700 to 1, 000 feet
thick is here named for Hunters Cove on the southeastern side of Cape Sebastian where excellent exposures
exist (Figure 22). The sandstones weather to dork gray or brown, while the mudstones weather to a dark
olive color. The latter differ from Otter Point mudstones, which they resemble in isolated outcrops, in
being softer, andin weathering to a lighter color.

The type area of the formation is designated as the entire neck of Cape Sebastian extending from
Black Rock in Hunters Cove north to the first headland north of Cape Sebastian (Plate 11). The type sec-
tion lies directly above that of the underlying Cape Sebastian Sandstone in the latter headland, where the
contact relations ore well exposed and faults and disharmonic folds are not so prevalent os they are at the
cove. Although easily overlooked there, the east boundary fault of the Pistol River shear zone passes
diagonally across the cape, producing marked discordances of strike and considerable fracturing of adja-
cent strata; the Hunters Cove Formation occupies a major synclinal structure just northeast of the shear
zone. The original top of the formation is unknown, for everywhere it is overlain unconformably by Quo-
ternary gravels, dune sand, or colluvium. It is very deeply weathered next to the cape and on most ridge
crests. Sedimentary structures and lithologic variations are best displayed in sea cliffs south of Pistol Riv-
er, although its stratigraphic relationships ore less clear there than in the type area (Figure 23). Similar
strata also assigned to the formation occur near Blacklock Point (Dott, 1962) and north of Sixes River
(Lent, 1969).

The Hunters Cove Formation varies greatly in the proportions and relative thicknesses of interca-
lated fine sandstone and mudstone. Typically, sandstones averoge 2 to 3 inches ond sholes about 10 to 12
inches for a sand=shole ratic of 1:3. Rarely is the sand-shale ratio less than 1:3, but it is greater where
sandstone units much thicker than the average (up to 10 or 12 feet) contain very thin shale intercalations,
for rotios greater than 10:1 (Figures 23, 24). Petrographically the sandstones are identical with those of
the Cape Sebastian, except that mica is more prominent. The mudstones are mostly chlorite-varmiculite,
with less amounts of montmorillonite, and only traces of illite (os identified by J. B. Hayes). Ina few
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Figure 25. Convolute lamination in fine sandstone within a hick mou intenstratified with more norma! Hunlers
Cove strota in Burnt Hill Cove (NW] sac. 5, T. 395., R. 14 W_; see Plate II). Note smoll-amplitude
cross bedding below and sharp Iruncotion of convoluted zone obove. The contortion is interpreted os oc-
curring during o temporary quicksand {liquifoction ) state due to an increase of bed shear by a sudden in~
cteose of current velocity,

Figure 26. Hunters Cove Formation exposed just
north of Blocklock Point (T. 31S5.,R.15W.},
showing convolute lomination and small-
amplitude cross laminoe. Graded bedding is
more common in sandstone beds here than in
the Hunters Cove fFormotion forther south.
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oreos (notoblyolong UJ.5. Highway 181, NEXNWd: sec. 9, T. 395., R. 14W.)neorlypure mudstone
with light groy colcaraous nodulas occurs.

The lower transition zone is ot laast 100 faet thick in the type section. Upper Cope Sebostion
Sondslone units 2 ta 3 feet thick olternote with siltstone ond very fine sondslanc that weather to fotm re-
entrants much os de the mudstones of the Hunters Cove Formation. Rusty iron-oxide stoining is common
in this interval, o is coorse plant debris; fine cross lominotion and burrow structures charocterize the
finar intervals. Rusty-colored strato, possibly representing the ypper Cope Sabostion Sondstone, also ore
prominantly axposad in a creek and headland in the NWANW2 sec. 9, T. 395., R. 14 W. The trorsition
zone clearly records @ progressive chonge from strongly agitated depositional conditions to quieter condi=
tions only intermittantly interrupted by the introduction of sond. Mudstone increases and sandstone de-
creoses upword in the tronsition zone until typical Hunters Cove lithology finally prevoils. Becouse of
the subtle sradation, formational ossignment of isoloted awterops of alternating thin mudstone and thick
sondstone beds is very difficult. Noteworthy is thick sondstone involved in thrust foulting in sec. 5, T.
39 8., R. 14 W., which is questionably ossigned hare to tha Hunters Cove Formation (Plote [I, inset B),
becouse it is intimotely ossocioted with sholes typical of thot famatio. Howord {1961), on tha other
hand, referred it to the Cope Sebaostien Sendstone, with which it is practicolly identical, Of spaciol in-
tarest in on ovarburned partion of this problemotical sequence ot the foot of o seo cliff (SEF sec. 5, T.
395., R. 14 W.) is on unsorted pebbly mudstone - - o lithelogy not expected within o moderately well-
sorted fine sandstone sequence.

Tha typical Huntars Cove Formatien hos the superficiol oppeoronce of flysch sediments. 1he sond-
stones disploy obundont sola morks (for axampla, flute, groove ond prod marks ), fine cross lomination,
outstending convolute lomiriotion (Figure 25), and o voriety of burrow stiuctures (see Dott and Howard,
1962). However, they ore conspicvously poor in graded bedding; insteod, cross lominotion generally
extends to the bese of eoch unit. |t is inferred thot intermittent troctive currants of nwdest competence
rather then suspension ( lurbidity ) currentswere responsible for the depesition of these sands. Ne diag-
nostic bathymetric indicotors hove been discovered, but the Hunters Cove sediments probably were de-
pesited in groduolly deepening water that was olwoys belew normol surf ogitotion, ond thus probobly wes
severol hundred feet deep. Poleocurrents were toward the east and southeost.

Coarse sandstone boulder conglomerates (Figure 24) ore well exposed in light-ton cliffs on the
eoit side of Huntars Cove naar Block Rock ond ot Mock Point (three-Quorters of o mile southeast of Crook
Point). Both outcrops ore interpreted te be lenticulor masses within the Hunters Coeve formation. A thick
but fine sondstone moss 15 10 20 feet thick also occurs on the headlonds on each side of urnt Hill Creek
Cove (cec. 5, 7. 39S., R. M4 W,), Tha lotter is chorocterized by olternating zones of ripple-drift cross
fominotion, spectoculor convolute laminotien (Figure 25), end parallal lamination (see Dott and How-
ard, 1262). Intensely contorted sondstone bolls occur in mudstenes beneath. It is infeired that oll of
these thick, seemingly onomolous sandstene mosses within the Hunters Cove Formation ore broodly lenti-
culer, chonnel-like deposits (Figure 23). They may represent deposits seoword of o deltoic: complex, or
possibly seme kind of deeper morina chonnel sonds.

Hunters Cove Formotion north of Blocklock Point: In seo cliffs extending for half a mile wortheast
from Blocklock Point (sec. 19, T, 31 5., R. 15W.), 1,500 to 2,000 feet of stroto tentatively cerreloted
with the Runters Cove Formation ore folded into o brood, northwast=plunging syncline (Figure 19; Dott,
1962). At their south morgin, lewest sholy stroto ore foulted ogainst bracciotad serpantinite along over-
tical, worthwest-trending contoct (see inset mop on Plote 1). The highest stroto are overlain unconform-
obly on the north flonk of the syncline by massive, lote Cenozeic sandstones ond conglomerotes, which
form high cliffs extending north to Floros Lake. Pleistocene marine terroce depOsits in turn truncota oil
older rocks ond cop the sec cliffs obove on elevation of 120 feet. Pholod borings chavocterize the Cre-
toceous sondstonas diractly benaath those grovels.

Correlotion of the Blacklock strato with the Hunters Cova Formation wos first suggested by simi-
lority of induration ond struchurol style, by the olternation of sandstone end mudstone (especially as seen
in the volley on the northeost sida of Blocklock Point ), ond by presence of peculior bax=work or honey-
comb weathering of sondstones {c.f. Figure 21). Petrographically the sandstones of Both sequences proved
very similo 95 well. Unlike the typicol Hunters Cove Formotion, however, the upper three-quarters of
the Blackleck section hos mere ond thicker sondstones, which show considerable graded bedding in units
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conlaining coxse sond or gronules (Figure 19). Cross lominotion Iypically is of the small-amplitvde va-
riety, and is commonly cssociated with much convolute lominolion in the finer zones (Figure 26). But
foint, loger amplitude, inclined laminae and scaur features alsa accur in some thick sandstane beds near
the top of tlia section. Adony sandstone units ore from 3 bo & feet thick, and several are o8 much as 8 to
10 feet thick, Whereos the sond-shole ratio in the lower paat is about 1:4, in the upper pertion of Kie
sequence it overages from 4:1 1o 6:1. Fine cross lominae, rore sele mworks, ond oligned plont debris indi-
cate paleocurrents generally from east to west. Conterted zones, which are rather common, show e sta-
tistical north-south orientation of fold "¢" oxes, suggesting on eost-west poleoslope. Turbidity current
deposits seem much more common here thon in the Iype Hunters Cove Forniation; however, erdinary troc-
tive currents of moderale velocity also reworked much of the Fner sand. A mudsione-siltstone seQuence
on Edson Creek 10 miles east of Blacklock Point (secs. 3, 4, 5, T. 32S., R. 14 W.) is said toresemble
the Blacklack sequence {Lent, 196%); it has yielded anly one belemnoid.

Age ond regional correlations of Late Cretacesus strata: The Cope Sebastion Sandstona hos yielded

Inoceramus vancouverensis, |. subundotus (Figure 27 ), ond other clams from a site in lower Myers Creek
ot the eld Highwoy 101 bridge, ond from the southeost tip of Cope Scbostian (Plate 11).  Several inde-
terminote clems, oyster frogments, ond plont froaments occur ot other localities (including o hill in SWi
sec, 33, 1. 37 8., R. 14W.). Inoceromus alse was found in a thick sandstone in the Hunters Cove For-
malion o) Mack Raint and at Block Rock in Hunters Cove. The ommonoids Anapochydiscus cf. A . penin-
suloris (Figure 27) and Baculites sp. were found in the type section of the Huntars Cove by Heward (1961);
[ loter found Metaplecenticeras pocificum (NWINW] sec. 5, T. 325, R. 14W.), and vorious clams
and echinoid frogments from the northernmost rood cut in the formation on U4.S, Highwoy 101 ( NW4 sec.
30, 7. 37S., R. 14W.). Some other megefounes collected by Dillar ond reported by Popence ond sthers
(1960) opparently were mislecoled. ond ceuld net be verified. Poorly preserved ond rother undiognostic
forominifers from Fjuntcls Cove mudstones sovth of Pistol River inclvde Dorathia, Hyperomina, Cribrosio-
mooides, Bathysiphin, Eponides, and Gyroiding (identified by Rex E. Olsen of Humble Qil & Re¢finiing Co.;
R. M. Touring, written communicotion, 1961 ). The Hunters Cove mudstone-sandstone sequence narth of
Btacklock Point has yielded only o few mediol to Lote Cretoceous Forominifero found by J. G. Kach in
calcoreous nodules near the middie of the sequence, together with o single belemnoid and o single smoll
Bocylites cf. B. teres.

Oovid L. Jones of the U,S. Geolegicol Survey {writien comminication, 1263} interprets the spe-
cies of Inoceromus to be of lote Companion ond/or early AMoestrichtian oge, Metaplacenticeras pacificum
is late Campanion, while the Anapachydiscus probobly is eorly Moesirichlion. This ossignment ogrees with
thot of Popenee ond others (1960) bosed upon the old U.S. Geological Suivey collection. The Boculiles
near Blacklock Point is Coniocion or younser, and is mest like Companion forms, according to Jones. Thus
there seems no doubt thol ot lecst the upper Cope Sebuetian and oll of the Hunters Cove formations ore
lotest Cretaceous in age. In the Pistal River area there is no recard for the entire interval fram the end
of the Jurassic to Companion time. Neocomiaon strata occur 25 mile to the north, bt no record of
Aption ta Companian is known onywhere on the caast. Buring thot interval, majer thrust faulting probab-
ly was aceurring neor the present coost, just os is Inferred for parts of northern Californic (Irwin, 1964 ).

Albion through Maestrichtian founos oceur farther inland, suggesting o groduol Lote Cretaceons
transgressien ever mest of southwestern Oregen. Widely scattered outliess of relatively little-deformed,
"post-erogenic” Crelaceeus strata res) with profeund unconformity ypon alder rocke throughout the Klo-
mothregion. Onlep accurred ot widely differing times within the Late Cretoceous, however, being ear -
liest (Albion) on the eastern side of the Klomath Province in @regon (Peck and others, 1954; Jones,
1960), ond youngest {Companion) in the present caostal region.

Some probable Companion fossils hove been reported in Franciscan rocks in nocthern Californic
(Bailey and others, 1264), ond in the Gualala Farmotion, which lies west of the San Auwdreas fault nea-
Point Arena, California (Popenoce ond others, 1% 0).
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Figurc 27. Diognostic fossils: Left - Anopoachydiscus cf. A, peninsularis from the lower part of the Hunters
Cove Formation in the type 3ection (see Fig. 20) (x1y; Right - Inoceramus subundotus from the middle
Cape Sebastion Sondstone at Myers Creek (see Fig. 20) (X1.2). {Photogrophs by J. K. Howord;
identificotions by D. L. Jones).

Figure 28. Rainbow Rock {right), o lorge moss of bedded chert in the Dothan Formation, 3 miles northwest of
Brookings and visible from U.5. Highway 101. Matoveleonic rocks dicectly undeslie this chart mass,
end ore exposed in rood culs 1o the cight of this view .
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Dothon (or Franciscon?) Rocks of the Sovthern Region

Dothon Formation (Jurassic)

Definition and distribution: The Dothen Formotion was named by Dillar (1907) for a new cbon-
Joned post oftfice and railroad station along Cow Creek, 25 miles eost #f the present mop oreo. Bosed
upon reconnalsiance, Diller believed that the formotlon extended southwest to the cooit nea the Califer -
nio border, on interpretation aupported by Maxson (1933}, Wells and others {1949), Wells and Walker
(1953) ond Romp (1944). For mony yeors it has appeored thot Dothan rocks extended diractly into the
franciscon ossembloge, o pottarn which has produced o long=standing state=line sirotigraphic boundory
problem. Reeonnoisonce mopping into Colifornia demonstrates that the Dothon con, however, be troced
ocrom the border for some miles, and shows that mopping of of laast gross subdivisions 15 possible within
19emingly moroiowows groywacke terrones.

There is increming eva'dence that the Oothan is indeed ecexlensive with known Franciscan rocks.
Volconic rocks now colled the Rogue Formation {Wells ond Wolker, 1953) saparote the type Dothan from
Galice strata east of the map area. Aithough most of the Dothon in the type areo and along Rogue River
dips steeply emiward, Diller thoughi that it probobly wos 1he yourgest of the three formations. But he
olso recognized thot the entire sequence might be overtumed, o even that the Galice might hove been
thrust westword over the Dothan. Recen fossil discoveries by Romp (196 9) in the upper Cheico River
droin®9e areo now suggest ot least portiol age-equivolence with the Otter Point Formation,

Graywacke is the most obundont rack type; much of it shows graded badding, but thick, mosive,
ungraded and structureless units olso ore present, Thick, block mudstone sequences ora olricst os promi-
nent o3 groywoacke. Locally, pabble ond cobble conglomerates occur, os do badded cherts ( Figure 28).
Volcanic rocls form subetantial volumes of the formation in severol oreos, especially neor the coost. The
Oothan is @ eugeosynclinal sequanca apparently deponited in moderately deep woter typified by pelagic
muds and occosional radielarion eozes, Turbidity currents ond other gravity-driven processes inireduced
sond and grovel episadically.

Regional subdivisions: Wells ond Wolker {1953} distinguished four distinct 2ones along the Rogue
River ecs) of the present mop aeo. The wostoromost (4 miles wida), which ovarlies o thick volcanic mos,
it Pradominantly thinly st:atified mwdstone ond siltstone with some sandstane units uP 1o 5 feel thick ond
rare cocglomercta lenses; volconi'c rocks ond char) mork the 1op. The second 2one (3 mileswide ), which
lies et of the first. is domirontly sheored block mudstare with local celcareovs nodules ond thin conglom~
erotes. Zone 3(2 miles wide) is massive, cliff-forming graywocke. The fourth or most easterly aone {3
miles wide) is charocterized by intessirotified muditone ond sonditone with sondstone Tncreosing in abun-
dorce eastword. Wells ond Walkee estimotad that the total thicknews of the Dothan must be in excass of
18,000 faet, tut the trye figure is indatéeminable.

The lost tvo subdivisions have been Iraced ocross the Il linois River {(Wells and Walker, 1953) into
the eastern edge of the present mop oreo (Romp, 1964), Zone 4 opparently projacts southwast just eastof
Pollywog Butte (T. 39 S., R. 11 W.}, where block mudstones ore prominent. 2one 3 moy pass from the
steap gorga of tha lllinois Riverin T. 375,, R, 11 W, through Quoil Prairie Mountaln, thance just east
of Mount Emily. Buchio piochii wos found in 198 by Rawnp in float ot the meuth of Boulder Creek (T.33
S., R, 1) W.) within thiz xona, but [t it not yet certain if the fossils octoolly come from Dothon rocks
(Romp, 1949). Possibly carresponding to zones | ond 2 is o 2- 1o 3-mile wide zone dominated by block
mudstong thot was distinguished by Widmler (1982) east of Brookings (here tentotivaly nomed Winchyck
Member ). Northaast of Brookings, the Chatco River meonders for 15 milas over the noncesistont roclks of
this member. A dominontly sandstone division with oppreciable valcamnic rocks and some chert ond con-
glomerata wos mapped by Widmior (1962) ot the coast (here tentatively nomed Mocklyn Member). The
relation af this Tast aone tothose of Walls ond Walker is unknown, On o ¢rudely statistical basis, both
dip ond stratigrophic facing directions sugges) thot the Dothan rocks moy be oldest of the coost, but there
myel be considecoble repatition of strota by many bedding slips and small falds. One might wspect malange
chorociesistics, which would moke any long—onge projection of member subdivisions very 1envous. Naie-
theless, existing mopping indicales a somawhot wiprising growss contimmity. Where we have studied it, tlie
Dothan is 0t 50 chooticolly sheared o3 is the Ofter Point complax, but it 1ends to ba more indvroted ond
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very locally -- especiolly neor inferred Foult zones -- shows incipient sloty cleavege ( just west of 1he
meuth of the Chetco River, at Battery Point in Crescent City, California, and in the upper Winchuck
River droinoge neeor the state border). Along the coost near Brookings and ot Crescent City the Mocklyn
Member rocks qualily e ¢ broken formation (Hsu, 1968), being strongly sheared bist lockirig exotic {non-
®ethon) rocks. The coost in beth areas oppears to hove been carved from northwest-lrending fault zones.
Unlike the Otter Point rocks, the regional strike of the Dothon in Oregon is north-northeost, changing in
Colifornio to north~northwest.

Muacklyn Member: The coostal member consiats of about 50 percent groy sandstone, nearly 40 per-
cent mudstone ond siltstone, nearly 10 percant volcanic tocks, ond lass than | percent chert ond congiom-
erate. On the overage, it dips 5#* eost, and moy be several thousond feet thick (Widmier, 1962).
Typical thick groywackes, some with groded bedding, con be seen in all of the headlonds oround Brook-
ings, but o sequance 200 faat thick ot Chatco Point on the south side of Macklyn Cove wos token by Wid-
mier as the typae section. The groy sandstones ore poorly sorted groy'wockes, ranging from granules to mud
sizes, ond they chorocteristicolly contain prominent small mudstone chips in ot least 50 percent of the
sondstone units, Thin mudslone intercolotions comprise only about 10 percent of the type section. Some
very massive groytzvackes with only faint stratificotion, and ranging up to 40 or 50 feet in thickness, con
be seen in some headlonds and also along the main fork of the Pistol River in Ts.37 ond 38 S., R. 13W.
The groywockes vary litlle except in thickness and in relotive proportions of mudstonae intercalations.

Pesrogroghically, the sandstones ore feldspothic and lithic wockes, os ore those of the Dothan in-
land (Wells and othess, 1942). Although heterogeneous, the overoge sond—grain composition is opproxi—
mately os follows: quartz-25 percent, chert-10 percent, plogiociose-30 percent, K feldspar-less thon
0.1 percent, volconic rocks-15 percent, plogioclose-30 percent, K feldspor-less thon 0.1 percent, vol-
conic rocks-15 percent, and sedimentary clasts-20 percent. Texturally the groins ore angular and paoorly
sorted, with sericitic matrix overoging from ol [eost 15 to 20 percent by volume.

Sole morks, which cre rarely seen (Figure 29), ond small-scale cross lamince in siltstones indicate
north-to-south paleocurrents for the Mocklyn Member (Widmier, 1962). Corbonized plant frogments ond
Iwo probable worm tubes (Terebellino palechii } are the only fossils feund by us in spite of diligent search
for both mego- ond microfossils.

Local corlomerote 2ones occur sporadicolly throughout the member. Clost sizes roange from gran-
ules to beulders, ond shapes ore subround $0 angular. Pebble- to boulder-siz.ed closts overage about S0
to 70 percent volcanic, 25 to 35S percent sedimentary (including chert), and only 5to 10 percent groni-
lic or dioritic types, Adjacent to volcanic flow rochs, conglomerotes tend ro be dominoted by volcanic
clasts, either rounded or onguiar. At Point St. George neor Crescent City, California, occur the coors-
est conglomerates esigned to the Mocklyn Member (Figure 30). These lie below o series of massive groy-
wockes and black mudstones with isoclinol grovity “slump" folds cut by sandstone dike sworms (Dott, 1964c).
Groywocke, chert ond some carbonatre clasts comprise togather about 5O to 40 percent, volconic rocks 25
to 30 percent, ond plutenic recks about 15 percent, oll of which are set in 0 motrix of sond, gronules ond
fine pebbles (up to 20 percent by volume)., Boulders of light-groy granitic types containing up to 20 per-
cent quortz ronge up to 3 feet in diemeter. These rocks ore neteworthy in terms of tectonic history, for
sweh rocks ore very rore in Dothon, Franciscan, ond Otter Point terranes.  An attempt to dote one of the
boulders isotopically yiel[ded 103210 ond 110 £ 25 m.y. { K-Ar on biotite; see Toble 3), but the results
ore not considered relioble becouse of mineral olterotion {(Dott, 1965). Coorse conglomerate of uncertoin
strotigrophic pesition ot Cope Ferrclo north of Broekings has dominantly volconic clasts and lies next to
pillow lovos; it olso has fragments of o peculiar myrmekitic quortz-plogioclose plutonic rock. This con-
glomerote con not be confidently distinguished from heteroganeous, coarse Otter Point conglomerates,
which lie only 3 miles to the north; it may be an ovtlier of thot unit rather thon port of the Dothon,

Voricolored, rhythmically bedded chert is o rare but imgortant component of the Mocklyn Member.
1t is similor to the Franciscon cherts. Red color dominotes, but groy, block, green, white, ond yellew
also occur. The most conspictious ond acces;iible example is Roinbow Rock, o seo cliff visible lrom U.S.
Highwoy 10t (NW4 sec. 26, T. 405., R. 14 W.; Figure 28). Individual beds range from | inch to 1
foot thick with thin shale seams between (Widmier, 1962). The cherts occur e lenticulor mesies gener-
ally less thon o mile long ond up 1o 75 feet thick. They chorocteristically ae ossocioted closely with
volconic rocks, & in the franciscan ond Otter Point terrones. Microscopicolly they are cryptocrystolline
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Figure 29. Flute structures on the sole of o Dothon graywacke bed (ond flatsened by compaclion) exposed in
Bowman Creek, & miles northwast of Brookings (just obove Ihe U.S. Highway 101 bridge); pencil of left
provides scole. Paleocurrent doto indicote thoy turbidity currents hara flowed from north to sauth, just
the opposite of current directions reveoled in Ottar Point strata only 5 miles to the northwest.

figure 30. Mossive haterogenaaus conglomerate ossigned to the Dothon Farmoation ot Point St, George, Crescent
City, Californio. This conglomerole contoins § to 10 percent gronite clasts os much a 2 feet in diometer,
os well @ volconic ond sedimentary ones. It is interstratified with typical Dothen black mudstona and
thick graywacke beds.
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to microscrystolline, with circulor oreos of coorser quartz that moy represant racrystollizad Radielorio.
Locolly omygdaloidal volconic rocks comprise on important component of the Mocklyn, ond help
to distinguish 7t from the Winchuck Member. The largest mosses occur near the boundory berween the two
members, but small discontinuous Ffows alse occur throughout the Macklyn. Flow rock, volcanic breccias,
and lopilli tufifs all are present. Pillow structures ore locally developed notably at the north sideofCope
ferrele and ot Palican Beoch Stata Pork (thrae—quasters of a mile south of the Californio border). Com-
positionally the volconic rocls vary from porphyritic rhyolite and dacite to andesite and trochyte. Quartz
and white feldspor phewecrysts ore conspicuous where present. Some vitreous silicic flow rocks resemble
chert. Veleonic breccias ore voriable, ond Tn poor outcrops moy be cenfssed with Flow rocks. They con-
sist of dacitic and Wrochytic or dieritic frogmeats in o fine, greenich matrix (simila to Figure 17), Myr-
mekitic quattz-plagiaclase intrusive rocks are associated witly ot least one volcanic zon¢, ond they occur
as Fragments in seme hreccios os wall as in the problematic conglomerate ot Cape Ferrelo (Widmier, 1962).

Winchuck Member ( probobly includes zenes 1 ond 2 of Wells ond Wolkar, 1953); This mamber
is named for the Winchuck River neor the Colifernio border, aleng which typical outcrops occur, especi-
olly 14 miles east of U.5. Highwoy 101. Although no type section could be measured due to many smol|
folds ond Faults ond e discontinyous sutcrops, Widmier (1962) noted thot exposures or e best from Win—
chuck Ferest Camp (sec. 10, T. 41 5., R. 12W,) north-northwest aleng Wheeler Creek for 4 mifes to-
word Mount Emily. This oreo, hewever, is riddled with Terticry dacite dikes reloted to the Mount Emily
stock; also it appears 1o include only the ecsternmost stroto of the member. Representative expesures
occur along the Chetco River rood just east of the bridae 2 miles northwest of Mount Emily. The castern
limit of the member has not been fully established, but proportions of sondstone and fine canglomerate op-
peor to increase eastwad trom Mount Emily. The interval from Long Ridge (where chert and fine conglom-
arate occur naar the Fire lockout) eost 1o Pellywog Butte probably raprasants zene 3 of Wells ond Walker
{(1953),

The Winchuck Member is compozed of mare than 60 percent black mudstone ond siltstane. Some
dork, peerly sorted sandstone weds severol feel thick ore present, ond ore almest identical petrographic -
oily with those of the Macklyn; chert ond valcanic fragments are less common, ond white mico awre
cammon, Groded bedding ond smoll-scole ¢ross lominae are occesgionolly observed, Conglomerote is
rore, ond generolly is similor ro that of the Macklyn Member (Widmier, 1962). An unusual boulder and
cobble conglomerate occurs en the Chetco River 200 yards 2ost of Wilson Creek (sec. 30, T. 39 S., R.
12W.)_ Bedded chert and the only valeonic rocks kaown within the Winchuck Member accur at o prom=
inent bend of the Chetco River in secs. 29 and 32, T. 38 5., R. 12W. They extend north 5 miles to Min-
eral Rill (T. 378 S., R. 12 W.), where they ore faulted against serpentinite.

Age and relotionships with the Fronciscon ond Otter Point complexes: In certoin oreos (South Forks
of Hunter Creek ond on Pistol River near Deep Creek ), graywockes mapped os Otter Point ore difficult to
distinguish with confidence from those of the Dothon Formation. Very paossitly the two uniis are of similor
oge, o8 is implied by the discovery of Buchia piochii within the Dothon ouvterop area on vpper Chetco Riv-
er (Romp, 1969). However, presence of o narrow, discontinuous zone of Colebrocke-type schists from
Pistol River to Wholeheod, os wall os intensely sheored rocks (including serpentinite) from Corpenterville
to Wholeheod, led Widmier {1962) to infer o maior foult behveen Otter Point and Dethan rockts. Strue-
tural and lithologic coniresis between the two formotions olso ore awst pronounced from Wholeheod 10Cor-
penterville, Northwest of the fault occur intengcly sheared ond veined conglemerates with minar gray—
wocke ond mudstone; the dominont strike of these Otfter Point rocks ond the trends of tight folds within
them ore northeasterly, which is markedly discardant with the northerly t-ends in odjacent Dothan rocks.
Southeast of the Wholeheod fault. the Dothon Formation is much less sheared, and its lighter coioredrocks
include only miner conglomerate ond much more sandstone as well o3 velconics and bedded chert of the
Macklyn Member. :

Perogrophically the Otter Point groywackes tend to e slightly dorker thon Dothon ones, reflect-
ing beth o dork motrix and o greater perceantage of volcanic reck fragmants. Over—all, the Otter Point
is more sheored ond hetercgeneous, hos far awre conglomerate, more pillow lovas (which ore of more maf-
ic compositian) ond mere fossils than the Dothan. Moreover, the Dothan groywockes are awre highly in-
durated, hoving on overoge specific gravity of 2.67 os compared to 2.61 fer the Otter Point, Therafove,
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whether coevol or not, the Dothan ad Otter Paint are distinctive, moppoble entities over much of the
map weo. Insmoll or isoloted cutcrops of groywocke or mudstone, however, one may be hard prossed to
distinguish them.

Tolioferrc (1942) ergued thal the Dothon In ils type region was older thon both the Rogue valcan-
ics oand the Galice Formotion. He correloted the Dothan and Rosue rocks with the sandy ond volconic
Armodor (aow Cosumnes and Logtown Formations) and the Galice with the Mariposc Formations, all in
the Sierro Nevada. Wells oand Walker (1953) olso tentatively regarded the Dothan as the aldest. Largely
becouse of our failure to find fossils in coastal Dothan racks ond the appareni continuity of ovterops from
the coast inlond to Rogue River, we ossumed the Dothan to be older than the Otter Point complex. This
implied that it pre~doted the Nevodm orogeny. A whole-tock K-Ar date of 149 £t 4 m.y. for o docite
(erroneously reported previously as “rhyolite”) in on aeo of the Mocklyn Member of the Dothan 9 miles
aorth of Brookings seemed to confiirm such on 0ge cssignment (Dott, 1965, see Toble 3). Seemingly eon-
shtent also with o postuloted pre-Otter Point (early Lote Jurassic ) oge were the greoter indurolion, de-
velopment of locol sloly clecvage, ond the presance of small patches of Colebrooke-type phyllite ond
schist within areas of Dothan racks (Widmier, 1962°).

Opinions on the oge reloticrship of the Dothon to other Jurcssic fornwotions In sovthwestern Ore-
gon hove been fluchvoting ever since Diller first propoted that the DoHion was younger then the Galice
ond Rogue Fornwtiors. Diller thought that sither the sequence wos overlurned or the Golice wos theust
over the Dothon.

Talioferro (1942) ond Wells ond Woters (1953) regarded the Dothon os older thon the Galice ond
Rogue Formotions. In our work on the comt we @wumed the Dolthon to be alder than the Otter Point, thus
pra-Nevodon in 0ge. An opparent grodolion nerthword of Oothon strolo into the mwoln reglen of Colebroske
Schist led us 1 infer that the Dothan, o3 well os the Galice, might hove been o forerunnor of the Cole-
brooke. 8ut Cofemon (1969) now hos evidence for o thrust rother Thon o metanworphic Focies relationship
between the Colebrooke Schist ond the Dothon Formotaon,

lrwin (1964) suggested o Tithonlan (post-Nevadon) age for the Dethon ond its correlatives In Col-
ifornio, and postulated that the Rogue ord Galiceforawtianshod been thrust aver the Dathon, Recently,
Hotz { 1969) fourd evidence for such o thrust relotionship along the Rogue River ecst of our map area.
Discovery of Tithonion foxils in lhe areo of rocks mapped a3 Dothon by Ramp (1969) supports theso views.

8oldwin (1969), oithough agreeing with the thrust intespretation, gygues thot the Dothan and Go-
lice moy marely represent diiferenl coevol {ond pre-Nevodon) focies juxtoposed by thrwting. In summary,
concepts regard ng the stratigraphicpasition of the Dothon ore still in o flux ond somewhat conleadicioey,
but an early resofution seems probuble.

In the Dothan eontoversy, savesol contradiciory petiologic chaoctesistics should be kept in mind,
Firs1, Dothan volcone raeks seem, on the cveroge, bo be more silicic than are typical Fronciseon ones
{compoe Wells ond others, 1949; Wells ond Walker, 1953; aid Widmier, 1962 with Bailey and ottiers,
1964). Secord, olthowgh the Otter Painl complex is more like the Franciscon both structurally ond in its
volconic petrolagy, the araywacke dengities ond K feldspar contents of the Dothon are more Fronciscon-
like than ore those of the Otter Point. The work of Gluskoter {1964) ond Hsu and Ohrbom (1969) in the
type region of the Fronciscon, however, indicates thot K-feldspor distributions can be 1omewhot dacaptive.
Finally, if the Dolha dogs, in fact, prove to be of the some oge os the Otter Point rocks, os now seems
ITkely, then the petrologic ond structurcl differences of the two units os well os opposite paleacurrent or-
ientotions in the two coeval sequences ot locolities only S miles apart (see Figure 29) still will requlre

*Widmiar laund blue—gray cotomoeeous phyllile or xchisl idenlical wllh the Calebrooks within the Dothan
oulcrop area on Llong Ridgs (sec. 34, T. 383S.. R. 12W.), along the Pistal River~Carpenterville thear
zone on ald Highmoy 101 just south of the Bosley Buite rood junchion (SEAMEdsec. 14, T. 395., R. 14 W,)
and 50 yords nacth of the action of the mein forks of Wholcheod Creck ( NERNESL sec. 3, T. 405., R,
14 W.), alung a fauit 20ne on Cape Fartala (NW3 sec. 22, T. 40 S, k. 1aW.), ond in the Bnt recdov:
south of Ramn Creek 0a new U_S. Highwoy 101 {NEX sec, 22, 7. 40 S, R. 14W.). On the Kitol River
jwnt west of a jecp-koil Cicwing in e wurhwenen pa of ¢ 19, T. 385., R. 13W., Widmler (1962,
P 38) osoved what sexved %o be a ¢onlinuout §roddion fam Colstracke phyllite eostword inte Oothon
mudvow, ondhe repotad (p. 38-57) ¢ iimller cppaenl gradorian in a gully south of the rww Highway
101-fom Creek 13diyllile locolity noted obove. If thee phyllita potches ore nat grasational with Dothon
tocks, then thay prabably (e eaant ercaionol remnants of o hrust sheet..
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explanation. Possibly the differences between the Dothan and Otter Point terrones reflect two distinct
but coeval mélange complexes of slightly different structural ond environmental origin.

Cengzoje Rocks

Eocene strata ( undifferentiated )

Distribution and lithology: Diverse Eocene end possible Palescene sedimentary rocks occur in the
northern part of the map area and were studied superficially. Bandy (1944, 1950), Baldwin (1965}, and
Lent (1969} hove given more attention to them. Marine megafaunos and microfaunas provide dating cri-
terio, and prove that early Cenozoic seas were extensive in the map area even though the preserved record
is very scattered (Dott, 1966b). The early Cenozoic strata represent post-orogenic transgressive deposits
that rest unconformably upon widely differing Mesozoic rocks. They are slightly folded and extensively
faulted, especially along the vertical Coquille River fault in the northeast corner of the area.

Petrographically the Eocene sediments ore heterogeneous, and in general reflect the nearest pre-
Cenozoic basement. They ore comparable to the Upper Cretaceous sandstones in terms of mica and K-
feldspor content, but differ in other respects (Dott, 1965; 1966b). North of the present map area they
tend to be rich in volcanic detritus. Except for a distinctive graded sequence exposed near Agness, the
oldest known Cenozoic exposure in the area (T. 34S., R. 11 E.; Figure 31), coarse, cross-stratified

Figure 31. Paleocene or Lower Eocene flysch
sequence exposed in the locally fomous
"Mason's Wall" clong the Agness-Powers road
overlooking Rogus River (SW part of 7. 345,
R. 11 W.}. The graded gsaywockes, which
oré rich tnvoic¢anicrock frogments, dip steeply
st oway from the Coquille River fault terword
the axis of the Eden Ridge syncline. Nete
deiormotionnl structurés near center formed by
diffecential grovitotional loading lollowing
sudden deposition from o turbidity current of
sand upon unitable nwd,
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figure 32. Eighi-feet=long rounded boulder of Cretocaous (? } conglomerate within on Eocene conglomeraie od-
jocent 1o the Coquille River foult (the verticol foult here seporotes conglomerote in foreground from
lighter calored diorite in backgreund ).  Note hammer for scale. {Exposed in rood cut clong Powers-
Agness rood, sec. 36, T. 33S., R.12W.).

sandstones and conglomerates (Figure 32) are the most prominent rock types and mudstone is of secondary
importance in several areas. Coal occurs locally. In the absence of fossils, many Eocene conglomerates
and graywackes are difficult to distinguish from Lower Cretaceous ones.

Structural ond stratigrapshic ralationships; The Eacere vocks ore of interest principally for the evi-
dence they provide for dating structural events. An angular unconformity between gently dipping Eocene
conglomerate and vertical graywackes of latest Jurassic or Early Cretoceous age is well exposed on Salmon
Creek southwest of Powers (SEz 7. 31 S., R. 12W.). Several widely scattered Eocene conglomerate and
sandstone outliers contoin serpentinite detritus (near Iron Mountain in NW3sec. 4, T. 345., R. 12W.;
SEdsec. 33, T. 335., R. 12W.; and NWZ sec. 23, T. 335., R. 12 W.) proving that much serpentinite
was emplaced by Eocene time. Baldwin (1968) interprets detrital black-sand deposits near Horse Sign
Butte {8 miles south of Agness) as Eocene rather than Cretoceous, suggesting that adjacent mafic and ultra-
mofic rocks were emplaced and undergoing erosion there by Eocene time. A few miles to the east along
Illinois River, Eocene sediments cpparently were deposited widely upon both ultramafic rocks and amphi-
bole gneisses. Although Wells and others (1949 ) report ultramafic pebbles in Cretaceous as well as Eo-
cene conglomerates in the Kerby quadrangle (east of the present map area), no such pebbles have been
identified in pre-Eocene conglomerases of thecmosivl pogioms CGasbroic pebbles and a few serpentine sand
grains are known, however, in Jurassic and Cretaceous sediments, and probably at least small amounts of
ultramafic rocks were emplaced in the crust by Late Jurassic time.

Eocene conglomerates also contain frogments of schist like that of the Colebrooke formation ot
widely scottered localities. Lent (1969 ) reports them in the Sixes River area, and they occur in an import-
ont unfossiliferous outlier on Lobster Creek (sec. 24, 7. 34 S_, R. 13 W.) generally believed to be Eocene.
The latter rests unconformably upon the Colebrooke. Coleman feels that this outlier dotes the overthrusting
of both the Colebrooke and underlying serpentinite as pre-Eocene.

It is cleor that large masses of Colebrooke and ultramafic rocks had been emplaced and were being
eroded by Eocene time, therefore the thrust faulting is regarded os pre-Eocene. Because the Upper
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Cretoceous strata ore structurally more okin 10 the Eocene than to older rocks, it is probable thot much of
the thrusting acrually occurred during medial Cretoceous time. By no meons all of the serpentinite reached
ths present position in pre-Eocene time, however, fer late Cenoxoic vertical foult zones hove intensely
sheared serpentinite pods along them, and several of these pods ore todoy in fault contoct with Eocene
stroto. Colemon has found calcium silicote contoct alteration zones (fodingites) in Eocene sediments and
older rocks odjocent 1o the serpentinite, indicating that the nrwo rocks were in contoct for o considarcble
time ot relatively great depth (1967, ond oral communication, 1968). Apporently the serpentinized pe-
ridetites underwent diapiric inbrusion episedically during the Cenozoic.

Mount Emily docitic intrusives (medial Cenozeic)

East and norfli of Brookings, dikes ond sills of light ton-weathering docite ond some rhyelite por-
phyry have iniruded the Dothon Formation (*Tod” on Plote 1}. Mount Emily ogpess to be o stock or val-
canic neck of varied composition. including locolly mineralized diorite and syenite (Butler and Michell,
1916). Noteworthy is the fact that abundont docitic to fiyolitic dikes radiote outward into the Winchuck
Member of the Dothan. Fresh rock is light gray with Guartz and feldspar phenocrysts in o vitreaus, glossy
groundmoss, The feldspar is chi¢fly oligoclose with minor K feldspar; amphibole, zircon, on opoque iron
minevol, ond graphite ore accesseries {Widmier, 1962).

It is readily opperent in the field that the deocite and thyelite postdate the mojor deformotion of
the region, ond o K-Ar whole-rock determination for a sample from Harris 8each State Pork just north of
8rookings yielded o dote of 30 2 1 m.y. (near the Oligocene-Miocene boundary ) (Teble 3}, Thot o sig-
nificont episode of silicic intrusive activity moy be widaly represantad in the Coast Ranges is suggested
by the presence of necrly ideatical docitic voleanic necks orplugs intrusive into Franciscan rocks in the
Merro 8oy oreo of southern California; the lotter have been doted as 24 to 27 m.y. (Turner ond others,
1970).

Mafic dikes between Wholehead ond Crook Point {medial Cenozoic)

A series of 8 or 10 east-west-trending dark gray, dieritic to gobbraic dikes cut Otter Point strata
slong the coost between Horse Prairie Creek and the Thomos Creek bridge (secs. 21 ond 28, T. 395., R.
14W.). They ore best exposed i nsea cliffs, but several also are exposed in roodcuts on the Coast High-
way. Mostore verticol and they range from 8 inches to 10 feetwide. They show either porphyritic or
diobasic textures, and contain chiefly rwinned and zoned plagtoclate (A“AMSJ ond clinopyroxene,
with accessory hornblende, biotite, opoque groins, opPetite, ond zircon. A dark gobbroie dike from 1 to
2 feet thick ond compesed of plogioclase ond pyroxene olso hos iniruded the Hunters Cove Formation in
tho first road cut south of Burnt Hill Creek on U.5. Highwoy 101 {NE4 sec. 5, T. 395., R, 14 W,),
Soon ofter the cut was made, o fresh sample was doted by the whole-rock K-Ar methed o6 28 £ 1 m.y.
(Tobie 3), which places it with the silicic Emily Tnirusives very near the Oligocene-Miocene boundory.

On the east side of Crook Point just seutheast of "Cloy" ftriargulotion stotion (NW3 sec. 31, T.
38 5., R. 14 W.), o black mafic sill from 2 1o 2 feet thick and showitg columner [ointing hos intrvded
the Hunters Cove Formotion next t 0 o major Foult contact with the @tter Point complex, which forms the
point itself (Plate I, inset B). This unusual rock con be troced for o Quarter of a mile. It consists ef
andesine; clinoenstotite, ond minor olivine (Howard, 1961), |t is presumed to be closely related o
the medial Cenozoi¢ sills and dikes, Snavely ond Wogner (1961 ) doted gobbroic ond otk olic intrusives
in the central Coast Ronges of Oregor os post-Eocene ond pre-middie Oligocene. Passibly the mwere
southerly awaf'c intrusives ore related.

Miocene and Pliacene sediments (undifferentioted )

In tl1e northwaest corner of the mop oreo around Capa Blonco and at the southern end around Cres-
cent City accur shallow-merine sands, grovels and some rwdstones with Miocene ond Pliocene founos.
Most of these were recagnized by Diller to be of late Cenozoic age (1902, 19030). Those in the north
generally hove been mopped <s the "Empire Formotion,® while the southern ones are termed "Wymer For-
motion” (inland) ond "St, George Formation" (coostal ). Diller (1902) interpretad thase sirato os
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Figure 33. Imposing cliffs of shollow-marine Mio-
cene sonds and grovels {"Empire Formation™)
just north of the Blocklock syncline of Figure
19. Such sands extend in similor cliffs for 3
miles north 10 Floros Loke ot the map edge.
Note dork grovel lansas ond brood scour trun-
cations. Layers of mellusk shells end wood
olso ore common.

evidence of o mojor Miocene peneplanation of the Klamath region. While his inference was too gener-
alized, the strata certainly do reflect a major physiographic and tectonic change.

Durham (1953) recognized an unconformity within the “Empire Formation" of Diller southeast of
Cape Blonco; middle Miocene founas occur below and lower Pliocene ones above. Middle Miocene sonds
and grovels also extend north from Blacklock Point to Floras Loke (Addicott, personal communication,
1969; see Figure 33). The top of Cape Blanco is capped by lower Pliocene sands and grovels, which rest
unconformably upon overturned Otter Point strata ond ore, in turn, overlopped by Pleistocene marine ter-
race deposits (Figure 34). Both the Pliocene and Jurassic rocks have been faulted at the eost side of
that headlond against Eocene mudstones, proving that at |east some of the vertical faults in the region ore
relatively young. Koch collected lower Pliocene mollusks (identified by Addicott ) from sands and grav-
els 1.5 miles southeast of Port Orford neor the mouth of Hubbard Creek. These beds are mopped with the
Quaternary on Plate |.

The Mincane Wymer Formation comprises scattered patches of flat-lying marine and nonmarine
fine conglomerate, sondstone, and shale in the hills east of Crescent City, which rest unconformably upon
o variety of Mesozoic rocks. According to preliminary mapping (see Weed Sheet, 1963, of the Califor-
nia State Geologic Map ), they straddle the Klamath boundary fault, thus placing a definite younger lim-
it to westward thrusting in this area. At Crescent City and almost certainly beneath the flat plain to the
north, richly fossiliferous Pliocene mudstane ond fine sandstone (St. George Formation) unconformably
overlie Dothan strata (Maxson, 1933; Back, 1957). They appear to represent lagoonal deposits.
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Figure 34. Oblique oir photogroph of Cope 8lanco showing flot Pleistocene marine terroce deposits unconform-
able upan Tertiory and Jurossic rocks. The light-colorad Cenozoic strato suggested tha Cope's nome to
eorly Sponish meriners. Note very youthful faulting, which has disploced unils ot leost os young as Plio-
cene [compare inset map en Plole 1),

Quaternary deposits

Elevated Pleistocene marine-terrace deposits ore especially prominent in the northwest and south-
ern parts of the map areq, although patches occur all along the coast. Several distinct terraces have been
recognized in the flat belt extending north from Port Orford for nearly 40 miles to Coos Bay. Poorly con-
solidated sands and gravels from a few feet to 100 feet thick characterize the terraces, which have been
dissected by major streams. The most extensive terraces lie at elevations between 200 and 300 feet (sev-
eral have been warped differentially ). In the vicinity of Cope Blanco (Figure 34), isotopic dates from
shells of at least 33,000 years ago (Richards and Thurber, 1966 ) and of shells 25,000 years ago and wood
and cones of 45,000 years ago indicate a lote Pleistocene age for moterials on the youngest terrace (Jon-
da, 1969). Remnants of older terroces occur at still higher elevations, for example in the areos along the
Elk ond Sixes Rivers northeast of Port Orford, which Jonda (1969) regords as probably dating back to early
Pleistocene time. Lent (1969) reports one remnant just north of the present map at an elevation of 1,200
feet. Prominent terraces also occur on the narrow coastal plain extending north from the Rogue River to
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Ophvir {for exomple. ot @iter Point; Figure 13). Southern terroces accur of an elevotion of 30 feet near
Crescent City, but ore near 80 feel around Brookings. Higher ones {up to 800 feet ) occur north of Brook=-
ings (T.405., R. 14W.).

Severol wide beach areas cre mopped as "Quaternary,™ as is o lrge oreo of partially stabilized
sond dunes just south of the mouth of Pistol River. @ther smoll oreos of dunes are not mopped. River ol-
luvium is shown for 1he lower ends of river volleys only. The texture and composition of modern beach,
dune, ond river sondé were studied by Loudon {1967) to determine what differences, if any, could be re-
lated to distinct source rocks, In general, oll of the sonds ere 5o helerageneous thet it is difficult toprove
any significont patierns. On the overoge, the ¥eoch sands ore medium groined, ssbrounded, ond well
sorted. They are very immature compesitionelly, conlaining predominanily rock frogments, many of which
ore unstable (Table 4). I is opporenl from both texlural and compositionol studies that most of the beach
sand is derived from coastal outcrops; only the Rogue and Chetco Rivers regularly supply significant sand
to the coast. Becayse headlands partition the coast so strangly, it was net possible to use the sand to de-
termine the net longdliore drift along the comt. |t is aisumed that southerly drift is dominant, ot least in
the summar, but come northerly drift ales must oceur during severe winter storms. Beaches between mojor
headlands are ¢o isolated that they thow distinctive textures and compesitione related alnwst exclusively
te local geology ond lecol wove regimes. In shert, the geolegically heterogeneaus nature of the coastal
mounlains ond the rugged ond irreguler coost produce extremely complex local patterns of sond types.

lndion shell middens occur aleng the coast at a number of places. MNotoble exomples are sitvated

.

Table 4. Choracteristics of southwestarn Oregen beoch sonds (ofter Loudon, 1957).

Texturol summary (phi units)

] Medion Mean
diameter diamater Sorting Skewness Kurtosis
| |
|
| Seaches 1.5%¢+ 1.604 0.39 +0.08 0.77

(N=44) (- 1310 2.31) {(-.13102.29) (0.24r01.02) {--68to +.39) {0.4210 1.33)

Dunes 1.8 1,469 0.48 0.0? 0.72
(N=7) (0.57t0 1.74)  {0.74 to 1.83) (0.35100.%7) (=.2110+.71) {0.45 10 0.813)

Rivers 1.98¢ 2.02e 0.57 0.6 0.81
(N=23) (0.30 to 3.03) (0.30t0 3-11) (0.35101.19) (-.18 00 +.26) (0,63001.72)

Compositional suminary (N =27 slides with on average of 581 points per slide):

| Rock frogments: Minerals:
! Volconic 8% Ploin quortz 13%
| Sedimentary 13 relyerystolline quaviz 13
Metamarphle 7 K fetdspor 1
Scipenlinile 3 Plagioclase 3
Chert 1 Epidate 1
@®ther . 6 Hernbl ende 1
Pyroxene 1
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(from north to south ) between Blacklock Point ond the mouth of the Sixas River, on thae southam tip of
Cope Sebostion, three-quarters of o mile south of Myers Creek (NEzsec. 18, T. 385., R, 14 W.), and
obove coves in sec.. 16, T. 395., R. 14W. Some middens (espeacially thotneorMyersCrcek) hove
yielded ortifacts, which include o lorga voriety of tools mode from bone: ond ontlers.

lmp'3cof?on$ af the Naw Glebal Taectonics to Scuthwestern .rugon

Lote Jurasss'c and Early Cretaceous of the Klamath Province

The Golice Formotion wes deposited during Oxfordian ond Kimmieridgion time (circo 140 to 160
m.y. 0go) upon on undetermined bosement. The fact that the entire regjion lies west of the quortz dio-
rite line of Moore (1959) suggests thot it loy at or neor the Lote Jurasic: continental margin. The abun-
dance of andesitic and rhyolitic volcanic rocks with relatively low K@ and TiO2 and some sodium and
AlxO3 enrichment within the Galice ond ossocioted Rogue Formation (perhops also the Dothon) of the
Klamwoth Province point to development within o volcanic orc setting (Dlckinsen, 1969; see olso discus-
sion in Dott, 1965). Significantly, blueschists hova not been reported vvithin knewn Galice tarranas
either of the Klamath proper or of the outlying Klamath terrane in the northern port of the mop orea.

Puring latest Jyrossic time, the Nevadan orogeny offected the nurthwestern Klonioth Province.
The Galice ond Rogue rocks were deformed and metomorphosed to greenschist and higher grades. Widely
scottered quortz diorite plutons (fer exomple, the Peorse Peok and Broy Mountain ) formed within Klomoth
terranes ondwithin some of the lorge ultromofic complexes keiween 135 and 150 m.y. ogo in Oregon ond
in nottharn Californio (Lanphere and others, 1968). Meaawhila, mixed bluaschist and greenschist meta-
morphism was occurring in presumed Galice-oge rocks somewhere west of the main Klomoth Province be-
tween 125 and 140 m.y. 9o ——probably in close ossociotion with on oceoni¢ trench. The reswlting Cole-
breoke Schist was latar thryst ypon the prasantly [uxtaposed late Masozoic sedimentary ond vitromafic
complexes (Colemon, 196¢).

Erosion quickly exposed the Galice metamerphic terrone and essaociated diorite plutons, end in
Eorly Cretacesus time o morine Iransgressian of the northwest side of 1he Klomath Province, represented
by the Humbug Mountoin and Rocky Point formotions ond, forther east, Iha Myrtle Group, produced o
nonvolconic, clastic sedimentary sequence olmost identical with that of the northern Sactamento Volley
of California. In both states this history Ts reflactad in on incracsa of dustritol K faldspor ond mico inpro-
gressively yeunger formotions.

Lote Jurossic of five coestol province

The Dothon Formation for years wos ossumed to be o post of the pre-Nevadon Klamath Jurassic suc-
cession ond eilher pre-Galice, coevol with Golice, or perhops even past-Golice. Recently, o post-
MNevadon oge and on origin outside the Klamath tectonic province (in the strict sense) has been suggested
os praviously discussed. The @ttar Point (of equivolent age ond very similor to the Franciscon assamblage)
lies entirely west of the Dothon, and formed lorgely, if not entirely, dluring Tithonian time. [t hos no
known bosement, but the presence of pillowed basalt and kerotophyre, hagetherwith widespreod ultramafic
rocks, siggests thor it probobly fermed on ocacnic crust. The Dothan, on the othér hand, while pessass-
ing mony similarities to the @tter Point, woe choracterized by somewhot more silicic voleanism (see
Toble 2), less conglomerote, and less melonge development.

Recently proposed Mesozoic madels for Colilornio, based upen the concept of “plote tectonics, "
invite some speculations about the origin of the Otter Point ond Bothan rocks. Dickinson {1969), Hamil-
ton (1969), ond Ernst (1970), olthough arguing from semewhet diffarent viewpsints, oil conclude thot o
late Masozoic ore or tectonic land choracterized by colc-alkalina voleanism loy along and east of the
site of the present Sierra Nevada, which wos then neor the awrgin of the: continental crust. At the pres-
ent site of the Coalifornio Coost Ranges, there was a complementary deap occonic trench wharein the Fran-
ciscan Complex formed. Betweer |0y o norrow continental shelf ond slojoe chorocterized by rapid clostic
sedimentation (the mesent Great Volley region). Sec-floor spreading and underthrusting of the eastern
Pacific crust beneath the continental margin presumably carried oceanic basolts ond obyssal sediments
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(including beddad cherts ) eostword to be thrust beneath, ond tectonically mixed with, the 1ce of the
continental slope seqpsence o5 well os with slivers of oceonic basement ond montle peridotite. Ropid de-
pression of the rocks beneath the trench, followed soon by rapid elevation aleng thrust foults, presumably
led to the high-sressure but Iew-tempevature blueschist metomorphism choroctaristic of the Francisconter~
rane and many other regions locared on the oceanic sides of island arcs.

Much additional work will be required befere the analogy with the Colifornio model con be fully
tested in Oregan, As wos suggested obave, the Klamath region (like the Sierra) opporantly loy olong H:e
western side of o Lote Jurossic voleonic orc and tectonic land. A postulated complementary deep trench
loy to the west with its axis slightly beyond the prasent coost. The sheored or melange nature of much of
the Otter Point rocks, tesether with gloucophone schists found olong the thrust boundary between them
ond the overriding Colebreoke Schist, orecarsistent with o trench origin in which Pacific crust was being
actively thrust beneath newly formed Klomath continental crust. Whila the Otter Point hos much in com-
mon with the Fronciscon, it is for more conglomeratic, suggesting on origin nearer to islonds rather than
to the deepest port of a tranch. It is probable that much of the coinglomerate finolly occumuloted on deep
seo fons miles from loand in o manner similar to that of the thick, coorse Mesozoic conglomerates of the
Sacramento Volley of Colifornio (Aalto ond Dott, 1978). The Otter Point and Dothan assembloges eob-
ably represent accumilations transitionol between trench-axis ond orc-oxis deposits ond having choracter-
istics of both. Colifornia's Greot Vollay nonvolconic continental shelf sedimentary sequence of lote
Mesozoic oge hos little preserved counterport on the west-cantral side of the Klomath arc between the
inferred voleanic orc ond the trench. Apparently the undifferentioted Jurouic-Cretoceous strato (" JK*
of Plate |} in the exst-centrol part of the map orea arowsnd Agness (T, 355., R. || €.} ore the only pos-
sible onalogues; thrust Fanlting moy hove concealed nwst of them.

The severol geologic subprovinces nea the coost, which hove been distinguished formally in the
preceding discussion, appeor to hove been telescoped by faulting in Oregon even more than in northern
California. The Great Velley counterpart, especially, is almest uarecognizable. The major maop units of
Plate | reveal what is laft of the now-[umbled subprovinces. Even though details of structural interpreto-
tion shown therein will be superseded, it is thought that those tactonic divisions are sufficiently delineated
to cid further unraveling of the very complex structural history of the region (see Medaris and Dott, 1970).
As Dickinson (1969) noted, in such cases features |ike the volconic @c and trench thenselves have been
destrayed by structural processes. Mwst of their character in Oregon, therefore, nwst be deduced by very
detoiled sedimentological studies.

Cretoceous thrust faulting

Eostword underthrusting of oceanic ciust is presumed to hove continued during Cratacaous time,
resulting in brood folding ond some faulting of the Cretoceous strata ond continving intense shearing of
Otter Point and Dothon recks, Defarmation culminated in extensive low-angle thrust faulting certoinly
before middle Eocene time, byt nvest likely in mediol Cretaceous time ¢ inferred in nerthern Californio
ond by Misch (1966) in northern Washington. Some underthrusting of Upper Cretaceons baneath Otter
Point rocks is indicated, but of o lesser magntude.

Alfhough it seemed incredible when Irwin suggested immense thristing in 1964, it nes oppearsthot
the coostal outlier of Klamath-type greenschists and diorites overloln by Socramento Volley-like Creto-
ceous sediments in the northern part of the present mop oreo almost certainly is either o very lorge clloch-
thon or o block displaced mere thon 25 miles westword by strike-slip foulting. The distinctly different
Otter Point rocks lie both to the nérth and south of the outlier as do blueschist racks of the Colebrooke
Schist. This Klomoth-Greot Volley-type ouvtlier hos ne nearby counterparts and is totally onomalous in
its present pesition. The Colebrooke Schist cleorly is ollochthonous upon the ®@tter Peint ond also upon
the southern side of the Klamath.Volley outliar, syggesting lorge-scole imbrication of several thrustsieets
resulting from the culmination of Mesozoic oceanic underthrusting., The anologias with the gross structure
and history of northern Californio and northern Washington o3 they hove come 1o be understood in racent
vears ore truly striking. That the underthrusting involved profound displocements of upper mantle mate-
rial is suggested by the discovery by Medeis of high-pressure minerals in ultromofic rocks closely ossoci-
oted with the Colabrookae allochfion os well as by the presence within these some rock mosses of ot least
two plutons that yield Paleozoic dotes; these ore interpreted os old mosses carried up into flie crust during
culminating thrusting (Mcdoaris and Pott, 1970Q).
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Late Cretaceous and early Cenozoic tectonic quiescence

Southwestern Oregon became relatively stable by latest Cretaceous time when erosion had reduced
much of the terrain to sea level, allowing partial marine inundation during the Late Cretaceous world-
wide tronsgression. No contemporaneous volcanism is known, and the sediments reflect deep erosion of
plutonic as well as older sedimentary and metamorphic rocks. They have a high K-feldspar content (up
to 20 percent ) and oppreciable mica (Dott, 1965; 1966). The rocks ere totally different from all older
strata, and are more akin structurally to eorly Cenozoic ones. Different areal distributions of Upper Cre-
taceous and lower Cenozoic strota, however, imply some epeirogenic warping in Paleocene time followed
by widespread marine transgression and unconformable overlap by varioble Eocene depasits upon the Meso-
zoic complex {Baldwin, 1965; Dott, 1966a).

Late Cenozoic tectonism

Post-Eocene vertical faults and shear zones have affected much of the coastal region (figure 35).
Where they were averprinted on older mélanges and thrust sheets, structural history is almost impossible to
decipher. North-northwest-trending shear zones choracterize the coastal margin much os in the Califor=
nia Coast Ranges (Figure 2). These structures have been traced onto the continental shelf oft northern
California by Silver (196%9a), but they do not extend to the cbyssal realm. Northerly trending foults also
occur fartherinlandin Oregon. That faulting continues today is suggested by seismic activity along the
present coast (Figure 2), by clear offsets of Pliocene strata (Figure 34), and by warping and probable
faulting of elevated Pleistocene marine terraces. The onset of the faulting is thought to hove been in me-
dial Cenozoic time (QOligocene-Miocene, or 25to 30 m.y. ago }, but this date is inferred from somewhat

Figure 35. Morthwest toward Croek Point and Mack Reef (in distonce) [rom Deer Point along the exceptionolly
rugged comst in T. 39 5., R. 14 W. Line of slocks in the reef is o series of igneous tectonic blocks along
the Cenczoic Crock Point fault zone; Lipper Cretaceous strata bound tha fault on the east in right distence
( taa Plate 11, insat ). Stacks in the [oreground are very emssive Oller Point cenglomerates, which lie
in thrust contect with the Upper Crelaceays strofo ot Heustenoden Creek to the right of photogroph (in
sec. 9, T.39S., R. 14W.).
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Figwe 36, Simplifled tectonic mop of
wvhwenion Oy GPn ilhas arng the
thruat hypathanls of Colenan (1989),
relat’ors barwean the @0 lectnic
nb~wovinees discvssed in tha rex,
and dve relar’ran of swédrwestern Qre-
gon to he offgrare Gordo lithesphere
plate (1es inset mop). Roson momas-
ols are inferred v blocks; oradic
monben indiecie movtledwived por-
idotile swdivd by Mudals, (Afie:
Medwis aowd Do, IV70; compore

Frg.3.)
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circuitous reasoning. Flrst, the foults offect Eocene ond Upper Cretocecus strata mare or |ess equally,
ond scottered dikes, sills, ond velconic rocks dating from 28 to 30 m.y. ago ore assumed related to the
faulting. Secondly, the development of the nerth-south-trending Coos sync linorium north of the present
map aseo ovid also 0 mojor chonge of struciural potterss in eastarn Oregon and Wathington (Figure 2) ac-
cumed in Miocene time (Dott, 1963). Finally, on o 18ill larger scale, i1 is claar that the ontice Cordil-
lero wifesed o profonsnd tectonic chonge reflecied in extreme fragmentation of the crust ond by o very
widespreod chonge to bosaltic volcanism beginning in most areas either in Oligocena or Mioccene time,
cbout 2510 30 m.y. ago (Dott, 1969; Christionsen ond Lipmon, 1970). This pesvasive chonge cppar-
ently reflected coliision of southwester tNorth Americo with the East Pocific Rise, ond it is cssumed thot
the change of tectonic style in soutlwestern Oregon wos essentially synchranous with those better doted
phenomenc elsewhere.

Aceording to analyses of aceonic magnelic onamolien ond aof active seismicity, seo-floar spread-
Ing is cantinuing from the Gorda Ridge west of southern Oregon (Tabin ond Sykes, 1968; Silver, 1969b).
The Blonco Frociure (McMonus, 1965), like the Mendocino Fraciure Zone, opporently is o tronsform
foult that disploces Hie Gordo ond Juan de Fuco Ridges (Figure 2). PAcare (1970) suggesty thot the Blan-
co Frocture may be on¢ extension of the San Andreas foulr, The spreading Gordo oceanic lithcaghere
plate (Figure 38) eatt of the ridges opparenily is decoupled from the continentol plate o5 wggmsted by
crumpling of continentol=<tise sedimants datected by Silves (19690, 19696), by the lock of cleor eontinu-
ity of shiuckures on the conlinent ond adjocent shiel with those of the oceanic plate, ond by evidence of
obout 1,000 meters of uplift of Miocere-Pliocere sediments on the aielf and slope west of centrol Ore-
gon {ByTne ond others, 1966). Decoupling of the Gorde from the cantinental plate would explain why
the Blanco Frocture has no direct cantinuity with onshore structures. Silver (1969a) eoncluded hrom vec-
tor analysis of lithospliere plote movements thot the Gardo Piote 13 underthrusting the cantinent toward the
nartheost, which cowld produce a significonit right<loteral slip component olong the continental morgin.
Such seenis borne out by easthquoke first-motion studies {(McEvilly, 1968), ond suggests ot lea) some
strike-sfip motion clong te lote Cenozcic coastal sheor zones os wos postulated by Koch (1966). Thus
the stroin suffered by Colifornio south of the Mendocino frocture zone seemingly has been propogoted for
ot leat 200 miles father north olong the continental morgin.

Although spreoding still seems to be occursing @ff Oregon ond W mhingion, the obsenc e of o mod-
ern deep Irench ond of o proven Benioff zone with deep-focus earthauokes et of the presant Cascode
velcanic arc hove been puzzling. The apporently ropid rote of spreoding indicoled for the Gordo oceon-
ic plote of cboul 5 em. per yeor. logether with rapid sedimentotion reswlting from the Columbio and other
large rivers, may occount for the lock of a tranch, and the paucity of deep-focus eorthquakes moy reflect
anly o tempora'y period of relatively little seismicitly. 1f spreoding ond aceonic underthrusting ore indeed
continuing, then tha present gaciogic stote of the southwestetn Oregan coosl is epliemeral, ond future epi-
sades of orogenesis seem inevitable. But there would be nwjor discontinuitias between future structures
and clder ones just @ the Prosent shelf and coast are discordont with the old Klamath srructural ore.  As
| have argued elsewhere (1969), apporently mojor discontinuities o @ characteristic of the sea-floor spread-
ing process.

tconomic Geology

Plocer and vein gold, especially in th e Sixes River ond Johnson Creck drainoge basins, were oc-
tively being mined ot the turn of the century. Gold Beoch acqQuired its nonie from plocer gold worked dur-
ing the winter season whien storm woves shifted nwost of the beach sond offshore to expose gold-bearing
gravels, 1n the northern port of the mop oreo, block baoch sonds uaed to be worked for gold, plotinum,
ond to some extent chromite ond manganese. Ouring Warld Wor |1 and ogain in the racent yeors fe fed-
ercl goavernmeni has undertoken extensive evoluction programs of the placer sond potential for commnerciol
reserves of heavy metals. With the obundonce of ultramafic rocks in the cegion, there is o noturol expec-
totion of chromite, nickel, and plotinum deposits, ond ex.temsive pcospecting far these has o¢cumed over
the yeors. A rother unwsuol residrcl red cil developed o) Red Floi on the sauthern end of the Signal Buttes
ulteonofic mas hes been prospected for troces of nickel thot ore peesent. An unusuaol brote minerol
(priceite) occurs in sespentinite ot Lone Ranch Creek near Cope Ferrelo, but it is not abundont encugh
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to be of commercial value.

Coal was mined on o limited scale from Eocene rocks in the northern port of the area ot e turnof
the centusy, but the Coos Boy cool fialds still farther worli contained vastly greater resecves. Cool min-
ing ceased even at Caos Boy in 1923. Sedimentory moteriols of prasent aconomic impertance ore confined
to grovels, which are readily available from river beds, and stone for riprop and fill, which ore querried
locally. Wicsita, valcanic rocks, and well-Indurated older sedimentory rocks ore best suited for the lotter
purposes; the choice of massive Cope Sebastion Sondstone for riprap along the new U.S. Highwey 101 south
of Gold Beach moy hove been on unfortunate choice, clthough it seenxs to hove survived the elemenisrath-
er wall for the past 6 years. Offshore petroleum potential hes received considerable attention in recent
yeors, especially nerth of Cope Blanco. If Upper Cretaceous ond Cenozoic strata ore well developed off-
shore from the mop arec, there moy be some significant potential.
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Quartz diorite and minor granodiorite stocks and
dikes (apparently all are late Jurassic)

Gabbroic dikes
(commonly associated with peridotite masses;

probably Jurassic in age largely, but locally of
Tertiary age)

Peridotite
(Massive, dark ultramafic rocks with variable ser-
pentinization; assumed to be largely of Jurassic
age, but may include younger masses)

Serpentinite

(light to dark green, intensely sheared serpentin-
ized ultramafic rocks; assumed to be altered
Jurassic peridotites)

Pillow (ellipsoidal) lavas

(found in Otter Point, Macklyn member of Do-

than and Colebrooke Formations)

Non-ellipsoidal volcanic rocks

including lavas and wvolcanic breccias and con-
glomerates (found in Otter Point, Galice, Macklyn
Member of Dothan and Colebrooke Formations)
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(dominantly shale with thin sandstone beds; local
lenses of coarse sandstone and conglomerate up to
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(cross stratified, massive fine sandstone with local
coarse conglomerate, especially near base)
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A UNCONFORMITY
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(graded sandstone and mudstone)
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Humbug Mountain Conglomerate

(coarse, massive conglomerate with local thin

sandstones)

Undifferentiated uppermost Jurassic and Lower
Cretaceous strata of inland and northern areas
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(dominantly shale with thin sandstone beds; local
lenses of coarse sandstone and conglomerate up to
30 feet thick)

Kuc

Cape Sebastian Sandstone (new name)

(cross stratified, massive fine sandstone with local
coarse conglomerate, especially near base)

Otter Point Formation
(Black mudstone, graded sanastone, massive peb-
ble conglomerates; possibly a lateral facies equiv-
alent of lower Humbug Mitn. conglomerate; con-
tains important volcanic zones and minor bedded
chert) Massive conglomerate zones

v Ay,
Ay

Diorite
Quartz diorite and minor granodiorite stocks and
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