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FOREWORD 

The Klamath Mountains Province of southwestern Oregon is probably one of the mOre geologically inter .. 
esting regions in the state. Historically 1 it was in this pcwt of Oregon, near the present town of Jocks:on­
ville, that gold was discovered in 1850. Since that time, several million dollars in precious metals, 
copper, mercury, chromium, and nickel hove been mined from this highly mineralized region. Mineral 
exploration is still being carried on in the Klamath Mountains by private COR1>onies in the hope of finding 
new- deposits. 

One of the primory functions of the State of Oregon Deportment of Geology and Mineral Industries 
is to encouroge development of our mineral resources in OC"der to enhance the economy of the state and to 
provide the row mote.-iols required by our technological society. At the present time, yearly per-c:opito 
demand for minerals is obovt SISO. The U.S. Bureau of Mines believes that by the yeor 2000ovr require­
ment will be approximately S420. 

In order to corry out o mining-exploration program in the most efficient monnet, it is necessory to 
utilize all ovailable geologic mopping. For the post several years, Dt. R. H. Don and his groduote stu­
dents from the University of Wisconsin hove been investi9oting the extremely complex geology that under­
lies the Klomoth Mountoin.s Province, and their preliminary reports have been very useful to economic 
geologists in outlining the most favorable oreo.s for mineral exploration. This bulletin summorixes the 
Held studies carried out by the University of Wisconsin personnel in southwest Oregon, supplemented by 
oil ovoiloble published and some unpublished mapping. The lnformotion presented in this report will pro­
vide much new geologic dote for the use of exploration companies. If the mining industry is to meet the 
future demands for mineral products, it will need to make use of oil of the most recent geologic mapping 
in those mineralized regions showing the greatest promise. Southwestern Oregon is on oreo that warrants 
further investigation. 

R. E. Corcoran 
Oregon State Geologist 
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A b s t r a c t  

Unt il 1969, the southwestern eoost of Oregon hod not been studied in detail since the pioneer mappir19 of 
J. S. Oilier ot the turn of the century. From 1959 through 1970, University of Wisc:ons.in g.alogists con­
ducted o variety of studies, bvt with emphaais upon sedimentology ond its relation to tectonic htstOt'y. 
Beginning about 1965, U.S. Geologico! Survey and Un iversity of Oregon geologist$ oiJO began working 
in tho oreo. In the late 1960's, great advances in the undentanding of offshote geology ond of the enig­
matic: FronciK:on co�lex of northern California os well as the formulation of the thcOfy of plate tec:ton­
ics oil provided impor-tont insights for rho understanding of the Oregon coast. 

The MeiOz.oic rocks of the region comprise four tectono--strotigrcphic subprov inc:os tho't (Of\ be 
c.ompored app-o)Cimotely with better understood (OUnterports in northern Colifo..nio. fk!.! is o north­
central oreo (probably o large klippe ) with o Klamath ond Sierra type basement of greenschist metcnedi­
tnents ond �tovolc:cnics (Galice f«motion) intru<Md by diorite plutons ond oil unconfcwmobly overlain 
by o tniclc LOW"er Cretaceous c.orelom..-ote ond groywoc:ke sequence (Humbug Mounroin ond Rocky Point 
Formations), which is similor to the Cretaceous .-quence of California's Sacramento Volley. Second is 
a central mi)Ced blueschist end greenschist terroM (Colebrooke) with associated IOtge ulttomofic mosses� 
101M of whose minerologicc:hOtocteristics ond Isotopic dotes suggest origin somewhere in the upper mantle 
during late Paleozoic time. 8oth rOCic$ now oppeor to 'omprise large thrust sheets emplaced dvrin.g medial 
Cretoceou' time; they Ore somewhat like blue-sc:hhts ond ser,pentinites along the eastern aide of the north· 
orn California Coost Ranges. A portion of tho Go lice Formation is the most pt'Oboble precursor of the Cole­
brooke Schist. A� subprovince along the coost and on the narth edge of the mop «to Is underlain by 
the latest Jurassic (Tithonian) Otter Point Formation, which consists of intensely 5heored �forma­
!.!2!!! of mudstone, graywacke, conglomerate, chert, cod volcanic rocks, end �lonaes that, In addition, 
incl11d1 serpentinite pods ood small diorltic monos. A fourth moior division is undotloin by the Ootnon 
FOfmation, which hca I� been o subjec:t of strot1graphic controversy. It noN oppeors that the Doth on is 
coextensive with� ond portly equivalent in oge to, the Froncisccn of California os has long been sugQested 
by California geologists. The Otter Point Fcwmotion certainly is equivalent in oge to the Jurassic: pottion 
or the Fronciacon, but its relation to the Doth Oft Is not cleor. The Otter Point is much mote sheor•d thon 
the Dothan, contains l'h:He conglometote, slightly more mafic voleonic rockt, oncl hO$ oppositely directed 
paleocurrent re<�tvres. The Fronc:iseon is o lcwget entity tnot probably is equivalent to both Oregon unih. 

� .... tly undetthrusting Of subGJc:tion oro., oc:eonic: lithosphete plate beneo� the edge of the 
continental plate occurred epi$0c:Hc:ollydufingloteMeJOz.oic time. Roclu of the Klomotfol bosement (Golice) 
and also the Colebtooke terrane, whos.e original location i' �o�nkriONn, were metomorphos•d ond intruded 
by dior ites during Lote Jurassic (Nevodon) orogenesis. This classic tectonic event olohQ the Poclf1c:coast 
seoms to reflect o culmination of sea-floor spreading between 125 and 150 million yeon ogo. A latest 
JurOJsic (Tithonian) volcani( ore-trench system imMediately developed near the present coast, ond within 
lt the Otter Point-Oothon·Franc:iscon complexes were rormed. In Early Cretaceous time, the Klamath Prov­
Ince forther east wos partly overlapped by morlne strata. Then o second culmination of lote Mesoz.oic seo· 
floor spreading in medial Cretaceous timo (about lOOmillion years ogo) is thought to hove caused Iorge­
scoia westward dislocation of some Klomoth rocks into the coostol oreo, ond also the overthrusting of the 
Colebrool<e Schist ond ultramafic sheets over both the Klomoth 0\ltlier- end the Otter Point-Dothan com­
plexes. Although the older roc:ks were considerably deformed ct thot time, they wero not metamorphosed. 
It may be that these most distinctive thrust theets merely represent the lost of o lono, more or leu contin­
uous phose of seo·floor spr•ading ond plate wbduction rather thon o discrete, s.hort-durotion thrusting 
event . 

Tectonic quies�ence occurred during latest Cretaceous ond earl y Cenozoic times when marine 
•edimentotion (Cope SebostiOn, Hunter's Cove, ond several Poleo«ne to Eocene formations) occurred 
on the we'll ond north margins or the c:oostol region as w•ll Ql on the .asttin margin of the Kla math prov• 
ince. finally, in late Cenozoic time (roughly tne lost 30million years) o totally dHferent tectonic style 

vii 



wOl superimposed, which is choroetetized by vertieol Son Andr•os-like fault �one.t trending north-north­
west. Whereos evidence suggests continuing (or re$-umption of) sea-floor spreading from the modern Gor­
do submarine ridge, the late Cenozoic structures olong the coast ore closely okin to those of the c.entrol 
and southern Colifornio Coost Ronges where no oceon-plote underthrusting or subduction is currently oc­
curring. Thus southwestern Oregon, northwestern California, ond the odjocent oceanic region together 
c0t1stitute on exe•ptionolly complex region with sttueturol ehorocteristics both of spreading and non­
spreading lithosphere plates. The strain suffered by "nonspreading" western California hen been propo­
goted ot least 200 miles northward from the Mendocino oceanic. tronsform frocture zone olong the margin 
of the continental lith�phere plate, but the eontinentol Americas plate must be decovpled from the spread­
ing Gordo oceonic plate, which appears to be underthrusting the continent at the present time. 
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GEOLOGY OF THE SOUTHWESTERN OREGON COAST 
WEST OF THE 124th MERIDIAN 

By R. H. Doll, Jr. 
Univ ersity of Wiscon$ln, lv\odhon, Wisconsin 

Intr oduction 

The occompooying regional mop ( Plato I) Is o progress report. It presents o compilation of both 
detailed and reconnaissance geologic mopping occompl l$1\ed by myself and former students in tho eoostol 
mountains of southwe>tcrn Oregon between 19�8 ond 1968, !upplcmented by oil ovoiloblc published ond 
some unpublhhed mopping (see index mop, poge 5). As the text wm being written in 1969, orte r co�le­
tlon of the map, o aignificontly different strvctvrol lnterpt·etotion involving more thrust faulting than is 
shown here was proposed (Colemon, 1969), and Upper Jurassic fossils were found by Ro� i n floot in the 
sovthe<Htem corner of the mop area within the Dothan Few-motion outcrop oreo (Romp, 1969). Two aher• 

note struGtutof interpretations for rfte central port of the mop ore portroyed in CTOSS s.ctions C...C', ond 
lOV.,ol olternote interpretations of other p-oblemotic Uructurol and stratigraphic relotion$h1ps ewe diso.Jss.ed 
herein witt-. their apporent advantages and ahottcomin(l:l noted. The chief pyrpose of the mop h. to �how 
the distribution of eontrosting rock units, crit ical atrati9tophic relationships, and mojOf rock boundaries. 
Subiequently derived field ond lobototory doto moy alter the stNcrvrol interpreta ti ons. 

The coostol region of southwestern Oregon conslsts of heavily vegetated mountainous terroin with 
neatly 4,000 feet of maximum relief (Figure 1). Roinfoll Opptooching 100 inches per yec:w has produced 
deep weathering, as well as dense vegetation thot rtiults in poor rock exposures, except along riven, 
seo cliffs ond new roods. The distribution of e•posures fOt selected <Weos con be found ln various theses 
completed ot the University of Wisconsin, which ore cited in the bibliography . Copies of oil such theses 
ore on file wlth the Stote of Oregon Deportment of Geology ond Mineral Industries in Portland, 

Mopping wos done on topographic mops with o scolo of 1:62,500 enlofged to 3 inches per mile for 
uso in the field. The complex structure, monotonous lithologies, paucity of fossils, and poor outcrops of 
tho mopped oreo impaired field work. Now logging roods ond the relocation of the Coast Highway (U.S. 
101) minimixed the odditionol handicaps imposed by the impenetrable t:wu!J-1. 

Geologic: wwk began in the c:oostol region ot the turn of the century, ond It may well be another 
holf century before o full understanding of JOuthw�tetn Oregon geology is ,.oliz.ed. If this mop host ens 
the proces.s, it will hove served its intent. 

PreviOUt mopping along the �oost 

J. S. Dil l•r, giant omong early Pacific Coast geologists, was the fint mon to mop in southwest•n 
Oregon. Ahe< preparing the Rosebwg Folio (1898), he moved to the COO> Boy di>triet, which hod b.­
come the mojat source oreo of cool for coostol cities such os Son Francisco, ond did the COO$ 8oy Folio 
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( 1901 ). Following this projeet, Diller ex tende d his work southward into the no(thcrr'\ port of the oreo of 
the present mop. Some coal existed here, too, but plocer and lode gold deposits among tho Sixes River 
ond Johnson Creek ctro1noges (northern port of Plate I oreo) doubtless provided the greater incentive for 
the ptoject. The resulting Port Orford Folio, pvblish.d In 1903o, included the northern one-th ir d of 
rhe ptes.ent mop -- tftot is, from its nOtthern border south to latitude 4:Z030'. 

One mult marvel ot the occomplishmenh of Diller ond his assistants in suc h o formidable tCI5k � 
they undertook in ti"'Ipping opptO)(Itna tely one rhousond tquore miiH in three fiel d s.e�. Their oc:com­
plhhment is pcwtly explained by the fact that many i nl and oreot oc tuolly were mote accessible then then 
today because of oetivo mining ond homesteodi"9. Oil ier's field nOtebooks, copies of which were ob­
tained through the courtesy of the U.S. Geologic:ol Survey Library in Denver, reveal o greot deol more 
strue;turol data ond considerable insight into Diller's ideas ond debates about critical field relotion,nips 
t hon appear in the terse folio. Some of these insights oro referred to subsequently. It i• no teworth y, 
olso, that his field notes reveol thot Diller octually hod covered o muc h larger r egi on In recon naiuonce 
foshion thon his public:otlons alone indic ate . 

In 1902 Oil let published o paper in which he emphosiz.ed the importonc: e of on Inferred Miocene 
peneplonotion of the Kloi'I"'Ith Moun tai ns. Although his arguments for o widespread poneplooe are not 
compe lling today, the otticle does represen t on ec:..-ly ,.ecognition of 01"1 impor1ont mid-Cenoz.oic ch�e 
in tectonic behavior of the region. I n 1903-b o nd ogoin in 1907, Diller synthesiz*<f his conc:epts of 
MMozoic s.tratigraphy in southwmtbn Oregon. The secof\d of hi.s stratigraphic papers appc.e ntly was 
sti mulated in lor9e pert by on ottoch by LO\Iderbock (1�) on the relationships ond ages of ccrtoin of 
Oil let's str atigraph ic units. It appears in retrospect th at both were pa-tly ri�t and portly wrong. 

In 1916, Butler and Ml tc hell completed o report on the mineral resovrces of CurryCovnty. While 
thia report included o virtually unknown Iorge oreo south o f  the Port Odord mop, it wos or such a recon­
noinonce noture thot it odded relatively little new Insight. In 1943, o reconno inoncc mop wos pre­
pered by Treolher ol the coastal margin from Gold Beach to the California border, but It was not generally 
ovoiloble and odded li ttle . Meanwhile, Maxson (1933)hod publi>hed o general mop that included Dol 
Ne><te CO\Inty, Colifornlo. 

Beginning in 1949, the fint of o new phos.e of reports by U.S. Geological Survey t.ologists under 
the leoct.r>hip of f•oncio G. Wollo oppeored. Three r-ts ond maps of areas to the eost of the P'esent 
map that ere of special importance include on extensive rt:part on the l(erby quodtongle (Wells, Hotz., 
ond Coter, 1949 ), o goolagic quodrangle mop of the Golice quodrongle (Wells and Wolker, 19SJ ), ond 
o t:.JI I etin on the Gotquet quodrongle in northwestern California (Cater ondWell,, 19$4). In 1955, 
Wells produc� on u ncolo re d preliminary mop of aouthwest•rn Oregon (scale 1 inch per 4 m il•s ), ond in 
1961 he culminated his work In the region by coovthoring with Peck o colored geolog ic mop of western 
Oregon (scole: 1:500,000). Also in 1961, Romp published o comprehensive summery r•port of the duo­
mite deposits in sovth wC$1ern Oregon, wh ich included descdptions of some of the oreos ntor tho oostern 

border of the pre1ent mop oreo. In 1968, Baldwin publishe d o reconnoisscnce mop or on orto south of AQ· 
nfls, In 1969, lent e omple tad mopping of the sou thern holf of the Langloi• quodrongle, which ov er lops 
most of the e ight townsh ips on the ne<th-centrol edge of the mop. Also in 1969, Co lemon of the U. S. 
Geologic al SlKvey completed on investigation of s.everol ultromofic tnO$$es in the centro! ond eastern pc:wts 
of the oreo of Plo te I, a. well os petrologic .tudies of the Colebtooke Schist. His w01k hos led to on im­
portant rein terpreta tio n of reg ional strvctvrol relotionshipl. 

Previous stratigraphic stu dies 

Mony reports b•oring on regional stratigraphic and paleontologic problems that relate to the coastal 
region hove opp60r.d In the post decode. In 1959, Iml ay ol\d o thers pu blished on important stf'o tigrophic 
synthesis of lot est J\Kosslc o nd ealiest Cretaceous strata (the Myrtl e Group) in southw•tern Oregon. 



INTRODUCTION 

Figure 1. Humbug N.ountain, the highest prominence on the southwe:itern Oregon coast, os seen looking south­
east from near Port Orford. The mountain is composed of massive lower Cretoceovs conglomerate. Seo 
:itoclu in the foreground ore the Otter Point formotion, which is in fault contact with Lower Cretaceous 
strata (Rocky Point Formation) in the left diltance. Pliocene sand$ ond grovels occur in clifrs behind the 
camera. (Photograph by Henry lowry, Euget�e, Oregon.) 
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Subsequently both Imlay and Jonc� con tributed extensively to on u nderstanding or the biostratigraphy of 
Me•ozoic rocla both in Oregon end nO"hern California (Imlay, 1959, 1960, 1961; Jan.,, 1960, 1969; 
and Boi ley and atho,.., 1964). A Cretoc-..s correlation chert (O< the Pociflc Cocat prepared by Papenoe 
and others ( 1960) relate• roc Ia on the Oregon cOO>t to those of wrrovnding regiono. Comp ond Koch (1966) 
described o Jurouic: lc.hthyo1our rostrum From the pt"•sent mop oreo. Meanwhile, Ctnoz.oic. deposits and 
fouils olongthe cOO>t hove received the ottenti"" of Bondy (194.4; 1950), Boldwin (1945; 1965), Durham 
(1953), Addicott (1964), and Jondo (1969). 

Investigations in northe rn CaliFo rnia 

Sev•rol studies in northern CaliFornia hove a direct beorlng upon Oregon coastal geology. Talia ­
ferro ( 1942), Well• end othero ( 1946 ), and Rice ( 19S3) refer red to the "Frand•can" all Uroto south of the 
border that ore mopped here 01 "Dothan." Subsequently, procllcolly all California geologius hove con­
sidered the Dothan to bo coextensive with the Franci•con ouembloge. Although thh treatment has been 
questioned in the post (Oott, l965) owing to the poucity of detailed mopping ond obvious structural com­
plexity in northwesternmost California .. it � oppean tha t the Dothan ond the Froncis.c:on ar·e, ot lemt 
in part, contemporoneov1. 

Noteworthy in rhe recent explosion of FronciKon literature ar-e repwh deteribing lithology, fos.sils, 
st.ucture end metamo<phi•m by Irwin (1957, 1960, 1964), Bailey end Irwin (1959), Boiley, Irwin ond 
Jon., ( 1964 ), 8oiley ond others (1966), end Bloke, hwin end Coleman (1967). Of particular interest 
is the recognition of the Important role of moior thrust faulting within and or the western l'nOI'gin of the 
Klomoth Province (Irwin, 1960, 1964; Davis end Lipman, 1962). Closely relotod thereto ha• been the 
study of widespreod blueschist metamorphism within Ftonciscon rocks of northern Collfornio (Bloke ond 
Ghent, 1965; Blake and othero, 1967). Gluskoter (1964) demonstrated thot some stratigraphic order ex­
hted in the Franeis<an, at leost locally, but he, m well os Hsu and Ohrbom ( 1969)1 also showed thor 
K-felchpor distribution must be ir'lterJ)fe ted with courlon In FronciJc:on rocks. l10topic doting of northern 
California rocks (Lanphere ond others, 1968; Suppe, 1969) ol10 has comiderobl• beorif'IQ upon on under­
standi ng of odjocent Oregon geology. 

Recent morine investigations hove shed considerable light upon the relationship$ of onshore ond 
continental-shelf geology to that of the Pacific crust. In thi, regard, the concept of plate tectonics, 
which wos first p roposed os the present mo.p was being drafted, seems to offer on oppeollng explanation 
of the grou drvctvrol features of the GOostol region. The first relevant morine work wos the magnetic 
•urvey by Rolf and Ma•on ( 1961 ), which wos Impossible to rol ote to an.share geology without the "Now 
Tectonics." A bathymetric .rudy by Byrne (1962) was followed by another farther south by McMonus 
( 1965 ), in which tho mojar 81anco froc ture zone wos recognized. ,v.o,-gon (1968) discussed possible 
movements of hypothetical lltho.�ophere plates for the Poeifie Northwest, ond Tobin and Sykes ( 1968 )end 
McEvilly (1968) documented recent "i•miciry in the affshO<e region. Mast recently, Silv• (1969a, 
l969b) hos rroced onshore struc.tvres octOU the shelf in northem Colifor-nio, ond also hot dis.covered de­
fonnotion in Cenot�c: QQntinentol slope deposih apparently reloted to thrusting of o 61c:ovpled oceanic: 
I ithasphe-re plato beneath rhe continent. Silver has thus shown why oceon-c:rust struct·ure�, such as rhe 
Blanco fracture zone, ewe not directly relatable to onshore features. Clifton ond others of thoU .S. Ge­
ological Survey ore currently studyiog nearshore morine s.dimentoti on. 

Uni versity of Wisconsin studios 

In 1959 I chose the southwestern coast of Oregon 01 o laboratory for investigating relations be­
tween tectonism ond sedimtnt otion in on orogenic: boh. My Introduction to the region como in 1955 
while I was working for Humble Oil & Refini"SSJ Co. Excollent s.eo�liff oi'\CI river exposure' of Mesot.oic 
stro1o contained int«esting Mdimentory structures, ond the presence of diorite--bearln.g loto Maoz.oic 
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conglomerotes around Port Orfcwd off•nd 
the prospect of doting conclusively o mo· 

jor orogen ic ond plutonic event. Greot 
lobor wO$ required to ostoblis.h tho bosie 
relationships euentiol to ony do toiled sed­
imentological studies, however, owing to 
structural complexities, J .G . Koch (1960) 
mopped the Humbug Mountain oreo for o 
moster's th.sis ond t)(pond.d thot work lnto 
o doct01ol project, much or which wm 
publ;,hed ;n 1966. An Important uncon­
formity between Cret�eout ond older 
tMtotT'IOfphic 01'\.d igneous rocks wos docu­
mented ol� Elk River. W. R. Koisef' 
( 1962) completed o 11udyof rho porrology 
of the P�e Peok Oiori It ond ouoc.ioted 
mel'<aedimentcry rocks underlying ft.e 
Cretaceous (summot;zod by Koc� ond 
others, 1961 ). Meo,.,.,�Ue, J.K. Howard 
mopped the Cope Sebostion oreo forther 
south, where fossiliferous Upper Cretoceovs 
stroto oecur (Howord end Dofl, 1961 ), 
ond J. M. Widmier undertook o doctoral 
ptoject extending from Howord•s area to 
Crescent City, Calirorni o (Widmier, l962). 
locl.o�ding my invGStigotion of the Cope 
Blonco-Biocklock Po;nt a<oa (Doll, 1962) 
in the northw11t corner of tne mop oteo, 
the.se studies cover all of the COOJtline. 

POOf' expowres and relative inoc• 
c .. s lblllty diseou<oged mopp;ng ;n lond, but IWO ptojects (Burt, 1963; S,hwab, 1963) w•o undoftokon In 
the Collier Butte quadrangle eost or Gold B.eoch whe:re fossiliferous strata were lcnown. &ecouM hoped· 
for critical u"'onformoble relotie)ftl wtfe not found thCfe, clues were sought next in Diller's field notes 
for other favorable  inland oreos, espe-c:iolly whetc the •Nevodon unc:.onformity• might be found. In 1965, 
the seorch bore frvit on the ecut slopt� of Botklow Mountain (Oott, 1966o), and then Aolto remapped the 
Ctititol oreo surrounding thot locality ( Aolto, 1968). 

In 1965 o brief prelimincry wnvnory of the apparent stratigraphic ond structural relation� ips oris· 
lng from the Wisconsin work up to that t i!M wos pr0$ented (Dolt, 1965). A more detailed acc oun t h01 
awaited publication of the present mop ond text in which o number of revisions o re incorporated. All 
stratigraphic MJmc-s proposed herein and elsewhere by me and by former Wisconsin students were cloOfed 
with the United States Geological Survoy's Committee on Strotigrophic Nome�. 

or 0 more topicol noture, Dott ond HowCN'd ( 1962) de scribed sotne s.dlmentory strvctvres in the 
Upper Cretaceous sediments neOl Cope Sebastian, and Oott ( 1963) illustrated f eotvre5 from Jvrossic ond 
lower Cretoceous stroto of tho region. Aolto ond Doll ( 1970) d;seussed the sed;mentology of deep-water 
conglomerates in the J urassic ond lower Crotoceous rocks. A discussion of Upper Cretoceous u:dimentology 
;s ;" prepo<ot;on. Oott {1966b) publi$hod o sed;montolog;col ond poleogwgoph;c study of t�o Upper Eo­
cene depodts of rhe Coos Boy region forther north in which o ge.neroli%ed pre-Eocene paleogeologic mop 
of all of southwestern Oregon was. inc:luded. Mesozoic rocks of the prtsent mop oreo aho were discussed 
in terms of provenance for the Eocene sediments. Kevin Scott also briefly studied Eoc:ene stroto thot rest 
unconfounobly upon Meso:toic rock$ in the noJthern pcwt of the mop oreo ( Xott ond Oott, 1963). In 1967, 
loudon completed o pe"ologk study o f  modern booch sonds within rho mop oreo. In 1970 Medods ond 
Oott publiJhed doto suggesting a m<l"'tle origin for some of the ultromofic rock$ ond related them to a sea­
floor sp,..od;ng �ypothes;s. 
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Work leading to this report wos financ·ed largely by grants from the Wisconsin Alumni Rt-seorch 
Foundation to the Graduate School of the Univetsity of Wisconsin, ond by ITlOfe limited Nods from tho 
State of Oregon Deportment of Geology and Mineral lnduuties. The Deportment has always been most 
encouroglng In ever-y pouible way, The Oregon Highway Oopcwtment wos helpfvl In granting permission 
for us to comp for extended pmiock at Humbvg f.Aovntoln and Harris Beach State Potks. Wtony local citi· 
z.ens wete most hospitable, but especially the Senjomin Gordner and Harvey Crook fomilies of Pistol River. 
I om very grotefvl few oil of the courtesies extended by these and oth• local citiz.ens. 

Stimulotirg conwltotions over J.everol yeors with Robert Coleman,. Dovid Jones:, PortH Irwin, WOt• 
ren Addicon, Rolph lmloy, ond Robert Brown of the U.S. G.ologicol Survey,. and lenRo.,..,, R. E. Cortoran, 
ond Hollis M. Oole of the Ore9Qf' Deportment of G�logy and Mineral Industries hove been most helpful. 

Jones and Imlay kindly vet>ified mony of our foui l identific:otions. Oiscuulons with Salem Rice of 
the California Division of Mines, E. M. Bolcfwin of the University of Oregon, and l. G .  h\edoris of the 
University of WI Kamin hove bean invaluable in the completion of the work. Evon more Important were 
the lobar and stimulus of the mony atudenti whom I directod In Oregon. J .  8. Hoyes, now of Marathon 
Research Corp., littleton, Colorodo, kindly provided dot·o from X -roy studies of cloy minerals. Isotopic 
doles w .. e p!'ovidod wilhoul chorgo lhrough !he courlesy of H. 8oodsgoord of rho Un1vorlity of Alberlo, 
Morvin Lonphore of !he U.S. Geologico! Survey, ond un<Hr o Slu�nl Projecl Gr""l !o J ,  G. Koch by 
Geochron loborotorie:s. Con"ltfi.C"rciol dotes also were perfottned by Geodvon ond by Isotopes, Inc. 

This repott wos fint written in '*'• foil of 1969 while I wos a Visiting Professor at the University 
of California at Berkeley. It is o pleowre to acknowledge not only the timeliness of that visit, bur more 
e-specially the important insights into Froncisc:on geology gained through discussions with C. M. Gilbert, 
M. N. Christenson, and Michael Perkin.s, and ffom field trips during the visit. Diieussi<Ms of the Fron­
ciscon wilh W. R. Dickinson, 8. M. Page, and E. I. Rich of SIMford U"lversity ond J ,  K. Hsu of lhe 
University of Zuric-h also were vwy valuable. Eli Silver 1 then at Scripps Institution of Oceanography ond 
,_ wilh rho U.S. Geologico! Survey, jjroo!ly clarified my knowledge of !he off�o. Speciol lhanks ore 
due Robert Coleman for criticizing the manuseripr cc:wefully, and also for his friendly ond u .... elfiih shoring 
of ideos ond whe couns«l on the perplexities of t+.e ultramafic rocks end blu4Hc.hist m•tamorphi.sm. His 
shoring of a wide experience with th•se and with Coo.st Range structures in Colifotnia were of great im­

portance in completing the mo.nuscript. 

T e cto n ic Se tt ing 

The Klomoth geologic province lies at the continental tnOJgin on the wes.tern edge of the Cordil­
le<on mobile boll ond slroddles !he Colifornia-()regon bo<dor. Klomolh rocks Cc>rl¥i,. o lago, weslwordly 
convex orcuole poltern nomed !he Mendocino a<ocline by Corey ( 1958). Oilier (1903b), Toliaferro (19�2), 
Irwin (1900; 1964) and alhors hove slreued !he focr lhol Klomalh rocks generolly lie in yaung.,-weslword 
bands; lh .. o oro clouly comporoble 10 bands in lhe Sierra Novodo (Oovis, 1909). Corey (1958), Wlso 
( 1963 ), and Hamihan ond Myers ( 1966) speculoled lhot I he Klomolh bands origlnolly were slroighler and 
hod been bent into their present ()(Cuare (orocline )pottern by northward movement of western California 
relative to the interior of the cont1nent. Oovil ( 1969), however,. suggests that westword thr..,51ing of the 
Kloma·th ol o lower ongle than the Slerro rocks oecounts for the present arcuate pattern. 

Oilier regarded all of the coostol Mesoz.oic rocks as pcN't of the Klamath Province -- o view oc­
cepled by lho wrilor unlil recenlly. Irwin ( 1964) orgued !hot o mate fundomentol Slrvclurol boundary is 
the thrust-f<M.�It zone bounding Franciscan rocks on rho east; he o»umed that it eKtended into Oregon 
along rheeosr mcrgin of the Dothan FOf"motion, o view which now seems verified (Hotz, 1969). Accord­
ing to this interpretation, hoWever, the outlying Galice Formotlon, intrvded by diorite in the north port 
of the present mop oreo, is onomalou1, for such rocks typify the interior Klamath Province fodher east. 
Irwin speculated that the Iotter hod been thrust relatively westward aero$$ the Oothon rocks. Because of 
the now overwhelming evidence that rocks Formed in different tectonic env1ronments hove been jumbled 
together llructurolly, the sub..-qutnt discussion of roclc units i1 orgoniz.ed by dhtinc:t subprovinces. 
Alth� rhe mop explonotion (Plate I) is not so divided, the wbprovinees ore cle<l' from the cweol 
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distribution of major mop uni ts. 
Several zones of heterogeneous mixtures of intensely sheared rocks ore readily apparent. Some 

such zone.s vary from o quotter to half o mile wide� trend north-northwest, ae rather straight, and con­
tain many vertical shear surface-s within them. The clearest example is the Pistol River $heor zone, ex­
tending southeast from Cope Sebastian to Corpenterville (Plate II). Several lineor arrangements of sea 
stocks (for example, N.ock Reef sovth of Crook Point, T .  38-39 S., R. 15 W., see Figure 35) represent 
resistant tectonic blocks within such zones. In addition, Otter Point rocks, which ore I"'"''SI intimately 
associated with shear zones, strike dominantly north-northwest. All of the above led to the conclusion 
that o complex of major vertiecl fcult zone-s similar to the Son Andreos foulr extends 100 miles north from 
the CoHfornio border olong the Oregon coost (Doll, 1965) (Figure 2). Koch (1966) measured many 
subhorizontol slickensides on steeply dipping surfaces, which also suggested strike-slip movement ,  We 
did oot exclude thrust faulting from consideration -- indeed, we found evidence of thrusting at several 
localities (for example, south of Pistol River, southeast of Humbug f!Aovntoin, ond at Wedderburn) -­
but we regarded it  as subordinate to, end c loecl manifestation of, the vertical faults. Now it is clear 
that the two types of faulting formed ot different times; they reflect very different stres.s regimes, but 
thei r effects ore superimposed in o most confusing manner. 

Inland a few miles the structural style appeared to reflect the Klamath orcuate pattern, although 
o few Iorge, vertical fouhs also occur there. A long-standing generalization among southwestern Oregon 
workers that serpentinite mosses occur along faults seemed confirmed by our own observations,. �eover, 
Koys and Bruemmer ( 1964) deduced from gravity dote that serpentinite mosses 25 miles eost of the present 
mop (J(CO probably ore steeply dipping. Indeed, sheared vertical serpentinite pod$ do occur within steep 
fault zones along the coast (BI9cklock Point, Myers Creek, Corpenterville, orxf olong the Coquille River 
fault north of Agness in the northeast port or the mop oreo), but in retrospect the struc t ural model ofhidl­
ongle faults dominated our thinking too much. lent (1969), for example, found it impossible to cstobli�h 
any prevolenl trend to sheered zones within the Orrer Point Formation along the north edge of the present 
mop oreo. 

In 1965, following exceptionally heavy winter rains and floods, on exposure was discovered on 
the Rogue River 10 miles obove Gold Beach by Bailey and Jones( 1965) thot revealed Colebrooke Schist 
and small pods of serpentinite thrust over the Otter Point Formation. It was apparent that the entire west­
ern margin of the Colebrooke is o thrust contoct. Subsequently, Coleman (1969) recognized the probo­
biliry of much larger allocthonous bodie-s of both schist and serpentinite in the central port of the mop 
oreo, and lent ( 1969) simultaneou�ly recognized the overthrust reloHon of schists ot the north edge or the 
orca. All of this supported Irwin's eorlier ( 1 964) thrvsting speculation. Although vedicol fault zones, os 
portrayed in Plate I, become o kind of ruliog hypothesis in oor work, it is now- clear that, whereas some 
of the .. shear zones•• certainly ore steep and straight in trend, others represent zones of relatively low­
engle displacement thot hove been modified by subsequent deformation and extensive landsliding. Medaris 
and Dott ( 1970) presented o mop that displays in simplifie-d form Coleman's concept of a large allochthon 
cvt by several Cenozoic fovlts (l'eptoduced in figure 36). 

The concept of m�longes was introduced to the PO¢ific Coast by Hsv ( 1968) and in the some year 
the "new global tectonics" offered o plovsibfe mechanism of underthrusting of oceanic crvst to explain the 
vast sheared and chaotic Franciscan and Otter Point terranes (see Hamilton, 1969). It now appears that 
pervasive m�longe structure-s were formed in southwestern Oregon (Figure 3) and northttrn California dur­
ing Jurossic ond Early Cretoceovs times ond were c ulminated by the emplacement of Iorge, discrete thrust 
.sheets in mid-cretaceous and possibly in early Cenozoic times. Northwest-tr•nding v•rticol faults pre­
sumably related to the Son Andreas system rhen were superimposed on all older structures in late Cenozoic 
time (Dott, 1965; 1969) to produce the present complex struct ures. 

The continental shelf is very narrow off southwestern Oregon, and submarine seismic activity off­
shore is considerable (Figure 2). The seismicity, together with Pleistocene terraces elevated hundreds of 
feet above sea level, otte.sts to continuing mobi lity of the region. Silver ( 1969o; 1969b) cites evidence 
thot oce-anic underthrusting due to sea-floor spreading from the Gordo rise 100 miles west of the coast is 
continuing todoy, although the continental plate margins $hOW o pattern of strain more akin to that of the 
California Coost Ranges to the sovth than to that of the nearby spreading ocean floor. Apporently the 
continental end oceanic plotes ore decoupled here (see Medaris and Oott, 1970). 
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T E C T O N I C  M A P  
PRE-CASCADE TRENDS 

MAJOR FAULTS 
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<l 
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- CASCADE PLUTONS 

o EARTHQUAKE EPICENTER 

I 
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Figwe 2. Te-ctonic setling of rM Poe inc Nor'lflwest ond odiocel'lt oc;.eordc CJU"St, Note tM dhcordonce berween 
the Mno�oic to eorly, Cenozoic ucvote ,rrvcturol pott¢rt� (�eel li""h} �tho wpetiMJ10$.d late 
Ceno�oic C01co6e volcanic ore ond fovlting (htovy lints). Lottrol ond block f01.1hing ore conl'intd ro 
the wettet"n edgt of the American lithosphere plote, ond • not extend to lhe Gordo oceanic plote, which 
oppeors to .,_continui1'19 to �tod frOM the Gof'cSo·Son Non de Fuco ridge &)'lltm ond to bt ttvvsl beneoth 
the COfltln.tnt. C.S. I$ the Coos IJ.oy synclif'ICN'ium. (Omhore: olter Oott, l96S; offshore: oftw MI:.­
Monv,, 196$; Morgan, 1968; Tobin and Sykti, 1968). 
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MESOZOIC ROC KS OF TH E CENTRAL REGION 

Figure 3. Intensely shea.-d muduone and sandstone typical o f  tn e  Otter Point Formation in which boudinage 
effects have almost obliterated the bedding ( note tne sma l l  Fold faintly defined by rel ict bedding ot right) . 
Such characteristics typify melanges and broken formoti� (see Hsu, 1 968 ) .  Molt Jheor surfaces here 
ore steep Ofld trend rough ly north-south . (Exposed in sea clirr just north of Sisters Rock, SWt T .  34 S . ,  
R .  1 4 W . )  

T e c t o n i c  S u b p r o v i n c e s  o f  t h e  M o p  A r e a  

9 

For discussion of Mesozoic stratigraphic units, the mop oreo hos been divided into several disti nct 
subprovinccs, the rocks of which probab l y  were deposited i n  separate <:�re<:�s <:�nd l <:�ter were structura l ly 
telescoped together . 

The central region incl udes two distinct portions, o northern port with K l amath-type rocks ( Galice, 
diorite p lutons, Humbu9 Mountai n, and Rocky Point uni ts ) and o southern por t  with the Colebrooke Schist 
<:�nd c losely associated u l tramafic, glaucophane, and amph iboli te rocks . The centra l region extends rough ­
ly from Sixes River south to the middle of the mop area at approximate ly the loti tude of Coli ier Butte 
( T . 37 s . I R .  1 2 w .  } . 

The coastal region includes the l<:�te Mesozoic Otter Point, Cope Sebastian, and Hunters Cove 
Formations from Wholehead ( T .  39 S . ,  R .  1 4  W . )  north to S isters Rock ( T .  34 S . ,  R .  1 4  W .),  and also 
from Port Orford to the north edge of the mop. Otter Point rocks predominate ocross the north edge of the 
mop os we l l .  

The .southern region includes a l l  of the Dothan Formation outcrop area -- essentia l ly from Col l ier 
Butte to the south e�e of the map in Ca l iforni a, where i t  inc ludes rocks mapped as Franc iscan . Cenozoic 
rocks are treated in one section for the enti re area . Inferred correlations of strata among the three sub­
provinces ore shown in the accompanying chart (Tobie 1 ) .  

M e s o z o i c  R o c k s  o f  t h e  C e n t r a l  R e g i o n o f  t h e  M o p  A r e a  

Galice Formation ( late Jurassic )  

Definition: The Gal ice Formation was named by Di l ler ( 1 907 }  for exposures on Galice Creek 
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MESOZOIC ROCKS OF THE CENTRAL REGION I I  

{25 miles eost of the mop oreo) where there is a thick succession of block slates, less common thin send­
stones, and locally abundant volcanic rocks. Subsequently the formation wQS described extensively by 
Wells ond othen (1949) ond Wells ond Wolke< ( 1 953). In the Port OrfO<d Fol;o, O;ller ( 1903o, p.1,2) 
noted the presence in  the Johnson Creek drainage (T. 32 S., R.  12 W .;  see Figure 4) of "Jurassic slates" 
with foJSils like those of the Mariposa Slate of the Sierra Nevada with which the Galice is correlative. 
But Diller judged the slates to cover only a small oreo, so he mopped them within the uMyrtle Formation," 
which led to grou errors in relative oge ouignm•nt for several roek units. Wells (1955) and Wells and 
Peck ( 1961 ) later differentiated these slates as the Golic:e Formotion. We hove recognized simiiOJ' stroto 
in the John$0n Creek oreo, where we, too, found fossils like those of the type Galice (Oott, 1966a). 
They olso occur to the southwe-st end west, os wos $\olggened by Diller's field notes. Koiser ( 1962) ond 
Koch ( 1966) described metase-diments 01ld metovolconics ossigned to the Galice alon-g the Elk River east 
of Humbvg W.Ountain; no fossils other than undiognOstic foraminifers were found there, but lithology end 
stratigraphic relationships leove no doubt of their identity. 

Lithology: The Galice rocks ore dominantly block carbonaceous argillite end slaty or phyllitic 
mudstones int&rstrotified with firmly indurated gray sandstone beds, which commonly show incipient cleav­
age (Kaiser, 1962; Koch, 1966). Minor fine, rounded conglomerate and very rare bedded chert olsoore 
present. A distinctive bonded lithology consists of ohernoting mudstone ond cross-laminated fine sond­
stone layers generally between one-half ond one inch thick. Coarser sondstone1 overoge about 3 to 5 
inches but range up to several feet in thickness; they comrnot�ly ore graded and contain dark m..�dstonc 
pebbles. Petrographically the s-andstones ore lithic-feldspothic wockes. Plagioclase, quart%, chert, end 
block mudstone chips dominate within o sericitic matrix; no K feldspar wos detected and volcanic detritus 
is rare. Albite and oligoclase, carbonate, chlorite, epidote, ond zircon ore ptesent. The Golic.e stroto 
repre-sent zeolite and lower greenschist metamorphic grQdes. Hornfels is characteristic <Kijocent to diorite 
plutons, but eonteet meten'!OrphisM WCIJ 11"1 gtntrol vtry Mild. P6Wdtty white veinlets adjacent to diOrite 
contacts, especially where sheared, contain the zeolites laumontite ond le011hordite ( Koise:r, 1962 ). The 
density of six sandstones ranges from 2.54 to 2. 71 (overage 2.61 ). 

Volconie rocks of the type oreo include ondesitic to rhyolitic flows, breccias, and tuffs (Wells 
end others, 1949). Near the coast volcCinic rocks ore les.s conspicuous o.nd hove received only cursory 
study. Kaiser ( 1962) mopped considerable "greenstone11 which moy be Galice on the west side of the 
Pearse Peak Diorite just east of Humbug Mountain. The greenstone represents cotoclosised mafic igneovs 
rock showing chlorite, epidote, and hornblende. Nearby, just above Bold lv\ountoin Creek bridge (NW, 
corner sec . 20, T. 33 S., R. 14 W .  ), volcanic breccia is exposed. Scattered greenstones with ellipsoidal 
or pillow 'trueture end minor associated bedded chert occur in oteos mopped os Galice in the nOrtheostet"n 
corner of the mop oreo ol011g Johnson Creek (Figure 4 ). 

Age and strorisrophic relotion$hips: The Galice Formation is the olden satisfactorily doted rock 
in the entire co01tol region. � concentrico collected from slates at a locality on Sucker Creek 
(NE!NE! •••· 33, T. 32 S., R. 12 W.) dotes the rock• os lote Oxford;on to eorly Kimmeridgian (Doll, 
1966o). This oge conforms with the long-standing lithic correlation with the type Galice Formation. No 
bose hos been recognized for the Galice strata in the coostol region, and the entirely volcanic Rogue For­
motion, which is adjacent to the Galice in the type oreo (Wells ond Walker, 1953), wos not recognized. 
PoS$ible relationships to the Colebrooke end Dothan Formations ore discussed in later sections. 

The Galice was coeval with the lithologically very simi lor Mariposa Slote of the western Sierra 
Nevodo in California. Both were metamorphosed, deformed, and intruded by diorite. In the coastal 
Oregon region, the Galice is overlain unconformably by unmetamorphosed Early Cretaceous (Valanginian) 
conglomerate, thus closely doting the effects of the clouic Nevadan orogeny ( Dott, 1965; 1966o). Late 
J�o�rossic or Tithonian fouils originally reported from the conglomerate were misidentified, occording to 
Imlay and Jones (written communication; 1970). 

Colebrooke Schist (Jurassic) 

Definition: Diller ( 1903o) coined the nome Colebrooke Schist, which was modified by Kaiser 
(\962) and Koch ( 1966) to Colebrooke Fotmotion becous.e of o greet diversity of lithologies. ,Diller's 
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designation is used in this tepott, The unit wos nomed for Colebrooke Butte in T .  34 S . ,  R .  1 4  W. (mis­
spelled "Colebrook" on the 1954 topographic quodrongle mop). The Colebrooke lies in the centro! ond 
northern port of the region, and is largely, if not entirely, ollochthooous upon essentially unmetomorphosed 
Upper JurcuJe and Lower Cretaceous rocks (see cross section 8·8'). Coleman ( 1 969; also cx-ol communi­
cation, 1969) believes that it is on immense ol lcx:hthonous nappe, and was metomorphored ehewhere be­
fore being overthrust to its present positions. Some small oreo.s of schist (notably ot the extreme northwest 
GOfllCf T. 33 $ . ,  R. 14 W .), however, c;ool"'ot be exploined :�imply os remnant:� of o :�inglc hvgc, po:�t­
Eorly Cretaceous klippe because they lie in deep vol le ys surrounded by Cretaceous c:onglomerate that con­
tains schist detritus ond vein quortz pebbles with carbonaceous inclusions (Koch, 1966; L•nt, 1969), and 
they ore overlain unconformably by that conglomerate. Oilier ( 1903o) considered the Colebrocke os pos­
sibly or pre-Devonion oge, but it now seems cleor thot it wos derived from Jurassic (chiefly Galice)rocks, 
which were metamorphosed near the Jurossic-(retoceovs Period boundary. 

Litholosy: The Colebrooke S<;hist consists chiefly of gray-to-!)lock, thinly stratified, fine-grained 
sediments metamorphosed to eorbonoceous quortz-mico phyllite 01'd schist. Mudstone ond fine sandstone 
were the dominant original lithologies, but considerable sandstone and fine conglomerate also were 
present, e1pec::ially in T, 35 S , ,  R. 13 W .  Lwge, lustrous mica patches in the conglomerates represent 
recrystallized mudstone chips. Principal minerals include quartz, chlorite, white mica, a lbite, and cor­
bonoceous materiel thought to be in pCI"t graphite. Less common ore epidote, calcite, clinoz.oisite? , 
stilpnomelone, amphibole, sphene, and the blueschist mineral lawsonite (Kaiser, 1962; Koch, 1966; 
Lent, 1969; Coleman, 1969). White quartz veins with minute carbollOCCO\IS seams ore ubiquitous. The 
bulk specific gravity or 28 samples or metosondstones overages 2. 72 (! 0 . 1 25 standord deviation ) with 0 
tonge or 2 . 54 - 3.18. 

Metavolcanic rocks end associated chert comprise 5 - 10 percent or the formation. Some bosoltic 
flows still $how ellipsoidal structures, and ore not foliated. Being re�istont, they tend to be rnc>re loterolly 
traceable than ony other lithology (sec Figure 5). PrOminent examples referred, ot least tentatively, to 
the Colebrook• occur olong the Rogue River north of Skookumhouse BJtte, in Copper Canyon 2 miles west 
of Agness, ond south of foster Creek ( T .  34 S., R. 12 E.). Fol ioted pyroc lostic rocks also ore present. 
The metavolcanic rocks contain chlorite, actinolite, albite, epidote , stilpnomelone, ond pumpellyite, 
bvt no lawsonite (Co lemon, unpublished manuscript). According to Co lemon, bvlk chemical compositions 
ore like thot of oceanic bosohs ond of bosolts in the Fronciscon complex, but ot least o few ore more sili­
cic (see Table 2). 

Metamorphic; grode: The Colebrooke metasedimentary mine�l CI$Sembloge indicates o metamor­
phic grade transitional between greenschist end blueschist foeies, but metabosalts show only greenschist 
minerals (Co lemon, 1969 ). Colemon found lowsonlte in 15 percent of 130 metasediment specimens studied 
by him ( unpublished manuscript ). No metamorphic zonation like that seen in similar northern California 
schist terrones wos found. Coleman believes that Colebrooke metamorphism occurred ot about 200 - 2500C. 
ond 5 - 6  kilobors l)f'e:&.�ure. 

Structure: The Colebrooke hos suffered ot least two distinct ptnetrotive deformations. The main 
foliation, which is related to metamorphic recrystal lization, parallel� original stratification (Sl ), ond 
dips ot low angles. Overf)finted upon St foliation end early folds h o pronounced stroin-slip cleavage 
(S1 ) potollel too second phose of folding with north-south oxes occ<><ding to Co lemon ( 1969). Co1omon 
also reports o stotisticol eostwo(d vefgence of recumbent fold oxiol planes, which he believes is most con­
sistent with on interpretation of eastward overthrusting. Westward thrusting, however, is suggested by the 
eosterly dip of the expcned thrust :r.Of'le on Rogve River end by the overturning of Lorwcr Cretaceous strata 
below the thrust north ofColebrooke Butte (T. 34 S., R. 14W.) 

Age of motomot¢i"" ' Whole-rock K-Ar doting (Dott, 1965) of Colebtooke Schist specimens of 
\25 � 6 m.y. ond 138 �10 m,y. ond o Rb-Sr isochron dote of approximately 130 m.y. (Coleman, unpub­
li$hcd manuscript) oil point to metamorphism -- or, bette.., final cooling --of the Colebrocke around 
130-135 m.y. ego, or very neor the Jurossic..Cretoceous bovndory, the exact oge of which Is still some­
what uncertoi n .• 
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Tobie 2. Selected chemical otK�Iyses of igneous rocks 

Dior il os Otte r Point Dot h an Co lebrooke 
Peone Peok' Cottier Pillow Oiobose Pillow Diobose Pillow Pillow 

Butte lovo Dike Lovo Dike Lovo lovo 
5268 5262 5140 CB-U 61-70 61-70A 62-1234 62-123 S-61 62-1548 

Si02 50.14 60.88 54.48 64.19 49.27 48.20 40.83 53.1 4  61.80 52.04 
Ti02 1 . 42 0.41 0.31 0.52 1.19 2.27 1.20 1.43 1.43 1.16 
"'�3 15.:16 17.71 13.81 16.43 19.62 16.72 16.11 1 1  .52 16.59 18.32 
F•�J . 1 .19 2.92 1 . 73  2.37 2.41 2.82 3.08 7.80 6.31 2.35 
FeO 8.75 2.17 3.95 1 .  95 4.10 5.09 4.00 3.60 0.59 4.69 
MnO "· tr. "· 0.20 0.21 0.41 0.22 0.43 0.06 0.19 
Mg0 7.21 2.21 8.67 1.54 5.22 6.60 5.06 7.50 0.50 4.04 
CoO 9.34 4.32 6.69 3.89 8.06 8.74 14.40 t 6. 73 1.55 5.60 
No20 2.76 4.17 5.00 4.18 4.67 4.22 4.11 4.80 9.50 6.42 
K� 0.95 2.68 0.46 1.86 0.62 1.04 0.02 0.28 0.20 0.21 
P205 0.24 0.16 0.02 0.13 0.10 0.44 0.09 0.10 0.30 0.10 
H�+ 2.22 1 .47 2.02 1.93 4.05 2.92 5.08 2.02 0.75 4.04 H�- 0.23 0.54 0.67 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
c 2 0.00 0.00 0.00 0.00 0.00 0.00 5.28 t 0.00 0.00 0.00 

��· ! 99.71 99.64 99.84 99.23 99.>4 99.47 99.51 99.35 99.58 99.16 

� 0.344 0.642 0. 091 0.4� 0.1J2 0.246 0.004 0.058 0.002 0.032 

• From Diller (1903o); oil olher onolys.• by H. N .  Wiik, Helsingforo, Finland. The two dike• intrude the pillow lovoswith «><rcnponding 
somple numbers. t Contains calcitic omygdules. 

Loco·lionJ· 
5268 Summit of Bold Mountain, SEi soc .  33, T. 33 S., R. 14 W. 
5262 8tvsh Cceek, SEbec. 5(?), T. 34 S., R .  1 4  W. 
5140 Coast rood, SE! sec: .  7, T. 34 S., R. 14 W. 
CB-14 Surntnir Collier Bvtro, "'<· 21 (?), T. 375., R. 12W. 
61-70ond61-70A - Pi.,ol River, NE!sec. 22, T. 38 5 . ,  R .  14W. 
62-1 23 ond 62-123A - Main Fork Hvnrer Cceek, NWi '"". 13, T. 37 S., R. 14 W. 
5-61 Norlhof B<ownie's Blvff, 5Eisec. 35(1), T. 375., R. 13W. 
62-1548 - Na<th fork Pistol River, NW� sec. 5, T. 38 S., R. 1 3 '1/ .  
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Similar schists in northwestern California: Schistl similar to the Colebrooke bound the Dothan 
(or Franciscan?) rocks eod of Crescent City and fot many miles southward along their cost side In Cali­
fornia, os was noted by Oilier ( 1903b) end other early w<>rkcn. Two klippe of <:«bonoce<>vs schist occur 
near Orick, California (see We� Sheet of the Geologic Mop of California) 40 miles south of Cre1eent 
City. They rest upon Franciscan r�ks much os the Colebrooke rests upon Otter Point rocks in Oregon. 
Diller and other early workers considered the CollfOtnio se;hists to belong to the Klamath terrane, speci­
ricolly to be meto.m()(phosed Galice sediments with o mojOf fault separating them from the Franciscan as­
semblage. There has been general agreement that svch o relation does exist, but the exoet po-sition of 
the Klamath boundary thrust fault relative to -- and its effects upon -- the Froneiscon were less eleor. 
OHler noted that schists on the top of South Fork lv\ountoin (100 miles southeo.st of the present mop aeo) 
were different from those lower on the west side of the mountain, and recently it has been shown thot 
Froneiseon rocks hove been metamorphosed to blueschist with the grade of metamorphism increasing uphill 
toward the typical South Fork Mountain schist (Kilmer, 1962; Bloke end Ghent, 1965). This upside-down 
metamorphism has been interpreted os indicating that at least some of the schist in South Fork N\ountoin is 
metamorphosed Fronciscon rather than meto-Golice, ond that the major Klamath boundary thrust lies above 
rather than below the blueschists. Rb-Sr doting of the topographically low Franciscan metasediments, 
which contain Early Cretaceous Buchio species, indicates metamorphism very soon after sedimentation ot 
105 !" 16 m.y. ago. Because th�chist metamOrphism of Franciscan rocks seems to hove been closely 
related to the Klamath boundary fault, thrusting there is inferred also to hove occurred in medial Creta­
ceous time. On the other hand, Bloke and others (1967) acknowledge o difficulty in mony cases in dis­
tinguishing the South Fork Mountain sehist from Galice metosediments directly to the cost, and Svppe 
(1909) reporrs o K-At dote of 136 m.y. from Picket Peak "near the typ• locolity," which is very similar 
to dotes obtained from the Colebrooke. These discreponcies may reflect more than one protolith for the 
South Fork f.k>untoin schist. 

eoth field evidence and isotopic doting indicate that metamorphism of Mesozoic rocks in tne west­
ern Klamath and Coast Range Provinces was complex. At least three more Of less distinct periods of blue­
schist metamorphism ore nOON recognixed in California (circa 150 m.y., 125 m.y., ond 105 m.y.; Suppe, 
1909). A clear understanding of the tMtamorphic rocks is crucial to ultimate interpretation of structural 
details in the region, but 0$ is shown more fully below, the correct age and strvctvrol relationships of the 
Dothan Formation in Oregon ore intimately involved in understanding the metamorphism. The Colebrooke­
type schists east of Crescent City, which hove never been studied os much os the South Fork Mountain Or 
Colebrooke Schists, moy either be Dothan (Franciscan? ) sediments metamorphosed next to the Klamath 
boundary fault or they may represent metamorphosed Klomoth basement (Galice? ) thrust over the Dothan. 

Probable precursors and structural relationships of the Colebrooke 

Most recent workers ogree that the Colebrooke closely resembles the Galice Formation (Kaiser, 
1962; Oott, 1966o; Coleman, 1969; Lent, 1969). Coleman cites chemical doto that al$0 suggest to him 
a close similarity between Colebrooke and Galice rocks. They ore said to be slightly highet in silica, 
and lower in lime, strontium, uranium, and thorium than the otner Mesozoic: formations, bot the differ­
ences ore statistically very small. loco I patches lithologically identical with the Colebrooke occur with­
in areas of the Galice and along the Brushy Mountoin-l(on /v\ountoin fire rood (T. 34 S., R. 12 W.). A.n 
apparent metamOrphic gradation from typical Colebrooke schists with foliation in oil lithologies north­
word to Galice slates and only faintly foliated son<ktones wos reported (Oott, 1966o). Coleman (unpub­
lish•d manuscript) believes, however, that a thrust fault sepot"otes the two units near Iron Mountain. 
Therefore, on important issue is whether or not oil of the Iorge oreo of Colebrooke is ollochthonovs. Cole­
man finds blueschist and greenschist minerals in the Colebrooke, but only greenschist minerals to the north 
in Go lice rocks. He also finds thot the Colebrooke in this region shows two distinct deformations, where­
os neatby Golice rocks show but one. A final contrast noted here ond elsewhere by Coleman is that the 
Galice terranes include for more dioritic intfusions than occur in oreos of the Colebrooke. Subsequent 
studies in the region should include extensive detailed strucfu(ol o,,olysls of oil metamorphic rocks in or­
der to test fully the Colebrooke-Golice relationship. 

The apparent field relations in the central port of the mopped orea led to the postulate thot Doth­
on rocks also moy hov• been metamorphosed to form some of the Colebrooke Schist (Schwab, 1963; Oott, 
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1965 ). This suggestion was based first upon the opporent i1lcreose of metamorphic grode northward be­
tween the Chetco ond Rogue Rivers (Plate I; Figure 5 ). local incipient cleovoge chorocterizes the mud­
stone'S near Brookings (Widmier1 1962), ond some phyllite is present locally in the mudstone south of the 
Chetco R;ve• on long R;dge (T. 385., R. 12 W.). 

Farther north near Snow Camp lv\ountoin and Quosotano Butte, extensive 2:ones of phyllite and 
schist ore interbedded with nonfolioted sandstones oM conglomerates. Still farther north ot Rogue River 
all roek types ore foliated. The apparent continuity of metavolcanic zones from unmetomorph0$ed Oothon 
terrane (Widmier, 1962) northward into Colebrooke terrocle (Schwab, l963; Burt, 1963) lends support to 
this interpretation. Jt,k,reover, the Oothon-Colebrooke contact ot Snow Camp Mountain (which Coleman 
hO$ reinterpreted os a thrust) aligns with the plojected boundary between the sandy Mocklyn member and 
the tnudstone-rich Winchuck member of the Dothan mopped by Widmier (1962) farther south. 

A preliminary petrogrophic comparison of Dothan sandstones with metosondstones of the Colebrooke 
(Schwab, 1963) suggested that the two were similar in major components. All of these observations, to­
gether with the relatively high specific: gravity of Dothan sandstones (2.67 ! 0.034 standard deviation of 
31 samples), tended to support our hypothesis that the Dothan is pre-Nevadan and could hove served os o 
protolith of the Colebrooke Schist (see upper crO» section C-C'). However, more extensive structural and 
metamorphic dote gathered by Coleman from both Dothan and Colcbrooke rocks, together with possible 
Late Jurassic (post-Nevadan) fossils found by Ramp (1969) in apparent Dothan strata, now all but rule 
out the Dothan at a second protolith for the Colebrooke. 

Glaucophane schists and amphibolites 

Gloucophone-beorillQ blueschists were mopped i1\ the n()(th port of the oreo by Oilier os "amphi­
bole schists, " and were interpreted as contact metomO(phic rocks (Oiller1 1903o, p. 3). Althovgh Cole­
mon round fine lo.vsonite widely distributed in the Colebrooke Schiu, the high-grode gloucophone rocks 
ond omphibolites oppeor to be more or lescs isolated tectonic blocks associated with mojor fault zones 
(Koch1 1966; Coleman, unpublished monvscript), thus they ore discussed seporately here althov� they 
ore generally too small to show on the mop. 

In odd;r;on to examples mopped by o;lle,, by lent (1969), and by Coleman ( 1969), examples 
O<cu• near a mojo• fault half o mUe southeost of Blocklock Point (SE! sec. 24, T. 31 S., R. 16 W .; 
Dott, 1962), ot severol locolitieswithin onemile sovtheostof Sisters Rock (SE:! sec. 61 T.  35S"�  R.13 
W.; Koch1 1966), ond obove Pistol River in sec. 24, T. 38 5 . ,  R. 14W. (Widmier, 1962). Finally, 
wove-woshed boulders of blueschist occur on the northeast side of Cope Blanco. Blueschists studied by 
Koch ( 1966) ond lent (1969) contain gloucophone, chlorite, epidote, crossite, oe:tinolite1 zoisite, 
clinozoisite, quartz� olbite1 muscovite. gamet1 mognetite, and hematite; jadeite has been reported only 
in the for north ( Lent1 1969). W.Ost examples «e strongly foliated and, in some, green bonds alternate 
with blue. While much of the glaucophan-e rock oppeon closely related to the Colebrooke Schist, in 
northern Colifornio similar tectonic blocks of relatively high-grade gnei$Sic g laucophane-epidote-garnet 
rocks yield isotopic dates of about 150 m.y. (lee ond others, 1964; Suppe, 1969), which ore older than 
doted for other blueschists. Common proximity of such rocks to the western thrust boundory of the Cole­
brooke suggests tectonic emplacement of the blocks from some deep zone. North of the Sixes River, the 
gloucophone rocks ore randomly scattered (Diller, 1903a; lent, 1969) and probably represent remnants of 
on eroded thrust sole. 

Amphibolites: Koch (1966) noted the presence of focal omphibolites too limited in extent to show 
on Plote I, which he believed hod developed from diorite or gabbro. They ore composed of green horn­
blende, chlorite, andesine, oligoelose1 sphene1 zircon, pyrite1 hematite, magnetite, ond carbonate. 
Glaucophane ond almandine gornet ore sporingly present. Coleman (unpublished manuscript) has studied 
amphibolites at other locolities1 especially tho.se ossocioted with the Iorge ultramafic mcs.s in the cost­
centro! port of the map oreo ("gneissic rocks" of Plate I ) .  Gneissic hornblende diorite, amphibole gneiss, 
and amphibole pegmotite-s ore more extensive still farther e0$1 (Well and others1 1949; Wells and Walker, 
1953 ). The summit of Big Croggic-s (T. 37 S., R. 12 W .) consists of coarse amphibole pegmatite and am­
phibolite. Coleman interprets it os part of a klippe of amphibolite and peridotite . Preliminary K-Ar data 
for a single amphibole from the Big Croggies amphibolite suggest that metamorphism of these high-grode 



Tablo 3. hotopic oge doto. oo 
Values repor1ed ate ovOtogH of ot leo:s.t two replic.ate onolyt.eJ (!foetor repr�ents totol onolytic:ol error). Procedure� used fot K end Ar onolys.&l 
by iterope di Iutton ot Isotopes, Inc., os well os At and K onolys.o:s. or Geoe:hron ore flo:me photometry. See text f« further discus-sion of field rela-
tions and int«pretotions orresults. (largely oh« Dott, 1965) 
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Dothan Formation 

Mafic dike in Late Cretaceous 
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• Radiogenic: J..r4U. t I, Isotopes, Inc.; G, Geochron Lobofototies; A, University of Alberto; U, U.S. GeOiogi(ol Survey ( Menl01>0tl(J 
-+ Doted uflodt'f' Student Project Aw01d by Geoclvon �orotorie'. E Anomalously high; see text. 
Con>tonts: AB. 4. n X lo-10 yr-1; Xr; 0.585 X 1 o- yr -I; 1(40/K • 1 .22 X 104 g/g (at lob u atomic obundonce of K40; 1.19 X Hr4) 
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rocks moy hove been contemporaneous with metamorphism of the high-grode blue$chist tectonic blocks in 
California (circa 150 m.y.; Coleman, personol communication, 1970). 

Ultramafic rocks associated with the Colebrooke Schist 

The Iorge mosses of serpentinite and peridotite bordering small diorJtic end gobbroic mosses all  
�cur within CH- odjO<;ent to the Colebrooke Schist (Plate I, Figure 5 ). They ore dliefly horzburgite with 
min« dunite and pyroxenite. All are exten$ively serpentinized to lizordite ond elinoehrysolite and minor 
associated brucite. The Signal Buttes ood Snow Camp mosses, os well as the possibly related Vondergtee'' 
Hill (sec. 32, T. 35S., R. l4W.) ondCorpenterville (sec. 3, T. 39S., R. l 4 W . ) bodie., contoin en­
stotite, diopside, forsterlte, and spinel (Medaris and Oott, 1970). A high aluminum content of the py­
roxenes end spinels, together with apparent Poleoxoic K-Ar dotes (Tobie 3 )  from two dioritic bodies 
within the ultromofic moss.e-s (Don, 1965), suggests original crystallization in the mantle more then 200 
million yeors ego, end subsequent structural transport ..... pos.sibly byseo-rloor spreoding -- to their pres­
eru sites. Calcium-silicate metosomotic border haloes in procticolly ell adjacent rocks (Coleman, 1967) 
end universally she<wed contoch abo point to tectonic emplacement. Coleman believes that the Iorge 
ultromofic moues ore sheets emplaced by overthrvsting, but not necessorlly everywhere the some thrusti"9 
as that which afFected the Colebrooke; emplacement of some of the serpentinite may hove preceded that 
of the Colebrooke. According to the concept of sec-floor spreading, the underthrusting of on oceanic 
crust beneath o continental plate should hove been more or less continuCMJs through Me-sozoic time . 

Around Signal 8utle-s end from there northwestward to Rogue River, intimate jumbling of Iorge 
MO$Se-s of schist ond serpentinite tend to support the interpretation that the Colebrooke moved upon o 
"tectonic carpet" of serpentinite (Coleman, 1969), although some of the mixing could reflect londslid­
ing. The serpentinites at end north of the mouth of Rogue River also ore interpreted by Coleman to be 
eroded outliers of 0 thn/$t $heet I whic;h interpu;tgt!Q!l $Cem$ $Vpp9fte<J by Q prevo!ence or neor!y riot sheor 
surfoc:es in Otter Point sediments in rood cuts west of Wedderburn (Figure 6 ) . Koch ( 1966) interpreted 
this oreo to be o shear zone dominated by vertical faults with subordinate small thrusts. It moy be thot 
here, o.s at Sisters Rock, Port Orford, ond elsewhere, vertical Cenozoic faults hove been superimposed 
upon older flat thrust sheets. 

Dioritic and gobbroic intrusive rocks 

Distribution: Dioritic stocks collectively referred to os "gabbro" by Diller ( 1903a) end dikes of 
diorite and dacite ore common in the northern holf of the mop oreo, where most intrude the Golic::e Forma­
tion. Several stocks and dikes of diorite and some gabbro (for example, Snow Camp Mountain, Collier 
Butte, and Saddle tv.ountoin; Figure 5) and at least one granite (south end of Iron Mountain, NW� T. 34 
S . ,  T. 12 W.) occ::ur within Iorge ultramafic mosses. In the Kerby quodrongle o few miles eost of the pres­
ent mop orca, dioritic mosses of botholithic oreal PfOportions end granodiorite stocks occur (Wells ond 
others, 1949); similar ones also occur in northernmost California (Lanphere ond othen, 1968). All ap­
pear to be petrologically related (see Lund end Baldwin, 1969), end thoy yield similar isotopic dotes. 
Coleman (unpublished manuscript) has mode the important ob5ervation that diorite intrusives ore almost 
completely locking in the Colebrooke Schist. This, he feels, is further evidence that the Cofebrooke wO! 
not formed where it now lies. 

Pearse Peak Diorite: Th• most completely studied intrusive in the area is the Pearse Pe-ak pluton 
(T. 33 S . ,  R. l4W.) (Kaiser, 1962; Koch, 1966). lt consists ofhornblende diorite at ih morgins end 
hornblende-biotite quartz. diOfite in the center ,  Hornblende, which vories considerobly in abundance, 
end plogiocl0$e ore dominant c::onstituents. Thcplogioc::losc is strongl y  zoned, ronging from An30 to An46 
( Kaiser, 1962). Quartz comprises 5 to 10 percent, while biotite, untwinned intermediate microclinc, 
sphene end magnetite ore occessorites (Figure 7). The northwest margin of the stoc:k contains some pyrox­
ene. Representative chemical ooolyses of this ond other diorites oppeor in Tobie 2, ond they ore notable 
for rather low K;2(>/No20 ratios. Ntost of the mineroiSt but especially the plogioclose and biotite, show 
alteration. The southwestern border has suffered extreme cotoc::losis along what Koch ( 1966) named the 
Stvsh Creek sheor zone, There th• rock shows extreme alteration with development of laumontite, 
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flgure 6. Intensely sh· eGred sondstot1e and mudstone of the Olter Point complex along U . S .  Highway I 01 just 
west of Weddefbum at the mouth oF lf1e Rogue River .  As in Figure 3, boudinage effect$ in lf1e mudstooe 
ore conspicuoV$, ond brittle fr�ru�e characterizes the ow;w e  massive sondsto11�. The sheo• wrfoces, hQv;o­
ever , ore nearly flot here. Koch ( 1 960 )  assumed local thrusting related to strike-51ip fQJitif19. Coleman 
orW Blake (pen(N"Iol communieolions, 1 969 ) regard this 0$ o rewlt of lorge-seole, low-ongle· thrusting 
cmumed To hove emploc:ed nearby u lrromofic: mosses ond lf1e Colebrooke Schi st . Their interfXetotion, whic.h 
h� rnvc.h to re<:ommend il when eons ide• ed in I he •egionol c:onle.d or Jhrustin9, would alter the mop inlt'f­
pt"elation of Plole I in lhi1 oreo (W' T .  36 S . ,  R . 1 4  W .  ) . 

figtJre 7. Phatomic:rogropll of the typic:ol Pearse Peo'k qu01 tz diO< ile phose, !Jlowing �hOo<oc:teri$lic wblledrol, 
zoned ond sele<:tively altered plagioclase ( left centc� ) with hornblende above ond to right, and quartz 
bel ow .  Upper right corner has biotite wHh prehnite inlerleoved. ( Aftttr Keiser,. 1 962) [ X  4 5} 
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leonhordite ond pc-ehnite ( Kois.er, 1962). A nor row hornfels zone is present ot contocts with Gel ice 
metosediments. 
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Other diorite mosses: The Collier Butte end Snow Cetnp diorite bodies, whieh ore surrounded by 
serpentinite, also hove been studied petrogrophieolly. The Collier Butte body is more silicic, but other·­
wise is limilor to the Pearse Peak, being composed of zoned end altered plogioelose (An37_45), quartz, 
and hornblende with l percent K feldspor, ond minor biotite, chlorite, sphene, clinozoisitc, magnetite, 
ond pyroxene (Burt, 1963). The rock is faintly porphyritic . It appears to be intrvsive into the surround­
ing ultromofic complex, for it hos sharp contocts ond con to ins serpentinite inclusions, The ncorby Snow 
Camp 1-Aountoin diorite contains considerably more clinopyroxene and no quartz. The Soddle lv\ountoin 
Diorite$ which apparently is much older than the othen, is composed of twinned ond zoned plogloclose 
(An31 -43 ), clinopyroxene, minor amphibole, magnetite and epidote; K. feldspar and quartz ore insigni­
ficant. Its contacts with the ultramafic rocks ore sheared and altered, and it cleorly is faulted against 
Lower Cr·etoc:eous stroto olong LOW' son Creek (see Figure 5). 

The remaining stocks and dikes in the mop oreo vary somewhat in composition ond texture. Oocitic 
dikes ore very poor in mofic minerals, while some dark gobbroie dikes ore rich in mofics. Distinctive 
porphyritic dikes witn Iorge zoned plagioclase phenocrysts ore especially common in the northeostern port 
of the mop oreo. 

Ages: The fossiliferous Humbug Mountain Conglomerate of Early Cretaceous oge unconformably 
overlies the Galice Formation and contains abundant fragments of Pearse Peak-type diorite as well as 
Galice materiel. Thus the Pearse Peak and related diorites in the mop area ore pre-Early Cretaceous, al­
though Diller considered them post-Early Cretoceous and pre-Eocene. He noted many "gabbro" and do­
cite clasts in the Cretoc.eovs conglomerates, but apparently he wos more imptessed by docitic dikes cutting 
$erpentinite1 the Iotter or which he was convinced must be post•CrGtoceous. That he was aware or the 
conflicting evidence is clear from his field notes (see Oott, 1966o for more details), but there is no hinr 
of thia in the publiahed folio. It was common practice at the turn of the century to interpret most contacts 
between ultramafic ond Cretac:eovs rocks as intrusive, whereas today there is adequate evidence of struc­
tural dislocation in practically all cases (Coleman, 1967). 

K-Ar doting of biotite from the Pearse Peak body yielded results or 141 ! 7 and 145 : 4 m.y. OS 
reported eorlier (Doll, 1965). One dote or 275 ! 20 m.y. From hornblende is regarded os SP<Jrious (see 
Tobie 3). Recently Mor-vin Lanphere of the U.S. Geological Survey obtained o K-Ar dote of 1 35 !  4 m.y. 
on hornblende from my somplc of the Broy Mountain diOf"ite m<I$S ( SW cor. T. 32 S., R. 12 W.). A gob­
broic dike cutting peridotite ( SEi sec. 34, T. 36 S . ,  R. 14 W .) earlier gave o K-Ar dote From hornblende 
of 130! 1 5  m.y. (This was from o smal l, rather isolated exposure that nON appears ro be o klippe, thus 
ia of limited value for interpretation.) The Collier Butte Diorite yielded a hornblende K-Ar dote of 
151 ! 1 2  m.y. (Oott, 1965). Recent K-Ar doting by the U.S. Geologico! Survey on hornblendes and 
micas From the Pearse Peok, Iron Mountain (T. 33 S., R. 12 W . ), ond Game Lake (T. 36 S., R. 12 W .) 
diorite bodies confirm tne range 135 to 145 m.y. fOt final cooling of most dioritic plutons in the region 
(Colemon, pefsonol communication, 1970). 

It appears that the fOfmotion or diorites or similar composition occurred widely in the Klamath re­
gion during Lote Jurouic time (Oxfordian to Tithonian). Those in Oregon correspond closely to the 
"nOrthern group" of plutons ( 145 to 155 m.y.) in northern California (Lanphere and others, 1968), of­
though the Pearse Peak and Bray Mounroin bodies moy be slightly younger. Collectively these pluton$ re­
flect a major episode of well-doted, c:lossi�;ol Nevodon plutonism. The isotopic dotes suggest o gop of 
perhaps as mveh as 10 or 15 million yeors be.....,een plutonism and Colebrooke metamorphism. Alternative­
ly, it is possibl• that plutonism and metamorphism were contemporaneous, if the schists remained above 
tt.e argon-fixing temperature (1 S00 to 2000 C.) longer thon did the diorites. Because or subsequent lorge­
s.cale structural dislocations; however, the plutonism and the metamorphism of the Colebrooke may not 
hove been os closely related either in time or space os hod been ouumed. 

At lecst two diaritic to gobbroic bodies within serpentinite messes appear to be mueh older than 
the others. The Saddle lv\ountoin pluton, which is only 2 miles nQf'thweJt of the Jurassic Collier Butte 
Diorite, yielded o K-Ar hOtnblende dote of 285 m.y., and o smoll gobbroic body within the intensely 
sheored Corpenterville serpentinite moss yielded o whole-rock K-At dote of 215 m.y. (see Tobie 3). 
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Such old dotes suggest on entirely different (probably svb-crvstol ) origin for these r�ks thon for the other 
d;odtes (MedC<;, ond Doll, 1970). 

Humbug Movntoin Conglomerate (Early Cretaceous) 

Definition: Widespreod ecorse, m0$Sive conglomerate wos discussed by Diller ( 1903a ), who noted 
thot it wos concentrated in the lower port of the "Myrtle Formation," which he hod nomed ( 1898) in the 
Roseburg quadrangle 50 miles inland. Later the Myrtle was elevated to group rank (Imlay and others� 1959). 
Diller found it very difficult both to mop the conglomerate and to discern structures within the .. Myrtle" 
rocks, partially due to his failure to recognize the great unconformity between it ond the dioritic ond 
metosedimentory Galice complex (figure 8). This error resulted pOftly from his belief that only o smoll oreo 
of ''Jurossic slates" existed in the Johnson Creek drainage, where one of his assistants had found fossils (see 
discussion of Galice Formation). In retrospect it is difficult to understand how Diller so underestimated 
the eontrosb between the unmetomorphosed Cretae�us strata and the slightly metomOf'phosed and intruded 
Galice. Recognition and troeing of the major unconformity between them wos a moior key to interpret­
ing the northern port of the mop area. One result wos the r•alization that the octuol or eo of "Jurassic 
slates" (Golite Formation) is about five times os great as Diller supposed. 

The term "Myole," although perhaps useful os o loose time�trotigrophic; de$ignation for Early Cre­
toceovs strata on the coast, has been abandoned as o formal rock unit nome here becouse the coastal strata 
ore lithologically distinct from the type Myrtle Grovp, ond physical continuity between the two oreos is 
interrupted by o wide zone of E�ene rocks. Koch ( 1966) named ond defir'led the Humbug Mountain Con­
glomerate for outcrops on Humbug h\ountoin, a bold promontory on the ccxnt in sec . 35, T.  33 S.,  R. 15  
W .  ( Figure l ) .  The formotion is at least 2, 500 feet th iek, ond appear-s to ronge up to 5, 000 or 6, 000 
feet both there ond along the Elk River, 4 miles to the northeast. Near the north edge of the mop orca, 
itisot least 1,000feetthickot MountAvery (lent, 1969), ond from 2,000 to 3,000 feet thick at its 
eostern limit in Copper ond Barklow Mountains (Figure 4 ). 
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Bosol (Nevadan) unconformity: In t 959 on expowre of the unconformity ot the bose of the Hum­
bug Mounta;n Conglomerate was d;scavered on Elk R;ver (SWiSWl sec. 8, T. 33 S., R. 14 W .), but ;t 
was 6 years before another locality was found. On the eost side of Copper tv\ountoin Oilier recorded in 
succession slate, diorite, conglomerate with 11Aucello piochii, 11 and on the west side of the movntoin he 
recorded "Avcello cros.sicollis. 11 Auc:ello wos wbsequently referred to the genus 8-uchio. Three miles to 
the north on the sovtfleost side of Barklow Mountain he reported o similar sequence from slates up to con­
glomerate. Using Diller's field notes as a guide, I wm fortunate, in 1965, to find the contact exposed 
on the east face of Borklow Mountain along a fresh logging trail (Dott, 1966o). Fossil control in older 
and younger rocks brackets the oge of the unconformity os eorly Eorly Cretaceous. ( Imlay end Jones 
[written communication, 19701 hove re-evaluated the collections reported in 1966os "Upper Jurosslc -­
Portlondian11; these ore now regarded as Berriasian or Valanginian.) 

Litholosy: Along Elk River, at least the lower 1,500 feet of the formation is so mossive that at­
titudes eon rarely be determined. The unit is very coarse there, containing boulders 2 feet in diometer 1 
but overoging between 2 ond 4 ii\C-het (Figure 9). Similar coor1e conglomerate also occurs above the un­
conformity on Barklow .V.OUntain. Partial columnar sections of the formation were published by Koch# but 
they reptesent highe.- ports of the formation in which more sandstone end mudstone occurs interstrotified 
with characteristic heterogeneous conglomerate .  Graded bedding characterizes mony of the higher beds; 
graded conglomerate units overage about 2 to 3 feet, but range up to 10 feet thick (figure 10). They 
ore best exposed on the southwest and northwest sides of Humbug Mountain, and on the headland just north 
of Myrtle Creek (sec. 19, T.  34 S., R. 14 W .). Alternating mudstone and sandstone units overoge o 
few inches in thickness, but some sandstone-s range up to 4 or 5 feet in thickness. The coorse, massive 
lower c;;onglomerates apparently represent deposition adjacent too rugged shoreline, probably olong oc­
tive foult escarpments, whereos the upper, portly groded sequence reptes.entt: um.suolly coarse turbidity 
current depo$its and groin flows (Koch, 1966; Aolto and Dott, 1970). Tho shallow-water fouils, which 
occur in conglomerote ond sondstone,otedisploced elements (see lmloy, 1959). 

Conglomerate closts, most of which ore moderately well rounded, include o variety of igneovs 
and metomotphie types clearly derived from the underlying basement, as well as some closts derived by 
scour of contempotoneous sediments. Koch ( 1966) found thot various igneous rocks comprised about 60 
percent, metomorphics 30 percent, and sedimentary only 10 percent of the clasts. Petrographic analysis 
revealed diorite, amphibolite, andesite, keratophyre, propylite, dacite, rhyolite, lopilli tuffs1 c-hert1 
schist, phyllite, slate, vein quartz, ond unmetamorphased sandstones (Koch, 1966). In the 8a'klow 
Mountain oreo, proportions ore similar, with more metomorphic clasts near the bose; igneous types arc 
about equally divided between porphyritic volc::anic:: and dioritic varieties. A few percent of white, milky 
quartz pebbles also ore present (Doll, 1966a). Farther north, Lent (1969) reported chert 30 percent, 
schist ar\d phyllite 20 percent, diorite 15 percent, volcanics 20 percent, sandstone 10 percent, and quartz 
50 percent. Fabric is not conspicuous in the conglomerates, but a slight preferred orientation of elongate 
clasts rnoy be seen in some units. 

The sandy matrix of the conglomerotes, os well ot interstrotified s.on<ktones, is angular, poorly 
sorted, ond heterogeneous in composition (Figure 1 1  ). In general, th& sandstones ore feldspothie-lithic 
(chert ) wockcs with 1 0 to 15 percent total feldspar ( 0 to 5 percent K feldspar), up to 25 percent quart-z, 
5 to I 0 percent volcanic clasts, and 60 to 80 percent sedimentary fragments (Koch, 1966). Of the lost, 
Koch considered 20 to 25 percent to be chert; however, it is probable that some of this is devitrif1ed val­
conic gloss that is very difficult to distinguish from true sedimentary chert; pebbles of similar materiel 
with white feldpsor phenocrysts occur in most of the Mesozoic conglomerates of the region. Variable but 
important amounts of phyllite fragments and serpentinite olao ore present, ond Lent ( 1969) reports law­
sonite, prehnite, clinopyroxene, ond garnet loc:ally in sandstones. The abundant matrix in the sandstones 
is dOfk, and is composed of c:hiOtite, illite, vermiculite, ond inte11trotified chlorite-montmorillonite 
(in order of decreosing obundonc::e os determined by J .  6. Hayes). Mudstones of simi lor composition in­
terstrotified in the upper Humbug /v\ountoin Conglomerate ore dark. gray to block, and hove scattered cal­
careous lerUes. Macerated plant debris and rare pelec::ypods ore concentrated in siltstone lominoe. 

Aae end correlation: The Humbug Mountain Conglomerate contains mollusks at its bose on Bcw-k­
low Mountain that hove been doted as Early Cretaceous (Berriasian or Valanginian) (Imlay and Jones, 
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figure 9. Coaorse Humbu-g Movnt<:�in Conglomc:roh: olong Elk River o few hundred feet above lfle bo�ool unc:on­
fOfmity ($Wa ae<: . S, T .  33 S . , R .  I S  W . ) . Nate the well --rounded shapes cf most ixxJider�, poor W�rting, 
and lock of perceptible stratification. light-c.clcred d0$1$ ore Peorse Peak DiC>fite ood darker one1 
( e$pec; i<:� l ly ongulor one at I err } Ote Galice melusedimenh and mc:lovolconic,. 

Figure 1 0 .  Graded conglomerate unih typical of lhe uppc' Humbug Mountoin Conglomerate exposed in first 
h�:adlorn;l just north of Myrtle Cree k, �ec: . 1 9, T .  34 S . ,  R .  1 4 W .  The c:ol"lglomerate here cor�loifl1 mol'ly 
block, faintly aloly pebble& derived from lhe Galice 1-ormolion . Dill� ( 1 903CI )  reported them to be 
schist, implying <hrivotion from the Cole brooke Schist exposed only hair a mile to the sOuth. His I irho­
logic termino�y wm $0m�"Whot misleading, however; more de-finite: Colc:brooke-likc pcbblt-s ore prcs>enl 
on the lower Elk River (1ee text ) . 
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Figure \ 1  . Comporhon of sandstone comf)Q�i lion� ror 1he Ouer !'oint ond lower Cret�eous (Humbug !Yoountoin 
o.nd Rocky Point) formations. Verti�;al ben 1eptesents :1 slondard deviation, and cross bar is the mean 
voluo.  Note tnfl gflnerol overlap of values (stippled) except for composi i E'  ( polycrystol l ine)  quartz. 
( After K�h, 1 966; Koch's doctoral th�uis ( 1963] contains much additional stotisl icol treatment of the 
compcsitionol data.) 

Figure 1 2. Cont0f't6d :toni! wlrhln alrernatlng graded sandstone and mudstone units typical of the Rocky Point 
Formation; pencil ptovides scale .  (Sea c l i ff neor Rocky Point about 1 .. 5 miles north of Humbug �ntoln . )  

25 



26 GEOLOGY OF THE SOUTHWESTERN OREGON COAST 

written communication, 1970). No f�sils ore known from the massive lower holr of the formation near the 
coost, but the pelecypod 6uc.hio c:ranicolli• occurs in the upper half throu9hout the region . As.socioted 
with Suchio on the cocnt ore tne o tnl"''ttnoids HoMoitos, Eod�moceros? , Soros l nello hyot, ond Phrlloc�ros? ,  
ond the belemno id Aui�Xot.uthis . This latter ouernbloge indicotei on Ecwly Cretac-eous Volan.g i nion) 
age IO< ot leost the uppo< holf of the foe-motion (Koch, 1�). Pouibly the largely bO<reo lower portion 
is somewhat ..iwioble in oge due to unconfonnoble onlop, but restudy of IW<:hio zones in the oreo by Jones 
( 1969) suggests that none of f'he fOtmotion is of late Juros.sic as•. 

The Humbug Mountain Cc>ngfOfMrote oppotently h correlative with ports of the Riddle ond Days 
Creek Formations of the formally derined Myrtle Group near Roseburg ( Imlay and others, 1959). Similcw 
faunas occur on the west side or the Socromento Volley, ond at scattered localities in tht Franciscan os­

sombloge of northern Colifornio ( S.Oiley end others, 1964 ). 

Rocky Point Formation (Early Cretaceous) 

Dt-finition ond lithology; Koc:h (1966) applied the term Rocky Point FOfmotion too sequence 
obol.lt 6,000 feet thick of alte-rnating son<ktones oncl mudstones, which crop ovt continuously in seo diffs 
north of Humbug Mountain ot Rocky Point in the NW! s•c:. 15, T. 33 S., R. l.S W. The unit also occurs 
both south ond -th of Pecwse Peok ond in the uppo< Elk Rlvlt 1yncline (Plate I, figu�e 4 ). lent ( 1969) 
�lieve:s that rhe formation moy be in excen of 8,000 feet in thickness. near the Sixes River. 

The Rocky Point F0rmoti0n differs from the underlying Humbug Mountain ConglotMrote in contain­
ing much feu (and finer) conglomerate. It is chotoctetized by groded sandstones ov..-oging from 2 to 5 
feet thick that olternote with b•ds of dorL: gray mudstone, which overoge from 3 to 5 1nches In thickness 
(figure 12). Granule and rine""'Pebble conglomerate is almost entirely confined to the bases of the graded 
sandstones. The pebbles ore composed of chert, igneous, and some metamorphic rocks. Tho sondstone.s 
ore compositionally and texturally Identical with those In tho upper Humbug MOu ntain Co�IOMtr(ltt 
(Koch, 1966). Av.,0$0 donsity of 26 sandston .. from both formations is 2.54 (rongo • 2.41-2.78). The 
two formations hove o grodotionol contoct, their distinction being orbitrwily determined by the highest 
significant cobble or boulder conglomerate. 

8e$ides groded beddi"9, the Rocky Point Formotlon c.ontoins some sole marla (both nutes ond 
grooves), fine crou lominotiOn, convolute lorninoe, ond o few ZOI\e.l of contorted Jtroto (figure 12; see 
also illustrations in Oott, 1963 ond Koch, 1966 ). Koch determined that paleocurrents flowed towordthe 
west. The Rocky Point sediments ptobobly were deposited lcwgely by turbidity currents. The coorsenes.s 
(excess of 6:1 ratio of C:O"'iomerate•plus--sancbtone to mudstone) qualifies the sequence os so�olled 
proximal turbid;,., (Aolto and Doll, 1970). 

Age and correlation : The Rocky Point Formation contains Buchio crossicollis , Sorosinello cf . �-
onoulota , � · cf . densicostoto, Ki l ionello , , and Olcostephanus ef. Q . quodrirodiotus 
of Early Cretoceous (Voloogini on ) age ( s.ee The � conmon ly ore concentrated in 
coorse sediments, �at Rocky Point; concentrations of Iorge plont debris oho ore eorrmon. The for motion 
is correlative with pot! of the Days Creek Formation n- Rosobu<g (Imlay ond othen, 1959), port of the 
Lower Cretaceous •equonco of tho Sacramento Volley, ond some of the Fronci«:on ossomblogo (8oiley ond 
othe<s, 1964 ). 

Undifferentiated late Jurouic oM Earl Cretoceous stroto ( 
of the eost�entra regior'l 

On the eou-ctntral edge of the mop oreo from Snow Camp Mountain to Agnt», undifrerentioted 
uppermost Jurassic and Lower Cretaceous stroto ( "JK") ewe present. The rocks were refttrtd to tho Myrtle 
Group by Imlay ond other> ( 1959). Burt ( 1963) ond I hove mopped them on Jacoby Sullo (near Collier 
Butte) ond along lowoon Crook to rho northeast (figure 5), ond Boldwin ( 1968) has lludlod thom at and 
south of Agrless. Coleman (unpublished manuscript) pouvlotes tl.ot most of the>o oreos cwe allochthonous 
upon ultramafic ond Colebrooke rocks. To dote no bct.ol contoct hos been s�n, although Tithonian mud­
stone ond conglometate ore preient at Joeoby Bvtte ond Sevenmile Peak. �t of rht undiff.,entioted 
droto 01e Cretoceov1 os indicated by Bvchio sp.cies and ommonoids (figt.We 5). No volconic rocks ore 
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associated, and the beds consist of well-stratified dark muddonc ond sandstone with prominent zones of 
very well-rovnded pebble and cobble ( "boll  beOfing") conglomerate. Jv\ost of the conglomerates ore 
well sorted cOO closely pocked. The lock of onocioted volcanic rocks, greater abundance of fossils, and 
less prominence of graded bedding together auggeat that these strata were deposited in more stable shelf 
or slope environments them those inferred for the Tithonion-oged Otter Point rock$ farther west (Aolto ond 
Doll' 1970). 

Undifferentiated strata ( "JK") north of the Sixes River apparently oil belong to the Otter' Point 
complex (lent, 1969), so ore discvssed below. 

Meso�oic Rocks a l ong th e Coast 

Otter Point Formation or complex (Latest Jurouic) 

Definition: A complex flysch-like ossembloge of steeply dipping end s.heored latest Jurassic block 
mud$tone, sandstone, conglomerate and volcanic rocks cropping out along most of the c:oostline from Cope 
Blacklock south to Whalehead wos named the Otter Point Formation by Koch ( 1966) in reference to a 
heodlond located 3 miles north of the mouth of Rogue River. The Otter Point lies north, west end 50Vth 
of the Klcmath-type roeks. previously described for the nCW'th pOf't of the mop oreo and adjacent to the 
Colebrooke Schist farther south. The formation is bounded almost everywher'e by foults. Although its ori­
ginal thickness is unknOW"n, it is ossvmed to hove been thousands of feet. There is little stratigraphic 
continuity within the Ottef Point rocks, for they hove been intensely sheared in many «eos (Figures 3 
ond 6 ). Sheared serpentinite pods and a few small mosses of diorite ore ossoc:ioted. 6ecou5e of the per­
vosive shearing, lock of preserved stratigraphic order, ond th• presence of exotic rock mosses, the Otter 
Point 01 a whole should be considered a tectono-stratigraphic complex or melange, rather thon o true 
rock-stratigraphic unit (Hsv, 1968). Exotic rocks, such crs serpentinite, ore not everywhere present. so 
that mony individual outcrops qualify os Hsu's broken formation; oc�essible examples occur ot the Heads 
in Port Orrord, and in the heodlands and U.S. Highway 101 rood c:uts in T. 39$., R. 14W, No formal 
attempt has been mode to diHerentiatc separate mCiange units within it. In spite of the rather chootic 
over-oi l character of the Otter Point, some lateral continuity of lithic units, such as conglomeratic and 
volcanic zones, certainly does exist as is shown on the mop. 

The Otter Point campi ex, besides being structurally complicated, is also the most lithologically 
varied unit in the region. Therefore, no single locality or stratigraphic section con adequately choroc­
terize it. For this reoson, Koch designated and il lustrated several reference c:-olumoor sections. Of the 
entire Otter Point, block mudstone and thin, fine sandstones �omprise roughly 30 to 40 percent, whereas 
c:oorse sandstones and conglomerates comprise from 20 to 30 percent eoch; volcanic rocks make up the re­
moinder. The type section is dominantly vertical, thinly bedded block mudstone and fine sandstone (Fig­
ure 13), with o thin volcanic bt-ec:cio at the t·op and pebbly mudstone at the bose . Either faint graded 
bedding or fine cross laminae occur in many of the sandstones, and light groy colcoreous nodules ore com­
mon in the mudstones. Mollusks and plant debris occur sparingly throughout (Koch, 1966 ). Elsewhere, 
portions of the unit are dominated by thick and coarse graded sandstone with only thin mudstone interca­
lations, such as Koch1s reference section neor Miller Creek in Sqvow Volley (6 mile-s northeast of Otter 
Point) and in Belemnite Cove 20 miles south ( NWi s.ec. 16, T. 39 S ., R. 1� W .), which Q(ea hos been 
referred to the Ouer Point since Widmier (1962) first studied it (Figure 14 ). A third distir\Ctive litho­
logic type is dominated by thick pebble-to-boulder conglomerate� both graded and nongraded, as in 
Koch's reference section ot Nesiko Beech� 2 miles north of Otter Point. Zones of ellipsoidal lovo:s and 
volcanic breccias ore distributed throughout the outcrop orca. They, together with massive conglomer­
ates, being relatively resistant to erosion, tend to be the most eosily mopped lithologies. 

North o( Sixes River, ·Lent ( 1969) has recognized Otter Point sediments and volcanic rocks in 
most of the orea shown os "JK" along the north margin of the present mop. He charoc:terizes it there os 
so sheered and discontinuous that no consistent trends could be discerned. He olso found serpentinite 
more or less randomly distributed within oreos of the Otter Point rocks. Diller �ollected Buchio piochii 
ot several localities north of Sixes River (lmloy, written communication, doted 1953). 
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Figure 1 3 .  Oller Point, 3 mile" north of tt.e mouth of Rogue River . Verticol block mvd�ron� ond tl-lin sandstones 
of the type section of the Otter Point Formotion ote overloin ot the right by light-colored Pleist�c:ne 
shollow-mOI'If'le sonds exposed on on elevoted rnar ine terra�;e. 

- · 

figure 1 4 .  Flysch-like sequence of thick, groded sandstone units oil emoting with muduone in the Otter Point 
ot "B-elemnite Cove" ( NWl �cc . 1 6, T .  3'9 S . ,  R .  1 4 W . ) .  Grccled bedding end sole morks sh<m thor the 
$cquence is overi\Jrned . It was depo$lted by turbid i ty currents thot flowed from 10uth-southwest to norrh­
northeou . This sequence represents o Iorge block of well-)trotified )lroto �unounded by inten)C'Iy iheored 
Otter Point conglomerate ond graywacke; thu1 it is o block w i thin (J broken formation t�rrone (1"• H,u, 
1 968 ) .  
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Conglomerate: The conglomerates ore as variable os they (l(C conspicuous. Prominent conglomer­
ate sequences, some with boulder-size material, occur from Houstenaden Creek (sec .  9, T. 39 S., R. 
14 W . ) to Wha1eheod Creek (sec. 3, T. 40 S., R .  14 W.) (W;dm;er, 1962; Aolto, 1968 ), on the no<th 
bonk of Rogue River from Squcrw Volley rood in sec. 9 eastward into sec. 1 1 ,  T. 36 S., R. 14 W., and in 
the lower Pistol River oreo. Most common ore massive, ungraded conglomerates composed of well-rounded 
and well-sorted chert pebbles with high sphericity . Next in abundance ore less sorted pebble conglomer­
ates with considerable sandy motrixi many, though not oil of this type, $how graded bedding as in Koch's 
Nesiko Beach sectiOn . Penecontemporaneous mvdston� clc»ts tend to be abundant in these. 

Coarse, massive, but poorly sorted conglomerotes with mo"y rounded boulders and cobbles, while 
len abundant over-ell, ore conspicuous becoose they ore os much os 100 feet thick or'd Ofe well exposed. 
Notable examples occur ot Indian Sands headland near Wholeheod (sec. 331 T. 39 $., R. 14 W .), where 
bot� lders os much os t . 5 feet occur, and intermittently in headlands frOm Miller Creek (sec. 16, T. 39 S., 
R. 14 W.) south to Thomas Creek. They ore inters,troti fied in o sequence of finer mouive conglomerates, 
graded sandstones, ond thin mudstones (Figure 14 ), oil of which hove been intensely fractured and s.heaed 
(Widmier, 1962; Aolto, 1968 ). One of the m0$t beautifully rugged portions of the entire Oregon coast 
wos carved from thew rC"Sistont rocks in the 6-mile stretch from Houstenaden Creek south to Whalehead 
(Plate I; see Figure 35 ). Sugarloaf Mountain (sec. 34, T. 31 S . ,  R. 13 W .) contain$ coors,e conglomer­
ate tentatively referred by lent (1969) to the Otte.- Point, but blueschist clasts reported to be present 
suggest that this example oetuolly may repre1ent o younger formation. 

Smaller con.slomerote pebbles ore composed chiefly of black, gray, green and red chert, less 
abundant in various size:s ae andesite, keratophyre, porphyritic greenstone, dacite, white vein quartz, 
phyllite, and, in the coarsest closts, dioritic, granodioritic, and gobbroic varieties ( Koch, 1906; Aolto, 
1968). Penecontemporaneous mudstone ond sandstone closts os well OJ rore mollusks, belemnoids, ond 
plant debris also occur sporadically. Presence of many coarse plutonic clasts near Wholeheod suggests 
proximity of that oreo 10 Q rvgged te-ctooi�W i$1Qnd dvring late$1 Jyr�$ic time. 

Rare but distinctive unsorted pebbly mudstones occur neor Otter Point, in the southwest foce of 
Cope Blanco (Figure 15), at the Sisters Rock rood junction with U.S. Highway 101 (s•c. 31, T. 34 $., 
R . 14 W .), on the north side of "Belemnite Cove, •• ond at Indian Sands headland neor Whalehaad. By 
for the most spectacular example ;, ot Cope Blanco, ;llustrotcd by Dott (1 962; 1963) and by Aolto and 
Oott ( 1970) (see Figure 34 ). A lenticular mau 60 feet thick and half o mile long ·of unstratified and 
completely mixed sediment slobs os much os 20 feet long, rounded pebbles and boulders os Iorge os 3 feet 
in diameter, Iorge chunks of trees and belemnoids are all set in a muddy ond sandy matrix that comprises 
about half of the rock. The moss is overturned, and occurs intentrotified with thick, graded soodstone 
units as much os 7 feet thick, which display sole marks formed by currents that moved in on east-west sense. 

Sandstone: Thin, fine sandstone occurs throughout the Otter Point, although thicker and coarser 
sandstone is prominent locally (Koch's reference section necx- Miller Creek in Squaw Volley, ot "Belemnite 
Cove, •• and at Cope Blanco). Most of the letter show graded bedding, but sole marks ore rorely seen. 
Mudstone clasts, plant debris, and rore mollusk shells ore also present. 

Petrographically most of the sandstones ore feldspathic and lithic (chcrt-voleonic:) wockes. They 
contain les.s thon 5 percent K f•ldspor, less than 6 percent polycrystalline quartz in contrast to lower Cre­

taceous sandstones (Figure 1 1  ). In volcanic zones, volcanic detritus is predominant (Koch, 1966; Aalto, 
1968). Lent (1969) distinguished two sandstone types nOfth of the Sixet River --o massive feldspOf-dch 
variety with 2 to 3 percent K feldspor, ond a darker, lithic variety with relatively less quartz. and feldspar; 
white veins or laumontite also ore present. The typical dark color of Otter Point sandstone re-sults from o 
predominantly chloritic matrix (X-royed by J. 8. Hayes, written communication, 1964) os well as on 
abundance of dark chert, mudstooe and other rock fragments. The overage density of 60 sandstone samples 
;, 2.61 (rooge = 2.26 - 2.85). 

Volcanic rocks and bedded chert: The volcanic rocks ore predominantly keratophyre, bosalt (and 
spilite ), pyroxene Qrlde5ite, ond propylite (Koch. 1966). Some chemical analyses ore presented in 
Table 2 .  Aphanitic textures (J(e most common, but o distinctive type of porphyr-itic pillowed bosoh with 
white plogioclose phenocrysts os much os half on inch long is widespreod (Figure 16 ). Examples ore ex­
posed of the mouth of the Sixes River and on Bloeklock Point, along Rogue River (sec. 2, T. 36 S.,  
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Fivure 15. Specloculor umtrotHied pebbly Mudstone moss in Oller Point rocks on the west foce of Cope Blanco. 
Normal, stratified graded groywockes at bollom of view $�,ow overturning, !f-lus were deposited upon o 
submotine mudflow Itt at prodvc::ed o len� half o mile wide and 60 Feet thick ( moxlmum ) .  The deposll con­
tains chootic �dimenh w1th large chunks of wood, beletMoids, and a l l  $izes of c lastic sediments. Note 
sla� of lfolinly bedded Otter Point sediments within the man. (Sec al$0 Dott, 1962 and 1 963 ) .  

Figure 16. Oncr Point �illow bor.oh with c;onspicoous coorsc feldspar phenocrysts exposed on Pistol River 
( NEi sec . 22, T .  38 S . ,  R. 1 4  W . ) .  Such porphyritic pillow lava seems to be ehoracterlstlc of the 
Otter Point. 
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R. 14 W., south of ROl)Ue Rh.er (in SW:I sec. 28, T .  36 S., R. 14 W .), on Hunter Creek (sees. 20 to 21, 
T ,  37 S . ,  R. 14 W .), on tho north side of Sundown Mountain (SWi sec . 3, T. 38 S., R. 14 W.), on 
Pistol River ( NEi sec. 22, T. 38 S., R. 14 W. ), ond ot Crook Point (see Plate II). Besides pi I low struc­
tures, flow rocks locally s.how vesicles and omygdules. Minor tuffaceous rocks aiK> ore associated locally. 
lent ( 1969) found zeoli tic metomorph ism ( loumontite-prehnite-quortz) to be prominent in Otter Point 
volcanic rocks near a thrust contact with Colebrooke schists at the north edge of the mop oreo. 

Volcanic breccias of dioritie and gobbroie composition ..... some with diobosic texture .... ore wide­
spreod and hove bee-n a sovrce of confusion. They ore best seen in well-woshed outcrops in streams Of' sea 
cliffs. The frogments typically ore 1 to 2 inehe-s ocrOis, but may be slightly coarser. Two varieties of 
breccia eon be distinguished. One has speckled, angular fr"ogments oil of identical texture ond composi­
tion, whereos the se-cond hos t-ypical diobosic clasts mixed with dotkef and fine.- grained fragments os well 
os a few cao.rset diotitic one-s (Figure 17); sedimentary rock fragments ore almost entirely absent. What 
little matrix is present appears to be chloritized, fine-grained igneous material. Characteristic associa­
tion of the breccias with pillowed volcanics of similar composition suggests that they ore ex:plosion brec­
cias or agglomerates erupted from the some wbmorine vents os the lavos. Their ongulor, unsorted texture 
and absence of in-mixed sedimentary debris wggest that the breccias formed in moderately d.eep water be­
low the deepeit wove agitation. The breccias are present in most of the thicker volcanic: sequences, bvt 
ore most occe.ssible in Hunter Rock next to U.S. Highway I Ol (center sec. 12, T .  37 S ., R. 15 W .), 
just sooth of Crook Point, on the summit of Sundown Mountain, in o single thin zone ot Otter Point, on the 
beac-h at Sisters Rock, end within volcanic .zones on Hunter Creek end Pistol River. A few dioritic ond 
gobbroic dikes with textures and compositions much like that of the bteccia fragments occur within the 
Otrer Point Formation. Because of their similarity end common proximity to volcanic zones containing 
breccias, it is os.s.umed that these, too, were emplaced during volcanic episodes (see Table l ). OikC$ 
and breccias isolated from obvious pi llowed rocks, however, ore more problematical. Identical breccias 
and pillow Iovas occur in the Franciscan or California. 

Bedded chert occurs in small, lenticular mosses within several volc0t1ic-rock zones, most notably 
on the south side or Blacklock Point" oround Sisters Rock, just east or Gold Beach (SWi sec. 5, T. 37 S., 
R. 14 W.), and along lower Hunter Creek. Color varies omong white, gray, bloc-k or bfown, red, ond 
green. Both Koch (1966) ond Lent ( 1 969) identified rodiolorion tests in sever"ol samples, but most of the 
chert has been recrystoll i zed. 

Aae and correlation: Besides plant debris ond Radiolorio, fossils include Buchia piochii, belem­
noicls, ammonoids ( Phylloceros? and Protoconthodiscus crossi ) (Koch, 1966 ), end on ichthyosour rostrum 
(Camp and Koch, t966). Though fossils ore not common in the Otter Point, � piod\ii of lohut Ju­
rassic (Tithonian) age occurs widely. Hsu ( 1968) notes that m'longe sequences ore difficult to dote in 
the conventional sense, becouse tectonic processes moy hove brought together" blocks of diverse ages. The 
very wide distribution of Buchio piochii and the complete absence of fossi ls of any other age, however� 
suggest that the Otrer Point contains only Tithonian stroto. 

The Otter Point rocks hove been correlated with the Riddle Formation near Roseburg (Imlay end 
others, 1959), the Knoxville Formation of the northwest Sacramento Volley, and port of the Franciscan 
ossembloge (Bailey ond others, 1964 ). or those unita, the Otter Point most closely resembles the Fran­
ciscan both lithologically ond structurally. Further discussion of possible relationships. with the Franciscan 
.and the enigmatic Dothan Formation opp4;ors below . 

Cope Sebastian Sandstone (new nome ) (late CretoceOV$) 

Occurrences of Ueeer Cretoceous strata: In two rcstric::tcd or cos, Upper Cretaceous ( Ccmponicn­
Moestrichtion) strata occur on the coost, end they contrast markedly with oil older units. The forger oreo 
encompasses about 30 square. miles ot and south of Cope Sebastian (west-central port of mop area; see 
Figure 18 ond Plate II), o smaller one covers only o few square miles north of Blacklock Point (northwest 
corner of mop oreo). A third oreo of po»ibly equivalent-age rocks has been mopped by Lent (1909) north 
of the Sixes River ( r'W)t shown here). Although locally the Upper Cretaceous rocks hove been folded, 
faulted and intensely rroctur&d, over .. oll they ore distinctly less indurated and deformed than most of the 
older rocks. Wv:Jreover, they lock ossocioted volcanic rocks, ore petrographically distitw:t, and contoino 
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Figure 1 7. Volcan ic �eccio d�ely assoc iated wi� pi I law Iovas olo119 Pistol Rivef . Note unsorted ongulw, 
clo��Y po�ed noture of fine "diabmic · frosments mixed with coo�er "dioritic;" ones. Such b-ecc;io is  
charactcri\tic of most major 70IIf'$ of volconic roci<J in the Otter Point, Coleb-ooke, ond Dothan vnih, 
or\d also ;, present In the rrol')(;iscon of Coli fornia . 

Fig1.1re 18 .  Cope Sebastian al'\d Hunteri Cove from the wvlh with the ITIOUth of Myers Creek ol r i�t cemet 
( taken before new U . S .  Highway 1 01 was bui l t  along the shore in middle distonce).  Manive Cope 
Sebo$tion Sandstone forrm the Cape heodlond, ond the sholy Hunter$ Cove Formation underlies the 
entire ridge to the right of the Cope wmmit ond the north shore or the Cove . Blocks and stocks in the 
middle ground ore Otter Point roclu within the Pistol Rrvet sheor zone, which posses from the light-gray 
polch of $Cfpc:ntinitc ( left of tal lest spruce tree ) diagonally northwest over the Coptt . 



MESOZO IC ROCKS ALONG TH E COAST 

r f igure 1 9.U��� t::.lj>ltoceou� stroto ( l lvnter$ Cover Founotion ) e.��posed ot low tide in the northwt."$1-plunging 
·;.,, ISioc!CiO<;k $�t 1 Tne just r1orrheost of Slucklock Point ( VI .  edg4:, T .  31 S . ,  R .  1 5  W . ) .  The thic:k sand­

stone unih �own ore the uppermost pert of the Cretaceous section exposed lkere; more shale or\d thinn« 
sandstones chaac:terize !he lower part. The sync I inol a>Ciol troc:e closely porollels the 81ocldoc:k Point 
foult (see im.et, Pl . l ) .  A spectoc:ulor ongulor unconformity with overlying Miocene sondstonC$ ( "Empire 
fOfmot ion " )  occurs in the sco cliff to the rrght of this view . ( Photograph by D. l. Morgridge ) 
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d i fferent suite of sed imentary structures. Di l ler referred the Blacklock strata to his  11Myrtl e  Formation , "  

and, o l though he never pub l i�hed reports of the Cope Sebastian area, he did col lect diagnosti c f05sils on 
Myers Creek near lhe Cope { see Popenoe end others , 1 960 ) . Butler and Mitch e l l  ( 1 91 6 )  ond We l ls { 1 955 ) 
erroneous ly  referred the rocks of the Iotter area to the Eocene . I n  1 955, H .  V .  Howe of Louisiana State 
Un i versi ty , whi le working for Humble O i l  & Refi ni "!) Co . ,  found Upper Cretaceous Foraminifera i n  sha les 
in  that orca, and subsequently W isconsi n geologists found more fossi l s .  M.op distribu tion and descriptions 
of the Upper Cretaceous rocks hove been publ i shed by Howard and Dott ( 1 96 1  ), Dott and Howard ( 1 962 ), 
and Dott ( 1 962, 1 965 ) .  Two new Format ions, which were descr ibed by Howard ( 1 961 ) and Howard and 
Dott ( 1 96 1  }, ore named herein . 

The Upper Cretaceous stroto ore i ntense l y froctured near steep Cenozoic Fau l t  zones such as the 
promi nent Pistol River shear zone, wh ich extends from Cape Sebastian southeast at least to Corpentervi l le .  
Northwest-trending folds of varying scales also are prominent w i th i n these rocks ( Figure 1 9 ) .  local  over ­
turning end thrust faulting characterize the southernmost end of the sequence south of Pistol R iver , where 

o few mafic s i l ls hove been i ntruded into the Upper Cretaceous sediments ( Plate I I ,  i nset 8 ) . 

Defini tion of Cope Seba,stion Sandstone: A very massive , l ight-tan-weatheri ng sandstone approxi ­
matel y 800 to 900 feet thick forms the steep Cape Sebastian headland ( Figure 1 8 ) , and under l ies a large, 
fau l ted sync I inal structure that extends southeast from there to the Pi sto l River . I t  also moy be present in 
o struc tura l ly comp lex area 4 mi les farther south, and in small  outliers of faul ted sandstone o few mi les in­
land ( see Plate I I ) . This formal ion is not known elsewhere in southwestern Oregon unl ess it is present on 
Edson Creek near Sixes River ( Lent, 1 969 ).  Although named for the cope , the type section measured by 
Howard ( 1 96\ ) is on the south side of the first head l and immediately north of the cape i tse l f  { on th e l ine 
between sees . 25 end 36, T .  37 S . ,  R .  1 5  W . ) .  The type section wos so chosen because I he west face at 
the cape is v i rtua l l y  inaccessible,  and i t  is fou l ted so that a depositional contact wi th the over l ying 
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formation is not pr·eserved. The bos.o of tho fotrnotion lie-s bel� U"O level, but abundant conglotMrote 
ond eoorst sandstone in the low« 200 feet of tho sea cliffs is interpreted to be very near the bosol contoct 
(Ogvre 20). A similar situation exists in Myers Creek below the old U.S. Highwoy 101 bridge otonobon­
doned quor,.-y in monive sandstone (NW� N Et sec. 7, T. 38 S . ., R. 14 W .; Plate II, insot A), which is 
designated as a reference locality. Str-ike in mudstones of the Otter Point downstream show o 600 discord­
anco with that of the basal, conglomeratic Cope Sebostion Sandstone in the qvcwry. The unconformity op• 
pears to be exposed in o roodeut on old U.S, Hlghwoy 1 01 o quarter of o mi I e south of Wi I elwood Inn 
(sec. 7, T. 38 5 ., R. I4W.; see Plote ll). A thin, poorly cemented bosol conglomerote with pebbles 
and cobbles of graywacke, volcani�, ond dlorltic rocks underlies mcuive sandstone. At lee�� I Ofltdovghnut­
ohoped clast hod been bo<ed by o pl>olod clom, as hove mony modern beoch cobbl ... One-eighth ol o 
mile north of the Pistol River store, mouive sandstone with c.o(lr1e �onglomerote lenJes oppeors to reptes.nt 
o bm.ol 2.0f\e resting uncOnformably upon� ond dipping steeply owoy from, tn0$Sive, fine C0"81ometote and 
groywocke ol lhe Otter Point, which lor .. lho hill by lho Pbtol Rive< school hovse. The upper port of the 
formofiOfl grode:s inseftSibly into tho overlying sholy Hunters Cove Formation (Figure 20). 

lower conglomeratic portion: At oil of rhe obove locolititi, the conglam.,ote occun os lens.es, 
which very from 3 inches to about 3 feet in maximum thickness. Th.ey contain o mixture of rounded clasts, 
ond o lew units ohow crude groded bedding (Howord, 1961 ). In the type section ond ol lho bose of the 
cope proper, s.everol zones of the lower c�lol'l"'erote coniist of up to 80 percent light-grey, oblate cal­
careous fragments os much os I foot long, ThHO pro�;umobly come from nodules in certain mudstone iO .. 
quancos of the Otter Point complex. Also ouocioted ere rounded clasts of volcanic rocks (some with 
conspicuous Iorge felckpOf phenocrysts typical of c.ertoin Otter Point volcanics; see Figvrc 16), white 
quartz, rare dioritic claus, and Iorge, nearly spherical boulders of sandstone identical with typical Cope 
Sebastian sandstones. The Iotter ore interpreted en concretions formed by locoli&ed eorly diagenetic 
eeme��lolion lollewM by seour ond rodeposltlo". They �re ehoroclerislic ol mosl Uppor CJolocoous con­
glomorotes in the region. Prominent conglomerate of uncertain stratigraphic position wlthin tho formation 
occurs north of the mouth of Houstenaden Creek ( NW! sec. 9, T. 39 S., R. 14 W .), along U.S. Hlgh­
woy 101 in the NWiSW:I sec. 30, T. 37 S., R. 15W.,  ond in SW:I sec. 33, T .  37 S . ,  R. I� W. 
(Piole II; especially insets A ond B.) 

A little below the ridge top in the SWlSE! sec. 16, T. 38 S., R. 14 W., o neorly verticol section 
of unuwol brec:do thot oppeors to be or sedirnentory otigin con be seen in contact with block, hard mud .. 
stone of the Oner Point formation. The breccia, which is crudely stratified through on Interval of 40 to 
SO feet, contains poorly JOrfed c:lc:.h of Ott« Point sandstone� fine c.onglomerote� ond fnJd.ltone frogments 
up to .5 reel long set either in o mudstone or COCNe soncktone matrix. Som6 rounded bould.rs of Cope Se­
bastian Sandstone type occur necr the top. As.sumi.--g it is sedit'l'le'ntory, deposition of this unusual material 
must hove been in o relatively more protected environment than that inferred for the other bosol dcposih. 
The pos.sibility that this is o tectonic (m,lon�) brecc:io cannot be ruled out at this time, however. 

Upeer massive �ndstone: Conglomoroto lenset ch«octerize the lower one•third to one-half of the 
formation, whereos the remainder consists chiefly of moderately well sorted, very massive, fino· to medium .. 
grained sandstone with on overoge lptcific grovhy of 2.51 (range: 2.37- 2.75). A very distinctive kind 
of box-work Of honeycomb weathering chorocterizes the sandstones where eJCposed In seo cliffs. Fostoon 
crou stratification with amplitudes generally of 5 to 1 0  Inches con be seen �radically; they ore belt 
displayed in the type section ond on the southwestern ond southeastern foces of Cope Sebcntion ( Figuro 21). 
Ripple marks also ore present. One wspects that cross stratification is more or leu universal� but outcrop 
conditions rarely rev� I it. 8oth thin conglomeroto lenses ond shale zonCl oho occur. 

The sondstones ore composed or about 40 to 50 percent quort-z., 20 �cent plogiocl"e, 10 to 1.5 
percent K feldspar, S to 1 0 percent volcanic roc::lu, 2 to 5 percent mica, 2 pe:rcont chert, ond oboul 2 per­
cent sondstone and lft.ldstone clasts; mohix generally is leu than 10 percent. Groins ore wbtoundod and 
t« t i ng is mocf.ef a It' . 

At least !he foss;l;rerovs upper po<t of lho Cope Sebostion Soncktone (figu<e 20) cl-ly wos mo­
rin•, and wos formed in o slrOngly agitotecl environment. INlny features of tf.te rortnOtlon ore similar to 
thc»e of the Pliocene•Pieistocene marine terroce deposits along the present eoou (see Figure 3J ). It is 
assumed thot proc::tically oil of the Cope Sebostlon Sandstone represents littoral ond neritic deposition. 
Pol.acurrent data show a wide variation; in the type cweo, currents were tow-cwd the southeast, but 
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Figure 2, . EJCceptionally well -eJCpo$ed trougfl-type era$$ bedding in the middle part of the Cope Sebastian 
Sandstone on the southwest foce or the Cope . Incipient box -.vorl.. weathering so typical of al l Upper 
Cretoceous son<htones on the coost con be 1een o1 !he boltom center . 

Figure 22. Typical Hunters Co..,e Formation dlsharmonlcol ly folded at the norlh end of Hunters Cove ( NEl $ec. 
1 1 T. 37 S .  1 R. I 5 W. ).  Nate the rly$ch-1 ike clH;�rocler of al  ternoting !hale omhormtonc . Additional 
sedimentary feotures were i l l�ntruted by Doll ond Howord ( 1 962). 
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Figure 24. Unuwol conglomewotic sondstone mass opproximotely 20 feet �hick within �he Hunter• Cove Forma­
tion south of Crook Point ( Moc k  Point, SEl sec . 31 , T .  36 S . ,  R. 1 4  W .; �" Plote I I ) .  Lorge rounded 
boulders ore interpreted os eroded concretions formed by local early cumuntotion or Upp� Cntloceous 
sondJtones follow&d by scout in bioad channels. Note cross bedding in the coone ,andstono. 

e lsewhere they were toward the east or local ly to the west . 

Hunters Cove Formation ( new name ) ( Late Cretaceous ) 

Definition: A sequence of al ternating thin sambtones and mucbtones at l e0$t 700 to 1 ,  000 feet 
thi c k  is here named for Hunters Cove on the south eastern side of Cope Sebastian where excel l ent exposures 
exi :�>t { Figure 22 ) .  The sandstones weather to dark gray or brown, wh i l e  the mudstones weather to a dark 
olive color . The I otter di ffer from Otter Point mudstones, which they resemb le  i n  isol ated outcrops, in  
being softer , ond i n  weatheri ng to o l igh ter color . 

The type area of the formation is designated as the entire nec k of Cope Sebastian extending from 
Bl ock Rock in  Hunters Cove north to the first headland north of Cope Sebastian ( P late I I ) . The type sec­
tion l ies direc t l y above that of the under l ying Cape Scbadian Sandstone in lhc I otter head land, where the 
contact reI at ions ore wel l exposed ond foul ts and dishormoni c folds are not so preva• l ent as they ore at the 

cove . A l though easi ly overlooked there, the east boundary foul t of the Pistol River shear zone posses 
diagona l l y  across the cepe, producing marked discordances. of str i ke and considerab le  fracturing of odia­
cent strata; the Hunters Cove Formation occupies a major sync l i nal structure j ust northeast of the sheer 
z.on e .  The orig i no .l top of the formation is unknown, far everywhere it is over lain unconformably by Guo­
ternary grovels, dune sand, or col l uviu m .  I t  i s  very deeply weathered next to the cepe and on most ridge 
crests . Sedi mentary structures and l i tho logic variations ere best displayed in sea c l i ffs south of Pistol Riv­
er , al though its  strat igraph ic re lationships ore l ess c lear there then in  the type area ( F igure 23 ) .  Simi lar 
strata also assigned to the formation occur near Blacklock Point ( Dott , 1 962 )  and north of Sixes River 
( Lent, 1 969 ) . 

The Hunters Cove Formation var ies great l y in the proportions and relative thicknesses of interca­
lated fine sandstone and mudstone . Typica l l y ,  sandstones overage 2 to 3 i nches and shales about 1 0  to 1 2  
inches for a sond-shole ratio of l : 3 .  Rarely is the sand-shale ratio len then 1 :3 ,  but i t is greater where 
sandstone units much th icker than the overage ( up to 1 0  or 1 2  feet ) contain very th i n sha l e interca l ations, 
for ratios greater thon 1 0: 1  { Figures 23, 24 ) . Petrographical ly the sandstones are i dentical with those of 

the Cope Sebast ian , except that mice is more prominent . The mudstones ore mostly ch lor i te-vermicul ite,  
with l ess amounts of montmor i l loni te, and onlly troces of i l l ite ( os identified by J .  B.  Hayes ) . In a few 
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Figure 25. Coovolut� lamination in fine sandstone w i thin a th ick mos.l intentraHfled witn more normal Hunlen 
Cove $htlla il"' Burnt Hi l l  Cove ( NVIl �c . 5, T .  39 S . ,  R. 14 W . ;  see Plate I 1 ) ..  Note 1m0l l -cmplitude 
erou bedding below ond sharp huncotion of convolut�d zone above . The eontOftion is interpreted � oc ­
curring during o temporary quick.sond (I fqulfactlon ) state due to an increase of bed shear by a sudden in­
cr.eose of current veloc ity . 

39 

Figure 26 .  Hunters Cove Formation exposed jus I 
north of Blacklock Point ( T .  31 S . ,  R .  I S W .), 
showi� convolute lamination ond small ­
amplitude cross laminae. Graded 'oltdding is 
more· common in scnclstone beds here lhon in 
the Hunters Cove formation farther sou th .  
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oreos (notoblyolong U.S. H;ghwoy lOl, NE:INW:I sec. 9, T. 39 $ . ,  R. l4W.)<>eorlypure mudstone 
with light gray calcareous nodules occurs. 

The lower transition zone is at least lOO feet thick in the type section. Upper Cope Sebastian 
Sond.storle units 2 to 3 feet thick olternote with siltstone and very fine sondlolonc that weather to fOtm re­
entrants much os do the mudstones of the Hunters Cove Formation. Rusty iron-oxide staining is commOn 
in this interval, as is coarse plant debr'is; fine cross lamination and burrow structures chaocterize the 
finer intervals. Rusty-colored strata, possibly representing the vpper Cope Sebastian Sandstone, also ore 
prominently exposed in a creek and heodland in the NWiNW* sec. 9, T. 39 S ., R. 14 W. The transition 
zone clearly records Q progressive change from strongly ogitated depositional conditions to quieter condi­
tions only intermittently interrupted by the introduction of sond. Mudstone inc.reoses and sandstone de­
creases upward in the transition zone until typical Hunters Cove lithology finally prevoib. Because of 
the subtle gradation, formational assignment of isolated outcrops of alternating thin mucktone end thick 
sandstone beds is very difficult. Noteworthy is thick sandstone involved in thrust faulting in sec .  5, T .  
39 $., R. 1 4  W., which is questionably assigned here to the Hunters Cove Formation (Plate II, inset B), 
because it is intimately ossocioted with shales typical of thot formation. Howard (1961 ), on the other 
hond, referred it to the Cope Sebastien Sandstone, with which it is practically identical. Of special in­
ter·est in on overrvrned portion of this problematical sequence ot the foot of o sec cliff (SE! sec. 5, T. 
39 S., R. 14 W.) is on unsorted pebbly roodstone -- o lithology not expected within o moderately well­
sorted fine sandstone sequence. 

The typical Hunters Cove Formation hos the superficial appearance of flysch sediments. The send­
stones display abundant sole marks (for example, flute, groove ond prod marks ), fine cross lamination, 
outstanding convolute lomir\Oiion (Figure 25 ), end o variety of burrow structures (see Oott and Howard, 
1962). However, the)" ore coMpicuovsly poor in graded bedding; insteod, cross lominotion generally 
extends to the bose of each unit. It is inferred that intermittent tractive currents of modest competence 
rather lhon suspemion ( lurbidily) currenhwcrc relj)Onlible for the deposition of these sands, No diag­
nostic bathymetric indicoton hove been discovered, but the Hunters Cove sediments probobly were de­
posited in grodvolly deepening water that wCIS olwoy-s below normal surf agitation, and thus probobly wO$ 
severo I hundred feet deep. Paleocurrents were toward the east and southeost. 

Coarse sandstone boulder conglomerates (figure 24) ore well exposed in light-ton cliffs on the 
eost side of Hunters Cove near Block Rock end ot Mack Point (three�uorters of o mile southeast of Crook 
Point). 8oth outcrops ore interpreted to be lenticular m0$Ses within the Hunters Co"e Formation. A thick 
but fine sandstone moss 15 to 20 feet thick also occurs on the headlands on each sid� of Burnt Hill Creek 
Cove (sec. 5, T .  39 S . ,  R. 14 W. ). The Iotter is characterized by alternating %ones of ripple .. drih cross 
lominotion, s�ctaculor convolute lomir,otion (Figure 25 ), end parallel lamination (see Oott and H<7N­
ord, 1962 ). Intensely contorted sandstone bolls cxcur in mudstones beneath. It is inferred that oil of 
these thick, seemingly onomoloua sandstone mosses within the Hunters Cove Formation ore broodly lenti­
culor, channel-like deposits (Figure 23). They may represent deposits seoword of o deltaic: complex, or 
possibly some kind of deeper marine channel sends. 

Hunters Cove Formation north of Blacklock Point: In sea ciHfs extending for half o mile northeo-lt 
from Bloc:klock Point (sec. 19, T. 31 $., R. 15 W .), I ,500 to 2,000 feet of stroto tentatively carrclotcd 
with the HuntOfs Cove Formation ore folded into o brood, northwest-plunging syncline (Figure 19; Dott, 
1962). At their south mo.-gin, lowest sholy stroto ore faulted against brKcioted serpentinite along over­
tical, northwest-trending contact (see inset mop Ol'l Plate 1 ) .  The highest stroto ore overlain unconform­
ably on the north rlonk of the syi\Ciine by massive, late Cenozoic sandstones end conglomerates, which 
form high c:liffs extending north to Floras lake. Pleistocene marine terrace deposits in tvrn truncate oil 
older rocks and c:op the sec cliffs above on elevation of 120 feet. Pholod borings chorocterize the Cre­
taceous sandstones directly beneath those grovels. 

Coffelotion of the Blacklock strata with the Hunters Cove Formation wos first SYggested by simi­
larity of induration Md strucrvrol style, by the alternation of sandstone end mudstone (especially as seen 
in the volley on the northeast side of Blacklock Point ), ond by presence of peculiar box '""Work or honey­
eomb weathering of sondstones (c. f. Figure 21 ). Petrographically the sandstones of both sequences proved 
very simi lor os well. Unlike the typicol Hunters Cove Formation, however, the upper three�uarters of 
the Blacklock section hos more ond thicker sandstones, which show considerable graded bedding in units 
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containing coarse sand or granules (Figure 19). Cron lamination typically is or the small-amplitude va­
riety, and is commonly associated with much convolute lamination in the finer zones (Figure 26 ). 8ut 
foint, lorger amplitude, inc;:lined laminae and scour features also occur in some thick sandstone beds near 
the top of the section. Mony sandstone unih ore From 3 to 6 feet thick, and several ore o.s much os 8 to 
1 0  feet thick. Whereos the sond-shole ratio in the lower port is about 1:4, in the upper portion of the 
sequence it overoges from 4:1 10 6:1 . Fine eross laminae, rare sole mork.s, and aligned plant debris indi­
cate paleocurrents generally from east to we-st. Cont<wted zones, which ore rather common, show a sta­
tistical north-south orientation of fold "c" oxes, svggesting on eost-west poleoslope. Turbidity c·urrent 
deposits seem much more common here than in the type Hunters Cove Formation; however, ordinary trac­
tive currents of moderate velocity also reworked much of the finer sand. A mudstone-si ltstone sequence 
on Edson Creek \0 miles east of Blacklock Point (sees. 3, 4, 5, T. 32 S., R. 14 W.) is said to resemble 
the Blacklock sequence ( Lent, 1969); it has yielded only one belemnoid. 

Ane and regional correlations of late Cretaceous strata: The Cope Sebastian Sandston& hos yi e l ded 
Inoceramus voncovverensis, I. subundotus ( Figure 27), ond other clams from o site in lower Myers Creek 
ot the old Higl1woy 101 bridge, ond from the southeast tip of Cope Sebastian (Plate II). Several inde­
terminate claM$, oyster frogments, ond plant frogments occuf ot other localities (including o hill in SWI 
sec, 33, T. 37 $., R. 1 4  W .). lnoccromus olso was found in a thick sandstone in the Hunters Cove For­
motion at Mock Point and at Block Rock in Hunters Cove. The ammonoids Anoeachydiscus cf. B_. 2£!!l.!l­
suloris (Figure 27) end Boculites sp. were found in the type section of the Hunters Cove by Howard (1961); 
I loter foond Metoplocenticeros pocificum ( NW!NWi sec. 5, T .  39 S ., R. 14 W .), ond various clams 
and echinoid frogments from the northernmost rood cut in the formation on U.S. H ighwoy I 01 ( NWl sec . 
30, T. 37 S.,  R. 1 4  W.). Some other megofounos collected by Oilier ond reported by Popenoe ond others 
('960) opporently were mislocoted, ond could not be vedfied. Poorly p-eserved ond rother undiognostic 
forominifen from Huntet$ Cove mud$10ne$ $Outh of Pi$101 River include Qo.othio, Hypcromino, Cribrosro­
�. Barhrsiphin, Eeonide-s, and Gyroidina ( identiFied by Rex E. Olsen of Humble Oil & Refining Co.; 
R. M. Touring, written communication, 1961 ) , The Hunters Cove mudstone-sandstone sequence nOtth of 
Blacklock Point has yielded only o few medial to late Cretoceous Foraminifera found by J. G. Koch in 
calcareous nodules near the middle of the sequence, together with a single belemnoid and o single small 
Boculites d. 8. teres. 

Oovid -L. Jones of the U.S. Geological Survey (written communication, 1963) interprets the spe­
GiM of lnoc,eramus to be of late Companion ond/or eorly .Maestrichtian oge. Metoplacenticeros pacificum 
is late Campanian, while tile Anopochydiscus probably is early Moestrichtion. This ossig,,ment agrees with 
thot of Popenoe ond others (1960) based upon the old U.S. Geological Survey collection. The Boculites 
near Blocklock Point is Coniacian or younger, ond is most like Companion forms, according to Jones. Thus 
there seems no doubt thot ot leost the uppef Cope Sebastian and oil of the Hunters Cove formations ore 
latest Cretaceous in oge. In the Pistol River area there is no record for the entire interval from the end 
of the Juros.sic to Companion time. Neocomian strata occur 25 miles to the north, but no record of 
Aptian to Companion is known anywhere on the cocst. During that interval, mojoc- thrust faulting probab­
ly wos occurring neor the present coo-st, just os is inferred for pcrts of northern California (Irwin, \964 ). 

Albion through Maestrichtian founos occur farther inland, suggesting o groduol lote Cretaceous 
transgression over most of southwestern Oregon. Widely scattered outliers of relatively little-deformed, 
"post-orogenic" Cretaceous strata rest with profound unconrormify upon older rocks throughout the Kla­
math region. On lop occurred at widely differing times within the late Cretaceou-s, however, being ear­
liest (Albion) on the eastern side of the Klomath Province in Oregon (Peck ond othcrt, 1956; Jones, 
1960 ), ond youngest (Companion) in the present coasta l region. 

Some probable Companion fossils hove been reported in Franciscan rocks in northern California 
(Bailey end others, 1964), ond in the Guololo Formation, which lies west of the Son Andreas fault neor 
Point Arena, California (Popenoe ond others, 1960). 
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Figure 27. Oiagnc»tie ro�sils: left - l\nopochydi5eus e r .  A .  peninsularis from the lcwer part of tile Hunters 
Cove Formollon in the type seetion (see Fig .  20 )  (>{! ); Rigllt - lnoeeromu� subundotus From lhe middle 
Cope Sebo:Uian Sandstone at Myera Creek ( see fig . 20) (Xl . 2 ) .  (PhotO!ijropfu by J .  K .  Howard; 
identiricolions by 0 .  L. Jon�s ) .  

Figure 28 .  Rainbow Rock { righ t ), a large mass of bedd'ed chert i n  the Dothan Formation, 3 miles northwest of 
Brooking$ On<t visible from U .S .  Highway I 01 • Metovoleonic: rocks directly underl ie Ill is cherl mo$S, 
and ore expo1-ed in rood cut1 to the right of this vie"" . 



DOTHAN (OR FRANCISCAN? ) ROCKS OF THE SOUTHERN REGION 

Oothon (or Franciscan?) Rocks o f  the Sou thern Region 

Dothan Formation (Jurassic) 

DeFinition and distribution: The Dothan Fot;notion wos named by Diller ( 1 907) for a now cban• 
dontd post office and railroad station along Cow Creek, 25 miles east of the present map area. 8osed 
upon reconnaissance, Diller believed that the fOf'motiorl eKtended southwest to the coost ntor the Califor­
nia border, on interpretation :�.upported by Mc&�uon (I 933 ), Wells and others { 1949), Wells and Walker 
( 1953) ond Romp ( 1964). For mony yeo" it has appeo.cd thot Dothan rocks extended directly Into tho 
Franciscan ouembloge, o pattern which hos produced a long-standing state-line strotigrophie boundory 
f)foblem. Reconnoissonce mopping into CoUfornlo demonstrates that rhe Oorhon con, however, be troced 
ocro» the bouler fc>r some miles, and shows that mopping of at least g:rou a;ubdivisians h pouible within 
st•mi�ly monotonous 9fO'fWOCke terroncs. 

There is increming evidence that rhe Dothan is indeed coextensive with known Froncisc:on roclu. 
Volcanic rocks r.- coiled tho Rogue fO<motion (Wells ond Wolkec, 1953) oeporoto tho typo Dothan from 
Galice strata eMf of the mop aeo. AlthOUiJh most of the- Dothan in the type oreo and along Rogue Riv• 

dips steeply eostword, Oillet" thought that it probobly w<x� the ,wngest of the three formations. 8ut he 
oho recognize-d that the entire sequence might be ovettum•d, or even that the Galice mig.hr hove been 
thrust westward over the Dothan. Recent fossil dhcoveria by Romp (1969) in the upper Chetco Rive-r 
droin�e area now sugge-st ot least portio! 091-�uivolenee with the Otter Point Formation. 

Graywacke is the most obvndont rock type; much or it show-s graded bedding, but thick, mouive, 
ungraded and ltructurelen units oho ore present. Thick, block mudstone sequence$ ore olmoat os promi­
nent a.s graywacke. locally, pebble and cobblo conglomerates occur, as do bedded cherta ( Figure 28 ). 
Volcanic rocks form substantial volumes of the formation in $.Cvcrol oreos, especially neor the cOCHt. The 
Dothan i$ a evg�ynclinal sequence apparently deposited in moderately deep water typified by pelagic 
muds and occasional radiolarian oozes. Turbidity �urrtnb ond other gravity-driven procouo.s lntrodvcod 
aoM ond grovel episodically . 

Regional subdivisions: Wells ond Wolker ( t953) distinguished four distinct zones along the Rogue 
River east or the pres.ent mop or ea. The WC110rnrt10$1 ( 4 miles wide), which overlies o thick volcanic tn0$S1 
;, p-edomin0ntly thinly 1tro1ificd mudUOf\e ond sthst� with some sondstone units up to 5 feet thick ond 
rare co"91om.ote lense.s; volcanic rocb ond chert mark the top. The second zone (3 miles wide). which 
li•s east or the First, is dominantly sheared block m.rcbtene with local calc«eous nodules ond thin eon:gfom­
erotes. Zone 3 ( 2  miles wide) is moulvo, cllff-fO<ming llfoyNOCko. Tho fourth "' most eoste<ly zone (3 
mll01 wide) is chorocterized by interstrotHied n�dstone ond lOnebtone with son<htone inc.rcosing In obun .. 
donee �twatd. Wells ond Walker estimated thot the total thickness of the Oothon must be in •xceu of 
18,000 Feet, but the true Figure is indet•rminobfe. 

Tho lost two subdivisions hove been traced ocross the I llinois River (Wells and Walker, 1953) inlo 
the eastern edge of the present mop oreo (Romp, 1964), Zone 4 apparently projech southweat ju't eoslof 
Pollywog Butte (T. 39 S.,  R. 1 1  W.), where block mudstones ore f)<Ominent. Zone 3 moy pa» from the 
$teep gorge of the Illinois Rivor in T .  37 S., R. I 1 W. through Quoil Prairie Movntoln, thence just east 
of lv\ount Emily. Buc:hio pioehii was foul\d In 1968 by Romp in Float ot the mouth or Boulder Creek (T .38 
S.,  R. 1 1  W.) within this zone, but It Ia not yet certain iF the Fossils ocluolly come from Dothan roc;;lu 
(Romp, 1969). Possibly corresponding to •on•• 1 ond 2 ;, o 2- to 3-mile wide zone dominated by block 
mudltOI\C that wos distinguished by Wldmler ( 1962) east of Brookings (here tcnlotively named Wine: huck 
Member ). Northeast oF Brookings, tho Chotco River meonden For 1 5  miles over the norveaistcr.t rocks or 
this member. A dominantly sandstone division with opprec:ioble volcanic rocks ond some chert ond con­
glornoroto wa< mopped by Widmior ( 1962) ot the coast (here tentatively named Mocklyn Member). The 
relation of this last zone ta•those of Wells o.nd Walker is unknown. On o crvdely stotisticol boli1, both 
dip ond strotigrophic: Foeil\g directions suggeat thot the Dothan rocks moy be oldest ot the coost. but there 
must Me comide-roble r�tition of stroto by rnony bedding slips and tn10ll folds . One might svspec:t .Miange 
choroctf!'l'istics, which would rnoke any IMG-ronge projection of member subdivisions very tO'ftUO\Is. None­
thelf:1s, t'.xisting mopping indicates o somew·hot surprhing grou �ontinuity. Where we hove studied It, tfte 
Dothan is not so chooticolly sheored as 1$ the Otter Point complex, but it tends to be more ihduroted OtKI 
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very locally -- especially near inferred fault zones -- shows incipient slaty cleavage( just west of the 
mouth of the Chetco River, at Battery Point in Crescent City, California, and in the upper Wiochuck 
River droinoge neQr the state border). Along the eoost near 8rooki"9S and ot Crescent City the 1-Aocklyn 
Member rocks qualify os a broken formation (Hsu, 1968), being strongly sheared but lockit1g exotic (non­
Dothan) rocks. The coost in both areas appears to hove been corved from northwest-trending fault zones. 
Unlike the Otter Point rocks, the regional strike of the Dothan in Oregon is north-northeast, changing in 
California to north-northwe-st. 

Macklyn Member: The coostol member consists of about 50 percent gray sandstone, nearly 40 per .. 
cent mudstone and siltstone, nearly 10 percent volcanic rocks, ond less than 1 percent chert ond COI'lQiom­
erote. On the overage, it dips 500 east, and may be several thousond feet thick (Widmier, 1962). 
Typical thick groywocke.s, $0me with graded bedding, con be seen in all of the headlands around Brook­
ings, but a sequence 200 feet thick ot Chetco Point on the south side of Mocklyn Cove wos token by Wid­
mier os the type section. The gray sandstones ore poorly sorred groywockes, ranging from granules to mud 
sizes, and they chofocteristicolly contain prominent small mudstone chips in ot leost SO percent of the 
sandstone units. Thin mudstone intercolotioi'IS comprise only about 10 percent of the type section. Some 
very massive groywockcs with only faint stratification, and ranging up to 40 or 50 feet in thicknes.s, con 
be seen in some headlands and also along the main fork of the Pistol River in Ts.37 af\d 38 S . ,  R. 13 W .  
The groywockes vary little except in thickness ond in relative proportions of mOOsrone intercalations. 

Petrographically, the sandstones ore felckpothic and lithic wockes, 0$ ore th0$e of the Dothan in­
land (Wells ond others, 1949). Although heterogeneous, the overage sand-groin composition is approxi­
mately os follows: quartz-25 percent, chert-10 percent, plogioclase-30 pe-rcent, K feldspar-less thoo 
0.1 percent, volcanic rocks-15 percent, plogioelo$t-·30 percent, K feldspar-less than 0.1 percent, vol­
canic rocks-15 percent, and sedimentory elosts-20 percent. Texturally the groins ore angular and poorly 
sorted1 with sericitic matrix overosing from ot least 15 to 20 percent by volume. 

Sole marks, which ore rarely seen (Figure 29), and small-scale c,rou laminae in siltstones indicate 
nOrth-to-south paleocurrents for the Mocklyn Member (Widmier, 1962). Carbonized plant fragments and 
two probable worm tubes (Terebellino pafochii ) ore the only fossils found by us in spite of diligent search 
for both mega- ond microfossils. 

local conglomerate zones occur sporodicolly throughout the member. Clost sizes range from gran­
ules to boulders, ond shapes ore subround to angular. Pebble- to boulder-si2:.ed clasts overage about SO 
to 70 percent volcanic, 25 to 35 petcent sedimentary (including chert), and only 5 to 10 percent groni-
lic or dioritic types. Adjacent to volcanic flow rocks, conglomerates tend to be dominated by volcanic 
clasts, either rounded or onguiOf'. At Point St. George near Creacent City, California, occur the coors-
est conglomerates ossigned to the Moc:klyn Member (Figure 30). These lie below o series of monive groy­
wockes and block mudstones with isoclinolgrovity "slump" folds cut by sandstone dike swarms (Oott, 1966e). 
Graywocke, chert and some carbonate closrs comprise together about 50 to 60 percent, volcanic rocks 25 
to 30 percent, ond plutonic rocks about 15 percent, oil of which ore set in o matrix of sand, gr01'\l.des ond 
fine pebbles (up to 20 percent by volume). Boulders of light-gray granitic types containing up to 20 per­
cent quartz range up to 3 feet in diameter. These rocks ore natewOfthy in terms of tectonic history, for 
wch rocks ore very rare in Oothoo, Frat\Ciscan, ond Ottet Point terranes. An attempt to dote one of the 
boulders isotopically yielded I 03 :!: I 0 ond 1 1 0  :!: 25 m. y. ( K·Ar "" biotite; see Tobie 3), but the resu Its 
ore not considered rei ioble beca"'se of minefal olterotion ( Dott, 1965). Coar-se conglomerate of uncertoi n 
stratigraphie position ot Cope Fcrrclo north of Brookings has dominantly volconic ciOlts and lies next to 
pillow Iovas; it of so hos Fragments of o peculiar myrmeldtic quortz-plogioclase plutonic rock. This con­
glomerate con not be confidently distinguished from heterogeneous, coarse Otter Point conglomerates, 
which lie only 3 miles to the north; it may be on outlier of thot unit rather than port of the Oothon. 

Varicolored, rhythmically bedded chert is o rore but important component of the Mocklyn Member. 
It is simi lor to the Franciscan cherts. Red color dominates, but gray, block, green, white, ond yellow 
also occur. The most conspicuous and accessible example is Rainbow Rock, o seo cliff visible ftom U.S. 
Highway I 01 ( NWi sec. 26, T. 40 S., R. 14 W .; Figure 28). Individual beds range I rom I inch to I 
foot thick with ttl in shale seems between (Widmier, 1962). The cherts oecvr 05 lenticulor mosse-s gener­
ally less rhon o mile long ond "'P to 75 feet thick. They choroctcristicolly ore ouocioted closely with 
volconic rocks, os in the Franciscan ond Otter Point terranes. Microscopicolly they ore cryptocrystollin.e 
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Figure 29 .  Flute struclura on the sole of a Dothan grO}'Wacke be d  ( and flattened by COIYlpoclian ) exposed in 
Bowrnon Creek, 6 milel northwest of Brookings ( just obove lhe U . S .  Highway 1 01 bridg e ); pencil  ot loft 
provides K:ole. Poleocurrent doto indicote thot turbidity currents here flowed from north to south, just 
the opposile or current directions reveolad in Otter Point strata only 5 mile' to tne northwest. 

Figure 30. Mauive heterogenaou� c:onglomerote O$$igned to the Dothan Formolian at Point St. George, Cre�cent 
City 1 Collfornia. lhh conglomerate contains !> to I 0 percent granite d�f) 0) much � 2 feet in diameter, 
os we l l � volcanic and sedimentary onc1 . It iJ interstrotific:d with typicol Dothan block mudstone and 
thick graywacke beds. 

45 



46 GEOLOGY OF THE SOUTHWESTERN OREGON COAST 

to microscrystol line, with circulor CW"eos of coorser quartz that moy represent recrystallized Radiolaria. 
local ly omygdaloidol volcanic rocks compriS-e on important component of the Mocklyn, and help 

to distinguiah it from the Winchvck Member. The largest mosse-s occur near the bovndory between the two 
members, but small discontinuous flows also occur throughout the Mocklyn. Flow rock, volcanic breccias, 
and lopilli tuffs all ore present. Pillow structures ore locally developed notably at the north sideofCope 
Ferrelo end ot Pelican 8eoch State Pork ( three�uorten of o mile south of the California border ). Com­
positional ly the volcanic rock$ vary from porphyritic rhyolite and dacite to andesite and trcchyte. Quartz. 
and white feldspor phenocrysts ore conspicuous where present. Some vitreou-s silicic flow rocks resemble 
cherl. Volconic breccias ore vOtioble, 01ld in poor outcrop$ moy be confused with fiON rocks. They con­
sist of dacitic and trochytic or dioritic frogments in o fine, greenish matrix (simi lor to Figure 17). Myr­
mekitic quottz-plogioclose intrusive rocks ore ouocioted with ot least one volcanic zone, ond they oecur 
as fragments in some breccias os well as in the problematic conglomerate ot Cope Fetrelo (Widmiet, 1962 ). 

Wlnchuck Member ( p<obobly Includes zones I ond 2 of Wells ond Wolker, 1953 ): This member 
is named fot the Winchuck River neor the California border, along which typical outcrops occur, especi­
olly li miles eo.st of U.S. Highwoy '01. Although no type section could be measured due to many smol l  
folds ond faults ond to discontinuous outctops, Widmier ( 1962) noted thot exposures ore best from Win­
chuck Forest Camp (sec. 1 0, T. 41 S.,  R. 12  W.) north-northwest along Wheeler Creek for 4 miles to­
word Mount Emily. This oreo, however, is riddled with Tertiory dacite dikes teloted to the Mount Emily 
stock; also it appears to inc lude only the easternmost stroto of the member. Representative exposures 
occur along the Chetco River rood just east of the bridge 2 miles notthwest of Mount Emily. The eastern 
limit of the member has not been fully established, but proportions of sandstone and fine conglomerate op­
peor to increose eot.tword from Mount Emily. The interval from Long Ridge (where chert and fine conglom­
erate occur near the fire lookout) eosr to Pollywog Butte probably represents zone 3 of Well' ond Walker 
(19�). 

The Winchuck Member is composed of more than 60 percent block mudstone and siltstone. Some 
dOfk, poor ly sorted sandstone beds sevetol feet thick ore present, ond ote almost identical petrographic­
oily with those of the Mocklyn; chert ond volcanic fragments ore less common, ond white mico more 
common. Graded bedding and smoll-scolc cross laminae ore occasionally observed. Conglometote is 
rote, ond generolly is similot to that of the Mocklyn Member (Widmier, 1962). An unusual bo"'lder end 
cobble conglomerate occurs on the Chetco River 200 yards cost of Wi I son Creek ( lCC. 30, T. 39 S.,  R. 
12W.). Bedded chert and the only volcanic rocks known within the Winc:huck Member occur at o prom­
inent bend of the Chetco River In sees. 29 ond 32, T. 38 S . ,  R. 1 2  W. They extend north 5 miles to Min­
eral Hi II ( T. 37� S., R. 1 2  W. ), where they ore faulted against serpentinite. 

Age and relatiooships with the Ftanciscan and Otter Point complexes: In certain oreos (South Forks 
of Hunter Creek ond on Pistol River near Deep Creek ), groywockes mopped os Ottet Point ote difficult to 
distinguish with confidence from those of the Dothan Formation. Very p<nsibly the two units ore of simi lar 
oge, as is implied by the discovery of Bvchio piochii within the Oothon ovtcrop oteo on uppet Chetco Riv­
er (Romp, 1969). However, presence of a narrow, discontinuous zone of Colebtooke-type schists from 
Pistol River to Wholeheod, os well os intensely sheored rocks ( including serpentinite) from Corpenterville 
to Wholeheod, led Widmier (1962) to infer o major foult between Otter Point and Dothan rocks. Struc­
tural and lithologic controsts between the two formations olso ore most ptonounced from Wholeheod toCor­
pentervil le. Northwest of the fault occur intensely sheared ond veined conglomerates with minor groy­
wocke ond mudstone; the dominant sttike of these Otter Point rocks ond the trends of tight folds within 
them ore northeasterly, which is markedly discordant with the northerly trends in odjocent Dothan rocks. 
Southeast of the Wholeheod fovlt, the Oothon Formation is much les.s sheared, cmd its lighter coiOfedrocks 
include only minOf" conglomerate and much mOre sandstone os wel l os voleonies and bedded chert of the 
Macklyn Member. 

Petrographical ly the Otter Point groywoeket tend to be slightly dorker thon Oothon ones, reflect­
ing both a dotk mottix end o greater percentage of volcanic rock fragments. Over-oil, the Orter Point 
is more sheored OC1d heterogeneous, hos for more conglomerate, more pillow Iovas (whkh ore of more maf­
ic composition) ond more fossils thon the Dothan. Moreover, the Dothan graywacke'S ore more highly In­
durated, having on overoge specific gravity of 2.67 os compared to 2.61 for the Otter Point. Therefore, 
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whether coeval Of not. the Dothon ond Otter Point ore distinctive .. mappable entities over trl.lch of the 
mop Of' CO. In small or isolated outc·rops of groywocke or mudstone, however, one moy be hcwd PfOS$ed to 
diuinguilh them. 

Taliaferro ( 1942) argued that the Dothan In its type region wos older than both tho Roguo volcon• 
ics and the Galice Formation. He correlated the Dothan and Rogue rocks with the sondy oncl volcanic 
Amador (now Cosumnes and Logtown Formations) and the Galice with the Mariposa Formations, all In 
tho Sierra Nevado. Wells and Walker ( 1953) also tentatively regarded tho Dothan as tho aldou. largely 
becouso of our failure to find fouih in coastal Dothan rocka and the oppaent continuity of ovtcrops from 
tht coost inland to Rogue River, we assumed the Dothan to be older thon the Otter Point complex. This 
implied that it pre-doted the Nevodon orogeny. A whole-rock K-Ar dote of 149 t 4 m.y. for o docite 
(erroneously repot"ted previously as .. rhyolite11) In on oreo of the �klyn Member of the Oothon 9 mi les 
north of Bfookings aHmcd to c:onfirm wch an oge cmlgnment (Oott, 1965; s� Tobie 3). Seemingly con­
aiatont olso with a postulated pre-Otter Point (eorly Lote JurO$$iC ) oge were the greeter induration, de· 
volopmenl of local slaty cloovoge, and tho pr .. ence of ....,11 potches of Colobrooke-typ. phyllite and 
Khlu within oreoo of Dothan rocks (Widmie<, 19162"). 

Opinions on the age relationthip of the Oothon to other Ju:rossic (ormotiom in loOUthweuern Ore ... 
90ft hove been flvctvoting ever- ..ince Oilier first proposed that the Oothon wos you�er thon the Golice 
ond Rooue founotiom. Diller thought that either the sequenc.e wos overtvmed or the Galice wos thrust 
over the Dothan. 

Taliaferro (1942) and Wells ond Woten ( 1953) regarded tho Dothan as older than the Galice ond 
Rogue Formations. In our work on the eoost we ouumad the Oothon to be older thon tho Otter Point, thus 
pre ... Nevodon in oge. An opporent gradation nOrthward of Dothan strato into the moln regiOt\ of Colebt-ooke 
Sc.hbt led us to infer that the Dothan, OS well OS the Galice, might hove been 0 fOferunf\Or or tho Cole­
brooke. !WI Co lemon ( 1969) now has evidence for o thrvst rather than a metamorphic facies relationship 
between the Cole brooke Schist and tho �lhQn F9rmotlon, 

Irwin (1964) sugge•ted a Tithonian (po•t-Ncvodon) age fO< the Dothon ond its corrolallvos In Cal­
ifornia, and postulated that the Rogue Ofld GolicoFormotion�hod been thrust over tho Dothan. Recently, 
Hotz ( 1969) found evidence for wc.h o thrust relationship along the Rogue River .ost or our mop area. 
Discovery of Tithonian fossils in the oreo of rocks mopped as Dotnon by Romp ( 1969) wpports these views. 

6aldwin ( 1969), olthousf\ agreeing with the thrust interpretation, orgues that the Oottlon ond Go­
lice moy merely represent different canol (ond pre-Nevodon} focies iux1oposed by ""rvUi"fjJ. In aummary, 
concepts regordireg the strotigrOflhicposition of the Dothan ore still in o flux ond SOMeWhat controdictoty, 
�� on eorly resolution seem� ptoboble. 

In the Dothan controversy, s.everol controdlctory petrologic chorocteriuics should be kept In mind. 
First, Oothon volcanic roeks seem, on '*"• overage, to be more silicic than we typic;ol fronc1scon ones 
(compare Wells and othec•, 19�9; Wells and Walker, 1953; and Widmier, 1962 with 8oiloy and other>, 
1964 ). Second, olftlough the Otter Point cetnplex is more like the Froi'\C:ileon both structurally and in its 
volcanic petrology, the graywacke demities and K feldspar contents of the Dothan ore mou!) Fronciscon• 
like than ore those of the Otter Point. Tho work of Glvskote< (1964) and Hsv and Ohrbom (1969) In the 
type region or the Franciscan, howover I indicates thot K-Feldspor distributions con be somewhat dec•ptive. 
Finally, iF the Dothon does� in foct, prove to be of the some oge os the Otter Point rocks, os now seetnS 
llkoly, then the petrologic and structural differences of the two units os well os opposite p.oleoeu"ent or­
ientations in fhe two coevol aequences at locolh115 only 5 miles oport (s.ee Figure 29) still will require 

tWidmiH f0ynd bl\1�0)' cOtboftoctov1 phyllite Ot Khitt idtntic:ol wllh the Colebtex�b wllhln the Oothon 
�tc:rop orto on l� Ridg. (se-c:, 34, T, 38 S, 1 R. l 2 W .), olong the Pistol Riv.,-corpent.-vlllt .htot 
zone Oft old Hipoy 101 j�At )CM.IIt"' of tht &otl.y •m• rood junctton (SfiNf.iJec:. 14, t. 39 S., R. 14 W .) 
ond 50 ycwda n«lh ol rh. j�tion ol lt"'t MOi" for Its of WholeJ,eod Cteek ( NE:!Nfi sec:. 3, T. 40 S., It. 
t4 W .), olong o fCI.Ih 1-one Ott Cope F•telo (NWl loeC. 22, T. 40 S., k. 14 W .). oM In rht lint roodcut 

tOUth of len Cruk on '*"'  U.S. H;ghwoy 101 (N[J M<. 22. T. 4() S •• R. 1-£ W .). On the l'htol llv• 
iu..t wnt of' o jeep-tr-oil c:roui"lil in the .ou,.._.M,.,n pari of ..c. 19, T. 38 S., a. 13W., Wldmltr (1962, 
p. 58) obwvtd whot ""med to be o contiN,IIOI,It grodotlon from Col•btook• �rU:t• eostwout i"ro Oottot., 
..._..tone, ond h• reporte<l (p. S8·St) a llmllor oppor•nt gro6otion in o gully to�..�lh of tM new Hlghwoy 101-lOM (, .. 1¢ plolyllite locofity �led obovt. If th•t.• pf\ylllte potc.l't.s ore not gtodoti0tlo01 with Oolhon 
t"ocb, ltl•n rMy pr-obably tepr01eflt cro.1ono1 ttft\ftOfltJ of o th.rvsr Vleer. 
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exp l anation . Possibly the di fferences between the Dothan and Otter Poi nt terranes ref I cct lwo distinct 
but coeval melange complexes of s l ightly di fferen t structural ond env ironmento l origin . 

C O 'fl �Z o �c Ro.:: k s  

Eocene strata { undifferentiated ) 

Di�tribution ond l i tho logy: D iverse Eocene and possible Paleocene sedimentary rods occur i n  the 
northern port of the mop area and were studied super fi ciol ly . Bondy ( 1 9441 I 950 ), Boldw i n  ( 1 96 5 ) ,  and 
Lent ( 1 969 ) ho"e g ill'en more attention to them . Marine megofounos and microfounos prov ide doting c r i ­
teri o ,  and prove that ear l y Cenozoic seas were extensive i n  t h e  mop area even though the preserved record 
is very scattered ( Dott, 1 966b ) .  The ear l y  Cenozoic strata represent post-orogenic trons.gressive deposi ts 
lhot rest u l"lconformobl y  upon w i de l y differing Mesozoi-: rocks . They ore : d i gh t l y  fo l ded and extensive ly 
fau l ted , especially along the vertica l Coqu i l i e  River fau l t  i n  the northeast corner of the oreo . 

Petrograph i ca l l y  the Eocene sediments ore heterogeneous, and i n  general reflect the nearest pre­
Cenozo ic basemen t .  They ore comparable to the Upper Cretaceous sandstones i n  terms of mi c a  and K­
feldspor content, but differ in other respects ( Dott, 1 965; 1 966b ) .  North of the present mop area they 
tend to be r ich i n  vol can ic detri tus . Ex<;ept for a dis.tindive graded sequen<;·e exposed near Agne�. the 
o ldest known Cenozoic exposure in the area ( T .  34 S . ,  R .  1 1  E . ;  Figure 31 ), coarse, cross-stratified 

Figure 31 • Poleocene or lower Eocene fly-Kh 
�equenee eJCposed in the local ly fol'004,JJ 
"Meson's Wal l "  along the· Agness-Powers rood 
over I oolc i 1'19 Rogue River ( SW port of T . 34 S . , 
R .  1 1  W . ) .  The grG!ded gnly··'.�t:k�. which 
ore rich In volconic rock frogmCinh, dip stupiy 
YOd away from the Coqui l le River fau l t  toword 
the mcis of the Eden Rldge syncline. Note 
deforMOfiOn<:�l �lruclvrh near center formed by 
dirfcrcntiol grovitotionol lood i ng fol low ins 
sudden deposition from o turbidity current of 
1ond upon unliable mud. 
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Figure 32. Eight-feet-long rounded bou l der of Cretaceous (? ) conglomerate within on Eocene conglomcrole od­
jocent to the Coquille River Foul I ( the v�rlicol fouh here seporotes cooglomerote in foreground from 
I ighter coiOfed diorite in background ).  Note hammer for scal e .  ( Exposed in rood cut olong Powers­
Agf'leu rood, see . 36, T .  33 S . ,  R .  I 'J W . } .  
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sandstones and cong lomerates ( Figure 32 ) are the most prominent rO<:k types and mudstone is of secondary 
i mportance i n  several orcas . Cool occurs local ly . In the a�em::e of fossi l s ,  mony Eocene conglomerates 
and graywackes ore di fficul t to disti nguish f•om Lower Cretaceous ones . 

. 

Structural and stratigraphie .-�lcNon$'hlps;: The E<>eer..� •·ocks ore of i nterest principa l l y  for the evi ­
dence they provide for doti ng structural events . An angu l ar unconformi ty betwe�n gent ly dipping Eocene 
congl omerate end vertical groywockes of latest Jurassic or Ear ly Cretaceous age is wel l exposed on Sa l mon 
Creek southwest of Powers ( SE� T .  31 S .  I R .  1 2 W . ) .  Severa I w ide ly scattered Eocene cong lamer ate and 
sandstone outliers contain serpentinite detr i tus ( ncar Iron Mou nt<:lin i n NW! sec . 4� T .  34 S . ,  R .  1 2 W . ;  
S U  sec . 33, T .  33 S . , R .  1 2  W . ;  and NW� sec . 23, T .  33 S . , R .  1 2  W . )  proving that mvch serpentinite 
was emplaced by Eocene time . Bal dw i n  ( 1 968 ) i nterprets detr ita l b l ack-sand deposi ts near H orse S ign 
Butte ( 8  m i l es south of Agness ) as Eocene rather than Cretoceovs, suggest i ng that adjacent mafic and ultra­
mafic rocks were emplaced and undergoing erosion there by Eocene time . A few mi les to the east along 
I l l i nois River, Eocene sediments apparently were deposited widely upon ooth u l tramafic rocks and amph i ­
bole gnei sses . A l though Wells and others ( 1 949 ) report u l tramafic pebbles i n  Cretaceous os wel l as Eo­
cene conglomer otes in the Kerby quadrang l e ( east of the present map area ), no such pebb l es hove been 
identified in pre-Eocene cong{omt."::'f1tes of th$Ql<,tl:riJI f,.<.\<jiOM. �....bbroic pebbles and a few serpentine sand 
groins are known I however I in Jurossi c and Cretaceous sediments, and probobl y at least smal l amounts of 
u l tramafic rocks were emplaced in the crust by Late Jurassic time .  

Eocene conglomerates a lso conta i n  fragments of sch ist l i ke that of the Col ebrooke formation ot 
w idel y scattered l oca l i ti es . Lent ( 1 969 ) reports them in the Sixes River area, ond they occur i n  an import­
ant unfoss i l i ferovs out l ier on Lobster Creek { sec . 24, T .  34 S . ,  R .  1 3 W . )  general ly bel ieved to be Eocene . 
The Iotter rests unconformably upon the Col ebrooke . Coleman fee ls that this out l ier dotes the overthrusting 
of both the Colebrooke and under ly ing serpentinite as pre-Eocene . 

I t  is c lear that Iorge mosses of Colcbrooke and u l  tramofic rocks had been emp laced <:lnd were being 
eroded by Eocene time, therefore the thrust fou l ti ng is regarded as pre-Eocene . Because the Upper 
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Cretoceovs strata ore structurally more akin to the Eocene than to older rocks, it is probable thor much of 
the thrusting actually occurred during medial Cretaceous time. By no means al l  of the serpentinite reached 
its present position in pre-Eocene time, however, for late Cenotoie vertical fault zones hove intensely 
sheared serpentinite pods along them� and several of these pods Ore today in fault contact with Eocene 
strata. Coleman has found calcium si licate contact alteration zones (rodin.gites) in Eocene sedimoots and 
older r�ks adjacent to the serpentinite, indicating that the two rocks were in contoct for o co�idetoble 
time ot telotively great depth ( 1967, ond oral communication, 1968 ). Apparently the serpentinized pe­
ridotites underwent diapiric intrusion episodically during the Cenozoic. 

Mount Emily dacitic intrusives (medial Cenozoic) 

East and north of Brookings, dikes ond sills of light ton-weothering docite and some rhyolite por• 
phyry have intruded tne Oothon Formation ("Tod'' on Plate 1). Mount Emily oppecw-s to be o stock Ot vol­
canic neck of varied composition, including locally mineralized diorite and syenite (Butler and Mitchell ,  
1916). Noteworthy is the fact that abundant docitic to rhyolitic dikes radiate outward into the Winchuck 
Member of the Dothan. Fresh rock is light gray with quartz and feldspot phenocr)'$h in o vitreous, glossy 
groundmoss. The feldspar is chiefly oligoclase with minor K feldspar; amphibole, zircon, on opaque iron 
minefol, and graphite ore accessories (Widmier, 1962). 

It is readily apparent in the rield that the docile and rhyolite postdate the major deformation of 
the region, and a K·Ar whole•rock determination for a sample from Harris Beach State Pork just north of 
Brookings yielded o dote of 30 !  1 m. y. (near the Oligocene-Miocene boundary) (Tobie 3 ). Thot o sig· 
nificont episode of silicic intrusive activity may be widely represented in the Coost Ranges is su9gcstcd 
by the pc-·esence of nearly identical docitic volcanic necks or plugs intrusive into Franciscan rocks in the 
Morro Boy oreo of southern California; the Iotter hove been doted os 24 to 27 m.y. (Turner ond others, 
197Q). 

Mafic dikes between Whaleheod ond Crook Point {medial Cenozoic ) 

A series of 8 or 10 east-west-trending dark groy, dioritic to gobbroic dikes cut Otter Point strata 
along the coast between Horse Prairie Creek and the Thomas Creek bridge (sees. 21 ond 28, T .  39 S., R. 
14 W. ). They ore best exposed in sea cliffs, but several also are exposed in roodcuts on the Coast High­
way. lv\ost ore vertical and they range from 8 inches to 10 feet wide . They show either porphyritic or 
diobosic textures, and contain chiefly twinned and zoned plagioclase (An40-65) and clinopyroxene, 
with accessory hornbleOOe, biotite, opoque groins, opotite, ond zircon. A dork gabbroic dike from 1 to 
2 feet thick ond composed of plogioclose and pyroxene also hos intruded the Hunters Cove Formotion in 
tho r;,., <Ood cut south of Bu<nl H;ll C<eek on U.S. H;ghwoy 101 (NE! sec. 5, T. 39 S., R. 14 W.). 
Soon after the cut was made, o fresh sample was doted by the whole-tock K-At method os 28 � 1 m.y . 
(Tobie 3), which places it with the silicic Emily intrusives very near the Oligocene-Miocene boundary. 

On the east side of Crook Point just southeC15t of "Cloy" triangulation station ( NWj sec. 31, T. 
38 S., R. 14 W.), o black mafic sill from 2 to :3 feet thick and showing columnar jointing hos intrvded 
the Hunters Cove Formation next too major fault contoet with the Otter Point complex, which forms the 
point its.elf (Plate II, inset 8 ). This unusual rock con be traced for o quarter of o mile. It consists of 
andesine, clinoenstotite, ond minor olivine (Howard, 1961 ). It is presumed to be closely related to 
the medial Cenozoic sills ond dikes. Snavely ond Wagner ( 1961 ) doted gobbroic ond olkcli� intrusives 
in the central Coast Ronges of Oregot� os post-Eocene ond pre-middle Oligocene. Possibly the more 
southerly mafic intrusives ore related. 

Miocene and PI iocene sediments {undifferentiated ) 
In the northwest earner of the mop oreo orQ\Ind Cope Blaneo and at tne southern end around Cres• 

cent City occur shallow-marine sands, grovels ond some mudstones with Miocene and Pliocene faunas. 
fv\ost of these were recognized by Oilier to be of late Cenozoic oge ( 1 902, 1903o). Those in the north 
generally hove been mopped os the "Empire Formation," while the southern ones are termed ••wymer For­
motion" {inland) and "St. George Formation•• (eoostol ). Dil ler ( 1902) interpreted these strata os 
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Figure 33. Imposing c l i ffs of shollow-morine Mio­
et:nt: �ond' ond grovt:h ("Empire Formoti011") 
just ncH'Ih of the Bloc;kloclc synd ine of Fig1Jre 
1 9 .  Svch sands extend in slmllor c l i ffs fcx- 3 
mi l es norlh to FIOf<a Lake ot the mop edge. 
Not• dc.-k grov•l I•M•s ond blood scour trun­

eatioru . Layers of mol lusk s!lelh Cl'ld wood 
a lso cx-e common . 
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evidence of o major Miocene peneplanation o f  the K l amath region . Wh i le h i s  inference wos too gener­
al i zed , the strata certain ly do refl ec t o major physiograph ic ond tectonic change . 

Durflam ( 1 953 ) recognized on unconformi ty w i th i n  the "Empire formation" of D i l ler southeast of 
Cope Blanco; middle Miocene fov nos occur be ICY.� and ICY.�er PI iocene ones above . Middle Miocene sands 
and grovels also extend north from Blacklock Point to F loras lake ( Addicott, personal communication, 
1 969; see F igure 33 ) .  The top of Cope Blanco is capped by lower PI iocenc sands and grovels , wh ich rest 
unconformab l y upon overturned Otter Point  strata and ore, i n  turn, overlapped by Plei stocene marine ter­
race deposits ( F igure 34 ) .  Both the Pliocene and Jvrossic rocks hove been faul ted at the east side of 
that head land against Eocene mudstones, proving that at l east some of the vertical fau l ts i n  the region ore 
re l ati ve ly young . Koch col lected lower Pl iocene mo l lusks ( identified by Addicott ) from sands and grov­
e ls 1 . 5  mi les southeast of Port Orford near the mouth of Hubbard Creek . These beds ore mopped w i th the 
Quaternary on Plate I . 

Tne Mi�<:t'�e W'fmef' formation comprises scattered patches of f lat- lying marine and nonmarine 
fine conglomerate, sandstone, and shale in the h i l ls east of Crescent C i ty, which rost unconformabl y upon 
o variety of Mesozoic rod�.s . According to prel iminary mopping ( see Weed Sheet, 1 963, of the Cal ifor­
n ia  State Geologic Mop ), they straddle the K l amath boundary fau lt,  tnus placing a defini te younger l im­
i t  to weslword thrusti ng in thh area . At Crescent City and al most certainly beneotJ, the flat p lai n to the 
north , richly fossi l i ferous Pl iocene mudstone ond fi ne sandstone ( S t .  George Formation ) unconformably 
overl i e  Dothan strata ( Maxson , 1 933; Back, 1 957 ) .  They appear to represent logoono l depo!>its . 
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figure 34. Oblique oir pi,otogroph of Cope Bloi!Co $hewing flot Plehtoeene morine terroce depo�its un.c:onform­
oble upon Tertiory and Jurossfc: rocks. The light-colored Ce:nozolc: stroto suggutl!d the Cope's name to 
e0rly Spo.r�i�h r-nori"ers. Note very youthful Coulti"9, which hos di�plocec:l units ot leost os young os Plio­
cene (compare inset mop on Plate 1).  

Quaternary deposi ts 

Elevated Plei stocene marine-terrace deposits ore espec ia l ly prominent in the northwest and south­
ern ports of the mop area, gl though potches occur a l l  along the coast . Severa l distinct terraces hove been 
recognized in the flat be l t  extending north from Port Orford for near l y 40 m i l es to Coos Bay . Poorly con­
sol idated sands and grove l s  from a few feet to 1 00 feet th ic k  characterize the terraces, which have been 
dissected by major streams. The most extensive terrac es, l ie  at elevations between 200 ond 300 feet ( sev­
eral have been warped differentially ) .  In the vic ini ty of Cope B lanco ( F igure 34 ) ,  isotopi c dotes from 
she l l s  of at least 33, 000 years ago ( Richards and Thurber, 1 966 ) ond of shel ls  25, 000 years ago and wood 
and cones of 45, 000 years ego i ndi cate a late Pleistocene age for materials on the youngest terrace (Jon­
do, 1 969 ) .  Remnants of older terraces occur at sti I I  h igher elevations, for example in t11e areos along the 
E l k  end S i xes Ri vers northeast of Port Orford , which Jondo ( 1 969 ) regards os probably doting bock to early 
Pie  istocene t i me . lent ( 1 969 ) reports one remnant just north of the present mop ot on elevotion of l ,  200 
feet . Prominent terraces also occur on the narrow coos ta l ploi n extending north from the Rogue Ri vcr to 
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Ophir (for example, at Otter Point; Figure 13). Southern terraces occur at on elevation of 30 feet near 
Crescent City. but ore near 80 feet around Brookings. Higher ones (up to 800 feet ) occur north of Brook· 
;ngs (T. 40S., R. 14W.). 

Several wide beoeh oreos ore mopped as ''Quaternary," os is o Iorge area of partially stabilized 
sand dunes just south of the mouth of Pistol River. Other small areas of dunes ore not mopped. River al­
luvium is shown for the lower ends of river volleys only. The texture and composition of modern beach, 
dune, ond river sonds were studied by Loudon ( 1967) to determine what differenc;e$, if any, could be re­
lated to distinct source rocks. In general, oil of the sands ore so heterogeneous that it is difficult to prove 
any signiricont patterns. On the overoge, the beoch sands ore medium grained, svbrovnded, ond well 
sorted. They ore very i mmoture composi tionol ly, containing predominantly f'OCk ft'ogme1HS, many of which 
ore unstable (Table 4). It is apparent from both textural and compositional studies that most of the beoch 
sand is derived (rom coastal outcrops; only the Rogue ond Chetco Rivers regularly supply significant sond 
to the coast. Because headlands partition the coast so strongly, it was not possible to use the sand to de­
termine the net longshor·e drift along the coost. It is ouumed that southerly drift is dominant, ot least in 
the summer, but some northerly drift also must occur during severe winter storms. Beoches between major 
headland$ ore so isolated that they $how distinctive textures and compositions related almost exclusively 
to local geology ond loco I wove regimes. In short, the geologically heterogeneous nature of the coos tal 
mountains end the rugged ond irregular coast produce extremely complex local pottems of sand types. 

Indian shell middens occur along the eocst at a number of places. Notable exo�les ore sitvated 

Tqblc 4. Choroc:teristic:s of s.outhwe$tetn Otegon beoc:h sond$ {after loudon, 1957). 

T exturol svmmorr (p--i units) 

Mcdion Mean 
diomet•r diom•ter Setting Skewneu Kurtosis 

Beaches 1.59+ 1.60+ 0.39 -+0.06 0.77 

(N=44) (-. 13 •• 2.31) (-.13 •• 2.29) (0.24 to I .02) (-.60 to +.35) (0.42 to 1.33) 

Dunes 1 . 38 +  1.46+ 0.48 0.09 0.72 

(N• n (0.57 to I .  74) (0.76 •• 1.83) (0.35 10 o.9n (-.21 to +.71) (0.45 10 0.8.3) 

Rivers 1.98+ 2.02• 0.57 O.Ob 0.81 

(N•23) (0.30 IO 3.03) (0.30 to 3. l l )  (0.35 IO 1 .19) (-.18 ro +.26) (0.63 10 1 .  n) 

Compositional wmmory (N=27 �lidt$ with on overoge of S81 points p•r slide): 

Rock frogments: M i nerols : 

Volc:onic: Ploin quartz 13% 

Sedi mentoty 13 Polyef'ystoll ine qvortz 1 3  

Metomot'phlc 7 K (eldspor 

Serpentinite 3 Plogioclose 3 

Chert 

Other 6 Hornblende 

Pyroxene 
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(from north to south ) betweer\ Blacklock Point ond the mouth of the Shces River, on the southern tip of 
CaP<O Seba$1;an, three-quarter> of o m;le south of Myers Creek (NE� sec . 18, T. 38 S., R. 14 W .), and 
obove c:oveJ in �ec:. 16, T. 39 S . ,  R. 14W. Some middens (especially thotneorMycrsCreek) hove 
yielded artifacts, which include o Iorge variety of tools mode (,.om bone:l and ontlcts. 

Imp I i �ot ion5. of th• New G l o b a l  Tee tonfcs to So11o�thwestern Oregon 

late Jurassic and Early Cretaceous of the Klamath Province 

The Galice Formation wos deposited during Oxfordian ond Kimm�cridgion time (circa 140 to 160 
m.y. ago) upon on undetefmined bosement. The fact that the entire reuion lies west of the quartz dio­
rite line of Moore ( 1 959) suggests that it loy at or neor the late Jurassic: continental margin. The obun­
dance of andesitic and rhyolitic volcanic rocks with relatively low K� and Ti02 and some sodium and 
AI203 endchment within the Galice and associated Rogue Formation (perhops also the Dothan) of the 
Klamath Province point to development within o volcanic ore setti"9 (O:Iekinson, 1969; see ols.o discus­
sion in Oott, 1965 ). Significantly, blueschists. hove not been reported votithin known Galice terranes 
either of the Klamath proper or or the outlying Klamath terrane in the ncwthern port of the mop area. 

During latest Jura»ic time, the Nevadan orogeny affected the ncH'thwestern Klamath Province. 
The Galice ond Rogue rocks were deformed and metamorphos.e:d to greenschist and higher grades. Widely 
scattered quartz diorite plutons {ror example, the Pearse Peak and Broy .Mountain )  rormed within Klamath 
terranes. ondwithin 10me of the Iorge ultromofic complexes between 135 ond 150 m.y. ogo in Oregon and 
in northern California (Lanphere and others. 1968). Meanwhile, mixed! blueschist and greenschist meta­
morphism was occurring in presumed Galice-oge rock$ somewhere west o'r the main Klamath Province be­
tween 125 and 140 m.y. ogo --probably in close association with on oeeonie trench . The resulting Cole­
brooke Schist was later thrust upon the presently juxtaposed late Mesozoic sedimentary ond ultramafic 
complexes (Coleman, 1969). 

Erosion quickly exposed the Galice metamorphic teHanc and associated diorite plutons, end in 
Eorly Cretoceov• time o moril\e ttonsgres$ion or the northwest •ide of the Klamath ProvirH:e, rep.-es.e:nted 
by the Humbug W!ovntoin and Rocky Point rormotions ond, farther east, lthe Myrtle Group, produced o 
nonvolconic, clostic sedimentary sequence almost identical with that of the northern Sacramento Volley 
of California. In both states this history is reflected in on increase of dtnrirol K feldspar ond mica in pro­
gressively younger rormotions. 

lote Jurossic or the coostol province 

The Dothan formation for yean wos assumed to be o port of the pre-Nevadan Klamath Jurouic suc­
ee"ion and either pre-Galice, coevol with Galice, or perhops even post-Galice. Recently, o post­
Nevadan age and on origin ouhide the Klamath tectonic province (in th,e strict sense) hos been suggested 
os previously discussed. The Otter Point (of equivalent age and very sim1ilor to the franciscan assemblage) 
lies entirely west of the Dothan, and formed largely, if not entirely, dluring Tithonian time. It hos no 
known basement, but the presence or pillowed basalt and keratophyre, tl:>getherwith widespreod ultramafic 
rocks, suggests thor it probably fOfmed on oceanic crust. The Dothan, on the other hand, while possess­
ing mony similarities to the Otter Point, was chorocterized by somewhat more silicic volcanism (see 
Tobie 2), less conglomerate, and less m�longe development. 

Recently prOpoled Mesozoic made Is far Californio, bo:sed upon th-t concept or 11plote tectonics, II 

invite some speculations about the origin of the Otter Point ond Oothcn ••ocks. Dickinson (1969), Hamil­
ton ( 1969 ), ond Ernst ( 1970 ) .. olthovgh arguing from som•whot differ4nt viewpoints .. oil conclude thot o 
late Mesozoic ore or tectonic lpnd characterized by cole-alkaline volcanism loy along and east of the 
site of the present Sierra NevadQ, which wos then ne<W the morgin of thu continental crust. At the pre-s­
ent site of the California Coast Ranges, there was a complementary deep oceanic trench wherein the Fran­
ciscan Complex formed. Setwee'' loy o nol'row continental shelr ond slar:>e chorocteri:z.ed by rapid clostic 
sedimentation (the pr-e�ent Great Volley region ). Sec-floor sp1eading and underthrusting of the eastern 
Pacific crust beneath the continental margin presumably carried oceanic basolts and abyssal sediments 
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( including bedded cherts) eostword to be thrust beneath, and tectonically mixed with, the toe of the 
continental slope sequence as well os with slivers of oceanic basement ol\d mantle peridotite. Rapid dc­
PfGssion of the rocks beneath the trench, followed soon by rapid elevation along thrust foults, presumably 
led to the high .. prenvre but low-temperature blueschist metamorphism chorocteristic of the Frcncisconter­
rone ond many other regions located on the oceanic sides of island orcs. 

Much additional wos-k will be required before the analogy with the California model con be fvlly 
tested in Oregon. As was suggested above, the Klamath region (like the Sierra) apparently loy oiOr'!:g the 
western side of a Late Jurossic volcanic ore and tectonic land. A postulated complementary deep trench 
loy to the west with its ox is slightly beyond the present coost. The sheered or m�lange nature of much of 
the Otter Point roc:ks1 together with gloucophone schists found along the thrust lxK.tndory between them 
ond the overridi,...g Colebrooke Schist, ore consistent with o trench origin in which Pacific crust wos being 
actively thrust beneath newly formed Klamath continental crust. While the Otter Point has much in com­
mon with the Fronciscon, it is for more conglomeratic, suggesting on origin nearer to islands rather than 
to the deepest port of 0 trench. It is probable that much or the conglomerate nnolly accumulated on deep 
sea fans miles from land in o manner similar to that of the thick, coorse Me$0z.oic conglomerates of the 
Sacramento Volley of California (Aolto and Oott, 1970). The Otter Point and Dothan ouembloges prob­
ably represent accumulations tran-sitional Mtween trench-oxiJ and ore-axis deposits ond having character­
istics of both, California's Great Volley nonvolconic continental shelr sedimentary Jequence of late 
Mesozoic oge has little preserved coonterport on the west-central side of the Klamath ore between the 
inferred volcanic: ore and the trench. Apparently the undifferentiated Juro$$ie-Cretoeeous strata (01JK" 
of Plate I )  in the cost-central port of the mop area around ft.$ne-ss (T. 35 S . ,  R. I I E.) ore the only pos­
Jible analogues; thrust faulting may hove concealed most of them. 

The several geologic subprovinces near the coast, which hove been distinguished formally in the 
preceding discussion, appear to hove been telescoped by faulting in Oregon even more than in northern 
California. The Great Volley counterpart, especially, is almost unrecognizable. The major mop units of 
Plate I reveal what is left of the now-jumbled subprovinces. Even though details of structural interpfeto­
tion shown therein will be superseded, it is thought that those tectonic divisions ore suffieiently delineated 
to aid further unraveling of the very complex structural history of the region (see Medaris and Oott, 1970). 
AJ Dickinson ( 1969) noted, in such coses features like the volcanic ore and trench themselves hove been 
destroyed by structural proce-sses. Most of their chOfoeter in Oregon, therefore, must be deduced by very 
detailed sedimentological studies. 

Cretaceous thrvst faulting 

Eastward underthrusting of oceanic crust is presumed to hove continued during Cretaceous time, 
resulting in brood folding ond some faulting of the Cretaceous strata and continuing intense $hearing of 
Otter Point and Dothan rcx:ks. Deformation culminated in extensive low-angle thrust faulting certainly 
before middle Eocene time, but most likely in medial Cretaceous time O$ inferred in northern California 
and by Misch { 1960) in northern Wos.hin.gton. Some underthrusting of Upper Cretaceous beneath Otter 
Point rocks is indicated, but oro lesser magnitude. 

Although it seemed incredible when Irwin suggested immense thrusting in 1964, it now oppearsthot 
the coastal outlier of Klamath-type greenschish and diorites overlain by Sacramento Volley-like Creto­
ccous sediments in the northern port of the present mop oreo olmast certainly is either o very Iorge alloch­
thon oro block displaced more thon 25 mil•s we.tward by strike-slip faulting. The distinctly different 
Otter Point rocks lie both to the north and south of the outlier os do blueschist rocks of the Colebfooke 
Schist. This Klomoth·Grcot Volley-type outlier has no nearby counterparts ond is totally onomalovs in 
ib present position. The Colebrooke Schist cleorly iJ allochthonous upon the Otter Point ond olso upon 
the southern side or the Klamath-Volley outlier, svggesti"9 lorge-scole imbrication of several thrust sheets 
resulting from the culminati9n of Mesozoic oceanic underthrusting. The enologies with the gross strueture 
and history of northern California and northern Washington os they hove come to be understood in recent 
years ore truly striking. That the underthrusting involved profound displacements of upper montle mate­
rial is sugge-sted by the discovery by Medaris of high-prcuurc minerals in vhromofic rocks closely associ­
ated with the Colebrooke allochthon os well 0$ by the pretence within these some rock mosses of ot least 
two plutons that yield Paleozoic dotes; these ore interpreted os old moJses carried up into the crust during 
culminating thrusting (Medaris and Dott, 1970). 
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Late Cretaceous and early Cenozoic tectonic quiescence 

Southwestern Oregon become rel ative ly stable by l a test Cretaceous time when erosion hod reduced 
much of the terrai n to sea level , ol' low i ng partial marine inundation during th e Lote Cretaceous wor l d ­
w ide transgression . No contemporaneous volcanism is known, and the sediments r·efled deep erosion of 
p lutoni c as wel l os older sedimentary and metamorph ic rocks . They have a hi9h K-feldspar content (up 
to 20 percent ) and apprec iable m ica ( Dott, 1 965; l 966 ) . The rocks ore tota l ly difFerent from a l l  o l der 
strata, and ore more akin structura l l y  to ear l y  Cenozoic ones. Di fferent areal distri butions. of Upper Cre­
taceous and lower Cenozoic shala , however, imply some epeirogenic warping in Paleocene t ime fol lowed 
by widespread marine transgress ion and unconformable overlap by variable Eocene deposits upon the Meso­
zoic comp l ex ( Baldwin ,  1 965; Dott, 1 966o) .  

Late Cenozoic tectonism 

Post-Eocene vertical fau lts and shear zones hove affected much of the coastal' region ( figure 35 ) .  
Where they were overprinted on older m�langes �;�nd thrust sheets, struc tural h istory is a l most impossible to 
dec ipher . North-northwest-trending shear zones characterize the coastal margin much os i n  the Cal ifor­
n ia Coast Ranges ( F igure 2 ) .  These structures hove been traced onto the continental she l f  off northern 
Co l ifornio by Si l ver ( 1 969o ), but they do not extend to the abyssal rea l m . Northerly trendi ng fou lts also 
occur farther in land in Oregon . T h at fau l ting continues today i� suggested by seismic activity along the 
present coast ( F igure 2 ) ,  by c l ear offsets of PI iocene strata ( F igure 34 ), and by warping and probable 
fau l ti ng of el evated Pleistocene marine terraces . The onset of the fau lt ing is thought to hove been in me­
dial Cenozo ic t ime ( O i igocene-Mio�ene, or 25 to 30 m . y .  ago ) ,  but th is  dote is i n ferred from somewhat 

Figure 3.5. N�thwest tow«d Crook Point and .Y.ock Reef ( in distanc e )  from Deer Point olong the exccpti011olly 
rugged coast in T .  39 S . ,  R .  14 W . Line oF :J.toc!Q; in the reef h a )eries of igneous tectonic blocks along 
the Cenoxoic Croo'k Point fault z011e; Upper Cretaceous strata bound the fau l t  on the east in right distonce 
( see Plate I I ,  inset 8 ) . Stacks in the foreground are very mossive Otter Point conglom(TOII."S, which l i e  
in thrust contocl w ith the Upper Cretaceous strolo o t  Houstenaden Creek to the right of  photograph ( In 
sec . 9, T .  39 S . ,  R .  1 4 W . ) .  
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circuitous reasoning. Flrtt, the faults affect Eocene and Upper Cretaceous strata more or les.s equally, 
and scattered dikes, sills, ond volcanic rocks doti"Sl from 28 to 30 m.y. ago ore 01sumed related to the 
faulting. Secondly, �� developm�t of the no(th-south .. trending Coos synclinorium north of the present 
mop oreo ond also o mojOf c:honge of structural patterns in emtetn Oregon and Woshlngton (Figure 2)  oc­
curred in Mioct!ne time (Dolt, 1965). Finolly, on o still forget scale, it is cleor that the entire COJdil­
lero suffered o profound t*Ctonic change reflected in extreme fragmentation of the crust ond by o very 
widt'$pfeod chonge to bosohic volcanism beginning in most oreos either in Oligoc�e or Mioc:e-ne time, 
about 25 to 30 m.y. ogo (Dolt, 1969; ChriJiion<on ond Llp<non, 1970). Thi• pervCHivo chango "!'P"'" 
ently reflected collision of southwestern North Amerieo with the Eost Pacific Rite, ond it is ouumed thot 
the change of tec:tonic style in IOUthwestern Oregon wos euentiolly synchronous with those better doted 
phenomena elsewhere. 

According to analyses of oceanic magnetic onornoliet and of oc:tive J8ismicity, soa-floor �preod­
lng i• continuing from the Gordo Ridge west of .outhern Oregan (Tobin ond Syk.,, 1968; Silver, 1969b). 
The Blanco frocture (McManus, 1965), like the Menc:kx:lno Fracture Zone, apparently is a transform 
fCI'Jit thot displaces the Gorda ond Juan de fuco Ridg .. (figure 2). IW>o<e ( 1970) lU990lh that the Blan­
co Froc:tvre moy be ono e.KteOlion of the Son Andreos fovh. The spreoding Gordo oceOttic lithosphere 
plate (Figure 36) emt of the ridges opporently is decoupled from the continental plate 01 wggested by 
cru111>1ing of continontal-<lso sodlmenh detected by Silver ( 1969o, 1969b), by tho lock of cl- continu­
ity of strudurcs on the continent ond odjocent sh.elf with those of the oceonic plate, ond by evidence of 
about 1 ,000 meters of uplih of Miocene-Pliocene �iments on the shelf ond slope west of central Ore­
gon (Byrne or"WJ oth.n, 1966 ). Decovpling of the GCHdo from the continental plate would explain wl\y 
the Blanco Fracture has no direct continuity with onsl\cwe structures. Silver ( 1969o) c:onclvd� from vee .. 
tor analysis of lithosphere ploto movements rhot the Gordo Plote Is underthrustil\g the continent toword the 
northeast, which covld pr"oduce o significant right-lotef'ol s1ip component olong the contlnentol margin. 
Svc:h seems borne O\JI by oorthquake fint-motion stvdles (M�Evllly, 1968), ond svgge1ts ot least tome 
strike-slip mOtion along the lote Cenozoic coostol shear zones os wos post"'loted by Koch ( 1906 ). Thus 
the strain suffered by Collfornio 10Vth of the Met�docino frocture z.on� seemingly hos been propogoted for 
ot least 200 miles fgrfher nof"th along the cofltinentol morgin. 

Although Jp<eoding Jtill seem> to be occu<ring oH Oregon ond Washington, tho ab.once of o mod­
ern deep tren.eh ond of o proven Benioff z.One with deep-focus eortf..quakes east of the pre$8nl Cos.code 
volcanic ore hove been puxzling. The opporently ropid rote of spreoding indicated for lhe Gordo oceon­
ic plate of obout 5 em. pet' yeor, together with rapid ndimentation resulting from the Colvmbio ond other 
Iorge rivers, moy occow.t for the lock of o trench, and tl\e poverty of deep-foc:us eorthquokes may reflec:t 
only o temporary period of relatively little seismicity, If spreading ond oceanic underthrusting ore indeed 
continuing, then the pre.sent geologie stote of the southwestetn Oregon COCI$1 is ephomorol, ond future epi­
sodes of orogenesis Hem Inevitable, Sot there would bo mojor discontinuities between future structures 
and older ones jvst 05 the PfOSent shelf and coost ore discOfdont with the old Klamath arruetural ore. As 
I hcrve argued elsewhere ( 1969 ), opporentlr moior discontinviti•s ore choroc.teristic of tl\o sea-floor spread .. 
lng process. 

Economic Geology 

Placer o.nd vein gold, espK1olly In the Sixes Riv., ond JohMOn Creek droinogo bosin1, were ac­
tively being mined ot the tvrn of the century. Gold Beoch oeqvired its nome from plocer gold worked dJr­
i"9 the winter season wl\en .stOfm wa-ves shifted most of the beoch sond offshore to expose gold-bearing 
grovels . In the northern port of the mop orea, block booch sondt used to be worked for gold, platinum, 
ond to some extent chromite and manganese. During World Wor II  ond again in the rer;ent yoon the fed­
eral government hos vndertokon �xtensive evaluation programJ of the placer sand potential for commercial 
reser"Ves of heovy metals. With the obvndonce of vltromofic rocks in the region, there is o natural expec­
tation of chromite1 nickel, ot\d platinum deposib, ond e.Ktensive pros�ting for thes.e hOi$ occvrred over 
tho ye-ars. A rothe1 unUiuol residual red soil developed ot Red Flat on the southern end of �e Signal Bvttes 
ultTomofic mou has been prospected for troce:s of nickel that ore present. An uouwol boroto mineral 
(priceite) occurs in serpentinite at lone Ronc:h Cre.k neor Cope Fenelo1 but it is nat ot.Jndont ertt:JUflt 
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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 at the turn of 

the century, but the Coos Boy cool fields still farther north contained vastly greater reserves. Cool min­
ing ceased even at Coos Soy in 1923. Sedimentary mot•riols of present economic importance ore confined 
to grovels, which ore readily available from river beds, and stone for riprop and rill, which ore quarried 
locally. Oiori t&, volcanic rocks, and well-indurated older sedi mentory rocks ore best suited for the Iotter 
purposes; the choice of mos.sive Cope Sebostion Sandstone for riprop a long the new U.S. Highway 101 south 
of Gold Beach moy hove been on unfortunate choice, although it see!'N to hove survived the elements rath­
er well for the post 6 yeors. OHshore peh·oleum potential hen received considerable attention in recent 
years, especially north of Cope Blanco. If Upper Cretaceous ond Cenozoic strata ore well developed off­
shore from the mop a-eo, there may be some significant potential. 
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G EOLOGICAL SYMBOLS 

Approxi m a t e  con t a c t  of C o l e brooke 
Schist with Dothan; here assumed to be 
a metamorphic gra dation, but perhaps a 
structural contact 

Broad zones of intense shearing 

F 
Fossil localities 

Faults 

Dashed where approximately located or indefinite, 

Thrust or reverse fault, barbs on side of upper 
plate. 

Contacts 
Dashed where approximately located, dotted 
where concealed; 

l 
Anticlinal axis 

+ 
t 

Synclinal axis 
Showing trace of axial plane and bearing and 
plunge of axis; dashed where approximately lo­
cated, 

� 
Approximate strike and dip of beds or flows, 

Approximate  strike and dip  of foliation , 

Geology 

IGNEOUS ROCKS OF DIVERSE AGES: 

Quartz diorite and mi11or gnmorliarit.e slnch.� and 
dikes (apparently all are late jurassic) 

kes 
(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 largel)) of jurassic 
age, but may include younger nl-asses) 

Serpentini te 
(light to dark green, intensely sheared serpentin· 
ized ultramafic rocks; assumed to be altered 
jurassic peridotites) 

Pillow (ell ipsoidal) lavas 
(fourul in OlLer Point1 1\fachlyn member of Do­
than and Colebrooke Formations) 

Non-ellipsoidal volcanic rocks 
i:1cluding lavas and volcanic breccias and con­
glomerates (found in Otter Point, Galice, Macklyn 
Member of Dothan and Colebrooke Formations) 

By R. H. Dott, Jr. 1967 (revised 1 968) 
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EXPLANATION 

Sands 
QuaternarJ dune and beach sands (mzd some m,a­
rine terrace dejJosils) 

U N C O N F O R M ITY 

IW:fM�;{;j 
Undifferentiated Upper Tertiary (Mio-Pliocene) 
marine deposits (includes "Empire Fm:' of Diller) 

U N C O N FO R M ITY 

dikes and sills 
Dacite diltes and .'jills of Brookings area (incl11des 
MI. Emily intrusive) 

Undifferentiated Eocene Sediments 
non-marine and marine sediments (sandstone, 
shale, conglomerate and coal) 

U N C O N F O R M ITY 

B 
Hunter Cove Formation (new name) 

(dominantly shale with thin .sandstone beds; local 
lenses of coarse sandstone and conglomerate up to 
30 feet thick) 

Cape Sebastian Sandstone (new name) 
(cross ,<!ratified, massive fine sandstone with local 
coarse conglomerate, especially near base) 

U N C O N F O R M ITY 

Rocky Point Formation 
(graded sandstone and mudstone) 

0 
Humbug Mountain Conglomerate 

(coarse, massive conglomerate with local thin 
sandstones) 

l}ndifferenliaJed upjJermosl jurassic and Lower 
Cretaceous st.rata of inland and northern areas 
(sandstone, shale and conglomerate) (Includes 
rocks equivalent in age to the Myrtle Group of 
inland regions) 

Otter Point Forma tion 
(Black mudstone, graded sandstone, massive peb­
ble conglomerates; jJossibly a lateral facies eq uiv­
alent of lower Humbug A1.tn. cOtlglomerale; con· 
tains important volcanic z.ones and minor bedded 
chert) 

Massive conglomerate zones. 

U N CO N F O R M ITY 

Galice Formation 
(Slightly metamorphosed black, slaty mudstones 
and thin sa11dstones; typically displays conspic­
uous lamination) 

Dothan Formation (undifferen tiated) 
(Sandstone�  sha le,  m in o r  congl o m erate and 
bedded chert; includes important volcanic z.ones; 
may show incipient metamorphism), Age uncer­
tain; commonly considered pre-Galice, buJ. recent 
studies suggest j)OS.�ible contemporaneity with 
Otter Point Formation. Com.m.unly majJjJed wil.h 
the Frm1ciscan Com.plex in California . 

� 
Winchuck Member 

(Black mudstone and thin, fine sandstones) 

Macklyn Member 
(j\1assive smzdstone, mudstone, bedded chert, con­
glomerate and volcanic rocks) 

Undifferentiated Meta- Volcanics 
Located principally in outcroppit�gs along Smith 
Rivet in northern California of assu med jurassic 
age. 

Gneissic Rocks 
Fow1d along JJ!inois River (closely associalerl. 
with peridotite and serpentinite masses; also re· 
ported from Big Craggies; presumed of jurassic 
age). 

Cole brooke Schist 
(chiefly q uartz-mica phyllite and schist of green­
schist facies wilh minor blue schist minerals Ia· 
cally; includes meta-volcanics; ) 

g .. 
Principal localities of prominent glaucophane­
bearing hlueschists. 

I s o t o p i c  D o t e s . ( N u m b e r s  i n  M i f l i o n s  o f  y e a r s )  

PA C I F I C  

O C E A N  
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EXPLANATION 

B 
River alluvium 

(Chiefly gravel) 

G 
Major landslides 

G 
Sands 

Quaternary dune and beach sands (and some rna· 
rine terrace deposits) 

.JVVV\/VV\.fV 

� 
Pleistocene marine terrace deposits 

(Sands and gravels mostly 150-200 feet above sea 
level.) 

Hunter Cove Formation (new name) 
(dominantly shaLe wrth thin sandstone beds; local 
lenses of coarse sandstone and conglomerate up to 
30 feet thick) 

B 
Cape Sebastian Sandstone (new name) 

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

Quartz diorite and minor granodiorite stocks and 
dikes (apparently all are late jurassic) (commonly 
associated with peridotite masses; probably juras­
sic in age largely, but locally of Tertiary age). 

• 
Serpentinite 

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

f��i] 
Pillow (ellipsoidal) lavas 

(found in Otter Point, Macklyn member of Do­
than and Colebrooke Formations) 

-
Non-ellipsoidal volcanic rocks 

including lavas and volcanic breccias and con­
glomerates (found in Otter Point, Galice, Macklyn 
Member of Dothan and Colebrooke Formations) 

U N C O N FORM ITY 

G EOLOGICAL SYMBOLS 

Gabbro i c  d ikes  

Broad zones of  intense shearing 

Faults 

Dashed where approximately located or indefinite. 

Thrusl or reverse fault. barbs on side of upper 
plate. 

Contacts 
Dashed where approximately located, dotted 
where concealed; 

l 
Anticlinal axis 

+ 
t 

Syncl inal axis 
Showing trace of axial plane and h�aring and 
plunge of axis; dashed where approxunately lo­
cated. 

.J_ 
Approximate strike and dip of beds or Ao, .. ·s. 

F 
Fos s i l  loc a l it i e s  




