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FOREWORD 
(J . E .  Muller ) 

The Vic toria Region s traddles the boundary between two maj or s tructural 
domains of  the Cordillera,  named by King (1969) in the early development s tage 
of plate tec tonic theory . The Cordilleran Fo ldb elt includes the larger 
eas tern part of the mountain chain , underlain by crys talline , volcanic and 
sedimentary rocks of predominant ly Paleo zoic and Mesozoic age . Its  wes ternmos t  
par t i s  the Insular Belt that includes the "Vancouver Is land Terrane , "  bounded 
on the south by San Juan faul t ,  and a part of the San Juan Is lands (Figure 1) . 

The Pacific Fo ldb elt lacks a pre-Mesozoic basement and is compos ed of late 
Mesozoic and Tert iary , mainly pelagic and neritic s trata , commonly with chao tic 
s tyle of deformat ion , together with basic crys talline rocks . It is only 
present in the cont erminous wes t ern United S tates and wes tern Alaska . I t  is 
miss ing in British Co lumb ia and southeast Alaska excep t for a narrow s trip from 
the west coas t of Vancouver Is land to Victor ia , cont inuing in San Juan I s lands . 
Muller (197 7 )  divid ed the Pacif ic Foldb elt in an inner belt of  mainly Mesozoic 
rocks and an outer belt of  mainly Tert iary rocks . The Inner Pac ific Belt o f  
Mesozoic rocks included the Francis can Terrane of California and the Chugach 
Terrane of Alaska , along with the areally much smaller Pacific Rim and Leech 
River complexes of Vancouver Island and correlative format ions on San Juan 
Islands. 

On southwes t Vancouver I s land the Pacific and Insular belts are s eparated 
by the high-angle San Juan Fault sys tem . On southeas t Vancouver Island and 
San Juan Islands the separat ion of the two terranes is more complex as the 
s truc tural s tyle changes from mainly high-angle faults , typical of Vancouver 
Island , to a combinat ion of normal , revers e  and f lat thrus t f aults prevailing 
on San Juan Is lands . 

The Outer Pac ific Belt is composed mainly of  the Olymp ic Terrane , but has 
counterparts in southwestern Alaska . Disregard ing Ter tiary volcanic rocks in 
interior Washington and Oregon , included by King in the Pac ific Bel t ,  it is 
composed so lely of Tert iary pelagic and ner itic s trata,  locally wi th a sub
s tratum of ear ly Tert iary basalt and gabbro . To the north this terrane is 
separated from the Inner Pac if ic and Insular belts by the Leech River fault 
on south Vancouver Is land . 

The ini tiative of  the 1983 G . A . C .  Victoria f ieldtrip commit tee to explore 
the l inkage of thes e distinct geological terranes across the Internat ional 
Boundary has b een met with interest by geologis ts with recent experience in 
one or more of the domains on both s ides of the border . Unfor tunat ely , 
logis t ics , dependent on s everal ferry cross ings , do no t permit to cover all 
terranes in one f ieldtrip . Thi s trip , preceding the Annual G . A . C .  Meeting , 
deals only with the pre-Tertiary s tructure and s tratigraphy o f  the San Juan 
Islands and south Vancouver Is land , north o f  the Leech River Fault . Ano ther 
trip , following the meet ing , will examine the exclus ively Tert iary rocks of 
the Olympic Terrane , south of that faul t . 
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FIGURE 1 
Outline map of Cordilleran Belts (Muller, 1977) 
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The guide is divided in two parts . The first one by Brandon , Cowan and 
Vance reviews in some detail the geology o f  San Juan Is lands and its  relat ion
ship to Vancouver Is land and the Mainland . The general discuss ion is followed 
by roadlogs for days 1 ,  2 and 3 ,  respectively by Muller, Vance ,  and Cowan and 
Brandon . The second part , by Muller, briefly outlines the geology o f  Vancouver 
Island and includes roadlogs for days 4 and 5 .  A conc luding overview by Muller 
examines s t ratigraph ic and s t ructural relat ionship s between Vancouver Island 
and San Juan I slands , seen f rom the larger is land ' s  geological vantage point . 

Text and figures o f  the firs t  part were prepared at the Univers ity o f  
Washington wh ile this foreword and the second part were written and draf ted 
at the Geological Survey of Canada o f f ice in Vancouver. Drafting , minimal 
non-technical editing and preparat ion of camera-ready copy under the ausp ices 
of the Survey are hereby gratefully acknowledged . 

THE GEOLOGY OF THE SAN JUAN ISLANDS, WASHINGTON 

(M. T. Brandon, D. s. Cowan and J. A. Vance) 

Introduction 

The San Juan Is lands o f  Washington State (Figure 3) are a region of 
complex geology which remains incomplet ely understood and controvers ia l .  Many 
o f  the p re-Upper C retaceous rocks are sheared and weakly metamorphosed . 
Though small , the area shares s tratigraphic and tec tonic features with Vancouver 
Island and with the Mainland . C rit ical geologic relationships in the San Juans 
are keys to unders tanding the tectonic his tory of the wes tern Cordillera, This 
is a review of San Juan Is land s t ratigraphy and s t ructure in the light of recent 
mapp ing and new fossil and radiometric dating . 
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Figure 3 Location map of San Juan Islands. 
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The San Juan I s lands were o riginally mapped by Roy D. McLellan (1927). 
He delineated the dis tribution o f  litho logic units , the order o f  the ir super
pos ition, made important fossil discoveries and recognized the pattern o f  open 
northwest-trending folds . His work is impres sive in view o f  the diff iculty 
of the geology , part icularly because mo s t  of it was done by rowb oat . Later 
s tudies show that some o f  his age assignments are in error and that some o f  his 
units are composite . 

The next advance was through the wo rk of Danner (1957, 1966 and 1977). 
His reconnaissanc e ,  and espec ially the mapping and des cript ion o f  the l imes tone 
deposits and their foss ils , led to a clearer unders tanding of San Juan 
s t ratigraphy . 

Vance (1968) f irs t recognized the widesp read presence o f  aragonite in San 
Juan rocks and described their low-grade metamorph ism . He remapped Orcas 
I sland and northern San Juan Island (Vance 1975, 1977), re interp reted some key 
s t ratigraphic relat ions , and identif ied a series o f  large , southeas t-dipp ing 
thrust s l ices . 

( Whet ten et al . ,  1978 and 1980) introduced the concept tha t the San Juan 
Islands include s everal unrelated , tectonically j uxtaposed terranes . They also 
published important radiolarian and U /Pb dat ing done by E. A .  Pes sagno , Jr. , 
D .  L .  Jones and R .  A .  Zartman . This has resolved several p rob lems o f  age and 
s equence , and permi ts asses sment o f  the displacement o f  San Juan faults . 

Other recent important contributions to San Juan Is land geo logy inc lude : 
the s t ratigraphy o f  the Sp ieden and Haro Format ions (Johnson , 1978 and 1981); 
mapping o f  southern San Juan I sland (Brandon , 1980); mapping o f  Lopez I s land 
by Cowan (Cowan and Miller, 1980); and the s tudy o f  Lummi Is land ( Carroll , 1980). 

Structural and Stratigraphic Units 

The following descrip t ions o f  rock units are no t ordered chronolo gically . 
Ins tead they are arranged in s t ructural assemblages , each wi th moderate s t rati
graphic coherence and with its own metamo rphic charac teris t ics (Figure 4 ;  for 
ano ther synoptic s t ratigraphic table see Figure 20). 1) The Haro , Sp ieden , 
Nanaimo and Chuckanut are unmetamorphosed ,  well s t ratif ied Mesozoic units in 
the northernmos t  part of the is lands . 2) South o f  these a complexly imb ricated , 
metamorphosed and deformed succession includes Paleo zoic igneous , volcaniclas t ic 
and sed imentary rocks (Turtleback Complex and unnamed "San Juan Paleozoic . "  
3 )  Thes e  are s tructurally overlain by Permian volcanic rocks (Deadman Bay ) , a 
lower Meso zoic chert-rich unit (Orcas ) and a largely elas tic Juras s ic-C retaceous 
uni t  ( Cons titution) . 4)  The s t ructurally highest unit, the Decatur Complex , 
cons ists o f  a Middle Juras s ic igneous complex (Fidalgo ) , unconfo rmab ly overlain 
by Upper Juras s ic-Lower C retaceous graywacke and mudstone ( Lummi) .  5) Separately 
mapped faultz one complexes are the late Permian metavolcanic Garrison and the 
late Mesozoic metasedimentary Lopez . 
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Figure 4 
Generalized stratigraphic compila tion for Mesozoic and older rocks of San Juan 

Islands, southern Vancouver Island, and northwestern Cascades of Washington and 

southern British Columbia. Stra tigraphic da ta for areas outside the San Juan 
Islands are from Muller, 1977, 1980 a , b; Monger, .1970; Misch, 1966, 1977; 

Danner, 1966, 1977; and Rusmore, 1982. Dashed lines signify tha t  the range of 

the unit is unknown. Question marks indicate poorly understood stra tigraphic 

relationships. Hachured parts of the column represent probably stratigraphic 

unconformities. Units shown vertically within a column were probably originally 

stratigraphically rela ted. Coeval units in separa te columns are generally 

separa ted by faults and cannot be correla ted confidently. Mid-Cre taceous thrust 

faulting and high-pressure metamorphism are shown at the top of the diagram. 

The Nanaimo Group represents a post-thrusting over.l.ap assemblage. 

Unmetamorphosed Mesozoic and Lower Tertiary Strata 

In The Northern San Juan Islands 

Nanaimo Group and Chuckanut Formation 

The Nanaimo Group i s  widely exposed on Vancouver I s land and in th e Gulf 
Is lands . It  over lies s everal pre-Upp er Cretaceous rock units unconformab ly 
(Muller and Jeletzky , 1970) . It crops out in the northernmos t  San Juan Islands 
and on the nor thern part o f  Orcas Is land (Figure 5 ) ,  where it cons ists  o f  
gent ly folded sands tone , conglomerate and muds tone o f  Lat e  Cre taceous age 

(Johnson , 19 78 ; Ward , 19 7 8 ) . These s ediment s ,  depo s ited in a submar ine fan ,  
contain c las t s  that were probably der ived from the San Juan Is lands t o  the 
s ou th (Vanc e ,  1 9 75 ;  Johnson , 1 9 7 8 ) . The contact of Nanaimo s trata with older 
rocks is interpreted as a high-angle fault . 
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Vance (1975) f irs t identif ied non-marine s trata on Sucia Is land as part 
of the Lower Tert iary Chuckanut Fo rma tion ; this early Eo cene age was conf irmed 
by Johnson (1982). The Chuckanut is also expo sed on the no rthern end of Lummi 
Island (Carroll , 1980) and in the foothills of the no rthwes tern Cascades . 
This cross-bedded , arkosic sands tone unit may correlate with the Gab riola 
Format ion in the Gul f  Is lands (Vance, 1975). 

Spieden Group 

These s t rata , exposed only on Sp ieden and Sentinel Is lands , cons is t o f  
Upper Jurassic and Lower C retaceous muds tone and volcaniclastic sands tone 
and conglomerate (Johnson , 1981). The Upper Jurass ic Spieden Bluf f Format ion 
contains volcanic b reccia and conglomerate depos ited near an active volcanic 
sourc e . The Lower C retaceous Sentinel Island Formation includes shallow 
marine and alluvial s edimen ts rich in volcanic detritus . Although the Sp ieden 
Group is time-correlative with nearby units in the San Juan Is lands (Lummi and 
Const itution formations ) ,  Vance (1975) and Johnson (1981) pointed out differences 
in its sedimentology , petrology , and metamorphism. The contac ts of  the Sp ieden 
G roup with the Nanaimo Group to the north and the Haro Format ion to the south 
are interpreted as high-angle faults . 

Haro Formation 

These steeply dipp ing Upper Trias s ic s t rata crop out only on , and immedi
ately south o f ,  Davison Head on the north end of  San Juan Island . They cons is t 
of  well-bedded s ilts tone , sands tone , conglomerate,  and b reccia with abundant 
andesitic and dacitic detritus (Vance , 1975; Johnson , 1978). These s ediment s 
were deposited near an active volcanic arc in generally shallow-marine environ
ments . The age is based on the fossil Halobia found in thin-bedded limestone 
south of Davison Head . The contac t of  the Haro with the recrystallized and more 
highly deformed Trias s ic Orcas cherts to the south if inf erred as a south-d ipp ing 
thrus t (Vance , 1975; Johnson , 1978). 

DEFORMED AND METAMORPHOSED MESOZOIC AND PALEOZOIC ROCKS 

OF THE SAN JUAN ISLANDS 

Lower, middle and upper Paleozoic plutonic and s edimentary rocks form a 
wide outcrop belt across northern Orcas Is land and occur to the south and wes t  
a t  scattered localities o n  several smaller is lands and o n  San Juan Is land . 
Radiometric ages indicate that the p lutonic rocks range f rom older than 470 m . y .  
to a t  l eas t as young a s  300 m. y . , while foss ils demons trate the presence of  
s t rata o f  Middle Devonian , Early Pennsylvanian and Early Permian age . Contacts 
between the p lutonic and supracrustal rocks of  this belt are generally low
angle thrus t faults wi th apparent maj or displacement , but we group thes e rocks 
in one s tructural-stratigraphic unit which we int erp ret as the p lutonic and 
vo lcanic members of a Paleo zoic magmatic arc . At s everal outcrops the p lutonic 
rocks have intruded their volcanic cover. This relat ion is s een near Sea Acres 
on eastern Orcas Is land and has b een reported by Muller (1976) and Danner (1977) 
at Deer Harbor on wes tern Orcas Is land . This s truc tural unit is imb ricated 
internal ly and has been overthrust by and tectonically s l iced into s t ructurally 
overlying units . 
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Figure 5 A 

Generali zed geologic map of the San Juan Islands based on mapping by Vance (1975, 1977, and unpub.); 

Cowan (unpub. ); Brandon (1980 and unpub. ); Whetten (1975); Whetten et al. (1978); Johnson (1978); Carroll 

(1980); Brown et al. (1979); Gusey (1978); and Glassley (unpub.). Major faults are approximately located. 

Quaternary sediments are not shown. "R" denotes village of Richardson . "A" denotes Asiatic fusulini d 

localities i n  the Deadman Bay Volcani cs. 

� lili2iliJ 

--

Chuckanut Formation. Lower Tertiary, 

non-mari ne. 

Nanai mo Group. Marine conglomerate, 

sandstone, shale. Upper Cretaceous. 

Spieden Groupe Conglomerate and 

sandstone wi th i ntermediate volcanic 

clasts. U. Jurassic and L. Cretaceous. 

Haro Formati on. Conglomerate and 

sandstone with i ntermedi ate volcanic 

clasts and U. Triassic carbonates. 

Decatur terrane. Sandstone, mudstone, 

conglomerate of Lummi formation (U. 

Jurassic to L. Cretaceous) overlying 

ultramafic rocks, mafi c to intermediate 

plutonic and volcani c rocks of M. to U. 

Jurassi c Fidalgo Complex. 

Lopez Complex. Imbricated slices of 

Jurassic to mid-Cretaceous sandstone, 
pebbly mudstone, pillow lava and cherts. 

Consti tution Formation. Massive 

volcaniclastic sandstone, and i nter

bedded sequences of mudstone, pillow 

lava, tuff, and ribbon chert. Jurassic 

to L. Cretaceous . 

Orcas Chert. Deformed chert and basaltic 

volcanic rocks. Tri assic-Lower Jurassic. 

Intimately and complexly mixed imbricate 

zone containi ng Orcas Chert, Turtleback 

and Paleozoic limestone. May also include 

fragments of Deadman Bay Volcanics. 

Deadman Bay Volcanics. Pillow lavas, 

tuffaceous rocks, mi nor chert, and lime

stone with Asiatic fusuli nids. U .  

Permian to Triassic. 

Turtleback Complex (Devoni an and older 

plutonic rocks) and related Paleozoic 

volcanic and volca niclastic rocks wi th 

i nterbedded li mestone of Devoni an, 

Pennsylvanian, and early Permi an ages. 



Turtleback Complex 

Intrus ives of thi s s tructural unit have been assigned by McLellan ( 1 9 2 7 )  
and later workers t o  the Turtleback Complex, a heterogeneous plutonic assemb lage 
cons i s t ing of an earlier gabbroic phase and a later silici c ,  quartz dioritic to 
trondhj emitic phas e . Basaltic to s ilicic dikes are the latest intrus ive 
elements in the Turtleback Comp lex . 

The chronology of the Turtleback Comp lex is imper£ectly known , in part 
owing to a widely developed s tatic me tamorphic overprint in greenschist and 
lower amphibolite facies , that has hampered rigorous interpretat ion of radio
metric ages . The best dates are from meta-tonalites and me ta-tronhj emi tes 
characterized by abundant coarsely granular quar tz . The dates are 207pb / 206 /Pb 
ages of 3 9 9 , 409 and 4 3 7  m . y .  with an upper-intercep t Concordia age of 4 7 1  m . y .  
(Mattinson , 19 7 2 ; Whetten e t  al . ,  19 7 8 ) . Early t o  middle Paleo zoic are there
fore repres ented in the unit . U/Pb dating of a small trondhj emite body at Deer 
Harbor on Orcas Is land yielded a 207pb / 20 6pb age of 300 m.y . on two z ircon 
fract ions and a 206pb / 238u age of  282 m . y .  on sphene . (Wendell Hoppe , written 
co nnn. 1982) . This indicates the presence of younger intrusive Paleo zoic rocks 
in the Turt leb ack Complex . 

S everal K/Ar dates have b een determined on Tur tleback rocks . Whet ten et al . 
(19 7 8 )  report a K/Ar age of  554 ±16 m . y .  on hornb lende from a gabbro pegmat ite 
on Eas t Sound on Orcas I s land . Uralitic amphibole from a metagabbro near Pt . 
Lawrence on Orcas Is land yielded an age of 332  ±16 m . y .  (R . B .  Forb es , personal 
co nnn . ) . This is probably a minimum age . A whole rock K/Ar date of  258± m . y .  
determined for a gneis s ic diorite from western Orcas Is land (Danner , 19 7 7 )  is 
probab ly a metamorphic age . 

Zircon fiss ion-track ages o f  260 , 2 7 5 ,  and 294 m . y . (C . W .  Naes er , and 
R .  Zinunerman , wr itten co nnn. ,  1980)  from three Turt leback trondhj emites are 
probab ly related to the thermal event which reset the K/Ar ages . Thes e  ages 
appear to date the widespread s tatic metamorphic overprint of the Tur tleback 
ro cks . The metamorph ism may b e  a regional event or may be related to the exten
s ive Turtleback dike swarms . Zircon from a s ilicic dike in the Turtleback 
Complex from the village of  Wes t  Sound was det ermined by Vance to have a f iss ion 
track age of  2 7 0  ± 54  m . y .  (The mean age was calculated from th e ages o f  s even 
z ircon grains , each with unit weight . The error limit represents the s tandard 
error at the 9 5 %  s ignificance corrected for the small samp le s ize . )  Since the 
dike appears to show the s tatic overprint it is tentatively interpreted as a 
f eeder to the Devonian-Pennsylvanian vo lcanic rocks . (It  may b e  noted that the 
reset Turtleback ages are close to the K/Ar ages ob tained on the Garrison amphi
boli tes , discussed below . This appears to be co inc idental ,  however , as the 
Garrison rocks d isplay a high-pressure metamorphic mineral assemblage quite 
different from the Turtleback metamorphic overprint . )  

In sununary , U/Pb dat ing shows Ordovic ian ( 4 7 1  m . y . )  and Pennsylvanian 
( 300 m . y . )  s ilicic plutonic rocks in the Turtleb ack Comp lex in addition to an 
earlier gabbroic phas e . A s tatic metamorphic event resulted in reset of par tially 
reset K/Ar and z ircon f ission track ages in the range 3 30-260 m . y .  Swarms of  
maf ic to silic ic hypabyssal dikes are the lates t Turtleback element and appear 
to be at l east 2 7 0  m . y .  old , the fission track age of a s ilicic Turtleback dike . 
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Rocks probab ly correlative with the Turtleback Complex are younger part s  of 
the Yellow As ter Complex in the northeast Washington Cascades (Misch , 196 6 ) . As 
in the San Juan Is lands , they include a gabb roic to dioritic maf ic phase and 
s ilicic plutonic phas e .  The Yellow As ter rocks are tec tonic s l ices and b locks 
in the Shuksan thrust system and in other Cas cade faults . U/Pb dates on zircon 
f rom trondhj emite range f rom 450 to 400 m . y .  (Mat tinson, 19 7 2 ) . Several units 
on s outhern Vancouver Is land may correlate with the Turt leback Complex . The Tyee 
intrus ions of the Saltspring Is land area have yielded a U/Pb isochron wi th an 
upper intercept of 4 10 m . y .  (Muller, 1980a) . The Wark and Colqui tz gneis s es of 
the Victoria area contain maf ic and si licic plutonic elements analogous to the 
Turtleback . They have disco rdant Paleo zoic U/Pb ages , and p recise age ass ignment 
is not pos s ible due to a s t rong Juras s ic metamorphic overprint (Muller, 1980b ) . 

Paleozoic Volcanic and Sedimentary Rocks 

Unnamed sup racrus tal rocks , pos s ibly correlative wi th the Sicker Group of  
Vancouver Island , are widespread on Orcas Island and as scattered outcrops on 
San Juan Is land and on Jones and O'Neal and other small is lands south and wes t  
of  Orcas Island (Danner, 1966  and 1 9 7 7 ; Vanc e ,  19 75  and 19 7 7 ) . The rocks are 
volcaniclastic sediments with mino r lavas and limes tone interb eds . Limes tone 
lenses contain Middle Devonian , Middle Pennsylvanian and Early Permian fos s il s  
(Danner, 1 9 6 6  and 19 7 7 ; Savage , 19 82) . Although no t conf irmed b y  foss ils , o ther 
Paleo zoic intervals may be p resent . 

The dominant rocks are andesitic to dacitic pyroclas tic rocks and vo lcani
clas tic sediments .  They inc lude mas s ive tuf f-b reccia and tuf f ,  and thin-b edded 
volcanic sands tone and silts tone which are commonly graded . The volcanic 
provenance of  thes e s ediments , the presence of  sub o rdinate lavas (locally 
pillowed) , and the interbedded l imes tone indicate shallow marine depos ition in 
a volcanic arc .  Dikes that may feed the volcanic rocks are locally abundant 
and range f rom mafic to s ilicic in compos it ion . 

The b eds are generally in thrust fault contact with rocks of  the Turt leback 
Complex . They lack the greens ch is t - to lower amph ibolite -- facies s tatic 
metamorph ic overp rint that dis t inguishes the Turt leback, though both share the 
intra-C retaceous prehnite-aragonite grade metamo rphism . At Sea Acres and Deer 
Harbor on Orcas Is land , the Turtleback intrudes th e Paleo zoic supracrus tal 
rocks . Al though the age of  the intruding Turtleback is no t known , mos t  of  i t  
appears early Paleozoic: thus the intruded beds may be pre-Devonian . The 
Sup racrustal rocks and the Turtleback Complex appear to be the vo lcanic and 
plutonic members of a Paleo zoic magmatic arc .  Th is conc lus ion is supported by 
their similar range of  ages , by their calc-alkaline composition and by locally 
preserved contac ts showing int rusion of  the plutonic rocks into the ir volcanic 
cover. 

Danner ( 1 96 6 ,  19 7 7 )  des c ribed Devonian s ediments on 01Neal Is land as 
unconformab ly overlying the Turtleback Comp lex . The contacts are sheared and 
they may be thrus t ,  as documented on Orcas Is land . Our interp retat ion that the 
Paleo zoic suprac rus tal rocks and the Turt leback Complex are members o f  a long
l ived and probab ly intermittently ac t ive magmatic arc does no t preclude 
unconformities wi thin the sequence . 
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The correlat ion o f  the Devonian-Pennsylvanian-Lower P ermian s equence o f  the 
San Juan Is lands is controversial and as yet unresolved . Supracrus tal rocks of 
broadly the same age are the Sicker Group o f  Vancouver I sland and the Chilliwack 
Group of the northwes t Cascades of nor thern Wash ington and southernmo s t  British 
Co lumb ia . The Sicker includes b eds of demons trated pre-Devonian , Mis s is s ippian , 
Pennsylvanian and Early Permian age (Muller , 19 80a ; Danner ,  19 7 7 )  while the 
Chilliwack includes Middle or Upper Devonian , Early P ennsylvanian and Early to 
Middle Permian (Danner , 1 9 7 7 ) . Danner ( 1 9 7 7  and p ersonal comm. ) argues that 
maj or faunal dif ferences rule out equivalence of the three unit s . Muller (1980a) 
favors correlation of the San Juan Paleo zoic with the S icker Group . Both cons is t  
dominantly o f  intermediate pyroclastic and volcanic las tic s ediments , in contras t 
to the Chi lliwack which has a much higher proportion of argillite , sands tone and 
mafic lavas . The correlat ion of the San Juan with the Sicker rocks is s trength
ened by the presence of Paleozoic intrus ive rocks , the Turtleback and Tyee , in 
both units . I f  the Devonian-Pennsylvanian-Lower Permian of the San Juan Islands 
does correlate with th e S icker , it may represent a fragment o f  Wrangellia 
( Jones et al . , 1 9 7 7 )  in the San Juan Is lands . 

Garrison Schist 

The metamorphic rocks ref erred to as the Garrison s chis t  were f irst  recog
nized by Danner (1966)  at Garrison Bay on nor thern San Juan Is land . Vance 
(1975 , 1 9 7 7 )  showed that thi s  unit extends s outh as a narrow outcrop b elt as far 
as Mt . Dallas and that small outcrops of s imilar rocks occur on Orcas Island . 
Danner ( 19 7 7 )  reported Garrison on southern San Juan Island , while Brandon (1980)  
traced the unit to the south end of the is land and Brandon and Cowan (unpubl ished 
work) mapped the unit on northern San Juan and on wes tern Shaw Is land (Figure 5 
shows the known dis tribut ion o f  Garrison s chist in the San Juan Islands ) .  The 
Garrison rocks are green to black maf ic s chist and associated micaceous quart z 
ite . Rare limes tone lenses also appear to be part o f  the unit . The Garrison 
rocks are typically fractured , veined , microb recciated and s l ickensided . 
Their well developed s chis tos ity and the bright color o f  the greenschis ts bes t 
distinguish them from adjacent, less metamorphosed rocks . 

The mafic s chist includes two metamorphic facies . The belt of s ch is t 
between Garrison Bay and Mt . Dallas cons ists largely of alb ite-epidote amphi
bolite wi th minor greenschis t .  Microprobe analyses show that the amphibole is 
barro isite indicat ing high-pressure me tamorphism . The associated quar t z i te 
contains white mica and rare garnet and biotite . The Garrison outcrops on 
southern San Juan Is land , wes tern Shaw and on wes tern Orcas Is land are f ine
grained greenschis ts with the assemb lage albite-epido te-act inolite-chlorite and 
les s commonly alb ite-epidote-chlori te-calcite.  These rocks formed at lower 
t emperature and pressure than the amphibolites . 

Layering in the Garrison quartzite sugges ts derivat ion from ribbon cher t s . 
The maf ic compos iton o f  the amphibolite and greenschis t and their as sociation 
wi th metachert suggests  that the parent rocks are submarine basal t . Hornbl ende 
from Garrison amphibolite from Mt . Dal las on San Juan Island and Cascade Lake 
on Orcas Island y ielded K/Ar ages of 242 ±7 m . y .  and 2 86 ±10 m . y .  respec t ively , 
indicat ing Permian or Early Triassic metamorphism (R.  B .  Forbes , wri t .  comm . ; 
R .  L .  Arms trong , wr it . comm . ) . A potass ium-poor (K20 = 0 . 1 3 2 % )  act inol ite from 
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a Garrison greens chist from Parks Bay , Shaw Island , gave a K/Ar age o f  1 6 7 ±  
6 m . y .  (R . L .  Arms trong , writ.  comm . )  I f  this Jurass ic date i s  val id , the 
Garrison amphib olite and greens chis t  represent two metamo rph ic events . Clasts 
like Garrison greenschist in Cons titut ion Format ion conglomerate on Garrison 
Bay (Vance , 19 7 7 )  and in Cons titution sands tone (Brandon , 1980 ) , indicate pre
Late (?) Jurassic metamo rphism .  

The Garrison schist occurs as a discontinuous tectonic sheet a t  o r  near 
the contac t between the bedded cherts of the Triass ic-Jurassic Orcas Fo rmation 
and the overlying elas tic sediments of  the Cons ti tution Formation . At mos t  
outcrops this exo t ic sheet i s  1-4 m thick and i s  nowhere thicker than a f ew 
t ens of  meters . Apart f rom its faulted contac ts , tectonic emp lacement o f  the 
Garrison s chist is impl ied by two ob s ervations . Firs t ,  the me tamorphism of  the 
Garrison s chis t is older than eithe r the Orcas or Cons titution format ions . 
Second is the s t riking contras t between the higher-grade synkinematic metamor
phism of the Garrison and the lower grade of the adj acent s edimentary rocks . 
The Garrison , thus , cannot be the result of  local me tamo rphism along a faul t .  
Indeed , the faul t  s l ices o f  Garrison Schis t and Turt leback Complex 
rocks are the only evidence of this maj or thrus t .  Vance (19 7 7 )  p ropos ed that 
the Garrison was emplaced in two s tages:  1)  a thin , discontinuous s ec t ion o f  
Orcas Chert and thicker, overlying Cons titut ion Format ion were thrus t onto the 
Turt leback Complex and the Garrison Schis t ,  forming the Orcas thrus t ;  2 )  a 
s econd fault ( the Rosario thrus t )  cut the Orcas thrus t at a low angle , dragging 
sheets and slices of Turtleback and Garrison along at the base of a thick plate 
of Cons titut ion . 

The Garrison albi te-epido te amphib olite appears to correlate with s imilar, 
coarser-grained amphibolite  in the nor thwes tern Cas cades . Mos t  of the Cascade 
alb ite-epido te amphibolite  occurs as tec tonic lenses in the Shuksan thrus t 
sys tem (Misch , 19 6 6 ,  1 9 7 7) .  The bes t s tudies of  the Cascade amph ibolite are at 
Vedder Mountain at the Int ernational Border ( Bernard i ,  1 9 7 7 )  and on the Middle 
Fork of  the Nooksack River (Rady , 1981) . Like the Garrison, these rocks are 
characterized by the mineral association , alb ite-epidote-barrois itic amph ibole 
and have yielded Permian t o  Triass ic radiometric ages (Arms trong , 1980) . The 
Garrison greenschist resembles Shuksan greens chis t of the northwes tern Cascades 
(Misch , 19 6 6 ) , but is older than the Shuksan which is dated as 107-137 m . y .  
(Arms trong , 1980 ; Brown et al . ,  1982)  

Orcas Chert and Deadman Bay Volcanics 

The Orcas Chert and Deadman Bay Vo lcanics (Vanc e ,  19 7 5 ,  1 9 7 7 ;  Brandon , 1980)  
constitute a disrupted s t ratigraphic sequence of  pillowed vo lcanics , limes tone , 
chert and muds tone ranging f rom Permian th rough Lower Jurassic . Deadman Bay 
Volcanics is a new informal name f o r  an unnamed unit previous ly called the 
Permian Volcanics .  The Deadman Bay volcanic unit occurs in dis cont inuous fault 
s l ices s t ructurally b eneath the Orcas Chert and represents the oldes t part o f  
the s equence . It cons ists of  submarine volcanic rocks , interb edded with minor 
l imestone and ribbon chert . The younger Orcas Chert is composed of  a complex 
associat ion o f  ribbon chert and muds tone with minor l imestone and pillowed 
volcanic flows . 

Stratigraphic relat ions in the Deadman Bay Volcanics are best displayed in 
a 4 km-long fault  slice of  the unit on the wes t s ide of  San Juan Is land ( Fi g .  5 ) . 
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Volcanic rocks inc lude pillowed flows and associated f ragmental vo lcanic rocks , 
some o f  which are basaltic andesite ( Atkin , 19 7 2 ) . Interbedded l imes tone 
ranges f rom local irregular bodies between the pillows in lava , to thick , 
conformab le tubular bodies (see maps in Danner, 1 9 6 6 ) . Limes tones are generally 
mas s ive and gray aragonite and calcite , with minor orsar..ic �1a'-::e"Lial (:Janner, 
1 9 6 6 ) . 
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Map of outcrops of Garrison Schist. Solid pattern i ndi cates areas containing one 

or more exposures. Most outcrops are associated wi th the Rosari o-Eagle Cove 

thrust. See Figure 2 for overall geologi c setting. 

Figure 7 
Compi lation of fossi l  ages from the Orcas Chert and Deadman Bay Volca ni cs (Whetten 

et al., 1978; Danner, 1966; Brandon, 1980). Verti cal bars represent possible age 

range for each fossil collecti on; number i ndicates number of fossi l  determinations 

wi th the i ndicated age range. Types of fossi ls determi ned a re represented by 

letters near the bar: R = radiolari a from chert; C = conodont from chert; F = 

fusulinid from limestone. 

Late Permian fusulinids , locally p reserved in the limes t one , represent some 
of the youngest Permian fos s ils in North America and are characteri s ti c  of the 
As iatic fusulinid province ( =  "Te thyan") , a faunal p rovince exo tic tp North Amer
ica (Danner, 1966 ; Monger and Ross , 19 7 1 ) . In the S an Juan Is lands '  As iat ic 
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fusulinid l imes tones appear to be res t ricted to the Deadman Bay Volcanic s ; they 
occur in three wel l  documented localit ies ( labelled as "A" in Fig . 5 ). l,onodonts 
and radiolaria f rom ribbon cherts interbedded in the Deadman Bay Volcanics have 
yielded both Permian and Trias s ic ages (Fig . 7 )  (Whetten et al . ,  19 7 8 ) indicating 
that the volcanics range into the Trias s ic . 

The Orcas Chert cons ists of  rhythmically bedded gray , green and b lack radio
larian ribbon chert , wi th mino r pillowed volcanic ro cks , tuff and limes tone pods 
(olistoliths ? ) . Stratigraph ic relat ions are difficult t o  resolve due to defo rm
ation and the absence of distinc tive s t ratigraph ic horizons .  Twenty- two 
radiolarian foss il localities have yielded good foss il determinat ions ranging 
f rom Triassic through Jurassic (Fig . 4) (Whetten et a l . , 19 7 8 ;  Brandon , 1 9 8 0 ) . 
Despite the numb er of  fos s il collections , the s t ratigraphic range o f  the Orcas is 
b road because the fossils identified have wide ranges .  The s t ratigraph ic range 
of  the Orcas could be as res tricted as Upper Triass ic-Lower Jurassic (Fig . 7 ) . 
One anomalous Mis s is s ipp ian age , also shown in Figure 7 (sample 7 7-42b f rom 
Whe t ten et al . ,  19 7 8 ) , represent s the only pre-Trias sic age f rom the Orcas Chert , 
and the only pre-Permian radiolarian locality in the San Juan Is lands . Two o ther 
sampl es f rom the same locality yielded Trias s ic radiolaria (samples 7 7-42a and 
7 7-42c , Whetten et al . ,  1 9 7 8 )  cas ting furthe r susp icion on the Mississ ippian age . 

Ind irect evidence indicates that the Orcas was originally s t ratigraphically 
continuous with the Deadman Bay Volcanics , although the Orcas is thrust  over the 
Deadman Bay Volcanics . Bo th uni ts record varied submarine vo lcanism . Trace 
element geochemis try of pillowed f lows f rom each unit indicates that the f lows are 
s imilar ( Fig . 8 )  and were probab ly erup ted in the same vo lcanic setting. Triassic 
radiolarian chert is present in both units (Fig . 7)  ind icat ing chert dispos ition 
in the Deadman Bay Volcanics cont inued into the Triassic and migh t represent the 
precursor to more vo luminous Trias s ic-Juras s ic chert deposition in the Orcas 
Chert . The thrust displacement of  these two uni ts may be s l ight because the 
younger Orcas Chert res ts s t ructurally above the o lder Deadman Bay Volcanics . 

Previous interpretat ions (Danner, 19 66 , 1 9 7 7 )  have sugges ted that the 
Deadman Bay Volcanics are s t ratigraphically associated wi th the Pennsylvanian
Devonian calc-alkaline vo lcanic unit in a lower thrus t sheet in the no rthern San 
Juan Is lands ( s ee above s ec t ion on Paleozoic plutonic and volcaniclastic sedimen
tary rocks ) . This inferred s t ratigraphic relat ionship i s  no t present ly pres erved , 
perhaps owing to the middle Cretaceous thrus t faul ting . However, these two 
units occur in s t ructurally distinct posit ions and are s eparated by intervening 
s t ructural uni ts wh ich include a thick package of lower Paleo zoic p lutonic rocks 
of the Turtleback Complex (Fig . 5 ) . An alternat ive interpretat ion is that the 
Deadman Bay Volcanics and Pennsylvanian-D evonian Volcanics rep resent two 
unrelated Paleo zoic terranes which have b een j uxtaposed . The dis tinc tive As iatic
fusul inid l imestone in the Permian volcanics suggests correlat ions with s imilar 
rocks of  the Cache C reek Group and Bridge River Group of  cent ral British Columb ia 
(Monger, 19 7 7 )  and the Trafton Group of the wes tern Cas cades foothills (Danner, 
1 9 6 6 ) . The Pennsylvanian-Devonian volcanic rocks could be correlative to the 
Chilliwack Group of the North Cascades (Misch , 1 9 7 7 )  or the S icker Group of  
Vancouver Is land (Muller, 19 80a) . Monger ( 1 9 7 7 )  has dis cus sed the reg ional 
tec tonic setting of  these different Paleo zoic terranes . 
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Normali zed rare-earth element (REE) curves for volcani c  rocks from the Orcas 

Chert uni t  and the Deadman Bay Volcani cs. Because samples from both uni ts show 

si milar light �REE enrichment, they are interpreted to be related stratigraph
i cally. Unpublished data from Whetten (U. S. G.S. ), Vance, and Brandon and Cowan. 

Figure 9 

Generali zed stratigraphic column of the Constitution formation as exposed on San 

Juan Island. The uni t  consi sts of a fault-bounded Jurassi c-Lower Cretaceous 
elasti c  sequence, probably more than 4 km thi ck. The Constituti on includes 

three informal members described in the text. They are a complex deposi tional 

association of massive sandstone and black mudstone wi th minor ri bbon chert and 
pillowed basalt . The ages of radiolaria from interbedded chert indicate that 

the upper member of the Constitution is Late Jurassi c-Early Cretaceous i n  age. 
The lower members are undated but are probably Jurassic or younger. 

Constitution Formation 

The Cons t itut ion Formation (Vanc e ,  19 75 , 19 7 7 ;  Brandon , 1980)  is a Jurass ic
Lower C retaceous e lastic s equence , probab ly mo re than 4 km thick (Fig . 8 ) . The 
thickes t part of the formation is on southern San Juan Is land in the southwe s t  
l imb of  a b road syncl ine wh ich plunges gently southeast . S t ratigraphic relat ions 
within the Cons t itution are best  pres erved here b ecause thrus t faults and imb ri
cation are largely confined to the base and top of the unit . 
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As shown in Fig . 8 ,  the Cons titut ion Formation is a comp lex deposit ional 
associat ion of mas s ive sands tone and b lack mudstone wi th minor ribbon chert 
and pillowed basalt.  Three memb ers are recognized: 

1 )  The lowes t member which cons is ts of b lack hemip elagic muds tone , and 
rec rys tallized ribbon chert , with subordina te pillowed f lows , green tuff , tuf fa
ceous sandstone and mino r limes tone olistoliths ; 

2 )  The middle memb er is composed of  mas s ive vo lcanic las tic sands tone with 
minor clas t-supported conglomerate ; and 

3 )  The highes t memb er, is b lack muds tone , with thin-bedded siliceous sand
s tone , and subordinate polymict pebbly muds tone , mass ive sands tone , radiolarian 
chert , and pillowed basalt . 

Two radiolarian fossil collections f rom chert in the upp er member of  the 
Cons t itut ion are Late Juras s ic -Early C retaceous ( Whetten et al . ,  19 7 8 ;  Brandon , 
1980 ) . The age of the lower memb ers is not directly known ; however, l imes tone 
olistoliths in the lowest unit contain Late Triass ic conodonts (N . Savage ,  19 82 , 
pers . comm . ) indicat ing a Lat e  Triass ic maximum age . 

Indirect evidence sugges ts a pos t-Early Jurassic age for the Cons titution . 
Danner (197 7 ,  p . 48 4 ;  19 7 9 , writ ten comm . ) ident if ied a fusulinid f rom a limes tone 
clast in a Cons titut ion conglomerate as a Schwagerinid of " Tethyan aspect . "  He 
suggest s  that the clast was probab ly derived f rom As iatic f usul inid-b earing 
l imes tones of the Orcas Chert and associated Deadman Bay Volcanics . If correct , 
this relat ion sugges ts that the Cons titution is younger than the Early Juras s ic 
Permian Orcas-Deadman Bay sequence . 

The contact between the Cons titution and Orcas is the Rosario thrus t on 
Orcas I s land (Vance ,  1 9 7 7 )  and the Eagle Cove thrus t on southern San Juan Is land 
( Brandon , 1 9 80 )  ( Figs . 5 and 6 ) . It is marked by slices of the exo tic Permo
Trias s ic Garrison s chist . The lowes t memb er of  the Cons titution is chert and 
mud s tone l ike that in the underlying Orcas Chert . Vance ( 1 9 7 5 )  sugges ted that 
the lowes t  member of the Constitut ion represents a gradat ional trans it ion f rom 
the older Orcas Chert , subs equently modif ied by thrus ts . The As iat ic-fusulinid 
l imestone c last in the Cons t itution Forma tion (Danner, 19 7 7 ) indicates close 
proximity of  the Cons titution to the Orcas-Deadman Bay sequence .  Fos s il ages 
f rom the lowest Cons ti tut ion member would clarify the original s trat igraphic 
relat ion of the Cons t itut ion to the Orcas Chert . 

Petrologic s tudies of  sands tone and conglomerate clas ts of  the Cons t itut ion 
(Brandon,  19 80 ; Vance , 19 7 5 ,  19 7 7 )  indicate that the source area was dominated by 
intermediate and silicic volcanic rocks with minor basal t .  Volcanic c las ts in the 
sandstone are angular firs t-cycle detritus , eroded f rom a volcanic arc . Minor 
amounts of metamorphic rock f ragments and metamorphic minerals in the sands tone 
and conglomerate ind icate that the s ource included subordinate s chis tose meta
basalt of greens chis t to albite-ep ido te amphibolite and b lues chis t facie s . 
As s emblages and metamorphic textures in mos t  of  the metamorphic detri tus resemb le 
Permo-Trias s ic metabas altic s chists such as the Garrison Schi s t  in the San Juan 
I s lands and the rocks of Groat Moun tain and Vedder Mountain in the North Cas cades 
(Misch ,  19 7 7 ;  Rady , 1981 ; Bernardi , 1 9 7 7 ) . Cons t itution sands tones also contain 
minor chert with locally p reserved radiolaria , perhaps derived f rom the Orcas Chert . 
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Sands tone petro logy and regional tec tonic relations indicate tha t the 
Cons titut ion was depos ited in a convergent margin setting. The Cons titution 
includes hemip elagic muds tone , pebbly muds t one and mas s ive sandstone , with 
minor interbedded radiolar ian ribbon chert and pillowed basalt . The lithofacies 
sugges ts depo s it ion b elow wave bas e  in a morphologically comp lex s lope and s lope
bas in setting (see Brandon , 1980 for a more extens ive discuss ion) . The s et t ing 
included areas isolat ed temporar ily from e las tic deposition , allowing accumula
tion of radiolar ian chert . 
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Figure 10 A Figure 10 B 

Figure 10 A 

Normalized rare-earth element (REE) curves for basalt from the Consti tution 

Formation on southern San Juan Island (W-120: Griffin Bay; S-165: south Mulno 
Cove; s-116: south Merrifield Cove). Shaded region represents the range of REE 

curves for Upper Jurassic-Lower Cretaceous basalt from the Lopez Complex and 

Decatur Terrane on Lopez, Fidalgo, and Lummi islands. (Data from Vance et al. , 

1980; and U. S. Geological Survey, unpub. ) 

Figure 10 B 
Average REE curves for modern volcanic-tectonic settings (from Garcia, 1978). 

The shaded region shows the range of REE values for San Juan Jurassic-Lower 

Cretaceous basalts. 
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Interb edded p illow basal t in the Cons titution attests to intermittent sub
marine volcanism within the dominantly elas t ic depos it ional environment .  Basal t 
contains varying amounts of  clinopyroxene and plagioclase microphenocrysts set  
in an altered glass matrix. Phenocryst assemb lages and maj or and trace-element 
data (Fig . 9 )  indicate that the basalt is l ike modern MORB-type basalts (Mid
Ocean Ridge Basalts)  (Vance et al . , 1980 ; Brandon , 1 9 80) . The Constitution 
basalt may rep resent oc ean floor volcanism, perhaps at a ridge or a " leaky" 
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Map of distribution of two facies or lithologic associations of Upper Jurassic

Lower Cretaceous strata (Cowan and Brandon, 1981). The "western facies" is 

predominantly elastic sandstone, mudstone and pebbly mudstone, interbedded with 

basaltic flows, tuffs and radiolarian ribbon cherts. The "eastern facies" con

sists of well-bedded terrigenous elastic strata; volcanic flows and chert are 

restricted to the base of the section. The diagonally ruled unit labelled 

"LRC" is the mainly sedimentary Leech River Complex (Muller, 1980b; Fairchild 

and Cowan, 1982). The protolith is probably also Jurassic-Cretaceous but facies 

assignment is uncertain because of deformation and metamorphism. 

trans form fault . However, the relatively minor amount of basalt is unl ike that 
of present ocean floors . Recent d rilling by the Deep Sea Drill ing P roj ect in 
the Marianas f orearc has document ed MORB-type basalts erup ted in a f orearc above 
the trench (Hussong et al . ,  1 9 8 2 ) . Th is analogue may res emble the ancient 
tectonic setting of the Cons t itution . 

The Cons t itut ion is not an accretiona�y subduct ion comp lex. It is s t ructur
ally underlain by a variety o f  older rocks, some as o ld as early Paleo zoic. 
Geologic relations d is cussed above sugges t that the unit was depos ited above o lder 
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rocks which p robab ly represent ed part of the upper-plate f ramework o f  a convergent 
margin sys tem .  The accret ionary complex belonging to this sys tem must have b een 
farther wes t  and has probab ly been removed and carried no rthward by Cenozoic 
t ranscurrent faulting ( Cowan , 19 8 2 ;  B randon and Cowan, in press ) .  

The Const itut ion Formation is possib ly correlative to other Juras s ic-Lower 
Cretaceous rocks exposed around southern and wes tern Vancouver Is land ( rocks of 
Gonzales Bay near Victoria - Muller, 19 80b ; Pandora Peak unit near Port Renfrew -
Rusmore , 1982 ; Pacific Rim Complex , wes tern Vancouver Is land - Muller, 1 9 7 3 ;  
B randon, in pres s ; Figs . 8 and 9 ) . These uni ts repres ent a distinctive "wes tern 
facies" (Cowan and Brandon , 1981)  of Jurass ic-Lower Cretaceous rocks in the 
Pacif ic Northwest , characterized by marine elas tic sequences of muds tone and 
mas s ive sandstone with interbedded MORB-type basalt and rad iolarian ribbon chert. 
Thes e  units have b een affected by a high pressure lawsonite-p rehnite metamorphic 
event . Despite thes e s imilarities , re lations among the different "wes tern 
facies " uni ts is poorly unders tood . Wi th furth er s tudy th is group of rocks will 
provide a better unders tanding of the original ext ent of the San Juan thrus t 
sys t em and its relat ionship to Wrangellia terrane of Vancouver I sland . 

Lope z Complex 

The Lopez Complex ( Cowan and Miller, 1980 ; Brandon, 19 80) b eneath the 
Lopez thrus t ,  i s  along the southern coas t o f  Lopez Is land and on the s outheas t 
t ip o f  San Juan Is land (Figs . 4 and 12) . It is a tectonic complex compris ing 
fault-bound s lices of a variety of predominant ly Juras s ic and Cretaceous rocks . 
The Lopez Complex represent s a fault zone between the Decatur Terrane and the 
underlying Cons titution Fo rmat ion . I t  is distinguished as a separate map-unit 
by its  diversity o f  rock types, and internal imb ricat ion . 

The mos t  abundant rock type is medium- to coarse-grained sands tone with inter
bedded muds tone . Sandstones wi th abundant shale chips and others with consp icuous 
granules and pebb les of white and grey chert are present . Maf ic pillow lavas ,  
f lows and b reccias cons titute about 2 0 %  o f  the complex .  Radiolarian ribbon 
cherts are locally abundant . Olistostromal pebb ly and bouldery muds tones , with 
graywacke, basalt , and chert c lasts in a black muds tone matrix , are an important 
component of the cent ral part of the complex . Mos t  macro- and microfos s i l  ages 
(Whetten et al . ,  19 7 8 )  range from Jurassic to Early Cretaceous , but red tu ffs at 
Richardson ( labelled as "R" in Fig . 4) contain mid-Cretaceous (Alb ian-Cenomanian) 
foraminife ra .  

At map-s cale, the Lopez Complex consists  o f  northwes t-s triking , northeas t
dipping elongate lenticular tectonic s l ices with dis t inctive rocks or suite of 
units . Sandstone in some s l ic es resemb les , and was probab ly derived from , the 
Lummi Format ion . Other s lices of interb edded sands tone , pebb ly mudstone , chert, 
and tuff were derived from the Cons titut ion Format ion . A tectonic slice of 
probable  Turtleback Complex occurs on the southeas t end of San Juan Is land 
(Fig . 1 2 ) . Some s lices , like the one with mid-Cretaceous pillow lava, b reccia, 
and tuff at Richardson, were apparent ly derived from neither the Lummi nor 
Cons titut ion ; the i r  source is not known. Thus , the Lopez Complex can b e  visualized 
as a th in zone, between two ext ens ive lithotectonic uni ts, part ly made up of 
tectonic s lices derived f rom thes e  adj acent units and partly of  slices unique to 
the zone . The unique rock typ es and the f ragment o f  Turtleback Complex imply 
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that the Lopez Complex and Lopez Thrust represent cons iderab le tectonic transport 
and dislocat ion . 

Ano ther distinc t ive feature o f  the Lopez is a moderate t o  s trong slaty 
cleavage , s t riking no rthwest and d i pping northeas t ,  superimposed on all rock 
types except the mo st massive basalt and graywacke . It may record f lat tening 
of the complex after the large-s cale imb ricat ion . This cleavage is also observed 
in s t ructurally lowe r rocks on southern San Juan Island . 

Figure 1 2  
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Geol ogical map of south San Juan Isl and (Brandon, 1980) . (For l egend , see 

Figure 5. ) 
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Some sand stone in the Lopez Comp lex contains lawsonite , as fibrous , brownish 
mats in plag ioclase (Glassley et al . ,  1 9 7 6 ) . Mo st basalt contains metamorphic 
aragonite , pump ellyit e ,  and chlorite wh i ch replaces microphenocrys ts and 
groundmass and has filled veins and vesicles . 

Decatur Terrane 

The s tructurally highes t unit in the San Juan Is lands , above the Lopez 
Thrust , is the Decatur Terran e ,  named by Whet ten et al . (19 7 8 ) . It  is widely 
exposed in the eas tern par t of the archip elago (Fig . 4 ) , where it compr ises the 
Fidalgo Complex and overlying , predominantly elas t ic sedimentary rocks of the 
Lummi Format ion (Fig . 1 1 ) . 

The Fidalgo Complex ha s been s tudied in detail on Fidalgo Is land by Brown 
et al . ( 1 9 7 9 )  and Gus ey ( 1 9 78) . I t  cons i s t s  of  duni te , pyroxenit e  and layered 
gabbro , overlain by mafic  to intermediate volcanic rocks ; dikes of quartz 
dior ite , diorite , and quar tz alb i t i t e  are abundant . Mafic  pillow lavas , flows 
and tuf f s , and metaplutonic brecc ias are common on Lopez and Decatur Islands . 
Brown et al . (19 7 9 )  and Vance et al . ( 1980)  i n t erpret the F idalgo Complex as 
ophiol ite,  but its  original tectonic s e t t ing is controvers ial . It may have 
formed in a small spreading ocean bas in , or may be rela ted to an oceani c  
volcanic arc . S everal rad iome tric ages (summarized i n  Wh et ten e t  al . ,  19 7 8) 
indicate the Fidalgo Complex is Middle to Late Juras sic . 

The plutonic and crys talline basement is overlain by sedimentary and 
volcanic rocks . This s tra tigraph i cally complex zone contains dist inc t ive sand
s tone , c onglomerate , and brec c ia with clas ts from the underlying crys talline 
and volcanic rocks . On Fidalgo Island (Brown et al. , 1979 ; Gus ey , 19 7 8 ) , thes e 
are interbedded with ma f i c  to intermediate volcani c rocks and tuf faceous and 
pelagic argill ite ; on Lopez Is land , they are underlain by , and pos s ibly inter
bedded with , pillow lava , volcanic brec c ia ,  and rad iolarian ribbon chert . The 
basal uni ts are succ eeded by a thick s equenc e of  well bedded l i thic sands tone 
and mud st one , naI:Jed the Lumrni Formation (Vanc e ,  19 7 5 ) . Individual sections 
exposed on various islands are b roadly correlative , but canno t be placed within 
an overall success ion because not enough is known about the internal stra t i graphy 
of the formation . The sands tone contains chert and volcanic c las t s . The forma
tion is cut by numerous high-angle faul t s ; mesos copic folds are uncommon and 
locally associated with a weak s laty cleavage . 

Radiolar ians from cher t at the base o f  th e formation are Late Juras s i c , and 
Late Jurassic-Early Cretaceous belemnites have b een col lec ted from sand s tone and 
conglomerate (Whet ten et al . ,  1 9 7 8 ) . 

The Decatur Terrane preserves a dis tinctive assemb lage of  Middle Juras s ic 
to Lower Cretac eous rocks that can be compared to coeval rocks elsewhere in the 
San Juan Is lands and nearby on Vancouver Is land and in the nor thwes t Cas cades . 
After the ophiolitic or ar c-related Fidalgo Complex formed , i t  was disrupted , 
raised and locally eroded . It  was sub s equently inundated by terr igenous elastic 
s ediments , from a nearby continental landmass (Fig . 1 3 ) . A s imilar record of  
mid-Juras sic volcanic activity followed by deposit ion of marine elas tic s ediments 
is preserved in the nor thwes t Cas cades in the Wells Creek volcan ics  and Nooksack 
Group in Washington (Misch , 1966 ; 19 7 7 )  and near Harrison Lake , B .  C .. (Monger , 
1 9 7 0 )  (Figs . 4 ,  11) . 
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Figure 13 
General ized stratigraphic column of the Decatur Terrane summarized in part from 

Brown et al . (1 979) and Gusey (197 8) . The Fidal go Compl ex, in part of Middl e 

Jurassic age, is overlain by a stratigraphical l y  compl icated zone comprising 

volcanic fl ows, second tuffs , argil l ite and chert, and breccia containing cl asts 

of the underl ying Fidalgo Complex. This zone is overl ain depositional l y  by 

turbidite of the Lummi Formation . 

The Lununi Formation represents a widely distributed " eas t ern facies" (Cowan 
and Brandon , 1981)  of Upper Juras s ic-Lower Cretaceous rocks (Fig . 8 )  comprising 
wel l  s trat if ied turb idites overlying an igneous basement with radio larian cherts 
and volcanic flows confined to the base of the section . The Cons titu tion 
Formation , s eparated from the Decatur Terrane by faults (Fig . 5 ) , represents a 
coeval "wes tern facies " characterized by volcaniclas t ic sandston e ,  c omplexly 
interbedded with oceanic basal t ,  basaltic tuff and ribbon chert.  Alt ernat ive 
models for the origin and j uxtaposition of thes e contras t ing assemb lages in the 
San Juan I slands are presented in the sect ion ent it led " Tec tonic Models . "  

Timing o f  Deformation and High-Pressure Metamorphism 

Mid-Cretaceous thrust faults and low grade , high-pressure metamorph ism 
r epres ent the earl ies t tec tonic event to affect the pre-La te Cretaceous rocks 
in the San Juan Islands . It resulted in a s tacked s equence of thrust sheets . 
Some o f  these sheets , such as the Decatur Terrane , are relatively coherent , but 
others are internal ly deformed . 

Three imbricate fault zones are recognized in the San Juans . They are 
complex , ranging from lO ' s  to lOO ' s  of meters thick and contain s l ices of exo tic 
rock units , ind icat ing that they accommodated large displacement . From lowes t 
to highes t ,  these zones are : 1 )  the Orcas fault zone (Vance ,  19 7 7 )  on Orcas 
Island, s eparat ing the Orcas Cher t from s tructurally lower Paleo zoic rocks of the 
Turtleback Complex and Paleozoic vol cani.clastic rocks ; 2) the Rosario-Eagle Cove 
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Thrust  (Vance ,  19 7 7 ;  Brandon , 1980) , marked by numerous exotic slices o f  
Garrison Schis t and separating Cons titut ion Forma t ion from the underlying Orcas
Deadman Bay sequence ; and 3) the Lop ez Thrust and Lop ez Complex (Cowan and Mi ller, 
1980) , containing exo tic s lices of  Middle Cret aceous vol canic rocks and Turtleback 
Complex , and s eparating the Decatu r Terrane from the und erlying Cons t i tut ion 
Format ion . 

The pre-Lat e C retaceous ro cks in the San Juan I s l ands we re af fected by a 
regional , low grade , high pressure metamorphic event (Vance , 1968 ; Glass ley et 
al . , 19 76 ; Brandon , 1980) . Metamo rphism resul ted in widespread aragonit e ,  
prehnit e ,  and lawsoni t e .  Coarse-grained aragonite occurs in limes tones and 
also as cros s-cu t t ing veins in other rock types . Prehnite and lawsonite-bearing 
assemblages are s t rongly cont rolled by rock compos ition and therefore are best 
developed in volcaniclas tic sandstones of  the Juras s ic-Cretaceous unit s .  The 
p resence of aragonite and lawsonite + quartz in these me tamorphic assemb lages 
indicates p ressure above 3 . 5 kb , wh ich correspond to lithos tatic burial b elow 
more than 11 km (Liou , 19 71 ; Crawford and Hoers ch ,  19 7 2 ;  Boettcher and Wyllie , 
1 9 6 8 ) . Temperatures we re under ...... 200 ° C  (Liou , 19 71) . 

San Juan metamorph ism is a static event ; lawsonit e ,  prehnit e  and aragonite 
ass emblages are in veins or as small randomly oriented aggregates . Exo tic s l ic es 
in the imbricate fau l t  zones were also affected by this me tamorphism . Many 
s l ices show evidence o f  int ens e cataclas is and b recciat ion . The lawsonite
prehni te-aragonite metamo rphism overprints this deformation and therefore pos t
dates thrust emplacement of these sl ices . 

Thi s and o ther evidence (dis cus s ed by Brandon , 1980)  ind icates that large
s cale thrusts p receded high-pressure metamorph ism . The youngest faulted and 
metamorphos ed rocks are the midd le Cretaceous Richardson vol canics ,  a large 
fault slice in the Lop ez Complex on southe rn Lopez Is land . Microfos s il s  f rom 
these volcanics are dated as late Alb ian-early Cenomanian (Whet ten e t  al . ,  1 9 7 8 ; 
D .  L .  Jones , pe rs .  comm . , 1980)  which is equivalent to 9 6  m . y .  Brandon ( 1 9 8 2 )  
has des cribed clas t s  of  metamorphosed sands tone in an early Campanian conglomer
ate in the Uppe r C retaceous Nanaimo Group to the no rth of  the San Juan Is lands 
( Fi g .  4 ) . Lawsonite and prehnit e ,  like those in volcanic las t ic sands tone in the 
San Juan Is lands , are also found in the conglomerate clasts , indicating up lif t 
and exposure o f  the San Juan rocks by early Campanian which is equ ivalent to 
83 m . y .  Several apatite fiss ion track ages for San Juan rocks have sub s tant iated 
this uplif t age (Naeser and Zimmerman , written comm . , 1980) . 

The cons t raints indicate that San Juan thrusting and metamorphism occured 
during a 13 m . y .  interval . B randon (1980 , 19 8 2 )  has argued tha t high-p ressure 
metamorphism is a result o f  s t ructural burial by thrusting . The thick Shuksan 
thrus t shee t exposed in the no rthwes tern Cas cades (Mis ch ,  19 6 6 ,  19 7 7 )  p robably 
extended wes t  over the San Juan Islands and accounts for much of the overlying 
s tructural cover.  Uplift mus t have occurred as rap idly as burial . During this 
13 m . y .  event , San Juan rocks were displaced vert ically mo re than 22 km with 
average vertical transport rates above 1 . 7  km/m . y .  (1700 cm/k . y . ) . 

This rapid uplift mu st have b een accommodated by younger Late C retaceous 
faults . Regional geologic re lations indicate that the San Juan Is lands are 
bounded by young , pos t-metamorph ic faults.  Three of  these are in the archipe lago 
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(Fig . 5 ) : 1 )  the Nanaimo Group is truncated an d faul ted agains t pre-Late 
Cre taceous San Juan rocks along an unexposed fault in the north part of  the 
is lands ; 2 )  two unme tamorph0sed Mesozoic units (Sp ieden and Haro) on northern 
San Juan Is land are faulted agins t metamorphos ed San Juan rocks to the south ; 
and 3 )  the Buck Bay fault , wh ich cros ses southeas t Orcas and southern San Juan 
Island (Figs , 5 and 12) , truncates some of the mid-Cret aceous faults in the 
islands ( see map pat tern in Fig . 4) and is probab ly also a young , pos t-me tamor
phic fault . These s tructures and others might have been involved in uplift  o f  
the San Juan rocks . Al ternatively , these faults migh t b e  rel ated t o  large-scale 
s tr ike-slip faul t displacements wh ich have affected much of southern Vancouver 
Island to the wes t (Fairchild and Cowan , 1982) . Although the youn ger , post
metamorphic s truc tural history is poor ly unders tood , th e large uplift  required 
to bring th e San Juan Is lands to sur face indicates that th is mid-Cretaceous 
thrus t sys tem is displaced , espec ially wi th respect to the rocks of southeas tern 
Vancouver Is land . 

Tectonic Models 

Early workers (McLe llan , 19 2 7 ; Danner , 1 9 6 6 )  in the San Juan I s lands were 
hampered by poor fos s il contro l ,  and failed to recognize the presence of thrust 
fault s . They placed San Juan rock units into an uncomplicated Pal eo zo ic
Meso zoic s trat igraphy which they envis ioned as a generally norma l succession . 
Vance ( 1 9 7 5 )  was f irs t to recogn ize mid-Cretaceous thrust fau l ts on San Juan and 
Orcas Is land . Fossil and radiometric ages (Whetten et a l . ,  1 9 7 8 )  indicated that 
s tratigraphic relat ions are indeed complicated . They st ressed the diverse nature 
of  dif ferent l itho tectonic terranes in the San Juans and sugges ted that they had 
been displaced , probab ly great dis tances , from their original locat ions , and 
sub sequently tectonical ly as semb led . 

Coney et al . (1980)  have sugges ted that many litho tectonic terranes in the 
wes tern Cordillera of North America are in suspect settings , and may be disp laced 
hundreds or thousands of kilometres prior to f inal emplacement . An increas ing 
numb er of displaced terranes have been documented by paleomagnetic s tudies . In 
add it ion , faunal dis t inct ions , such as the Asiatic fusulinids in the Deadman Bay 
Volcanics , have been used to dis tinguish some terranes as exo tic and probably 
far-travel l ed (Monger and Ros s , 19 7 1 ) . Ultimately , the identifica t ion and 
dif ferent iation of terranes hinges on recognizing s imi larities and differences 
amongst coeval rock assemb lages . It  is diff icult to determine a clear p icture of  
how presently fault-bounded units might have originally been int errelated . More 
d i f f icult is that even wel l  documented , displaced terranes are commonly bounded 
by complex s tructures , wh ich are no t directly related to their tec tonic boundar ies. 

To illustrate the dif f iculties , we pres ent alternative hypotheses for the 
late Mesozoic tectonic evolution of  the San Juan Is lands . The authors disagree 
about which hypothes is b es t  exp lains obs erved relat ions . The question is how 
rocks in the archipelago relate to each other , and to coeval rocks on Vancouver 
I sland and in the nor thwes tern Cas cades on the Mainland . Ano ther way o f  s tating 
the problem is : how many of  these units were already assemb led b efore mid
Cretaceous thrus ting , and where were they with respect to Vancouver I s land and 
the Mainland ? 

Given the diversity o f  s trat igraphic unit s , and their complex s truc tural 
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s e t t ing , it  is  encourag ing that all three San Juan authors agree on some 
relat ionships : 

1 )  Prior to mid-Cre taceous thrus t  fault ing , mos t  of the lithotectonic 
units in the San Juan Is lands were intact s tratigraphic sequences . The Lopez 
Complex might be an excep t ion . 

2 )  San Juan litho tectonic units were probably in an American cont inental 
margin setting by Late Juras s i c ,  long b efore mid-Cretaceous thrus t fault ing . 
The proximity to America is ind icated by the widespread occurrence of Upper 
Jurassic and younger t err igenous elas tic rocks (Cons titut ion , Sp ieden , Lummi 
and Nooksack units shown in Fig . 4 )  which contain minor cont inent-derived 
detritus . This relat ionship does not prec lude large lateral displacement along 
the cont inental margin ;  however ,  maj or convergent suturing amongst litho tectonic 
units in the San Juan Is lands does not seem to have occurred af ter the Lat e  
Juras s ic . 

3) The Upper Jurass ic-Lower Cretaceous Lummi Format ion in the San Juan 
Is lands correlates with the Nooksack Group (Mis ch , 19 6 6 )  of the northwes tern 
Cascades (Fig . 4 ) . This indicates an important Late Juras s ic overlap developed 
across older units expos ed in these areas : the middle Jurassic igneous base
ment of the Decatur Terrane and Jurassic  int ermediate volcanic rocks and older 
related rocks b eneath the Nooksack Group in the northwes tern Cascades . These 
older rocks were close by in Late Juras sic . 

4 )  The Garrison Schist and Orcas-Deadman Bay s equence were in the source area 
and , therefore , close to the Cons titut ion Format ion by Late ( ? )  Juras s ic .  This 
relationship is indicated by provenance s tudies o f  Cons titut ion sands tones and 
conglomerates discus s ed above . 

5 )  Upper Paleozoic calc-alkaline volcanic and vol caniclas tic rocks o f  the 
nor thern San Juan Is lands are a volcanic arc sequence related to intrus ive 
rocks of the Turtleback Complex . This sequence represent s a dist inctive and 
important Paleo zoic arc terrane in the San Juan Is lands . 

6 )  The Orcas cher t and Deadman Bay Volcanics represent parts o f  an orig
inally continuous Permian-thru-Lower Jurass ic sequence different from older 
"supracrus tal" Pal eozoic rocks in the San Juan Is lands . In-place s trat igraphic 
occurrences of As iat ic fusulinid-b ear ing limes tone in the San Juan Is lands are 
restricted to th e Permian part of the Orcas-Deadman Bay s equence . 

Out s ide of th is framework, relat ionships remain obs cure . One s erious 
uncertainty is how much trans current movement and fragmentat ion occurred dur ing 
the Late Jurass ic and Early Cretaceous , b efore mid-Cretaceous thrus ting . The 
pos s ib ility of large d isplacements parallel to the cont inental margin of discrete 
litho tec tonic units in the Pacific Northwest invites several hypotheses . A 
spec i f ic probl em is the original relat ion between Upper Jurass ic-Lower Creta
ceous elas tic units in the San Juan Islands : were the Cons titut ion and Lummi 
Format ions depos i ted in laterally related settings in the same continental 
margin or were the two units  j uxtaposed after displacement from s eparate 
original pos itions ? These hypo theses , presented in more detail b elow , illus
trate the range o f  possib i l i tes . 

26 



The first hypothesis , favored by Brandon , recogni zes that pre-Cons titution 
units in the wes tern San Juans are exo tic with resp ect to the northwes tern 
Cas cades and Vancouver Island , but it propos es that these uni ts were accreted 
prior to depo s i t ion of  a b lanket of Upper Jurass ic-Cretac eous terr igenous 
elas tic s ediments . The Cons t itut ion , with minor interbedded cher t and pillow 
basalt ,  represents a more "oceanic" or "western" facies of the sandstone
dominated Lummi Forma t ion . Cons titut ion Formation and related "western" facies 
were deposited along the s outhern edge of a lithologically diverse assemb lage 
which inc ludec Wrangellia and other Paleozoic units in the western San 
Juans . The Jurassic-Cretaceous Pacific Rim Complex on the wes t coas t of  
Vancouver Is land is also part of  this fac ies ( Brandon , in pres s ) . According 
to this model ,  the mid-Cretaceous thrust faults in the San Juan Is lands and 
North Cas cades (Mis ch , 1 9 6 6 )  record shortening of a previously assemb led conti
nental margin framework which resul ted in the teles cop ing of  overlying and 
contiguous facies (Lummi and Cons titut ion) . Th is hypo thesis is part of  a more 
regional tectonic model presented by Vance et al . ,  1980 . 

Ano ther hypothes is , favored by Cowan , emphas izes that the Lopez Thrust 
and Lopez Complex represent a zone of  s ignif icant tectonic transport . The 
l itho logic contrast between the coeval Cons t itut ion Format ion and Lummi 
Format ion is too great to be explained by telescop ing of  originally contiguous 
facies on this thrus t .  The Const itut ion ( together with its basement of Orcas 
Chert and Garrison Schis t )  and the Tur tleback Comp lex and related Paleozoic 
volcanogenic rocks were derived from farther s outh along the North American 
cont inental margin and were transported nor thward paral lel to the continental 
margin until th ey were emplaced agains t and b eneath the Decatur Terrane during 
mid-Cretaceous thrus ting . This model implies sub s tant ial trans curr ent ( or 
obl iquely convergent ) disp lacement prior to f inal thrus ting . 

Another unresolved prob lem concerns the relationship of Paleozoic volcanic 
rocks in the northern San Juan Is lands to coeval , s imilar rocks elsewhere in 
the Pac ific Northwes t .  Vance et al . ( 19 80 )  have correlated the San Juan 
Paleo zo ic volcanics on lithologic grounds with the Sicker Group on Vancouver 
Is land where it represents part of the Wrangellia Terrane ( Jones et al . ,  19 7 7 ) . 
I f  correct , this correlat ion would extend Wrangellia into the San Juan Is lands , 
demonstrating that part of Wrangel lia was invo lved in mid-Cretaceous thrus t 
fault ing and high pressure lawsonite-prehnite-aragonite metamorphism . Vance 
et al . (19 80)  suggested that the mid-Cretaceous event represents nor thward 
abduct ion of an oceanic s equence (Deadman Bay-Orcas-Cons titution) onto 
Wrangellia . 

Wel l  documented correlat ions of  the San Juan Paleozoic volcanics are 
lacking . They may correlate with the Chilliwack Group of the nor thwestern 
Cas cades rather than the S icker . A third alternative is that the San Juan 
Paleozoic volcanics represent a Paleo zoic terrane unique to the Pacif ic 
Nor thwest . 

This summary of  rival hypo theses illustrates some of  the unr esolved prob
lems and how they affect our unders tand ing of  the Mesozoic tectonic evolution 
of  this region . Paleomagnetic s tudies may help resolve some o f  these prob lems . 
Provenance s tudies of  sands tone and conglomerate in the Jura-Cretaceous units 
may also improve our unders tanding of  paleo geographic relat ions . 
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Conclusions 

( D .  S. Cowan ) 

The pre-Upper Cretaceous rock units in the San Juan Is lands can b e  d ivided 
into two groups depend ing on whether they experienced important mid-Cre taceous 
deformation and metamorphism that may be related to the mid-Cretaceous thrus t
ing in the Cas cades (Misch , 1966) . The unmetamorpho sed Upper Triassic  Haro 
Formation and Upp er Jurass ic-Lower Cretaceous Sp ieden Group occur in small ,  
fault-bounded b locks in the northwes t  part o f  the is lands ; the ir basement is  
unknown . The metamorphosed and deformed assemb lage is  s eparated from the 
unmetamorphosed strata by probab ly high-angle , Lat e  Cretaceous or ear ly Tertiary 
faults and includes diverse rock units , j uxtaposed by mid-Cretaceous thrus ts . 
The s tructurally lowes t  units in the tectonic s tack occur in the northern and 
wes tern part of the San Juan Islands and the highes t units are in the south
eas t .  One of the outs tanding tectonic prob lems in the area compris ing southern 
Vancouver Island , the San Juan Is lands and the wes tern Cascades concerns the 
or iginal relat ionships of rock uni ts in the areas . Many units are partly or 
whol ly time equ ivalent . Some interpretat ions emphas ize l ithologic s imilari ties 
and conclude that rock uni ts can be correlated across the region . Other inter
pretat ions s tress litholo gic contras ts and pos tulate that certain units in the 
San Juan ' s  are allochthonous with respect to Vancouver Is land and the Cascades . 
Thes e  alternatives have been explored in the sect ion dealing with the geology 
of  the San Juan Islands . In the following summary of units in the San Juan 
Islands time-correlat ive units of surrounding areas are mentioned to provide a 
bas is for discuss ion and evaluat ion . 

The structurally lowes t  uni t cons is ts of  the Paleo zoic plutonic Turtleback 
Complex and related Devonian , Pennsylvanian and Permian volcaniclastic s trata . 
Thi s  assemb lage resemb les part of  the Yel low As ter Comp lex and Chilliwack Group 
in the northwe s t  Cascades and to the Sicker Group and associated Saltspring 
Intrus ions on Vancouver Island . The Turtleback is overlain s tructurally by/ 
s everal thrust s l ices that include the Permo-Trias s ic Garrison Schi s t , Permian 
to Lower Juras sic  Deadman Bay Volcanics and Orcas Chert , and Juras sic to Lower 
Cretaceous Constitut ion Formation . Metamorphic rocks of the Vedder Comp lex in 
the nor thwes tern Cas cades resemb le the Garrison Schis t . Rocks s imilar to �µe 
Cons t i tution Forma t ion , in terms of l ithology , metamorph ism and deformat ion \ 

occur in the Leech River Complex at Gonzales Bay , Finlayson Arm , Port Renfrew 
and the Pac ific Rim Comp lex on Vancouver Is lanJ . The Cons titution is s tructur
ally over lain by the Decatur Terrane , cons is ting of the Middle Jurass i c  to 
Lower Cre taceous Lurnrni Format ion . Some p lutonic and volcanic rocks in the 
Fidalgo Comp lex may correlate with the Is land Intrus ions and Bonanza Group of  
Vancouver Is land and the volcanic part may correspond to the Middl e  Jurassic  
Harrison Lake Volcanics and Wells Creek Volcanics in  the nor thwes tern Cascades . 
Sands tone and muds tone o f  the Lurnrni Format ion resemb le the Nooksack Group in 
the northwes tern Cascades and Upper Jurass ic to Lower Cretaceous s trata a t  
Harrison Lake and they may correlate with the Kyuquo t Group o n  northwes tern 
Vancouver I sland . It is emphas ized that , even though certain uni ts in the San 
Juan I slands correlate with coeval rocks on Vancouver Island , mos t  of the rocks 
in the San Juan ' s  have expe rienced a maj or mid-Cretaceous orogenic event 
involving comp lex thrus ting and tectonic burial suf f ic ient to induce the devel
opment of the high-pressure metamorphic minerals, lawsonite and aragonite . 
Satis factory tectonic models will have to account for this wel l  defined event 
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and explain why many nearby uni ts on Vancouver Is land were unaf fected by the 
mid-Cretaceous thrusting and me tamorphism that character i z e  both the San Juan 
Islands and northwes tern Cascades . 

Sub s equent to this mid-Cretaceous deformat ion , a mo lasse basin covered at 
leas t northern San Juan Is lands and the northeas t margin of  Vancouver Island , 
result ing in deposit ion of  marine and non-marine elastic  s trata of  the Lat e  
Cretaceous Nanaimo Group and early Ter t iary Chuckanut Format ion 
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DAY 1 :  EARLY TERTIARY MOLAS SE ON MAINLAND ; 

JURASSIC VOLCANIC-PLUTONIC-SEDIMENTARY COMPLEX OF FIDALGO ISLAND 

( J .  E .  Muller) 

Day 1 of  the excurs ion deals chiefly with the Jurassic  vo lcanic-plutonic 
complex and over lying elastic s trata Fidal go Island . In addition , the first 
s top is devoted to the molasse-type s equence laid down unconformably in early 
Tert iary time on older rocks , af ter they had been s tacked as thrust sheets in 
mid-Cretaceous time . 

From Vancouver , the route leads south to Oak S treet Bridge via Highway 9 9  
to the U . S .  border at Blaine (50  km ; 31 1  m) . In Washington Stat e ,  cont inue 
via Route 5 to Bellingha;u and at Exit 250 (9 2 . 6  km ; 5 7  . 5  m) proceed on Route 1 1 ,  
Chuckanut Drive . Continue s outh , pass ing many outcrops of Chuckanu t sands tone , 
enter Larrab ee S tate Park . 

STOP 1-1 ; Chuckanut Format ion 

103 . 4  km ( 64 . 3  m) Coas tal expo sures in Larrabee Park . 

The Chuckanut Format ion is wel l  exposed along the coas t of Samish Bay and 
along Chuckanut Dr ive . It contains non-marine arkosic sands tone , s i l ts tone , 
shale and conglomerate that yielded fossil leaves , spores and pollen . With 
the Late Cretaceous , mainly marine , s trata of the Nanaimo Group , the Chuckanut 
Formation is a molasse that f i lled the late-orogenic Georgia Basin,  approxi
mately coincident with Georgia Strait . 

Coal s eams were mined in s everal places and the largest mine was in north
west B ell ingham , where coal of high volatile C b i tuminous rank was mined after 
1918 for s everal decades . (Griggs (19 7 0 )  measured and samp led 9 4 84 feet ( 2891  m) 
o f  the type sect ion along Samish Bay and Chuckanut Drive . The upper and lower 
par t s  of the sect ion are characteri zed by thick sands tones with subordinate 
shale and some coal s eams , laid down in swamps and lagoons between s tream 
channels . 
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Griggs ( 1 9 7 0 )  concluded on the basis of  the palynomorphs that the 
Chuckanut is Late Cre taceous to Early Eocene , but younger than the Comox Form
at ion ( Santonian ; basal unit of  Nanaimo Group) . Reiswig ( 19 8 2 )  determined the 
age as middle Paleocene to late Eocene,  or perhaps earliest Oligocene and noted 
that Griggs , in ass igning an older age , had no t recognized that many palyno
morphs are reworked . Johnson ( 1 9 8 2 )  ob tained fiss ion track ages that show that 
mos t  of the Chuckanut is no t older than early Eocene . The Chuckanut Formation, 
like the Nanaimo Group , lies unconformab ly on older rock units , in this region 
mainly on the Darrington Phyllite b elonging to the mid-Cretaceous Shuksan 
thrust sheet . 

The coas tal out crops show well bedded , in part cross-bedded , arkosic sand
s tone of the Chuckanut Formation with s teep to vert ical inclination , s triking 
nor thwes t and reappearing in a reef to the northwest . The s tr ike changes by 
about 9 0  degrees on a s teep dip-s lope in Wildcat Cove , j us t  north of the main 
park ent rance at the boat launching s ite and in Mul ler ' s  op inion is due to a 
nor th nor thwes t  trend ing faul t parallel to the coas t . 

Cont inue along Chuckanut Drive , leading past excellent exposures of  the 
Chuckanut type sect ion . Pas t Oys ter Creek , occup ied by ano ther north s triking 
fault , roadcuts are in s chistose greywacke and argillite , together with 
s chistose intermediate metavolcanic rocks . 

STOP 1-2 : Jurass ic ( ? )  metavolcanic rocks 

1 1 1 . 4  km ( 6 9 . 2  m) Deep cut and abandoned sharp curve in highway (above 
Windy Point ) . The rocks exposed in the deep cut are sil iceous me tavolcanic 
rocks with inc ip ient s chistos ity and quartz-seric ite s chist wi th ver tical 
inc l ination and wes tward plunging l ineat ion . S chistose greywacke is exposed a 
few hundred meters to the north . The volcanic rocks were interpreted as 
segments of the Yellow Aster metamorphic complex ( S chmid t ,  1 9 7 2 ) , as litho
logically resemb l ing the "Fidalgo Ophiolite" ( E .  H .  Brown , in Whetten et al . ,  
1 9 8 0 ) , and as equivalents o f  Chill iwack Group Paleo zoic volcanic rocks (Bechtel 
Repor t ) . These authors agree they are related to a larger mas s  of  me tavol canic 
and gneis s ic rock on the top of Chuckanut Mountain . The Bechtel Report authors 
( 19 7 9 ,  p . 3 ,  1-4 2 )  consider these rocks , marked by a small magne tic anomaly over 
Chuckanut Mountain , to be expos ed in a tectonic window , but Whetten et al . ,  
( 1 9 80 ) , prefer the oppo s ite relat ion where the metavo lcanic rocks 
are a t ectonic klippe above the me tasedimentary rocks . The metavolcanic and 
metasedimentary rocks correla t e  to s imilar Juras s ic rocks on Fidalgo Is land . 
The rocks at road level may be imbricated by s imple thrusts , but the meta
volcanic rocks capping Chuckanut Mountain may be a klippe , superimpo s ed on 
younger metasediment ary rocks . 

Proceed on Highway 1 1 ; at 1 2 2 . 8  km ( 7 6 . 3  m) veer o f f  right on Avon-Allen 
Road ; at 130 km ( 8 0 . 8  m) , turn right on Highway 20 ; at 1 4 6 . 0  km ( 9 0 . 7  m) turn 
lef t at Dean ' s  Corner . 

STOP 1-3 Metasedimentary rocks of Fidalgo Complex . 

1 5 5 . 3  km ( 9 6 . 5  m) . Just before bridge over Deception Pas s . The pass was 
named by Captain George Vancouver , on his voyage of dis cover y ,  af ter failing 
to f ind here a s ignificant inland waterway . The roadcuts near the bridge 
afford excellent exposures of  the s equence of greywacke and argillite 
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considered to be the highest unit of  the Fidalgo Complex (Brown et al . ,  1 9 79 ) . 
According to thes e authors , the beds grade downward into pelagic s ilts tone , 
which in turn overlies breccia that caps the volcanic rocks of the compl ex (to 
be examined at S top 1-4) . The beds are also considered to be equival ent to 
the Lummi Format ion . This greywacke-argillite sequence is dated as Late 
Juras s ic-Early Cr etaceous , on the bas is o f  radio larians in the under lying 
pelitic sediment s .  As the Chuckanut e lastic sequence may be considered a late 
orogenic Molas s e ,  so the more strongly fo lded and imbricated , locally s chistose 
"Fidalgo greywacke " may b e  called pre-orogenic Flys ch , overlying the Fidalgo 
volcanic-plutonic complex . 

Cont inue to the park s outh of Decept ion Pass , pas s ing vo lcanic rocks of  
the Fidalgo Complex , s imilar to those seen in Stop 1- 2 ,  and on to  Wes t  Point 
(Lunch) ; 158 . 8  km (9 8 . 7 m) . Backtrack via Decept ion Pass but now turn left a t  
1 63 . 2  km (101 . 4  m )  t o  Rosario ; pass turno f f  t o  Rosario Road at 168 . 9  km ( 10 5 . 0 m) 
and pass turnof f  to Marine Drive at 173 . 4  km ( 10 7 . 8  m) . 

STOP 1-4 ; Volcanic rocks , plagio granit e ,  b reccia , cher t ,  pelite . 

1 7 1 . 9  km ( 106 . 8  m) ; Quarry , Mar ine Asphalt Company , (descrip tion accord
ing to E .  H .  Brown [ in Cowan et al . ,  19 7 7 ] ,  and writer ' s  ob servat ions ) .  At the 
top of the quarry medium grained , light co loured , al tered quartz  d iorite with 
alb i t ized plagioclase ( "plagiogranite" ) is exposed and also reddish brown 
weathering tuf f . The contact between the volcanic and granito id rock may be 
intrus ive . K/Ar dates on s imilar metaquart zdiorit e ,  from elsewhere on Fidalgo 
Island , are 155  ± 5 Ma and 170  ± 10 Mas . In the middle o f  the quarry is an 
almo s t  vertical unconformity between metaquartzdiorite and b lack and b rown 
argillite . I t  is  marked by conglomerate with angular clas ts of  me tavolcanic 
and minor metagranitoid rock of  up to 5 cm diameter . Farther north the quarry 
wall exposes pel i t ic , in part cherty , s trata . The rad iolarian argillite is 
enriched in Mn , Co , Ni , and Cu . Rad iolarians , ob tained from cher t in the 
quarry , ind icate Late Jurass i c ,  Kimmeridgian to Early Cretaceous , Neocomian 
age (Gus ey , 1 9 7 8 ) . The greywacke and argill ite , s een in S top 1- 3 over l ies 
these pel itic s trata elsewhere . 

Brown , in h is f ieldguide ( Cowan et al . ,  19 7 7 ) , suggests for the sub s tratum 
of  the pelagic sediments ophiolitic , ocean-ridge origin ,  although he would also 
consider an inact ive island arc . The present writer prefers the lat ter , in 
view of the paucity of pillow basalt and the relative abundance of  volcanic and 
plutonic rocks of intermediate compos i t ion . The sequence o f  an Early to Middle 
Jurassic volcanic-plutonic comp lex , unconformab ly overla in by Late Jurassic to 
Early Cretaceous e las tic s equence closely resembles the Bonanza-Kyuquot Group 
s equence of nor thwest Vancouver Is land and the Wells Creek-Nooksack Group 
sequence of the Cascade Mountains . Backtrack south and turn onto Marine Drive , 
1 7 3 . 4  km ( 1 0 7 . 8  m) . Turn o f f  to Del Mar and Alexander Beach . 

STOP 1-5 ; Gneissic  gabbro , metaquart zdiorite , agmatite . 

1 75 . 3  km (108 . 9  m) ; Parking at Alexander Beach (private property) . 

Shorel ine exposures were mapp ed in detail by Brown ( in Cowan e t  al . ,  1 9 7 7) . 
According to h im ,  "cumulus gabbro is the hos t to d ikes of  folia ted hornb l ende 
gabbro , p lagio granit e ,  d iabase and basal t . Graded bedding in the gabbro 
ind icates tops to the nor theast , toward the volcanic and sed imentary part o f  
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the section , away from the s erpent inite exposed to the wes t  on Burrows Is land . 
The occurrence of  hornb lende ins tead of pyroxene in the gabbroic dikes and the 
hydrothermal alt eration of cumulus gabbro near the dikes indicate high water 
content of  the intrusive magmas . Intrus ive relat ions are complex . Features o f  
interes t are the s trong flow fo liat ion in hornblende gabbro , and composite 
dikes of hornblende gabbro and plagiogranit e ,  forming locally a l it-par-lit 
inj ect ion migmatite . Chemical trends and the sharp cross-cutt ing field relations 
of  the dikes to the cumulus gabbro suggest that the two rock suites are not 
comagmatic . "  S imilar migmatitic complexes are widespread in the Wes tcoas t 
Complex of  Vancouver Is land , where K/Ar dates also indicate Jurass i c  age for 
the migmatite , but where the basaltic protolith ,  according to one U/Pb dat e ,  
i s  late Paleozoic (Muller , 19 7 7 ) . Jurassic migmatite , quar tzdior itic to 
granitic batholiths or p lutons of  the Is land Intrus ions and the Bonanza Group 
volcanic rocks ar e also a s imilar cogenetic volcanic-plutonic complex that may 
correlate with the Fidalgo . 

Cont inue nor th on Marine Drive and , if time permits , turn left on Sunset 
Drive , 180 . 0  km (111 . 9  m) . Turn lef t to yacht club , 180 . 7  km (112 . 3  m) and 
drive to wes t  end o f  b each . 

STOP 1-6 ;  (optional )  Fidalgo gabbro and s erpent inite . 

1 7 5 . 3  km ( 10 8 . 9  m) . Quarry and beach wes t  of marina . Medium to coarse 
grained gabbro and s erpentinite are wel l  exposed in quarry and beach . They 
also underlie adj acent Washington Park with Fidalgo Head , nearby Burrows and 
Allan I slands and more dis tant Cypress Is land . According to Brown ( in Cowan 
et al . ,  19 7 7 )  and Gusey ( 1 9 7 8 ) , the rock is ent irely composed of s erpent inite,  
derived from har zburgit e ,  with cross-cut t ing veins of  pyroxenite . No  unfaulted 
contact has b een found between the ultramafic rocks and the gabbro-d iorite 
migmatite compl ex as expos ed in Stop 1-5 . As noted , Brown ( in Cowan et al . ,  
19 7 7 ,  also in o ther publicat ions ) has int erpreted the comp lex of  ultrabasic , 
gabbroic , volcanic and over lying sedimentary rocks as an ophiolite complex or 
alternat ively , a volcanic arc sequence . 

Return to Marine Drive and proceed to ferry dock ; board f erry to San Juan 
Island . 

DAY 2 :  MESOZOIC ROCKS AND THRUSTZONES OF SAN JUAN ISLAND 

(M. T. Brandon and D .  S .  Cowan) 

The main goal of this par t of the f ield 
the maj or s tratigraphic units and s tructures 
these will be vis ited again on Orcas Island . 
located on a map (Fig . 14) . Important roads 
these main thoroughfares provide easy access 

trip is an introduc t ion to some of  
in the San Juan Is lands . Some o f  

S tops o n  San Juan I s land are 
on the island are also labelled ; 
to all of  the trip localit ies . 

STOP 2-1 ; Constitution Formation ; mass ive sands tone . 

Friday Harbor Laboratories , San Juan Is land . Beach exposures near the 
docks in front of the laboratories (located NE of the town of Fr iday Harbor ) .  
Mas s ive volcaniclas tic sands tone exposed in the b each outcrops represent 
typical Cons t itut ion sandstone ( the middle member shown in Fig . 8 ) . Small 
white veins in the sands tone contain prehnite + aragonite/calcite ± lawsonite . 
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The sands tone is cut by numerous faults and fractures of  unknown displacement . 
Locally , these faults disrup t the white veins , suggest ing a late-s tage faulting 
event in this area . 

Figure 1 4  
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STOP 2-2 ; Imbricate fault zone between Lopez Complex and Cons titution Formation . 

Cattle Point , southeastern t ip of San Juan Is land . Park in small lot near 
abandoned concrete bunker . The sea-cliffs and beach south of the bunker and 
for about 100 m north are pub lic property ; beaches further no rth are partly 
private . 

The s tructurally lowes t part of the Lopez Complex is exposed across the 
SE tip of San Juan Is land . The complex in this area cons ists of a highly 
imbricated NE-dipp ing fault zone containing sands tones unique to the Lopez 
Complex , s tructural ly interleaved with s lices of  the underlying Cons titut ion 
Forma t ion (Fig . 10) . The faul t zone includes an exo tic slice of the Turtleback 
Complex ( lower Paleozoic quar tz diorite) expo sed on the NE s ide of Cape San 
Juan . The zone continues to the SE along s tr ike onto southern Lopez Is land 
where rocks as young as middle Cre taceous ( late Albian-early Cenomanian � 
9 6  Ma) are invo lved in fault ing and reg ional lawsonit e-prehnite me tamorphism . 

We will look at s ome fault s lices of  Cons titution Format ion and o ther rocks 
of the Lopez Complex which are exposed on the beach around Cattle Point . Sand
s tones res tricted to the Lope z Complex ,  occurring north of the parking area 
and bunker , cons ist  o f  coarse vo lcaniclas tic sands tone with minor muds tone and 
polymic t conglomerate . Some sands tones contain prominent b lack shale chips . 
Constitut ion rocks , exposed mainly south o f  the parking area , include a poorly 
b edded , depositional associat ion of muds tone , pebb ly muds tone , volcaniclas tic 
sandstone , and swirled green tuff along with minor limes tone pods , r ibbon 
chert , and green volcanic rocks . In addit ion to having been imbr icated , thes e 
rocks ar e also s trongly flat tened and display a penetrative solut ion cleavage . 
Field relat ionsh ips and th in-s ect ion textures from s outhern San Juan I s land 
indicate that cleavage and associated flattening pos t-date fault ing and 
lawsonit e-prehnite metamorphism (Brandon , 1980) . This s top is eas t of the 
regional prehnite-in isograd ; sands tones contain lawsonite + quart z  + aragonite/ 
calcite assemblages with prehnite abs ent . In add it ion to its more typ ical dark 
f ibrous habit , lawsonite at this locality also occurs in a rare f ine-grained 
prismatic crystalline hab it . 

STOP 2-3 ; Cons titution , Orcas and Garrison Formations ; 
Eagle Cove thrust zone - wes t end o f  South Beach . 

Rocks exposed to the wes t o f  South Beach represent the southeas tern l imi t 
of the northeas t-d ipp ing Eagle Cove thrus t zone . At this locat ion , the thrus t 
places mas s ive sands tone o f  the Cons titution Formation over a s tructurally 
complex assortment of muds tone , green volcanic rocks ( locally pillowed ) , green 
tuff , and ribbon cher t . Some of the rocks in this zone migh t b elong to the 
Cons t itut ion . Some of the chert and volcanics might belong to the Orcas . 
Several large s lices o f  Permo-Triassic Garrison S chis t occur in this fault 
zone at South Beach , and provide the best evidence for large displacements 
along this zone . The Garrison in this area cons ists  of a cataclastic and 
brecciated very f ine-grained s chis t cons is t ing of chlorite + act ino l ite + 
epidote + plagioclase . 

Of particular interest in these excellent coas tal exposures is clear 
evidence tha t volcaniclastic s ands tone and s il ts tone are interbedded with 
radiolarian r ibbon chert and green tuffaceous rocks . In addition, original 
sedimentary layer ing has been variably disrup ted due to locally intens e layer-
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parallel shear and small-scale fragmentat ion in response to ductility contrasts 
between relatively mob i l e ,  invas ive black mudstone and relatively stiff  layers 
of  sandstone and chert . 

STOP 2-4 ; Constitution , Orcas and Garris on Formations ; 
Eagle Cove thrus t zone - Eagle Cove and Eagle Point 

The same structural zone , the Eagle Cove thrus t ,  cont inues from South 
Beach nor thwes tward to Eagle Cove . There too it consists  of a northeast
dipping fault zone containing s l ices of  exo tic Garrison Schis t .  Exposures of 
the Cons titution sandstone are r es tricted to low outcrops away from the coast 
to the north and northwest of  Eagle Point . The Eagle Cove thrus t is mapped at 
the highes t  occurrence of  chert and muds tone and the lowest occurrence of 
mas s ive sand s tone . Orcas Chert and vo lcanic flows occur as disrupted fault 
sl ices in this area and are best exposed on Eagle Point . Rad iolaria from 
chert s  at this locality have b een dated as Triass ic (D . L .  Jones , pers . comm, 
1980 ) . Sl ices of  Garrison Schist are best exposed in outcrops around the cove . 
An entrained s equence of  l imes tone pods in b lack mud s tone is exposed in an 
outcrop on the wes t s ide of Eagle Cove . Brandon (1980 )  has int erpreted the 
pods as olistoliths ( small s l ide b locks ) . Conodonts from these pods indicate 
a late Triassic age ( Savage , p er s . comm . , 1 9 8 2 ) . 

STOP 2-5 ; Deadman Bay Volcanics 
Deadman Bay , wes t s ide of San Juan Island 

D eadman Bay is located at the southern end of a large , 4 km-long lent icu
lar fault slice of Deadman Bay volcanics . Gray and green radiolarian ribbon 
chert exposed at the south s ide of the bay b elongs to the Orcas cher t which 
structurally overlies the Deadman Bay Volcanics along a nor theas t-dipp ing 
thrus t faul t . The trace of this fault follows the Wes t Side Road for over 
3 km to the nor th of Deadman Bay . 

The Deadman Bay volcanics ar e well exposed along the coast on the rocky 
headlands between the bay and the l ighthouse to the north . The uni t is domi
nated by reddish-weathering pillowed volcanic rocks , breccia and tuff with 
subordinate interbedded limes tone . The s equence is disrup ted by faults but 
generally s trikes eas t  and dips ver t ically in this area . Geopetal s tructures 
indicate younging to the north . Limes tones ar e generally mas s ive and gray and 
contain small amounts of intercalated green tuff . Bedding , where it is present 
in the l imes tones , is commonly contorted and appears to have been involved in 
early soft-sediment s lump ing . Carbonate material occurs inters titially in the 
pillowed flows and might have b een sucked into the pillowed framework by 
rapidly convecting current s generated by the cooling submarine f lows , or by 
churning as the lavas flowed across carbonate accumulat ions . 

The l imes tones are locally foss iliferous . Danner ( 19 6 6 )  has identif ied 
Lat e  Permian fusulinids from this locality . Thes e  fusulinids belong to the 
As iatic or "Te thyan" fusulinid province which s uggests that thes e rocks are 
exo tic to  North Amer ica (Monger and Ros s , 19 7 1 ;  Danner , 19 7 7 ) . Crinoid debris 
and fragment s of  o ther fossils can b e  found in many limes tone pods . 

STOP 2-6 ; Haro Formation 

Davison Head , north tip of San Juan Is land . 

Drive north approximately 1 . 5  km from Roche Harbor and park on the caus eway 
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connec t ing Davison Head with San Juan Is land . The Haro Format ion underlies 
Davison Head and also ext ends along the coast sou th of  the caus eway . Best 
exposures are on the we st s ide of  Davison Head . 

The Haro Format ion was named and first des cribed by McLellan ( 1 9 2 7 )  who 
found Late Triassic Halobia occurring in shaly limes tone on the shore south o f  
the causeway . Danner ( 19 6 6 ) , Vance (19 7 5 )  and Johnson ( 1 9 7 8 ) , have also des
cribed the s trat igraphy and litho logy of  the format ion . The following description 
is summarized from their work and a previous f ield guide by Cowan and Whetten 
( 1 9 7 7 ) . 

The Haro Formation cons ists mainly of  bedded andesitic and dacitic volcani
c lastic sandstone , s iltstone ,  conglomerate breccia and minor f lattened crys tal 
tuf f .  Clasts are up to 1 meter in diameter . Graded b edding and cross b edding 
are locally present . Sparely fossiliferous l imy silts tone and micritic l ime
s tone , exposed south of the causeway , are also included in the format ion . A 
thickness in exces s of  700 meters , es t imated by Johnson ( 1 9 7 8 )  is uncertain 
due to faul ting , folding and dis cont inuous exposure . St eeply south dipping 
b eds with probable south facing tops sugges t that the Haro is separat ed from 
the adj acent coeval Orcas Chert by a south dipping thrust fau lt (Vance , 19 7 5 ; 
Johnson , 19 7 8 ) , (Fig . 4 ) . Metamorphic assemblages in the Haro ind icate that 
the unit has never exceeded zeolite facies ( Johnson , 19 78),  in contras t to the 
high-pressure metamorphism of the rocks to the south . The thrus t fault 
bounding the Haro to the south is therefore pos t-metamorphic . 

Vanc e ( 1 9 7 5 )  and Johnson (19 7 8) sugges t that the Haro is derived from a 
nearby intermediate volcanic source , perhaps a subaerial vo lcanic arc ,  and was 
depo s ited in relatively shallow water . Compared with other Late Triass ic units 
in the region it is unl ike the Orcas Chert of  San Juan Islands or the Cultus 
Format ion of the Cascade Range , composed of  muds tone and minor sands tone and 
lacking volcanic rocks (Monger , 1 9 7 0 ) . The fos s il-b earing sedimentary part 
resembles the Parson Bay Format ion , highes t unit of the Vancouver Group o f  
Vancouver Island (J . E .  Muller , pers . comm . ) b u t  the volcanic rocks are in 
sharp contrast wi th the Karmutsen tholeiitic basalt of that group. D .L .  Blackwell 
(pers . comm . , 19 83)  has recognized Upper Trias s ic dacitic volcanic rocks in the 
northwes tern Cas cade Mo untains and sugges ts they are a volcanic facies of the 
Cultus Formation . Stratigraphic relat ionships of these ro cks are s t ill uncertain 
as they occur as a disrupted s lice in the Shuksan thrust zone (Misch ,  19 66 ) . 
The dis covery may help to improve present unders tanding of  distribut ion and 
correlat ion of Triass ic rocks in this region . 

DAY 3 :  PALEOZOIC AND MESOZOIC OF ORCAS ISLAND 

( J. A .  Vance) 

The s tops on th is excurs ion to Orcas Is land (Fig . 1 3 )  were s elec ted to 
illustrate the maj or s tratigraphic and s tructural unit s ,  and highl ight their 
metamorphism and s truc tural relat ions . Unfavorable weather , t ides or poor 
road conditions could neces s i tate omis s ion of  some s tops . As many of  the stops 
are b each exposures reached by s ide trips from the main roads , a s trict road 
log mileage format i s  not followed in this guide . Ins tead the mileage b e tween 
s tops and principal j unct ions is noted . Access to several of the b each expo
sures is through private property . Later groups who may use this guide are 
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reques ted to  obtain the owner ' s  permiss ion to enter property where ' No Trespas
s ing ' s igns are posted and to exer cise court esy and common sense in preserving 
the charm and b eauty o f  the is land . 
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Village o f  Orcas (ferry landing) . Outcrops of  the Cons titution Formation . 
These rocks are poorly b edded , mas s ive , brownish volcanic s ilts tones and micro
graywackes .  They are sheared , slickensided , and cut by smal l veinlets  of  
prehnit e .  

Drive north 2 . 6  mil es on the main road to the j unc tion to Wes t  Sound . 
Scattered outcrops of Orcas ribbon cher t are present between 0 . 5  miles and the 
j unct ion . Junct ion to West Sound . Sheared siltstones of  the Cons t itut ion 
Format ion . From here a s ide trip l eads to the village of  Wes t Sound and cont in
ues wes t  pas t the head of  Deer Harbor to Cormorant Bay ( 5 . 5  miles ) on the west 
shore of  the is land . 

STOP 3-1 ; Turtleback Complex ;  s ilicic dikes 

The village of Wes t  Sound ( 0 . 9  miles ) 

Beach exposures at Wes t Sound are an extreme example of  dike inj ect ion in 
the Tur tleback Complex . The hos t  rock, a weakly gneissose leucocrat ic diorite , 
makes up less than 10% of  the outcrop . It  occurs as screens and blocks a f ew 
meters thick ,  cut by a compl ex of  parallel , intersecting and branching dikes . 
Plagiophyric and aphanitic andes ite and basalt are the mo s t  abundant dike 
rocks , but coar sely porphyritic rhyodacite is locally present . One of the 
s ilicic dikes gave a zircon fisf' l_on t rack age of  270 ± 54 Ma . This is the age 
of the s tatic greenschist f ac i es metamorph ic overprint of the plu tonic rocks 
of the Turt leback Complex and is a minimum age for the dikes . Thes e dikes may 
have s erved as feeders for the Devonian and Pennsylvanian volcanic sediments 
associated with the Turtleback . Al ternatively , they may have caus ed the 
Tur tleback metamorphic overprint . 

Dr ive wes t  along the head of  Wes t Sound in early Pal eozoic plutonic rocks 
o f  the Turtleback Complex . At 1 . 8 - 1 . 9  miles are prominent roadcuts in 
Tur tleback meta-gabbros . The gabbros are cut by small dikes and irregular 
bodies of intrusive quar t z  diorite , trondjhemit e  and pegmat ite . Road cuts 
between 2 . 5  and 2 . 6  miles are par t of  an intrus ive contact zone about half a 
mile wide between the ear lier maf ic phase of  the Turtleback Complex and the 
younger s ilicic phas e .  The mafic rocks are gabb ros and minor clinopyroxenite 
which have b een intruded by dikes of  leu1.:o-quart z  dior ite and trondhj emite ;  
agmatitic brecc ias cons i s t ing o f  angular clinopyroxenite blocks in a dioritic 
matrix are well developed . The plutonic rocks are cut by younger dacitic and 
basal t ic dikes . All th ese rocks have experienced s tatic metamorphism in the 
greens chist facies . 

Cont inue wes t  to 3 . 2  miles and park in the turnout at the small church on 
the left . 

STOP 3-2 ; Turt leback Comp lex ; meta-quartz d iorite and trondhj emite . 

Deer Harbor 

The road cuts j ust b efore the church are typ ical of the s il icic plutonic 
phase of the Turtleback Complex . These are med ium grained homogeneous leuco
cratic meta-quartz diorites and trondhj emites . Clus ters of  large quart z  grains 
are characteristic . U/Pb dat ing of  zircon from two Orcas I s land quart z  
diorites indicates primary crystallizat ion of  these rocks at about 4 6 0  m . y .  
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(Mat t inson, 19 7 2 ) . The quar tz diori tes at this out crop are cut by numerous 
basaltic dikes . Both rocks have exper ienced static greens chist facies meta
morphism. The faulting and s lickens iding of these rocks is related to 
Cretaceous deformatio n .  Displacement o n  the faul ts was mos t ly minor a s  indi
cated by the lack of signif icant offset on the dikes . 

Turn around , return 0 . 2  miles on the main road , then turn left on the d irt 
road to Cormorant Bay . Drive to the wes t shore of  Orcas j us t  nor th of  Cormorant 
Bay . There is public access to the beach at a turn-around and parking area 
( 1 . 2  miles from the main road) . On the approach you have crossed a northeas t
trending high-angle faul t which j uxtaposes the Turt leback Complex with Pennsyl
vanian volcanic rocks on the west . 

STOP 3-3 ; Pennsylvanian volcanic rocks . 

Wes t  shore of  Orcas Island , north of  Cormorant Bay . 

The rocks expo sed on the shore are mas s ive , unsorted green to grayish tuf f s  
and tuf f-breccias of  andesitic compo sition . Occas ional fragments of l imestone , 
in part fossiliferous , are s cattered through these vo lcanic rocks , which are 
probably submarine debris flows . These Pennsylvanian outcrops display the 
minor fault ing and slickens iding which typ ify the pre-Nanaimo rocks on Orcas . 
On a c lear day a shallow northeas t-trending syncline in Nanaimo strata is 
vis ib le on Waldron Is land three miles to the north . The northeast  s tr ike of  
the Pennsylvanian and Devonian rocks on wes tern Orcas Is land is probab ly related 
to Tert iary folding . 

Outcrops at the point j ust south of  Cormorant Bay (0 . 3  miles to the south) 
are in a b edded epiclas t ic phase of the Pennsylvanian volcanic rocks . (This is 
private proper ty . Request permiss ion at the b ig house if  you wish to vis it 
this local ity . )  The rocks at the point are var icolored wat er-laid andesitic 
tuff s  in mas s ive b eds about a me ter thick, int ercalated with dark , thin-bedded , 
well-indurated tuf fs  and volcanic graywackes . Thes e volcanic s ediments have 
been intruded by s ills and dikes o f  basalt and plagioc lase porphyry . The b eds 
are cut by high angle faults o f  small dis placement . 

Re turn to the Wes t  Sound-Orcas-Eas t  Sound int ers ection ( 5 . 5  miles ) . Drive 
2 . 1  miles toward the village of Eas t Sound pas t s cattered exposures of  Turtleback 
quartz diorite . The Turtleback Range is on the left skyl ine . Outcrops at Judd 
Cove at the head of Eas t Sound are Permian basaltic volcanic rocks , r ibbon 
cherts and l imes tones of the Deadman Bay unit . Cont inue to the communi ty of 
Eas t  Sound , pass ing roadcuts mainly in Turt leback . Outcrops at Eas t Sound are 
epiclas tic andes itic tuffs and breccias of probab le Pennsylvanian age . Quater
nary depos its , including st rat if ied outwash , glac iomarine drift and sandbars 
cover the narrow lowland area north of Eas t Sound and unite the higher b edrock 
terrane making up the east ern and wes tern flanks of Orcas I s land . 

Cont inue 1 . 1  miles east o f  Eas t Sound to the j unct ion with the Terrill 
Beach road . Turn r ight and proceed t oward Moran S tate Park . At 0 . 6  miles are 
beach exposures of  the thrust  contact between andesitic tuffs and breccias of 
Pennsylvanian age to the north and overlying early Paleo zoic plutonic rocks of  
the Turtleback Complex .  The thrus t dips about 20°  south and is  marked by a 
shear zone about 0 . 5  m wide . The Pennsylvanian epiclas t ic volcanic rocks 
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contain a f ew s catt ered clasts of  limes tone and are cut by aphanitic s ilicic 
dikes . The sheared and brecciated Turt leback rocks are heterogeneous , cons ist
ing of  gabbros and diabase int ruded by quar t z  diorite and cut by later basalt 
dikes . This fault is one of  several maj or low-angle thrusts s eparat ing large , 
interleaved tec tonic shee ts of Tur tleback and Pennsylvanian s trata on eas tern 
Orcas Is land . 

Cont inue s outh 0 . 7  miles pas t scat tered outcrops of  Turtleback gabbro to 
the curve where the road cro sses a small s tream . Park, being careful no t to 
block the access road to the hou se below .  Th e next two s tops are accessib l e  
from here b y  shor t walks . _/ 

STOP 3-4a ; Turt leback Comp lex ; metagabbro . 

East shore o f  Eas t  Sound . 

Walk 100 m north on the main road to the first road lead ing left to the 
shore . Ask permis s ion at the co ttage to visit the b each outcrops . Follow the 
road to the shore by the big old house oppos i te a small is land . These rocks 
are Turtleback metagabb ros . Cumulus layering is wel l displayed and dips south
wes t  at about 40° . The gabbros are cut by small dikes o f  gabbro pegmatite and 
by dikes o f  pyroxeni te , the lat t er probably inj ected as a cumulus mush . 
Whetten and o thers (19 7 8 )  report a K/Ar dat e of  554 ± 16 Ma on hornb lende f rom 
a gabbro pegmatite collected nearby . The gabb ros have b een s tatically me tamor
phos ed under condit ions trans itional from greenschis t to alb i te-ep ido t e  
amphibolite facies . 

Return to the car . The s tream and bay b elow mark the pos i tion of  the 
Orcas thrust  fault , which has carried s edimentary rocks of apparent Meso zoic 
age , includ ing Orcas cherts and graywackes of the overlying Cons titut ion 
Format ion , nor thward over the early Paleozoic Turtleback Complex and middle to 
upper Paleozoic s trata . The Orcas thrust is a plate boundary or suture between 
a younger oceanic terrane to the s outheast underthrus t by elements of an o lder 
cont inental t errane lying to the northwes t .  From the parking area , walk south 
down the abandoned unsurfaced road to the beach . 

S TOP �-4b ; Orcas Chert 

Eas t shore of East Sound . 

The s lope above the b each displays b edded gray radiolarian chert s  o f  the 
Orcas Chert ( Triass ic-Jurassic) . Cher ts with minor int ercalated green tuff 
and scat t ered l imes tone lenses dip southeas terly here and are exposed almo s t  
continuously f o r  more than 2 km along the shore o f  Eas t  Sound to the south . 
The apparent thickness o f  the ribbon chert s equence here is in excess of  400 m ,  
b u t  there is evidence f o r  tectonic repe tition b y  imbricate faulting . These 
b edded cherts cons ist o f  layers ,  typically 2-4 cm in thickness , s eparated by 
thin ar gillaceous par t ings . Pinch and swell o f  the chert layers is largely 
primary , but is accentuated by f aulting subparallel to the bedding . Faint 
outlines of recrys tallized radiolaria are vis ib l e  in thin s ect ion . 

Return to the car and follow the main road south . Ou tcrops o f  Orcas chert 
extend to the cres t of the hill . Tight minor folds are well disp layed in cherts 
in the prominent road cut on the right j us t  before the hill cre s t . Cont inue 

40 



0 . 7  miles , mos tly in graywackes o f  the Cons t itu t ion Format ion , to the j unct ion 
to Rosario . 

STOP 3-5 ; Cons t itut ion Format ion 

Junction Olga and Rosario roads . 

The roadcuts at the j unct ion are in typ ical massive graywacke s ilts tones 
of  the Cons titution Format ion (Juras sic-Lower Cretaceous ) .  Thin interbeds o f  
ribbon chert def ine the attitude of the b edding . This out crop illus trates the 
typical deformat ion s tyl e of the Cons t itut ion which is characterized by: 1) s emi
penetrative shears sub-parallel to bedding ; 2 )  micro-veinlets of  prehnite and 
less typically , quartz  or aragoni t e ;  and 3) irregularly oriented minor faults 
with prominent sl ickens ides . Occas ional larger prehnit e veins 1-4 cm thick are 
present . Cleavage and bedd ing generally show a gentle southeas t dip paral lel 
to that of  the imbricate thrust sys tem in this area . 

A side trip on the road to Ro sario go es 0 . 5  miles , then left 0 . 1  miles to 
the tennis courts near the out let of  Cas cade Lake . 

STOP 3-6 ; Ros ario thrus t zone 

Near Rosario Resort . 

At thi s  s top we will examine some of  the "exotic" crys talline rocks tecton
ically emplaced along the Rosario thrus t zone . The Rosario Thrus t cuts the 
Orcas Thrus t at a low angle repeating the s tructural s equence s een at stops 4 
through 5 :  1)  Turtleback Complex p lus Garrison Schis t ;  2 )  the Orcas Format ion 
with the Orcas Thrus t at its basal contact ; and 3)  the Cons titution Format ion 
conformably above the Orcas . Exposures around the outlet of  Cas cade Lake are 
Garrison Schist in tectonic contact with Orcas Chert and Cons titut ion Formation . 
This is one of  the f ew exposures o f  Garrison S chist on Orcas Is land . The 
Garrison crops out more extens ively on San Juan Island . At the present outcrop, 
a metamorphic age of  286 ± 10  Ma has been determined on hornb lende by 'K/Ar 
dat ing ( R .  L .  Arms trong , pers . comm . ) .  The Garrison rocks here are f ine-grained , 
sharply foliated alb ite-epidote amphibo lites . These s chists show extens ive 
superimpos ed fracturing , micro-brecciation and s lickens id ing related to thrus t 
fault ing . Microfractures are f illed with aragonite and prehnite . The Rosario 
thrus t zone can be traced about 3 km south down the ridge above Eas t  Sound as a 
narrow s trip of  sheared Turtleback quartz diorit e .  To the north , the thrus t is 
marked by a large tectonic lens of Turtleback gabbro which cros s es Cascade Lake 
whence it can be followed north another three km . 

Return to the main road and continue south into Moran State Park . The 
s tream in the p icnic area of the park ( 0 . 5  miles south of Rosario j unc t ion) 
marks the cont inuat ion of the Rosario Thrus t which here has carr ied p lutonic 
rocks of th e Tur tleback Complex over the Cons t itut ion Formation . The first 
ser ies o f  road cuts along Cas cade Lake is  in Turt leback meta-gabbro and minor 
associated c linopyroxenite and dike rocks . Cont inue to the next s top . 

The small valley j us t  north o f  the prominent road cuts on the curve at  the 
southeas t corner of the lake marks the pos ition of the fault contact between the 
Turtleback Complex and the Orcas Chert ( the Orcas Thrus t ) . The chert here is 
tectonically th inned to 10-15 m. The road cuts are in conglomerat ic volcanic 
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graywackes interpr eted to be near the base of  the Cons titution Format ion . 
Clas t s  to about 0 . 2 5 m in length are present . Andes itic and basalt ic pebbles 
predominate in the conglomera tes , but cher t , aphanitic dike rocks , meta
plutonic rocks , and low grade schis t s  ( Garri son? ) are also pr esent . Abundant 
metamorphic prehnite and aragonite are developed in these rocks . 

Drive south 2 . 4  miles to Olga Junc t ion . Turn left  and cont inue 0 . 6  miles 
to the j unct ion to Ob s truct ion Pas s . Since Cascade Lake , exposures are mainly 
glacial drif t . The bedrock is Cons titution Format ion . Cont inue 1 . 8  miles to 
Obs truct ion Pass and leave the car in the parking area by the resort . The 
peninsula north of Ob s truct ion Pas s is underlain by graywackes and shale of the 
Lummi Format ion of Lat e  J urass ic-Early Cretaceous age . The Lummi overlies the 
Cons titution Format ion with s truc tural discordance interpreted as a southeast
d ipping low-angle thrus t ( the Buck Bay fault ) . The contact is not exposed , 
but lies in the low area covered with glacial drift in the northern part of  
the peninsula . 

STOP 3-7 ; Lummi Formation 

Obs truc t ion Pass 

Walk 300 m east along the beach to the bedrock outcrops . These are typ ical 
graywacke . shale , and s iltstone of the Lummi Format ion . The graywack� b eds 
range from about 0 . 3  m to 0 . 4 m in thicknes s .  Many are graded . The bases of  
some graywacke b eds are coarse chert-r ich grits , commonly containing shale r ip
up c lasts . Slump folds ar e lo cally present . The shales are in par t mas sive and 
in part interlaminated with siltstone . The Lummi of Orcas Is land is much less 
deformed than the Cons titut ion and is a s tructurally coherent unit . C leavage is 
locally developed in the shales , however , and a sharp fo liat ion may b e  present 
in the graywackes . These p lanar s truc tures typ ically lie at a low angle to the 
bedd ing . On Orcas , th e Lummi forms a broad southeas t-plunging syncline . Dips 
are mos tly gentle , but tight minor folds are locally pres ent and high-angle 
faults of  small displacement are common . The sporadic presence of aragonite 
and prehnite veinlets along with more common quartz indicates that the Lummi 
experienced the same metamorphism as the Constitut ion Format ion . 

Return to the main road ( 1 . 8  miles ) . Turn right and proceed 5 . 0  miles . 
Outcrops are Cons t itut ion Formation and Turtleback Complex .  Follow a d ir t  road 
left 0 . 6  miles to a group of hous es above the wat er . 

STOP 3-8 ; Turtleback Comp lex ; gabbro , diabase ,  microdiorite . 

Po int Lawrenc e  

Hike approximat ely one mile to Po int Lawrence ,  the eas ternmo s t  point on 
the island . Beach exposur es of the Turtleback Complex are gabbro , diabase and 
microdior ite . Minor types are gabbro pegmatites , pyroxenite and trondhj emit e .  

All rocks are highly altered . A K/Ar age o f  332  ± 16 Ma . ( R .  B .  Forbes , 
pers . comm . ) was ob tained on urali tic hornb lende from a metagabbro her e . This 
is probab ly the age of  metamorphism and a minimum age for the gabbro . 

At Point Lawrence , Turtleback gabbros overl ie Pennsylvanian lap il l i  tuffs 
in low-angle fault contact . This is one of  s everal maj or thrus t faults  which 
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have intersliced large sheets of  Tur tleback and Devonian-Pennsylvanian s trata 
on the island . About 200 m wes t  of Point Lawrence ,  a large rocky outcrop of 
aragonite marbl e  is exposed on the b each . The marb le displays the typ ical 
coarse grained aragonite , commonly 1-10 cm in length , whcih charac terizes the 
metamorphos ed Paleo zoic limes tone in the San Juan Is lands . This s truc turally 
anomalous marbl e  outcrop , apparent ly surrounded by Turt leback Complex ,  is 
probably an infaul ted s lice or up faulted b lock from the s truc tural ly under
lying unit of Paleo zo ic vol caniclas tic s ed imentary rocks . 

GEOLOGY OF VANCOUVER ISLAND 

( J .  E . Muller) 

Introduction 

Vancouver I sland is underlain by three distinct eugeosynclinal terranes : 
the Paleo zoic to Meso zoic Insular Belt , the Mesozoic Inner Pacific Belt and the 
Tertiary Outer Pacific Belt (Figure 1 ) . Mo st of  the is land forms part of  the 
Insular Belt and is here called Vancouver Is land Terrane . I t  is underlain by 
middle Paleozoic , Triassic and Juras sic volcanic-plutonic suites , each with an 
overlying s edimentary s equence . The s truc tural s tyle is dominated by b lock
faul t ing and well ordered s edimentary and volcanic s equences permit satis fac
tory s tratigraphic analysis along coas tal cliffs and some river banks . 

The Inner Pacific Belt is underlain by Mesozoic deformed , sheared and 
dismemb ered , or foliated s edimentary and vo lcanic rocks , mos tly without 
detectable s tratigraphic continuity . The Outer Pacific Belt on Vancouver 
I sland is composed mainly o f  Ter tiary basalt and gabbro . 

The focus of  this fieldtrip is on the suture zone between Insular and 
Pacific b elts on southeas t Vancouver Is land and on San Juan Is lands . In this 
zone , high-angle faul ts intersecting low-angle thrus ts , form the s tructural 
patt ern and no cont inuous pre-Cre taceous s tratigraphic sequence is preserved . 
As in San Juan Is lands , the s tops to b e  vis ited should demons trate s tructural 
relationships between the adj o ining terranes and give examples of  the component 
rock units o f  both.  For the Vancouver Is land Terrane only a minor , unrepresen
tat ive par t of the s tratigraphic column can be shown . 

Geolog ical exploration o f  the i sland has cont inued for more than a c entury 
and in the beginning was mainly concerned with the Cretaceous coal depos its . 
Mos t  of  the recorded geological work has been by government geologis ts , s tart ing 
with J .  Richardson ( 18 7 2-187 6 ) . He was followed in l887 by the patriarch o f  
wes t ern Canadian geology , G .  M .  Dawson , who made a reconnaissance c ircumnavi ga
t ion o f  the northern part of the is land and gave the first account of Mes o zo ic 
volcanic and s ed imentary s tratigraphy . Special ment ion is also des erved f or 
C .  H .  C lapp , who mapped the s outheastern par t ( 1909-1913 ) , H .  C .  Gunning , who 
worked in the c entral part (19 29-19 3 2 )  and J .  A .  Jeletzky ,  who with his work on 
the wes t  coast ( 1949-19 5 3 ) , made an important contribut ion to Mesozoic b io s trati
graphy . Many oth er geologists from the federal and provincial geological 
surveys and from s everal univers it ies have contributed additional geological 
data . The writer s tarted and completed reconnaissance mapp ing of  the is land on 
s cale 1 :  250 , 000 , shown in Figure 16  ( 19 6 3-19 81 ) . He was aided by concurrent 
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work and collaboration of  B .  E .  B .  Cameron, D .  Carlisle , D .  J .  T .  Cars.on and 
K.  E .  Northcote and by many ab l e  and willing assistants . In thos e  las t twenty 
years , many graduate s tudent thes is proj ects on the geology o f  Vancouver 
Island and the Gul f  Is lands have b een completed at s everal wes tern American 
univers ities and the University of British Columbia . These are available  in 
the Geo logical Survey library in Vancouver and some have b een condens ed and 
pub lished . 

Recent synops es o f  Vancouver Is land geology have b een given in s everal 
papers (Muller , 1 9 7 7 ;  Muller et al . ,  1974 , 1981)  and ear lier f ield trip guide
books (Muller , 19 7 7 ; Price et al . ,  1981) . Relevant geological maps are shown 
in Figure 16 . For this introduction an outline o f  the geology , suppl ementing 
the s tratigraphic table and diagram (Figures 17 and 1 8 )  and the maps and 
section (Figur es 19a , 19b ) are given . More detailed information is provided 
in the roadlogs for Day 4 and Day 5 .  
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The succeeding Early Juras sic vo lcanic arc s equence (Bonanza Group ) is 
coupled with coeval batholithic intrus ions and migmatite complexes ( I sland 
intrus ions , Wes tcoas t Complex, Wark-Colquitz Complex) , presumably derived from 
the older rocks . They are overlain unconformab ly on northwes t Vancouver Island 
by a Late Jurass ic to Early Cret aceous sou thwes t  dipping elastic wedge (Kyuquo t 
Group and Queen Charlotte Group) . Next , the Vancouver Is land Terrane is over
lain on the northeas t by northeast dipp ing Late Cretaceous coal-bear ing molas s e  
(Nanaimo Group) and last ly , a fringe of Tert iary elastic s trata over l ies all 
older rocks on the southwest coast (Carmanah Group ) . The Vancouver Island 
Terrane extends with id ent ical Paleo zoic , Triassic  and Lat e  Cre taceous as s em
b lages in the islands in the Strait of Georgia and is bounded by the Malaspina 
Fault between Texada Island and the Mainland . 

In the southwes t and south , the Vancouver Is land Terrane adj oins the Pacific 
Rim Complex along the Wes tcoas t Fault and the Leech River Complex along the San 
Juan Faul t . Paci f ic Rim and Leech River complexes form the Inner Pacific Bel t . 
They are both highly deformed and chao tic assemblages o f  greywacke , pelite ,  
chert and me tavo lcanic rocks with minor l imes tone . The Paci f ic Rim Compl ex is 
low-grade metamorphic , commonly with melange t exture and with rare Lat e  
Jurass ic to Early Cretaceous fossils . The Leech River Complex is i n  par t wel l  
foliated s chis t ,  ranging from low-grade phyllite t o  staurol it e ,  andalusite and 
garnet bearing quar t z  biotite s chis t .  They are probab ly mor e  highly metamor
phosed correlatives of the Pacific Rim rocks . 

The Leech River Complex also contains s chistose to gneis s ic greywacke sand
s tone , lithologically s imilar to rocks of the Lummi Format ion of San Juan 
I slands . The San Juan Faul t , where exposed , is a high-angl e ,  probably obl ique , 
thrus t .  It is interpreted as the locus o f  under thrus t ing o f  oceanic s ediments 
of the Leech River Complex at a convergent margin . Underthrus ting apparently 
occurred between earliest Cretaceous , the age of younges t known foss ils in the 
Pacific Rim Complex and late Eocene , the age of the oldest Tert iary s trata 
unconformab ly above Leech River schis ts . A new s tructural interpretat ion , no t 
previously pub lished , pos tulates that a s lab of Wark-Colquitz rocks was b roken 
o f f  the edge o f  the Vancouverisland Terrane and carried northeas tward by the 
underthrus t ing Leech River rocks (Figur e 19a , 19b ) . This thrust p late under
lies Victoria and is bounded by Survey Mountain Faul t ,  San Juan Fault and a yet 
unnamed fault from Haro Strait acros s  Finlayson Inlet . The rocks of the Malahat 
Highway ( S tops 4-3 to 4-6 ) are in a half-window in the thrust plat e ,  expos ing 
the underlying Leech River Complex . 

The southernmost part of Vancouver I s land forms the north edge of the 
Olympi c  Terrane in the Outer Pacific Belt and is s eparated from the Inner 
Pacific Belt by the Leech River Faul t .  Suturing of the Olympic Terrane (Outer 
Paci f ic Bel t )  to the Leech River Complex ( Inner Pacific Be l t )  occurred along 
Leech River Faul t ,  probab ly by ob lique , eas t-s ide-down , lef t-lat eral mo tion 
( S top 4-3) . The t ime o f  movement was probably later than movement along San 
Juan Faul t ,  but before movement on Callawah and Hurricane faults on the Olympi c  
Peninsula i n  late Ter tiary time . Northeas t s triking tens ional faults through 
s outh Vancouver Is land and the is lands to the east (Figures 2 ,  19 ) may be the 
result of nor theas t  compress ion of the Vancouver I sland Terrane by the advancing 
Olympic Terrane . 

The Vancouver Is land ro cks of this terrane are mainly pillowed and lay ered 
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tholeiitic basalt and aquagene tuf f and breccia (Me tchos in Vo lcanics ) . At one 
place a gas tropod coquina wi thin tuff and breccia has yielded an early Eoc ene 
age . The vo lcanic rocks are underlain by diabas e dike complexes and by gabbr o .  
The main part o f  the terrane on Olymp ic Peninsula i s  composed of the Peripheral 
Rocks , compris ing the Crescent Format ion , coeval and s imilar to the Metchos in 
Volcanics and thick , younger e las tic s trata , roughly coeval with , and equiva
lent to the thinner Tert iary Carmanah Group , To the s outh , s eparated from the 
Peripheral Rocks by the Calawah and Hurricane faults , are tightly folded , 
faulted and penetrat ively sheared elastic cont inental slope and ocean depos its , 
including also some basalt . The core rocks are inferred to have been compres s ed 
and deformed during late Tert iary convergence . 

DAY 4 :  MESOZOIC FORMATIONS OF THE VANCOUVER ISLAND TERRANE 

AND THE LEECH RIVER COMPLEX 

Day 4 deals first with the Mes ozoic part of the Vancouver Island Terrane 
as it occurs in "abbreviated" form near the Leech River Fault , its southern 
l imi t . Next we examine the Leech River Complex, along Malahat Highway in what 
is inferred to be a s truc tural half-window in a thrus tplate composed of the 
Wark-Colquitz Complex . For geology and locat ions of s tops s ee Figures 19a and 
19b . 

The day s tar ts with th e f erry trip f rom Orcas Island to S idney , B . C .  From 
Ferry Terminal take 5 th S treet ; left on Beacon to Patricia Highway , 1 . 2  km ; 
north to Wain Road , 4 . 8  km ; right on Wes t  Saanich Road , 6 . 4  km; left on Birch, 
6 . 7  km and continue on Madrona . Beach access to Towner Bay . 

STOP 4-1 ; Vertically upturned unconformity , Jurassic I sland Intrusions 
( Saanich Granodiorite) and Late Cretaceous Nanaimo Group (Comox Formation) 

10 . 2  km ( 6 . 4  m) Coas tal exposures on Towner Bay . 

The point south of the bay exhib its the unconformity be tween shattered , 
medium grained , light-colored quar tzdiorite , called " Saanich Granodiorite , "  a 
part o f  the Juras s ic Is land Intrus ions , with conglomerat e ,  sands tone and s ilt
s tone o f  the b asal Comox Format ion in the Late Cretaceous Nanaimo Group . A 
K/Ar determinat ion on hornblende from quartz diorite on Mount Newton,  6 km to 
the s outh , yielded an age o f  169 ± 1 7  Ma , in ac cord with the Early to ( ? )  
Middle Jurass ic age o f  the Island Intrus ions . The Comox Format ion is Santonian 
and the range of the Nanaimo Group is Santonian to Maes trichtian . The uncon
formity shows pockets in the quartz diorite , f illed with s ediment , a minor 
example of the commonly uneven unconformity surface that shows s everal meters 
of relief in other exposures . Clas t s ,  up to 10 cm diame ter , are diorite , 
quar t zdiorite , white and green chert , volcanic rocks and b lack argillite.  The 
s equence grades upward from conglomerate and sands tone to sands tone and s iltstone . 

The contact i s  ver t ical because i t  i s  ro tated along a s teeply inclined , 
normal or reversed , northeast trending northwest-down faul t . The fault is one 
of a set of early-Tertiary faults , north of and about perpendicular to Leech 
River Faul t , that l imit the Nanaimo Bas in on the southeas t .  The outcrop is a 
reminder that paleomagnetic measurements on granitic rocks may require sub s tan
tial correct ion for pos t-intrusive tilting ! 
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The Nanaimo Group is composed of four maj or transgres s ive s edimentary 
cycles , each composed of a lower deltaic to near�shore conglomerate-sands tone
shale (-coal) format ion and an upper formation with marine sands tone , s iltstone 
and thin-bedded turb iditic deposits . It  is a post orogenic molas se deposit but 
is its elf affected by later faulting . The Paleocene Chuckanut Formation , seen 
on Day 1 ,  may be the upper non-mar ine part of this molasse sequenc e ,  only 
present in the eas ternmost San Juan Islands and on the Mainland . 

Backtrack to Wes t Saanich Road , 12 . 4  km ; right and south on it , pas t 
Ocean Sciences Ins titute to McTavish,  18 . 2  km ; to Highway 17 , 21 . 7  km; south to 
Cordova Bay Road , 3 2 . 8  km ; lef t  on Fenn Ave . ,  35 . 1  km ; to parking lot on Parker . 

STOP 4-2 ; Late Triassic ( ? )  metabasalt and limes tone . 

3 6 . 1  km (22 . 4  m) Coas tal exposure on Cordova Bay ; beach access from 
Parker Road . 

The southeas t  par t  of the b each outcrops is composed of metab asaltic rocks , 
locally with well preserved amygdalo idal texture .  The amygdules locally show 
the steep eas t dip of the flows . Elsewhere the rocks are recrystallised to 
f ine-grained diorit e .  Farther north is an exposure with well preserved p illow 
structures . S t ill further are good exposures of recrys tallised f ine-grained 
limes tone cut by f ine-grained diabas ic s ills . 

These exposures are tentatively correlated with the Vancouver Group . 
Farther north on Vancouver Island , that group is composed mainly of pillowed , 
b recciated and layered tholei it ic basal t ,  up to 6 , 000 m thick, (Karmutsen) 
overlain by Late Triass ic carbonate and pelite (Quatsino and Parson Bay) . The 
group is the mos t  widespread sequence of the Insular Belt . S ee comment s  on 
probable origin from a rift zone at low paleolat itude in "General Geology". 
Although the Karmutsen basalt overlies the Sicker Group in s everal places , i t  
may form the basal s trata directly above gabbroic oceanic material els ewhere,  
l ike the Tert iary Metchos in Volcanics of the Glymp ic Terrane . 

Cont inue s outh on Cordova to Royal Oak , 40 . 2  km ; cross Highway 1 7  and 
continue on Wilkinson down to Highway 1 ,  47 . 9  km ; continue to Shell Station 
near entrance of Goldstream Park . Between S tops 2 and 3 the route leads over 
the Wark-Colquitz Complex , to be examined on Day 5 .  

STOP 4-3 ; Leech River Complex ; Phyllites . 

5 8 . 4  km (36 . 3  m) The Leech River Complex is composed of Jurass ic
Cretaceous metasedimentary and metavolcanic rocks underthrust northeas tward 
below the Vancouver Island Terrane , forming the late Meso zoic continental 
margin . At this point , the complex occupies a zone a few km wide between 
Metchos in Volcanics of the Olympic Terrane to the south and Wark-Colquitz meta
morphic rocks to the north . A northward reentrant of Leech River rocks , 
exposed along the shore of F inlayson Inlet and along Malahat Highway will be 
s een in following s tops . It  is interpreted as a half-window in the "Victoria 
thrus tplate" of the Wark-Colquitz Complex . The contact with Metcho s in Volcanics 
is a s teep to ver tical s inis tral faul t .  

On the Victoria geological map (Muller , 1980b ; in pres s )  the Leech River 
Complex is divided into three lithologic units , inferred to b e  of oceanic or 
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cont inental-s lope or igin . Unit 1 ,  composed of argillite,  chert and volcanic 
rocks may be the oldes t ; Unit 2 ,  with argil lite,  pelitic dis tal turb idites and 
their phyllitic equivalents is the middle par t and Unit 3 ,  with medium to coarse 
grained, mas s ive to thick-b edded greywacke is cons idered younges t .  The inferred 
upward coarsening sequence is based on the known upward trans ition from pelagic 
to ner itic and littoral facies with increase in grain s ize of detr ital rocks in 
the b ios tratigraphi cally documented Mesozoic column of Vancouver Is land . Thi s  
s top i s  inferred to be i n  the middle unit . 

Along the nor th s ide o f  the highway , Leech River phyllite is well exposed . 
Slaty cleavage is parallel to the fault at azimuth 300 . The cleavage shows 
kink bands and s lickensides plunging steeply s outheas t ,  probably ind icat ing 
oblique movement on the fault . A low ridge south of the highway , behind a 
recent hous ing development ,  exposes irregularly schistose quartz-chlorite rock 
inf erred to be mylonitized (Jurassi c ? )  volcanic rocks that elsewhere too are 
faul ted together with sedimentary schis ts in the overthrust zone . 

The complex , formerly cons idered Paleo zo ic on the basis o f  its  metamorphic 
character , has no t yielded fossils , but is interpreted as the eas tern continua
t ion of the Upper Juras s ic to Lower Cretaceous Pacific Rim Complex of Vancouver 
I sland . K-Argon dates on metamorphic b iotite from s chist and gneiss range from 
36 to 42 Ma . Recent detailed work (Fairchild and Cowan , 1982 ; Rusmore , 1982)  
suggests that Leech River and Metchosin rocks , j uxtaposed along the faul t , are 
of different me tamorphic facies and were faulted into position af ter metamor
phism . On the wes t  coas t ,  Leech River schis t  north of the faul t is overlain by 
late Eocene to Oligocene s trata while s outh of th e fault , Metchos in Volcanics 
are covered by late Oligocene to  Miocene s trata . Underthrus t ing o f  the Leech 
River Complex presumably occurred in the Cretaceous to early Eocene , perhaps 
s imultaneous with thrus ting in San Juan Is lands . It was followed by s inis tral 
movement along Leech River Fault that , j udging from the differing ages o f  
Oligocene s trata o n  oppos i te s ides of the fault , may have cont inued into 
Oligo cene time . 

Cont inue on Highway 1 .  

S TOP 4-4 ; Leech River Forma t ion ; r ibbon chert . 

6 3 . 8  km (39 . 6  m) at hydro towers eas t of highway . The hydro towers are 
on a small hil l ,  composed of eas t s triking vertical r ibbon cher t .  The beds o f  
b lack t o  greenish grey , whit ish weathering chert are 1-4 cm thick and separated 
by graphitic films . Dragfolds in the b eds are interpreted as soft-sed iment 
s lumpfolds . Th in sect ions show them to b e  s ilic ic rocks , composed o f  a f ine 
dus t of quartz , feldspar and act inolite . Despite best effort s ,  no datable 
radiolarians have been found in these b eds . They resemb le those o f  the Orcas 
Format ion of San Juan Is land , dated by radiolarians as Trias s ic to Early 
Juras s ic , but also resemble chert s  of the Pacific Rim Complex o f  Wes t  Vancouver 
Island with Late Juras s ic ,  Tithonian radiolarians . The rocks are inferred to 
b e  par t o f  the basal uni t  of the Leech River Complex .  Minor outcrops of meta
basalt ar e also pres ent and on the wes t s ide of the highway the cut shows a 
layer o f  pillow basalt interb edded in chert and arg illite . 

Continue on Highway 1 .  
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STOP 4-5 ; Leech River Comp lex ; greywacke and argillite . 

6 5 . 8  km ( 40 . 9  m) The cut s  on both s ides of  the highway show a var iety o f  
b edded units . There ar e b eds of greywacke , up t o  6 0  cm thick, i n  places with 
r ip-up shale fragments and s eparated by thin ar gilli te laminae . There are also 
thin , f ine-grained or graded units , a f ew cm thick and thick b eds of  argillite . 
A thin s ec t ion of greywacke shows angular grains of  mainly quar t z  and quartz ite, 
less plagioclas e ,  and minor chloritized maf ics and volcanic fragments , in a 
matrix of  f ine quar t z , epidote and chlorite . Unlike highly deformed pelit ic 
rocks o f  th is format ion , the rocks exhib it symmetrical small fo lds with locally 
good axial cleavage . The beds are inf erred to b e  in the upper unit o f  the 
complex . 

Cont inue on Highway 1 .  

STOP 4-6 ; Tectonic melange o f  Leech River rocks . 

66 . 4  km (41 . 3  m) At turno f f  of 17  Mile Road . The cut on the highway 
shows (at close inspect ion) a f inely textured tec tonic melange . Melanges are 
no t common in the Leech River Comp lex but coars er melange with large knockers 
of limes tone , greywacke and vo lcanic rock are common in the Pac ific Rim Comp lex 
of the west coas t .  

Proceed on Highway 1 .  1 . 6  km farther north a fault zone is exposed on the 
highway ' s  eas t s ide . It is one of  s everal northeas t s tr iking faults through 
the region . This fault brings the Wark-Colquitz Comp lex in contact with the 
Leech River Complex and thus forms the wes t  edge of the "Malahat-Finlayson 
window . "  From here the route leads pas t cuts in the Wark-Colquitz Complex , to 
be viewed on Day 5 in Victoria .  The road t o  Duncan passes Juras sic volcanic 
and intrus ive rocks coextens ive with those of Saanich Peninsula and enters 
Cowichan Valley , underlain by Nanaimo Group s trata , covered by glacial and 
f luvioglac ial depos its . 

105 km ( 65 . 2  m) City of  Duncan for overnight s top . 

DAY 5 :  THE PALEOZOIC SICKER GROUP AND THE WARK-COLQUITZ COMPLEX 

Day 5 deals f ir s t  with Sicker Group vo lcanic , s edimentary and r elated 
intrus ive rocks near Duncan and , after returning to Victoria , with waterfront 
exposures of the Wark-Colquit z Complex thrus t plate and underlying Leech River 
metavolcanic rocks . For geology and s tops , s ee f igures 19 a ,  19b . 

From Duncan follow Maple Bay Road to Maple Bay and on via Arbutus Avenue 
to rotunda on Bayview P lace . 

STOP 5-1 ; Nitinat Formation and Tyee Quartz Porphyry . 

1 1 . 4  km ( 7 . 1  m) The S icker Group includes all Paleozoic rocks of  
Vancouver I sland . This s top shows b as ic me tavolcanic rocks of  the Nitinat 
Format ion and a vert ical , 15 m wid e ,  gneis sose meta-quart z  porphyry , called 
Tyee Quar t z  Porphyry by Clapp and Cooke ( 1 9 1 7 ) . The porphyry is probab ly a 
shallow o f f shoot of  the Saltspring Intrus ion , a p luton o f  meta-quart zd ior ite 
that i s  exposed far ther to the north and on Salt spr ing I s land . The Nitinat , 
the oldes t part of  the Sicker Group , is composed of  basic volcanic breccia , 
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minor mas s ive tuff and rarely , pillow lava . Mos t  dis tinctive are dark green 
phenocrysts of commonly ural iti zed pyroxene . Much of this formation is meta
morphosed to actinolite s chis t .  The Myra Format ion above the Nitinat is b edded 
rhyolitic and dacitic tuff and breccia, cons idered coeval and comagma tic with 
Saltspring Intrus ions and Tyee Quartz Porphyry . Mass ive sulphide depos its 
(Cu-Zn-Pb-Au-Ag-Cd), interpreted to be of submarine volcanogenic (Kuroko type)  
origin are related to th e Myra Format ion . They were mined on Mount S icker near 
Duncan and are s till exploi ted at Wes tern Mines near Buttle Lake . At Maple Bay 
some o f  these rocks occur in narrow, tightly folded syncl ines wi thin the Nitinat 
Format ion . The coars e-grained quartz porphyry at this s top is an intrusive 
sill wi thin the uralite b earing metabasalt of the Ni t inat Formation . 

The s tratigraphy and age of the lower , volcanic par t of the Sicker Group 
hinges on thi s  and s imilar outcrops . Until a few years ago that group was 
considered to be Pennsylvanian or older on the bas is of the over lying Pennsyl
vanian fossiliferous s ediments . However , quart z porphyry from thi s  and o ther 
outcrops and metagranodiorite of the comagmatic Saltspring Intrusions yielded 
z ir cons that g ive s lightly dis cordant ages . Pb 207 / pb 206 ages range from 363  
to  395  Ma (Devonian) and the metamorphism, based on a K/Ar dat ing of sericite 
is 180 Ma . Using that age as a lower intercept of a chord produces an upper 
intercept with concordia of 410 Ma (latest S ilur ian) . Accord ingly the Myra 
and Nitinat format ions mus t  be ear l ies t Devonian or o lder . As no ted in the 
comments on the Tur tleback Comr; lex of San Juan Islands , it appears to be 
roughly correlative to Saltspring and Tyee intrusive rocks . 

Backtrack towards Duncan , but turn left on Tzouhalem Road , 20 . 4 ;  turn left 
on Khemps en Road , 23 . 2 .  

STOP 5-2 ; Greywacke : "Nanoose unit " of S icker Group 

25 . 4 . km (15 . 8  m) Khemps en Road , southwes t base of Mount Tzuhalem . 

Small quarries and roadcuts exhib it s ilicified greywacke with thin cyclical 
argillite laminate . The rocks resemb le sequences with Middle Pennsylvanian 
foss ils in lenses of calcarenite at Nanoose Peninsula on Vancouver Is land and 
adj acent Ballenas Is lands , and to s trata on the northeas t s ide of Orcas Island 
(no t  vis ited on this trip ) . 

Backtrack to Tzouhalem Road and now turn south , 2 7 . 6  km ; turn south on 
Highway 1 ,  31 . 4  km ; r ight on Cobb le Hill Road at 3 7 . 3  km; right under railway 
overpass , 42 . 3  km . 

STOP 5-3 ; Buttle Lake Formation ; limestone 

4 3 . 0  km ( 26 . 7  m) Abandoned Ocean Cement limes tone quarry . The But tle 
Lake Format ion is bet ter known from But tle Lake area where it contains an 
Early Permian macrofauna . There it disconformably overlies volcanic rocks o f  
the Myra Format ion and i s  i ts elf disconformably overlain by the Karmutsen 
Forma t io n .  

The rocks i n  the quarry are thin- to thick-bedded limes tone , with irregu
larly alternating b eds of grey , commonly crino idal calcarenite and b lack shaly 
to s ilty graphitic l imes tone . A few conodont fragments , ob tained and determined 
by M .  Orchard (pers . comm . , 19 81) are Idiognathodus sp. ,  Streptognathodus sp . , 
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and Neogondolella s p . , indicating Pennsyl vanian to Ear ly Permian age . The b eds 
are disrup ted by faul ts , but generally d ip s teeply nor thwes t .  Along the south 
margin o f  the quarry the limes tone is underlain by beds of dark grey to b lack 
cher t ,  thinly b edded tuff and greywacke and dark impure limes tone . On the 
nor theas t end of the quarry , metabasalt is in contact with the l imes tone and 
is interpreted as the Karmutsen Format ion . Pillow lava with quartz nes ts , a 
typ ical Karmutsen litho logy , is exposed farther to the northeas t on Cobble Hill . 
The quarry is located in a fault b lock between nor theas terly s triking faults 
branching off  San Juan Fault . 

Backtrack to Cobb le Hill Road and turn south via Shawnigan Lake to 
j unct ion with Highway 1 ,  60 . 1  km ; follow Highway 1 south to Victoria ; turn left 
on Hillside , 88 . 5 ;  continue on Lansdowne , right on Rut land Avenue 94 . 3 ,  r ight 
on Beach 9 4 . 6 .  

STOP 5-4 ; Cattle Point ; Wark-Colquitz Complex 

9 5 . 3  km (59 . 2  m) Cat tle Point boat launching area . The wide glaciated 
shoreline outcrops at Cattle Point show a variety of f ine- to medium-grained 
gneiss ic amphibolite , compos ed mainly of hornb lende and sodic p lagioclase with 
minor quart z .  The gneiss is isoclinally folded with cons is tent near-vert ical 
foliat ion s tr iking NNW . A K/Ar date from this locality is 153 ± 14 Ma , indica
t ing Jurassic metamorphism . Clapp ( 1913)  distinguished and mapped Wark Diorite, 
composed mainly of mas s ive hornb lende metadiorite and Colquitz Gne is s , cons i s t
ing chiefly of well foliated quart z-feldspar-b iotite gneis s .  Distinct ion of 
Wark Diorite and Colquitz Gneiss has also been attempted on the new Victoria 
geological map (Muller , 1980b) . Clapp ( 19 1 3 )  thought that the Colquitz intrudes 
the Wark , but in the present interpretat ion they represent basic and s ilicic 
part s  of one complex ,  derived from Sicker vo lcanic and s edimentary rocks 
migmatized during Juras s ic plutonism .  

The writer proposes that the Wark-Colquitz Complex is a WNW trending 
thrustsheet , about 10 km wide that forms the SW edge of the Vancouver Is land 
Terrane . It is inferred to have b een carried northeas tward and thrust agains t 
the Jurass ic vo lcanic-plutonic complex of Saanich Peninsula , r id ing on the 
underthrus t ing Leech River Complex .  

Cont inue along shoreline drive wes tward , fo llowing Beach , Terrace and King 
George , turn left on Cres cent . 

STOP 5-5 ; Leech River Complex ;  metavolcanic rocks 

10 3 . 1  km ( 6 4 . 0  m) Harling Po int , s outh o f  Chines e  Cemetery . 

The well glaciated coastal exposures show furrowed and striated surfaces 
with a cons istent S 20W direct ion o f  the las t (Fraser) glaciat ion that flowed 
south over the Victoria area . The rocks are thinly laminated chlor itic 
s iliceous tuff and minor argillite containing dikes o f  sheared-out f eldspar 
porphyry . The glaciated surfaces exhib i t  comp lex folding wi th great swirls 
and intricate crumpling . Axial foliat ion varies in azimuth from 310 to 350 and 
from 50 degr ees northeast to s teep southwest d ips . Locally, the primary folia
t ion is refolded into s ou th-verg ing chevron folds of s everal meters amp litud e .  
The ro cks ar e interpreted a s  Juras s ic volcanic rocks , roughly coeval with thos e  
o f  the Bonanza Group o f  the Vancouver Island Terrane and the Fidalgo Comp lex o f  
San Juan Islands . Their s t ructural pos ition is below the inf erred Wark-Colquit z  

5 5  



Complex thrus tplat e ,  and separat ed therefrom by a northeasterly , northwest
down , normal fault ( Figure 19) . 

Continue along shoreline s cenic dr ive . 

STOP 5-6 ; Wark-Colquitz Complex 

106 . 2  km ( 66 . 0  m) Clover Point . The outcrops on this point are again 
the Wark-Colquitz  Complex that und erlies mo st of  Victoria . They are irregu� 
larly , light-dark banded rocks , more s ilicic than those at Cat tle

. 
Point and 

interpreted as the migmatized Sicker Group . The foliation strikes nor th over 
mos t  of the po int , but turns into asymmetric eas t str iking folds at the south 
end . The s tructures are tentatively explained by two thrus t faults inf erred to 
intersect near Clover Po int (Figure 19a) . The upper thrus t carr ies Wark
Colquitz Complex above the Sicker Group and Juras s ic intrus ions surrounding 
Victoria ' s  Inner Harb our . The s tructurally lower thrus t ,  probably respons ib le 
for the eas t  s triking fold at the s outh tip of the point , is inferred to be the 
eas tward extension of the Survey Mountain Fault . It carries the volcanic and 
intrusive rocks over Leech River s chist and should be parallel and closely 
north of the Leech River Fault . 

Cont inue on the shoreline s cenic drive . 

STOP 5-7 ;  Dioritized basalt , intruded by metaquartzdiorite . 

. ,  · '  

107 . 8  km ( 6 7 . 0  m) Finlayson Point . The shoreline outcrops expos e an 
intrus ive contac t of granitoid rock and dioritized basaltic vo lcanic rock . The 
dark coloured rocks are b io t ite-hornblende quart z  diorite and light coloured 
rocks are b io tite granodiorite . Agmatitic textures are typical of contacts of  
Jurass i c  Island Intrus ions with dioritized volcanic rocks tha t could b e  derived 
from Juras s ic Bonanza , Trias s ic Karmut sen , or Paleozoic Sicker volcanic rocks . 
The intrus ive grani toid rocks are no t dated and may b e  Jurass ic Island Intru
s ions or Paleo zoic Saltspring Intrus ions . 

Continue along Marine Drive and Douglas S treet to Downtown Victoria ; 
111 . 0  km (69 . 0  m) ; end o f  day and end of  excurs ion. 

OVERVIEW 

( J. E .  Muller) 

The aim of  this f ieldtrip is to examine the correlation (or non-correla
t ion) of the geology of Vancouver Island and San Juan Islands , and more distantly , 
Cas cade Mountains . We have made s ome progres s in es tabl ishing s trat igraphic 
and s tructural links , but unsolved problems and differences of interpretation 
remain . Thi s  is a synops is o f  Muller ' s  views o f  the geological connect ions 
between the regions , viewed from Vancouver Is land . 

Figure 2 shows the general geology and s tructure o f  the region on a s cale 
of less than 1 : 1 , 000 , 000 .  Figure 20 shows a comparison of the s tratigraphic 
columns in the three adj acent regions . For each reg ion , the rocks are d ivided 
into two categories represented in two columns . "Ens irnatic" rocks include rocks 
of oceanic orig in ,  includ ing ultrarnafic and rnaf ic rocks , tholeiitic basalts , 
r ibbon cherts , pelites and dis tal turbidities and � in the Permian and Trias sic� 

56 



FI G U R E 20 S Y N O P S I S  O F  F O R M AT I O N S ( O lym p i c  Terrone e x l u ded ) 

S .  W .  B R IT I S H  C O L U M B I A  A N D  N. W .  W A S H I N G T O N 

VA N CO UVE R ISLAND SAN JU A N  I SL A N D S  C AS C A DE MOUNTA I N  
E N SI - E N S I A L I C E N S I M AT I C  E N S I A L I C  ENS I M AT I C  ENS I A L I C 

p 
T M � --..._____, ..... Ti m e  
L K  o f  

1----1 thrus

E K  
ting ? 

LJ 

M J  

E J  

L "R 
E M � 

p 

p 

M 

C H A R L OT T E 

t 
K Y U Q U O T 

Buttle Lake 
• • 11Nanoose • a:: .___ �....._ 
w 
� 
(.) 

IC/) <{ • .  O N  (.) I-
I- ; 
C/) c w __J 
3 a ·  
?-u 

C h u c � n u t  
_ _ _ AV _ _  _ 

N A N A I M O  

H P /  LT M e t a m o r ph i s m U p l if t  
M a j o r t h r u st fa u l t i ng _,,-·' - - -- - - �7 -

a:: 
()'<)/ i-' :...,o 4�;,, '( \l� 

.;::-.::. F l  D A L G O : => 

�:; ��1.5 i l j � OJ :!: E  � C;. o 
CJ� _=> - a._ - > -i 

� H a r o  f 

z E 
0

eofmon --1
-
-r
-
-

o I 0 �  Bay. • 
j C/) ·- o. Volc a nics 

- 0 U> 0 ? -- - - -a:: E ui E P a l e o z o i c  
a:: � .� E <{ 0.  ... Q) <!> I- E 

se d i m e  n t a  r y 
and volca n i c  
r o c ks of 
S a n J u a n  

I s l a n d s  

S H U KSAN : 

c: .!!! : c: 
.c: ' o a>  c . .,_ .... U> 0 • o> ·

..:.::: "' .  c -
c: . 

-� Q) : ·� � Cl) � : c a. 
(!) : 0 

- - -? - -

NOOKSAC K  

-1--
-

C H I L L I 

W A C  K 

T 

L K  

E K  

LJ 

E M"R 

p 

p 
M 
0 

? --- --
.-�...,_......., _ _ _ _ _ - - - ? - - �--

<> - -� (1)1-C/) ..._.. <>' 1-Z 
0 

T U R T L E  B A C K y E L L  0 w A ST E R Pre-0 . ...... � � Pre-0 

:Basa I U n c o nfo r m i t y :  --... ?______. : U n c e rt a i n  U n c o n f o r m i t y  - - - : Age l im it ! :Known c o n t a c t f : N o  c o nta ct
. + : - Fa u lt- conta c t  � : Intru s ive Conta c t  

G R O U P S ,  C O M P LE X ES . I N C A P I TA LS ; For ma t i on s ,  u n n a m e d  u n i t s  l ower case 



elas tic and carbonate s trata . The Vancouver Group , composed of  mainly oceanic 
basalt , is not in all respects ensialic . As no ted, it may have formed in a 
Triass ic rift zone in the Paleozoic vo lcanic arc where i t  was intruded as s il ls 
and extruded as Karmutsen basalt into and over Sicker Group rocks . Pos s ib ly 
the Karmutsen is locally oceanic bas ement , not underlain by Paleo zoic rocks . 

The Juras s ic Is land Intrus ions - Bonanza Group magmatic arc intrudes and 
overlies the Vancouver Group . Next , a Late Juras s ic - Early Cretaceous e las tic 
wedge (Kyuquo t and Queen Charlotte)  unconf ormab ly overlies the comb ined magmatic 
complexes on the no rthwe s t ,  followed by a Late Cretaceous molass e  (Nana imo )  on 
the southeas t .  Las tly all these rocks , including the Nanaimo Group , are 
intruded by ear ly Ter tiary plutons (Cat face) and overlain unconformably on the 
southwes t  by Tert iary elas tic s trata (Carmanah) . 

The ens imatic , Lat e  Jurassic to Early Cretaceous volcanic-sedimentary 
suite of Vancouver Is land (Leech River and Pacific Rim) was thrus t north
eas tward b elow the Vancouver Is land Terrane along San Juan and Wes tcoas t 
faults . Thrus ting occurred between middle Cre taceous and late Eocene t ime , 
perhaps concurrent with thrusting in San Juan Is lands . 

The comparatively uncomplicated rock succession of Vancouver Island 
terminates at the Haro Fault .  Nor thwes t  of that fault , the unmetamorphos ed 
Triass ic Haro , the Jurassic to Cretaceous Sp ieden , and the Late Cretaceous 
Nanaimo correlate with respec t ively Parson Bay Formation (top of Vancouver 
Group ) , Kyuquot Group and Nanaimo Group of the Vancouver Island Terrane . 
Spieden and Kyuquo t groups have many fossil specie s  in common (Muller , 1981 ; 
Johnson , 1981) . Thes e rocks probab ly overlie older rocks o f  the Vancouver 
Island Terrane . 

Southeas t of  the Haro Fault , the Paleo zoic par t of the ens ialic column of  
Figure 20 is a continental terrane (Vance et al . ,  1980) or a magmatic arc 
( San Juan authors of this guide ) , probably continuous with the Paleo zo ic o f  
Vancouver Island and pos s ib ly also with that of  the Mainland . 

The many thousands of  meters of  tholeiitic basalt , overlain by Late 
Trias s ic carbonate and elas tic s ediment s  of  the Vancouver Group apparently 
wedge out on south Vancouver Is land to a few outcrops o f  basalt and limes tone 
with ins ignif icant thickness .  On San Juan Is lands , apart f rom Halobia-bearing 
Haro b eds , th e Vancouver Group is no t represented and in Cas cade Mountains 
the Cultus Formation is s imilar to Parson Bay but also lacks Karmutsen-type 
basalt . 

The Fidalgo Complex is compos ed o f  bas ic to ultrab as ic rocks , cons idered 
to be oceanic basement , intruded by and overlain by a Juras sic plutonic
volcanic comp lex . According to Brown et al . ( 19 79 ) the two suites are not 
comagmatic . The ophiolitic part of  the Fidalgo Complex is only dated indirectly 
by the Jurassic age of the intruding p lagiogranite . It is here s uggested that 
the ophiolite is comagmat ic and correlative with the Late Tr iass ic Karmutsen 
thol eiite o f  Vancouver Is land . As noted , that s equence may also cons t itute 
o ceanic basement although i t  overlies the S icker Group elsewhere . The volcanic 
rocks of the Fidalgo are s imilar in age and lithology to the Wel ls Creek 
Volcanics of Cas cade Mountains and the Bonanza volcanic rocks of Vancouver 
Island . The succeed ing Lummi elas tic sequence and the less metamorphos ed 
Spieden Group correlat e well in age and lithology with the Nooksack of  Cascade 
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Mountains and the Kyuquot Group of Vancouver Island . Thus , s imilar Early to 
Middle Jurassic volcanic-plutonic terranes , overlain by Late Juras s ic to Early 
Cretaceous elastic s trata are pres ent in all three regions (Figure 2 0 ) . A 
connect ion between the crys talline terranes , albeit broken by faults and 
concealed by overlying strata , seems probab le and is also suggested by the 
aeromagnetic anomaly map (Figure 21) . It shows a conspicuous eas t trending 
pos itive anomaly tha t links the Juras sic Saanich Granodiorite of s outh 
Vancouver Is land with the Fidalgo Complex and exhibits maxima over the 
ophiol itic parts of Cypress and Fidalgo is lands . 

The San Juan authors consider the formations , lis ted in the ens imatic 
column o f  Figure 20 to b e  allochthonous sheets stacked above the San Juan 
Paleozoic and b elow the Decatur Terrane : 

Decatur 

------ Lopez Complex in Lopex Thrust Zone ------

Cons titution 

------ Rosario-Eagle Cove Thrus t  ------

Orcas-Deadman 

------ Orcas Fault Zone ------

Turtleback-Paleo zoic 

In this success ion , the Decatur Terrane is the highes t uni t ,  s tructurally 
overlying Orcas and Cons titution formations . I t  follows that the Decatur 
Terrane once should have b een present above the Orcas and Cons titution forma
tions o f  San Juan Island and has b een eroded off . 

Another structural posit ion of the Decatur may b e  cons idered alternat ively . 
As noted , the Fidalgo ultrabas ic rocks may b e  comagmatic with Karmutsen basalts 
o f  Vancouver Island and emplaced in a rift zone within the San Juan Paleo zoic 
rocks . The Decatur could b e  autochthonous and perhaps , on Orcas and San Juan 
islands , underlie Orcas and Cons titution thrust sheets . This interpretation 
would account for the mas s ive , unsheared character of the ultrabas ic Fidalgo 
rocks , a condit ion no t to b e  expected for an ophiolite at the base o f  a maj or 
thrus t  sheet . The San Juan authors of this guidebook report prehnite and 
lawsonite assemblages to b e  best developed in the Jurassic and Cretaceous 
(Decatur) s ands tones . The minerals indicate l ithostatic burial below more than 
11 km .  Coal , collected by the writer from the Lummi Formation on Decatur I sland , 
is anthracite with reflectance (% Ro) o f  4 . 05 ± 0 . 4  (A . R .  Sweet and W. S .  Hopkins , 
per s . comm . 19 75 ) , indicat ing depth o f  burial between 3 and 4 km .  Thes e data 
suggest a d eep , rather than a high s tructural pos it ion for the Decatur Terrane . 

The Saanich-Fidalgo magmat ic arc may b e  built on a converging cont inental 
margin interspersed with oceanic f loor . In the adj acent o cean b as in ,  Orcas and 
Constitution format ions accumulated . Lummi , ( and equivalent Kyuquo t ,  Spieden 
and Nooksack) elas tic s trata were laid down on the volcanic-plutonic t errane in 

59 



Late Jurassic t o  Ear ly Cre taceous t ime . Dur ing middle Cretaceous compress ion , 
the Orcas and Cons t itution offshore s trata were thrus t over the Turtleback
Paleozoic Complex and also over the Decatur Terrane . The thrust plates covering 
the autochthonous rocks were thin or ab s ent in the north and Mesozo ic rocks 
ther e (Nanaimo , Sp ieden and Haro format ions) were no t af fected by burial 
metamorphism . 

Subduction of  the Lopez and Leech River complexes b elow the continental 
edge may have occurred lat er . On sou theas t Vancouver Is land , the cont inental 
base of Wark-Colquitz gneiss was torn o f f  by the underthrus ting mas s  and 
carried northward agains t the Saanich-Fidalgo p lutonic mas s i f . The latter was 
rais ed and formed the southern margin of the Nanaimo Bas in in Late Cretaceous 
t ime . 

Renewed compres s ion o ccurred in early Tertiary t ime , when the Olympic 
Terrane was pushed against the continental edge by obl ique lef t-lateral movement 
along Leech River Fault .  Large tens ional , northeas t striking faul ts developed 
perpendicular to that faul t (Figure 2) . Normal of fsets along thes e faults 
expos ed different s truc tural levels in adj acent b locks . Thus the autochthonous 
Nanaimo , Spieden and Haro s trata probably lie on Paleo zo ic or Mesozoic ro cks o f  
the Vancouver Is land Terrane and are bounded t o  the southeast  b y  the Haro Fault .  
Southeas t of  that faul t ,  the San Juan Paleozo ic is overlain by the Orcas and 
Cons t itution thrust sheets . Accord ing to the here propos ed plan ,  some Juras s ic 
volcanic rocks and overlying Lummi clastric s trata , concealed by Orcas and 
Const itution thrusts , could lie between Orcas , Cons titution and the Paleozo ic . 
This s tructural sequence ,  underlying mos t  o f  San Juan and Orcas is lands , is 
bounded to the southeas t by Buck Bay Faul t .  Southeas t o f  this fault the 
Decatur Terrane is expos ed , lying on early Mesozoic o ceanic crus t and exposed 
on Lopez and adj acent islands to the eas t .  

Sources for F ig ure 2 1 : 
Geological Survey o f  Canada ,  1 95 9 ;  Aeromagnet ic Survey across the Cordil lera ; 

Aeromagnet ic Map 749G , S cale 1 : 2 5 3 , 440 
Geologi cal Survey of Canada, 1 9 7 9 ; Aeromagnet i c  Map , Victoria - Vancouver ; 

Aeromagnetic Map 8 1 9 1G ,  S cale 1 : 25 0 , 000 
United S tates Geo logical Survey , 1 9 7 7 ; Aeromagnetic Map o f  Northern and 

Eas tern P arts of the Puget Sound Area,  Washingt on ;  Open File Report 
No . 7 7-34,  S cale 1 : 1 2 5 , 000 

United S t ates Geologic al Survey , 1 9 7 8 ;  Aeromagnetic Map of the Bellingham 
Area , Washington ;  Open File Repo rt N o .  7 8-35 8 ,  Scale 1 : 62 , 500 
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