
UNITED STATES DE-DARTi\.ENT OF THE I ~ R I O R  

GE0LOGICP.X SURVEY 

STRUCTURE AND STRATIGRAPHY OF THE PYBUS -GAMBIER AREA, ALASKA 

by 

Robert A. Loney 

This repor t  i s  preliminary 
and has not been ed i ted  f o r  
conformity with Geological 
Survey format and nomenclature. 

PROPERTY I3F 
PUBLIC l5:Zl !iZ!E!.j DFFlCE 

U. S. GEOI-.T.i..ilCrZL SLLRVEY 
ANChi7HADE. ALASKA 



Page 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Location and physicel gs~grephy . . . . . a ~ ~ . ~ . ~ ~ . ~ ~  1 
Previous geologic i rvest igst ions . . . . . . . . . . ~ ~ . ~ ~  4 
Present investigc.t.ion ~ n d  acknowledgements . . . 5 
ce010gic se t t i03  . . . . . . . . . . . . . . . . . . . . . . .  6 

Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Genes~ l  feetures . . . . . . . . . . . . . ~ ~ ~ ~ . . ~ ~ ~ ~  9 . . . . . . . . . . . . . . . . . . . . . . . .   definition^ -,. 11 . . . . . . . . . . . . . . .  ~ i l u r i s n ( ? )  cad L ) ~ v o I I ~ E ~  syitems 12 . . . . . . . . . . . . . . . . . .  O d ~ i e r B a y f o m c t i o n  12 . . . . . . . . . . . . . . . . . . . .  Hood Sey fornetion 15 . . . . . . . . . . . . . . . . . . . . . . . .  PermIan system 20 . . . . . . . . . . . . . . . . . . . .  C~nnery forn&tion 20 . . . . . . . . . . . . . . . . . . . . . .  Pybusdoloroite 24 . . . . . . . . . . . . . . . . . . . . . . . . .  Triassic  system 32 . . . . . . . . . . . . . . . . . . . . . . .  Hyd f o m t i o n  32 . . . . . . . . . . . . . . . .  Jurassic  ~.nd Cretcceous ~ystems 42 

Seymour~ena l fomat ion  . . . . . . . . . . . . . . . . .  42 
B r o t h e r s v o l c ~ c s  . . . . . . . . . . . . . . . . . . . .  52 . . . . . . . . . . . . . . . . . . . . . . . .  Tert iary system 56 .............. Unnar;led conglonera5e and sa?dstoile 56 . . . . . . . . . . . . . . . .  Admiralty Island volcsnics 61 . . . . . . . . . . . . . . . . . . . . . .  . Quaternary &posits 67 . . . . . . . . . . . . . . . .  Nor th~~s t em~bus .Ganb ie ra r ea  68 . . . . . . . . . . . . . . . . . . . . . . . . .  ibxnfel8 68 . . . . . . . . . . . . . . . . . . . . . . .  Greenschist 69 . . . . . . . . . . . . . . . . . . . . . . . . . .  lk rb le  69 
D l o r i t e *  . . . . . . . . . . . . . . . . . . . . . . . .  69 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S ~ X - U C ~ I U X  70 . . . . . . . . . . . . . . . . . . . . . .  Genernl discussion 70 
Stnc%mdproVII1ces . . . . . . . . . . . . . . . . . . .  70 . . . . . . . . . . . .  Discussion of s t ~ ~ ~ e t u r a l  annlysis 70 . . . . . . . . . . . . . . . . . .  Gembier s t ruc tura l  province 74 . . . . . . . . . . . . . . . . . .  B!esoscopic structces 74 . . . . . . . . . . . . . . . . . .  bkcroscopic structures 81 . . . . . . . . . . . . . . .  I u t e q r e t a t i o ~  of ntructure 95 . . . . . . . . . . . . . . . . . . .  Pybus s t ruc tura l  province 100 . . . . . . . . . . . . . . . . . . . .  General statement 3.00 . . . . . . . . . . . . . . . . . .  f&soscopic structures 101 
~ ~ C ~ O S C O V ~ C  S ~ L T I C ~ I L T ' J  . . r 105 . . . . . . . . . . . . . . .  Interpretatiori of strdcture 108 . . . . . . . . . . . . . . . . .  Southwest s t n c t u r e l  grovince 110 

FaUlts . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1U . . . . . . . . . . . . . . . . . . . .  General s t c t e ~ c n t  111 . . . . . . . . . . . . . . . .  North~vzst-striking f a d t s  111 . . . . . . . . . . . . . . . . . .  Iliorth-strilrizg fe lL t :  115 . . . . . . . . . . . . . . . . .  Mortheast.s.irilring f i d t B  ~6 
Str ike f ~ u l t s  i n  P~~.LLs d o l a d t e  . . . . . . . . . . . a .  118 
Correlatioa of epi~~ocles of deformation . . . . . . . . . .  119 





iii 

1 Page 

Index map of southeastern Alaska showin$ location of the . . . . . . . . . . . . . . . . . . .  Pybus-Gambier  are^ . .  ; 2 

Sketch mar) showing confxct (das3e8 line) between !h?1&6sic 
m a s  (west), a d  JW&.3sic and Cretaceous rocks (east)  . . . '8 

Co,-posite otratigraphic section of the Fybus-Ga~bier area, . . . . . . . . . . . . . . . . . .  Admiralty Island, Alaska. 10 

Thin-bedded chert  and argillite of the Cannery formation at . . . . . . . . . . . . . . . . . . .  Csnnery Cove, Pybus Bay. , 21 

a. Pybus dolonite a t  P y h s  .hy slmwing t rans i t ion  of porous, 
:.. roil@-weathering chert  i n to  mss ive  chert  wlthin a 

single bed. 
b. Ecdded chert foraing uppcmos't nit of Pybus dolomite at 

Fdse  Point Pybus. . . . . . . . . . . . . . . . . . . . .  27 
a. Porous chert  i n  Pybus 5olcnit:t at Pybus Bay. 
b. Detci l  of bedding ~ i l r f ~ c c  of figure 6a showing silicifies . . . . . . . . . . . .  fos s i l s  tha t  forn -&h2 >ornu:: chert 29 

Massive, white chert p k o e  02 the basal breccia of the Qn3 
formation, near the head of the ~ e i n  of Pybw Bay. . , . . 34 

8. a. Light e;r~y-weathering 1 L i e s b l i e  of the linestone member, 
Ey6 formation, nem F d s e  Point Pybus. 

b. Fossi3.lferous, bro7*n-vzzchering linestone of the  lime- 
atone member, Byd ?omtion, south of False Point Pybua. . 36 

9. a. Steeply digping s t ra ' .  of the thin-bedded a r g i l l i t e  member 
of the Iiyd fo-ti03 I n  titira outcrop on fiouth~~cnt shore of 
PySus Bay, weot of 3 l i o l ; t  Zsland; the strata lie unconfom- 
bly beneath gently dl2zi13g I. 'ert iqy strata (unna.mil conglom- 
erntc =d smclstcne) eZ tile l i n e  of trees;  the gentle dip 
of the Tertiary stratc (Admiralty I s h d  volcanics) is 
i n a c a t e d  by the topqp-apl~r and snow l i n e s  i n  the 
bscltgimmd. 

b. Detail  of  strata i n  fim-e 9a; chiefly a r g i l l i t e ,  chert, 
end l izeatone ( l i~ i t  gray), showing baudinage structure 
in l h e s t o n e  . . . . . . . . . . . . . . . . . . . . . . .  37 

10. Subvertically dipping pillow lava i n  Hyd formation, near . . . . . . . . .  Good I s h d ,  Gab ie r  E:.y; tog is .to the  lcf% 39 

U, Contact beOmcn s l a t y  arGl1ite of Scyrcur C a M l  formation 
(bclotr) m d  the f l o ~ . : ~  c f  the Bmtherc volcanics, FIest Brother 
Islmd; note angular FY.Ei@eiIt of' volcanic rock (c i rc le ) .  
mbedded i n  a r g i l l i t e ;  bedding i n  a r g i l l i t e  about pmaU.el 
t o  coatac t, whereas F r r c - t ~ - e  clecvages dip 8 teeply to 
r i g h t . , . . . . . . . . '  . . . . . . . . . . . . . . . . . . .  44 



Fiuwe 12. a. Thin-be2ded gx.y- i~d-  c crc? 2rc:illite, ~ e p o &  C a n a l  
fcrii1ztion, north cf B i n t  Fybus; top is to the right. 

b. Co~volut;o Sedding ic 'a :!iic:;~r-tl-mn-average (about 8 
ih.) Lymayvacl;e bed, Ss;~:o:~r C m a l  formation, fiorth . . . . . . . . . . . . . . . . . . . .  am, 09 Eybus 3zy 

l.3. a, Limestone ccncretior. i n  a r g i l l i t e  of Seymour C a n a l  ' 

~ o Z X ~ ~ ~ G Z ,  Pddb~3  r9j'. 

b. Lxotic i nchc ionc  of  c.lCcr 2 F ~ e s + ~ n e  i n  argillite and 
thin-b,zdded grajr,~cche of Sc)zour C a n a l .  f o rmt ion ,  
C-=bier by. . . . . . . . . . . . . . . . . . . . . .  

14. a. I n t r u ~ i o n  of cocgluncrata i n to  a r g i l l i t e  an8 thin-bedded 
L~a:r..,~c!re, Se:,xc.;r Ceix-1 fan:aticn, Gz;-,bier I s lmd ' 
(hor izcn ta l  surfcc?)  . 

b. Int2Yl1;iCi'' o f  g=.s;r,;sdie $::re f r o m  mssive grnywackc bed 
on Icft i a t o  a l a ty  er,r;illit!-. and thin-beZded zraywaclce; 
cc te diarupteti If xzs tc::e cc;lcrz tion (1s) ; SePour . . . . . . . . .  C E P ~  fornation (k~ r i~oc - tCL  surfzlce ) 

15. a. Cobble conglonerste, S?ynour CGnal  formation E l l i o t t  
Iei=d, ?~-3us 53;;; Less t3zn 10 p e r c m t  grnpmcI;e ~.etr lx.  

b . Con~lorr,ercztic ar,zill: to, Sc;r,om Canal f o ~ l a t i c n ,  Rozp 
-. . Islmnd, Ga3ier S q r ;  zcre t!:m 90 percer t  s l a t y  

a rg i l l t t c  m?rix . . . . . . . . . . . . . . . . . . .  49 

16. 8te2pl-y d ipp iw  volcanic ~ a j - a c k e ,  Brothers volcanies, aoath 
ehorc o f  ?.st Brot?z;.; skor.ra rc-L-~h-.rrea'if3ea calcareous 
len63s i n  sxooth-~rcath?rinc n o n - c ~ c a r e o u s  r~c l c .  . . . . .  

17. a. Unconfomble contact  bcizreen m m e d  congloneratc (~ocsne) 
mnc? ari;illits sf t k e  2 ' , ? : ; T ~ ~ ~ ~ ~  Cmal  fomxztion (below); 
~ o t e  sla3s of m6;il . l i ta in cofigloxeratc; sout3ern 
P J h s  Fay. 

b. Confomable contact bcbrecn z%6xi~d . ty  Islaad volcrnics 
above a d  uram22 cor;zlo-sera te ( ~ o c e r c  ) bclcc; 
c o n ~ l c z ? r a t c  cc,-r?cced lc?z2217 of  volcanic TrapLents . . . . . . . . . .  i n ' t c g  f c w  fmt; L i t t l :  m u ;  Eay. 

18. a, Coarse sarldstone of c,a@.ozcrate and sands-lone uiiit a t  
L i t t l c  I35cls F27; not,? scs t t z re2 .  z_ncbbles, m~d Igi-5~- 
s c a e  crossbeddfng 1.2 l272r Selav C r u ~ t o n  coiT+ass. 

b, Fin$-grained ~ ~ 2 s t o s a  of tfie cor;glor;e;.f?te and smdstone 
-mit ct L i t t l c  r's;b3~3 3 7 ;  ilo.te s p m e t r i c a l  ri,vplc 
be&&ing et top, and c ~ n l l  sc;lle (0.5-1.0 in . )  cross- . . . . . . . . . .  bedding ne%s ncrx nidc2.e of Sed. '. 



a. Terrain west  of Ccliiaerjr Co-re showing gently dipping flows 
of Yle P k n i r d t y  I s l a ~ d  vo2canics. 

b. Crude colmaar ;cirt'i?zj i n  flows of the Admiralty 
Island  volcanic^ . 1,i t ll'e 23'3~s B y  . . . . . . . . . .  

Equal area, lower hemispkere p lo t  of poles to 50 dikes 
acsociatee! kdth t i z  I L i r a l t y  Island volcanics;~unaltered . . . . . . . . . . . . . . . . .  dike, X filtered dike 

. . .  Analyses of rocks fmn the PMr-Lty Island volcmics. 

a. Detached hinges of first foLLs and elongate f r amen t s  
i n  greenschist, Gmbier Eqy formation, Ganbier 
s t ructural  provir 2e .  

b. F i r s t  fo ld  hinz2 i n  tliln-bedl7.ed phyllite; B1--axis of first 
fold; B3--&.xis of th i rd  fold; bedding and m l i a t i o n  
about p~-o*llei e x x p t  fn binge . . . . . . . . . . . .  

a, Hand specken of _r!;rFlite showin& single tbiird lcink. fold 
( B ~ )  ic folieticr,, 2Lrs-t sbre& l ineat ion ( B ~ ) ,  a d  
secon5 l ineat io* :r2); s;:el:hen about 8 inches across. 

b. Secona foids  i n  grc  3nsc'6st, Czibier province j folds  
above czld beloe p n c i l  show c o m n  s h w  cres ts  and 
romded t r o w s .  . . . . . . . . . . . . . . . . . . .  

EL. Sketch of l ~ i ~ i  fold. 
b. Sketch of pE?jUitz ,?pclt.en, C-mbier p r o v i ~ c e  showing 

penetration of structures of the first arid second . . . . . . . . .  gecerction by plmsr ,.t'hird fo l i a t ion  

Steeply p1mging tMrd  ki& fol.1;; ( B ~ )  supeqmsed on fo l i a t ion  
a d  shLLlovly plcly;ing second folds and l ineat ions (B*), 
Gmbier structurL pxvi rc f ; .  . . . . . . . . . . . . .  

a. CollectLve dizgzea of 300 2olieYon p l c s ,  Gmibfer province; 
(1/3)-1-2;-5 percent 2er 1 percen.t areo, 

b. Collective d iagrm of 85 ~euoscopic first fold o;cea an& 
l i r ea t io r s ,  Gmbicr pl-ovincc; (1) -5-10-15 percent per . . . . . . . . . . . . . . . . . . . .  l 2 e r c e n t  area  

. . . . . .  Detai l  of Snug Cove ar@ic--Geo~e-tly of fol ie t ion.  

9. ple-diegram of fo l i a t ion  i n  dcmain 13 (21. 2) ,  showing 
relation of p &s (:I) t o  ayes of ZR~GOSCO]E)~C second folds  
(dots) in dorasin con-tours (2)-5-10-15-20 percent per 1 . . . . . . . . . . . . . .  percent area, 55 xneas.-=~eo-to. 



D i t l p a  8ho1dng r ~ l a t ~ o n  of first (so l id  linq~) and second - 
(b~oken l incs  ) li;lccl;tto:.~ to ovarturned 'mcroacopic' aecond 
fold i n  follatiion ( z c e  "---" U.--.V). . . . . . . . . . . . . . .  

S-pole d i q r a n  of doimin 28 ( ~ 1 .  2) shcwirq re la t ion  of P axis 
(x) t o  mesosco,ic seco1:6 2012 uer3 cai! l izeat ions (dots) 
in W i n ;  coatours (2)-540-15-20 percent per 1 percent . . . . . . . . . . . . . . . . . .  asea, 33 nescurenen.ts 

Collective diagrm shczrin; preferre9 orien-ktion of 70 
~esosco3 ic  secor-d fcJd ~ 2 3  l ineat isns ,  Gambier 
province; contours (1)-5-30-15 -i~arcent per i percent 

Collective d i ~ p e m s  sl-s .;-?.LIZ tile preferrea orientation of 
~ e ~ o s c o p i c  tMrd stnct-cre3 G z b i e r  province: a, 100 axes' 
oi t h i rd  falds;  co~.toxrz (1)-2!-5-7:--10 p r c a z t  pzr 1 
percent wea.  b, 65 a.xial 93133i23 of th i rd  folds; contour6 
(2)-5-10-15 p?r~ei:t ::2r 1 p a ~ c z n t  urea; dashed l ines  show 
avaraze axial. plane orieriL&tioas, . . . . . . . . . . . .  

D l ~ r a r a  shotfing re la t ion  of Tm c3f t h i r d  &EJ. plane6 t o  the 
d o n i n a t  fo l i a t ion  o r i e a t ~ t i o n o  (S1), Gar&ier province; 
B;? I s  a-~eza~c- lL2cie0sc~?ic oecoxl Iold aids orientation. . 98 

Hinge of tmical zxeao~ccnic first ?old i n  a r ~ i l l i t e  dnd 
tllin-3edfica 3 r ~ ~ : a c k r :  ia 5~yxaur C m a l  formtio;z, 
Fy3us province near Gmbie~* Island; note subvertical  
axial p lwa  cleavsgc. 

b, Yfesoscopic firr;t fo ld  I n  argillite an8 thin-bedded 
SW~~C!;C, pi f k ~ 1 2 1 ) ~ i ~  %.22&. foi?c;1i;icn, ~ J ~ U S  province, 
near Gmbier Island; noti? sxibvcrtical axial p h e  
~ l c a 7 ~ a ~ e .  . . . . . . . . . . . . . . . . . . . . . .  

a, b. Fracture cleavege ( e l )  I n  a r z i l l l t e  of Sea-wur Cmal 
forr;; bion; nots =LZ?L~ 3h:t%~eea grnywacke beds and . . . . . . . . . . . . . . . . . . . . .  . clee-rage 104 

a. Collective dia,graz of 275 pies of bedding, Seymour Canal 
r%r>ttCion, k-cstez,; F;v3as :OV~T.CC; C O E ~ U ~ G  (1/3)-1-2;- 
percent per 1 percent Eizea. 

b. Collzcti-rc diagram of 203 polen cf bedding, Scpour 
C a : ~ . l  i'orraticn, r.as :;CT:I Rii3uu p m v i ~ ~ c e  ; contours (%)- 
1-2-2-5-7;-10 percent per 1 percent mea; dashed 
grca t cf r c l a  i s  a-rerrty cltxivr:c orientation. 

c. Collccti.ve d i a ~ r a z  of 1k5 ~o.les cf c leava~e ,  S e p a s r  C a d  
famation,  1icstCi.1?  us p:.ovince j contours (2/3) -2.&5-7$- 
10-12; p ~ c e a t  p r *  1 : ,~:ai l t  area. 

d. Collcctivc dizzrm 02' 1.73 p C e s  of clesvage, S e p u r  
Canal fornuation, eaztcrn Qbus  province;  contour^ 
(2/3)-2*-5-7*-10-325-15-IT:,;-20 percent per 1 percent 
~ e a * * * . e . . a . * ' . . * . * * * . e * e e . . * *  106 



. . . . . . . . . . .  Correlation of geoerations of s tmctures  

a, Diagram showing possible disponition of f i r s t  fa lds ,  . 
Pjb~s atructurzl pra-~lncc ,  at end of firat deformtion. 

b. Disposition of s m e  fLrs t  folds  after second d e f o m t i o n ;  
... (see t ex t )  . . . . . . . . . . . . . . . . . . . . . . .  

Sketch mep of southesstern -XLeska showiri the general 
locet'lion of the eastern b e l t  of IIssozoic rock6 (~e~rmour . . . . . . . . . . . . . . . . . . .  g c o ~ ~ c l i n e ) . . . . .  

a, PmJection showing foldin3 of fo l i a t ion  in Canbier 
province &out a c r - ~ t e l y  I 1'mSng, ma-croscopic 
secoad fo ld  cuds (5,); S i s  normal to  the second 
conpression a t  P. r 5 

b. Projection ~howing rotation of planes about a v e r t i c a l  
~ s e . . . . . . . . . . . . . . . . . . . * . . * * *  

Photomicrograph of pwl lon i t e  shoving fo l ia ted  matrix, con- 
s i s t ing  chicfly of cUor i t2 ,  epidote, q l o n i t i c  
raterial, b,?ndir,g aromd r e l i c t  clinopyroxene crystals  
(plsin light, 35 x). . . . . . . . . . . . . . . . . . . . .  

Photomicrograph of marble, Cmbier f o m t i o n  showing 
bent a d  lensoidal laucllc,e; ~ o t e  grains near center and 
mar upper l e f t  corner (cr:;sseii nicolo, 35 X) . . . . . . . .  

S!.:etch of chert  specwen ~hc.:riq dis;;laced and recemented 
, 

segments separated 5y cues td ike  ridges; Hood Bay 
f o ~ t i o n .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Fhotoc?icmgraph of f o s s i l s  _rreselve3 as spberul i t ic  chalcedony 
i n  pz.~~Llar dolonite skoT&rg i q e r f e c t  rhoinbic crystal 
outl ines  (crosoed oicol-s, 20 x). . . . . . . . . . . . . . .  

. . .  S?cetcB of fractured chert (white) in  d o l o ~ d t e  (stip21e8) 

Ph0tonicrop;raph of Radiolarian chert, Hyd f o m t i o n ;  
Fadiolarian t e s t s ,  con~ist iny;  of cpharulit ic q m t z ,  i n  a 
r:ztrix of a rg i lhceous  ~ t c r o o q r s t d l i r t e  quartz (?lain . . . . . . . . . . . . . . . . . . . . . . .  li@lt) 4 5 X ) .  

Photoraicrogreph of poeneitic. pillow lava, IIya formation; 
c lustcr  of s h p l y  t~iim-~cl _rotrssic ~ C P J S ~ E C T  pkeaoc1ysta i n  
grounihass of potassic feldspar rrzicrolites, chlorite,  
calci te ,  opcpe  mine:.a3s; patch of ca lc i te  at right 
margin is an anygdule ( c i ~ s s i d  r icols ,  40 X) . . . . , . . .  

vii 

Page 

220 





The Pybua-Gambler are& cmgrises about 215 square miles of uninhabited 

lend on the southeastern coest of AddX8lty ' ~ i l s d d ,  southbastern Gsha. 
ThEt section consists of nore than E'O,OOO feet of Intensely folded sedi- 

mentary, v o l c d c ,  and m-i;rzoq?'=lic racks, all probably of marine origin, 

rang in,^ i n  age from S I ~ U ~ ~ . E ~ ( ? )  t o  Esrly Cretaceous, unconfombly over- I 

M n  by more then.10,WO f e e t  of gently dipping mamarine, coarse-grained 

sedimntary rocks, end bess l t  and andesite flows of Eocene age. Morite 

,plutons and asse&&& contact a t anorpb ic  rocks ocaur i n  the li t t le-know. 

nort;hmstern part of the erea. 

The section is here subdivided into nine formatioas, e ight  of which 

are named for the first t b z ,  as follows: Gambier Bay formation of * ~iddle(3) bvonien age, coa.pse8' of greenschist, phyllite, marble, and 

~cetachert j  Hood Bay formation of Silurian and Devonian age, composed of 

&irk, car'conaceous, thin-bs6deG.:&ert, a rg i l l i t e ,  Unestone, and gray- 

mcke; Cannery for?;ration of Pemian age, composed of thin-bedded chert, ' 

ergSUite, and graywade; Py'3us Col~aite of PemLan age, composed of 

fossil iferous, cherty dolomite; ilyd formation of Late Triassic age, coz- 

posed of a basal chert breccia, a limestone member, a thin-bedded argillite 

mraber, and a s g i l i t i c  v o l c ~ ~ l i c  ~=be:r; Seymaur Canal f o m t i o n  of Lste 

Cretaceous and Early Cretaceous we, camposed of a rg i l l i t e ,  graymcke, 

and c o o g l e r a t e ;  Brothers volcacics of Early Cretaceous age, coaposed 

of andesitio flows and breccia; unn-8 conglomerate and sandstone o f  

Eoceoe age, and Adniral%y 11sland volc~.nies of Eocene age, composed of 

basaltic and an8esltic flows. 

A marked angular mco&cxuity occurs at the base of the Tertiary 

~ e c t i o n ,  and unconfarmltiee of less en@wity occur as follows: at the 



base of the Cannery fomation; 2t t b a  base of ths Hyd formation, md a t  ' 

the  base of the Sepour C m e l  fornation, In  geceral pre-Sepour Canal 

&formation seems t o  have been nild, but the intensity of the post- 

Gaxbier Bay - pre-Cmery dz?o;-ation i s  uncertain* The complex structure 

of t 5 e  pre-Tertiary rocks seems t o  b? the product chiefly of the post- 

Seymour Canal - pre-Eocene defonnation. 

The etmcture of the pre-Tenticry rocks is  studied by graphical 
I 

statistical.  analysis of th preferred orientation of the planar and l inear 

structural elements. This a a l y s i s  indicates that  the post-Seymour Canal - 
pre-Eocene defonnation consisted chiefly of three episodes of folding, 

all of w h i c h  apxar t o  have resulted fram subhorizontal, northeast-south- 

west campression. The first episode produced isoclinal  folds i n  bedding, 

and In  places associated &a1 p l u e  follatian, that had north-northwest- 

e r l y  striking axial planes i n  eastern Qbus-Gmbier eree, but gsnerdlly 

northeasterly striking axial  planes wes-f F a s e  Point wbu. Compres- 

sion during the second episod,? ckfonaed the f i r s t  folds i n  the west where 

the i r  axial planes were oriented about parallel t o  the cmpression in to  

cccnplex secoad folds i n  both bedding and axial plane foliation, having 

northcresterly striking axle1 plenes. The second folds are absent i n  the 

east  where the axial planes and Linbs of the first folds were oriented 

about norad  t o  the second c011?session. The divergence of the axial 

planes of the first folds i n  the west fram those i n  the east m y  have been 

caused by the c~01i6 . i .~  of the Z i r s t  folds i n  the west against the irregular 

western margin of the geosyncline &wing the f i r s t  cmpression. Northwest- 

s tr iking thrust and reverse faul ts  occur between domains i n  which the axial 

glahes of the f i r s t  folds are strongly divergent. The third episode pro- 

duced kink folds, having axial planes w i t h  subvertical dips but wt&ly 

varying strikes, are confined t o  the thinly f i s s i l e  schists and 



phyll i tes  of the Gsnbier B=y fomLiora. 

!Rx? episodes of folding ir the Gambier Bay formation are accompanied 

by wtamorphic recrystallize'iicn not found i n  e i the r  younger o r  poscibly 

c o e d  (~ood Bey fornation) > r r e - ~ e r t i e ~  r ocb .  If these episodes are 

colz~c~~oraneous  w2th those i n  nometmorphic pre-Tertiary rockgthen the 

metmorphism dies  out 'both ver t ice l ly  and la te ra l ly ,  and may be part of 

the regional decrease i n  n-ietmor@isa westward sway from the Coest R ~ x e  

b ~ t h o l l t h ,  located &bout 25 nlllcs Lo the eest. 

The gently dipping Tertiary s t ra ta  have been broken in to  fault blodcs 

by subvertical, north- and scehezst-s t r iking,  normal and reveroe faults. 



The Pybw-Gambier arec i s  located on the southeast coaat of Admiralty 

Island rboat 63 airline 3;iles south-southeast of Juaezu i n  southeastern 

Aleaka (fig, 1). Admiralty IslanB, which i e  about 100 a l e s  i n  hngth, 

i s  the northeastcmost  l u g e  i s l a d  of the Alexander Prchiplago.  

The area comprises the Sitba B-1 and the Sumdwa? B-6, 15-minute quad- 

ranglee of which ebout 215 sqwre llliles ere l a d .  The highest and most 

rugged part of the Pybus-Gexbier ere8 occurs south'~rest of Fybw Bay where 

ope peak rises Lo 3,853 feet  above sea level. Elsewhere, except fo r  a 
- 

few pe?rs in the northiiest, t i c  topcgrap3y i e  'subdued and' seldom r i s e s  

above the timberline (betmen 1,500 t o  2,000 f e e t ) ,  Below the timber- 

line the country is  covered by a &cnse forest of spruce and hemlock con- 

taining scattered w k e g  bogs. 

The coastl iw of the erea i s  deaply indented in the south by the 

northvtst-trenang mbus by, m d  i n  the north by he mom westerly 

trending CtmbiFrmy; M m r o u  anal l  islands dot the two bays, and s 

f e w  occur offshore i n  Stephers P a s a ~ e .  I n  a general woy the elonga- 

t ions of the bays and the a l i g m n t  of islands within them reflect  the 

structurLL g r d n  of the md?rlyiq rocks. 

The area i s  Brained by nwerous mall, short rivers many of which 

occujpy I n  thei r  lower reach(ss broad J-sh?ed valleys characteristic of 

*cia1 chennels. The floors of the valleys contain scattered deposits 

• of glacial clay and gravel 3ogother -,dth &cent alluvial deposits . The 



Figure l,--mdex nap of soutkeustezn Alaska shoving location of the Fybus- 
Gmbier area. 



only g lac ia l  i c e  reminicg i c t  %he area i s  a 6mAlf .  patch glccier  west of 

L i t t l e  Pybus BEY near the south borcbr of the map. 

In longitudlod prof i le  the larger streams c ~ o n l y  have e. steep- 

gradient channel i n  t h e i r  up2er courses where they are cutting a narrow 

V-shaped vaUey i n  'oedxock. Ir, tk9l r  roidd3.e courses the strews flox with 

a low gradient over largely glcciol end al luvid  deposits, but i n  a few 

pleces they cut narrow &orLeo i n  betrock, E e f o r e  entering t h e i r  lover 

courses, the streens cmorLLy cut s teep-graaeat  Gorges with f e l l s  end 

rapids i n  bedrock. I n  t h e i r  lover reackes the stream ageln assume a low 

gradlent md flow over e l l ~ v i a . 1  &pcsits a d  i n  places bedrock before '  

The Fybus-Gm'ofer crea b s  the zoist, moderato cllmnte character ls t ic  

I e of southcastern Alaska i n  geo~jrd.. The neerest weather stat ions ere lo- 

I - - cated at Five Fingers Light jw-t beyond the ~ 0 ~ L h e a s t e r n  corner of the area, 

1 and a t  Angoon on +be t e s t  coaG7; of A3cMralty Islend about 10 mile6 l iest of 

the northwestern corner of the area. 
. . 

The fo l lowiq  h t a  f r a a  t k c e  +go s te t ions  i l l~s t r e t e s  the loca l  

clirrato (u. 6 ,  Weather Bureau, 1959) : 

Five Fingers Light Y ~ e n  c m s u d  temperature 43.3%. 
. .. (10 year re cord) 

14ec-n annual precipitation 68.8 inches 
( 9  yecr record) 

>ken emuel t m p e r ~ t u r e  42.2%'. 
(35 yew record) 

Y ~ s n  amciL precipitation 41.34 inches 
, (27 yeer record) 

The heaviest precipitation occurs at these s tet ions during the l a t e  eummer, 

, @  fall, a ~ d  winter nonths , 

The area contains no ]?emenent settlements, and the only evidence of 

h w n  hebitetion seen ere a few ~artly ruined cabins some of which are 



occupied seasonally by fishemen, hrc3%ers, and tra.ppers, no roc& or 

trails ex i s t  i n  the area, a3d a l l  t r lnsportat ion t o  and f r a  the area..is 

by air o r  water; no regulsrly ~cheduled trcnsportation of any kind is 

The first geologicd  m p  of the Py3us-Gmbier area wzs t h a t  produced 

by C. We Wright (1906, p. 138-154) as a result of his- reconn~tissance of 

A W r e l t y  Island. H i s  map i n  a general. 1r~e.y delineated the outcrop b e l t s  

of Fdeozoic, :.:is ... 14zsozoic, ant! Tertiary rocks i n  the area, but erroneously 

shomd the conglomerate and sandstone unit of Eocene age a t  IiLttle Pybus 

Bay as &sozoic. Wright a l so  mppcd the volcenic rocks of the Brothers 

a Islands as correlative with the Tert iary volcanic-'flows of. southern -. -- 
- 

P.Wralty Island. I n  the p e s c n t  paper the volcanic rocks of the Brothers 

are cal led the Brothers volcanics, and are considered t o  be Upper Jurassic  

end Lower Cretaceous, 

Kindle (1907, p. 332) visited Pybus Bay, and geve a br ie f  description 

of the "Lower Cretaceous beds" (~eyrnour Canal formation of this report)  

,end the mderl.y3ng?Vpper Cc.r>oaifercixs lixestone" (~ybua doloslite of Per- 

mian age). He a l so  ma& f o s s i l  collections,  

Edwin Kirk (1918, p. 514-5153 mpublished notes) studied the s t r a . t i -  

graphy of the area around Pybus Bay end collected foss i l s ,  He thought 

t h a t  the "conglomerate " ovzrlyin$, ?high Carboniferous beds " and underlying 

"Upper Triassic  bedsn was probz'cly a t i l l i t e ,  and an indication of Permian 

g l a c i ~ t i o n .  I n  the present work this "conglaerate" is considered t o  be 

the basel breccia of the Eya fo~-mt icn  of hte ~ r f a b s i c  age, 'and t o  be 

derived di rec t ly  from the underlying wbus dolomite of Permian age. 80 

indication of g lac ia l  or igin could be found. 



Burchard (1920, p. 55)> 5-9 homection with his study of th2 mr5le 

resources of southeastern 33:cke, examined and mde fossil collections 

f roz the "cherty, megnesian lixzstonc " a+, sever& loca l i t ieo  a t  Pybus 

Bay. His f o e a i l  collections vere determined by G. H. Girty t o  be of 

Ih3'tinski~n ags (2erdan) .  This f o ~ ~ t i o n  i s  herein celled tbe  Pybus 

dolomite; the Permi- age hes been substentiated.hy recent c o l l ~ c t i o n ~ *  

Bkrtin (1926, p. 376-379) vis i ted  Pybus Bay, and studied the strati- 

graphy of the Yesozoic rocks as pert of his work on the Y~sozoic s t r a t i -  1 

Present in-;e.r.ti$rtion cr-d eclcnowle8ger~nt.s 

The geological mpping rms underteken a s  . p u t  of the regional geologic 

napping progrm of the U. E. Geological Survey i n  southeastern P.lnska. The 

- Pybus-Gambier area was selected f o r  detai led study because it appeared t o  

contain one of the rrost corqlete aant! 'cest exposed s trat igraphic sections 

on AMra l ty  Island. Knowledge 09 this section i s  a desirable znd effect ive 

prelhinary to the reconn~iscance map2ing of Admiralty I s l a d  as a whole. 

The Pybus-Ganbier erea contains excellent end extensive shoreline 

expocwrea. A lmge grzl;?ox%icn of t h x e  ere tidal outcrops exposed only 

at lower tide level, hence the geolozic mep (pl .  1 )  includes these low 

t i d e  expooures. Strew che.nnels afford another b p o r t a n t  source of geologic 

deta, but as a rule exposures i n  these are much i n f s r io r  i n  q u l i t y  t o  
. . 

those along the shores. Except f o r  +,he rugged mountains i n  the southwestek 

part  of the m a ,  rid.&@ crests eod o';her i u t e r s t r e m  arecis are largely 

covered by heavy forest,  and contribute only scattered and ccnmnonly poor 

!&e mapping was done on 1:15,8b-scde, U. S .  Geologicdl Survey m a t i -  

plex cospilation sheets of the Sitha (8-1) a d  the Smdum (B-6) topographio 



qxidrangle aaps suppluneu.Led 3y 1: a, CCC-scale ver t i ca l  rcr i r ; l  photogrcpb . 
il few &.ys of preliminery reuunm.ljsauce was done in the area during the 

surmmr of 1957, b u t t h e  bulk of the field work was done in the c m r  of 

1958, e.rd g r r t  of the s-axer of 1959. Duriog the s m c r  of 1958, I m.s 

essic+td by Artkm L. XlmSeU. who, by his knowledge of woodnmanship cnd 

bo&tswaship, contribute6 g r e r t l y  t o  the s w e r ' s  t.iork. This s u e r ' s  

f i e l d  work was accomplisheiby smll boat and foot traverses fran base camps. 

I n  the sumser of 1959 I was assicted by GouQcs Barnes, and also had sup- 

pox-king asslstciace frwn c hellco2ter based on the U. S. GeologicLL Survey 

motor vessel S t e p k n  5, C&p-?s, Robert D. Stacey,. master. Hew C. Brg,  

John S .  Po;ceroy, and D.W. JidJey of tbe U. S. Geologicdl Survey a s s i ~ t e d  

me during t b  summer of 3.959 i n  t h  reconnaissance mspging of the nor-th- 

western pa% of tbe P y ' u ~ s - C ~ ~ ~ i e r  area. 

I wish t o  ackco~rl~dge the stkuleting cXscussions with Dr. Lionel 

- hrelss of the University of Cdi fo rn ie  at  Berkeley kko also constructively 

c r i t i c i z sd  the s t ruc tura l  p a t  of the manuscriit while it progressed. Dr. I 
kkiss visited the area &i;cfng the s m r  of 1959. I also wish t o  "chenk 

Prolessor Chrles 14. Qilberi;, a lso  of the University of California, who 

revlcweci the manuscript cad offered many suggestions for its improvenent. I 
Tha&s a m  due my collt3agas of the P k s k m  Geology Branch, U. S ,  Geological I 
Survey, for  their voluble ~ ~ S C U G ~ O ~ S  and assiitance, I wleh t o  acknowledge 

my wife, Sabra 0, kney ,  for her ckillsW atcLstance i n  the prepse t ion  of 

the: kllustr&tions.  

Geologic settins - 
The pre-Tertiary rocks of soiztheastern J & s h  inolude abundant vol- 

canic rooks a s s o c i a ~ d  bilith m i n e  ~ r g i l l i t e s  cud volcanic graywaclies 

(~uddington end Chapin, 1929; Latlrrm and othere, 1959; L s t b a m  and others, 



1960; h n e y  and others, i n  prc sre.-;ion) aid cmprise prr-t of the eug20- 

syncUnal  Freser E c l t  of thy (1951, 3 .  35.). This belt h ~ s  been subw~lded I 
by Payne (1955; see ~ l s o  1 B l l e r  cnf. others, 1959, p1. 2 )  into tectonic I 
c l a c n t s  called geosyacliaei3 c.nd &ranticlines. As seen to&y, the geo- I 
cpcl lnes  are belts 02 ~~EOZGIC rocks, and the gee-nticlines are be l t s  of 

Peleozoic rccks, The Pybus-G~L?ier area lies as t r ide  the boundery between 

t w o  of the cost i ~ ~ o r t a i l t  tectonic  clemats: the Eeynour geosyncline on I 
the east a d  the Princz of " i c e s  geonticline on t h e  t ~ 6 t .  

Recent r e c o m i s s m c e  w.p?jinf: on P.Wralty Island north of Gmbicr 

Eay bas shown that the bomkry  beta-zen I ~ D O Z O ~ C  snd Peleozoic rocks, 

that is, between tbe Seyxour geosyncline and t he  Prince of i k l e a  geanticline, 

is not a streight, nor th-nor tb~zs t - t recdiq  l i ~ e  as ohown by P a p  (in - MUgr 

ard others, 1959, pl. 2), but is instead frreguler i n  detail  ( k t h c m  and 

others, 1%0), On l;k o t h a ~  k ~ 3 d ,  i l l  %he satre region the contact betmen 

the Triassic rocks and the Juressic c2d Cretaceous rocks within the 23ey;~u.r 

geosyacline trcad ~ u c h  nore uniforroly north-northwest for more than 50 miles, 
I 

Farther south in t h e  vicinity of $else Point Pybus, tke coatcct betveen 

Triassic m d  Jur~ssic-Cretaceous rocks bends sbrply westward cad thence 

follows er sinuous ~outhw~o",rly c a u s e  t h m ~ h  ?ybw Eay, becoming l o s t  

t o  the south beneath Ter t ia ry  rocks. One of the goals of the present work 

wes t o  inve~tigc%e this ebsv - t  ckcnge in trend. 

's"lse northeastern extremity of tLe A M r a l t y  trough of early Tertiery 

rge (~rzme, 1955; 2 ikLliller c.ud others, 195p3 p. 22, p l .  2) occupies the 

southvestelm part of the area and ovcrl-gs both the Prince of Wales g e a t i -  

clioe and the Sepour  geospicline. !kis tro@ contains nomarine volcenic 

end seainentary dcgcsits of early Ter t i r t ry  age, W c h  cover the southern 

-pu* of A-dairelty Island and axtezd south onto parts of Kupreanof rod Kuiu 

Islands. Miller and others (1959, p. 22, 25-26) suggest that the Mesozoic 



a Figure 2.--Sketch map showin:: contact (dashed line) between Triassic rocks 
(west), and J ~ ~ s i c  and Czetacxus rocks ( c a s t ) .  



en& Pdeozoic rocks mZey~:ii, .GUS t , r o - a  rcsy be fz.vorc?ble for petroleum, 

lbs t  of the Seymo-a geospcl ice  1m.s involved i n  the regional metmor- 1 

pldsa  a.ssocirted ry'ith the C C C G ~  I I c L ~ ~  bct$oUth (ljliller and otlxrs,  1959, 

. 16-19) This m t z m o r p h i ' ~ ~  dies out t o  the west awey from the batholith. 

5 % ~  PJ-bulj-Gmbier erec, s i t ~ t e d  st the western mcrgin of the geospcl im,  

Ues ncar the western Ur;it of this mctemorphiom. I n  addition, numerous 

g r e n i t k  plutons, cons ikred  by acw;; t o  be ca t e l l i t i c  or belonging t o  the 

saze .ep"rsods ~f p > ~ t c d s u  a:, tk C o s t  Rtxge bnthalith (3~ddington and 

-Chapin, 1929, p. 173; Dutro ;rk P e w ,  1957), intFude both the Seymour geo- 

s p c l i n e  snC the Prince of k ~ l e s  ge-iizicl2ue. Such 2lutonu on Atlmlralty 

Island m e  c&only s ~ r ~ o u k d  'kjr c ~ a t a c t  zet.zn0rpM.c aureoles. The area 

oZ plutonicn? e-d co~tac-i; ~ ~ i ~ o ~ ~ ~ h i ; ~  in t'uc north--stern po r t  of t he  

Fybus-Gmbier area repreceats o, aou tk rn  exttension of an important region 

- of plutonism centered a roud  T;myer L&.e (~a iAuam end others, 1960). 

Tbe pra-Tertiary section of t h u  Pybui-Ganbie? area consiste of for- 

=-ti026 ranging ia age frw ~ilwieu(?) t o  Cxtaceozs (f ig.  3).  Sea-  

menJu3tion 'Wgs not continuous awing tkt internal, however, fo r  h i ~ t u s e s  

have been recowzed betweerr most 02 the f o m t i o n s .  In large part the 

sectLon ccrsists of fizie-~=aiued se-~tary rocks of ~lrar ine origin tfi~t 

seem t o  have been derived mstly f r a  volcanic sources, but it also con- 

t r f n s  m r i n e  linsstone, dolozite, end basic ~rolccxdc rock. Tie nost n bun- 

h n t  rock type-is  d.ark-colcred a r g i l l i t e  interbeddcd with th in  beds of 

a chert or  fine-grefncd gra3~~rccLz. Tke l c t t e r  are gra&ed and crossbeGCed 

on n mall stele, and rescble closely the tur3idi tes  of Kueaen (1953, 1957). 
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WYth the ai&e exception of the cherty Pybus dolomite of Fernicn ace, 

the pre-Tertiary s t r a t a  re; -sent a long, dilscontinuoua episode of flysch 

tha t  was terminated. i n  the Cretaceous 5y 3trong deformation and u p l i f t .  

Nonmarine, coarae-grained sedirneiltaly rocks of Eocene age were deposited 

nf ter  the deformation and are tyy ica l  post-orogenic, molasee-",m &;)osite 

(Pettijohn, 1957, 9. 618-622). !?hest? res t  with marked a m a r  unconf'om3.ty 

on the older rocks, and are overlain by normarine volcanic f l o m  of the 

Acbirclty Island volcaniceb 

Deformation and ths lack of marker beds has prevented the accurate 

determination 09 stratigraphic thicknccsec i n  all but the thinnest pre- 

Tertiary formationr~. In many thick uuTC,s, ver t ica l  l i thologic change can- 

not be d is t ingui~hed frm 1ntero.l chcrae. The following strntigraphlc 

a descriptions therefore, are IncYdw i n  ecc.~rr teIy nep-sured scctions, i bu t  

the t o t d  tblckncss must be ?t l e c s t  z few tens of thousands of feet. A 

mure preclfie estimate than this ~ ~ o u l d  be %.i+,hout adequate b ~ ~ i s .  

The rock classification use(?. i n  th i s  regoxt l a  t h a t  of WYllian?a, Tur- 

ner, and Gilbert (1354) udeas  otherwise sttited. The ca& scale used is 

the Wentworth scale as modiflee by Dunbclr ead Rogers (1957). The color tcr- 
I 

minoloey of this paper follows tha t  'of ~e ROC&-color chert ( ~ o d b r d  on4 

others, 1951). 

A l l  gradations between chert end nonaillceuus a r g i l l i t c  occur ammg the 

rocbPr of the l?ybus-Gmbier area. The t a m  chert i s  ~ p ? l i e B  t o  those extreza- 

l y  fine-grained rocks that fracture wlth a glossy conchoidal or smooth, ans- 

4 ular  surface, and which cannot be scrctchcl by s knife blabs. The term 

~ siliceaua a r g i l l l t c  I s  applied t o  finc-grained rocks tha t  cnnnot be ecretched, 

or  can be ecrctched only s l i @ t l y  with e. lc~lfe  blade, but which fractvi 3 with 
a dull,  rough aurface. 



only, and very f ine greiced ~Lilcrds h ~ v e  no'i been ident tf led w i t h  certainty. 

A r g l l l k t e s  and grcy-mckee a:-e esgccf a l l y  rich in EUCB nlnerals, and It has I 
I 

been rieceesary to use certzin, Anera1  m n  arbitrerilj.. Thu, fine-graimd, 
, i 

colorless, nicaceous niccrds having: a strong birefringence are ca l led  ssri- 

cite.  Tse EIE chlorite is epplied t o  pale green, cmo;l ly plcochroic, 

rdceceous minerals hvin;: a 10v birefringence. It is well understood tbt 

these two terz?s- pro'a~ljly i a c l ' ~ ; k  ot'arr rdcaceaus rainerals. 

The feldspar determiacltlsra e-re 59sed losgely upon the four-axi~ 
- 

u i v e r e a l  s t q e  method of hrx-zr  (lr;47). The dct'md. &tenknotions were 

based upon wrves  wwly CkZiveB 5-J S l m o n c  and es yet wpi'oliiihed, 

!!%e rime Ga5icr Bey fo..za~tion 1 3  &re propaced f o r  low-grade wta- 

morphic rocks expoSea-aloai; ;;%e shore:; of wesStePn Gabier Ecy and i n  the 

area Irr"rn&?.&tely t o  the cocth z d  wesi;. !?ypfczl sections of -the formation: 

@.re exposed nlcng the ~hoi- of vestern Gembier 13ay fram Scug Cove on the 

south t o  t h e  vicinity OO tk2 t r i equk - t i on  stet ion ''~iltt" On the north. 

Tne fornation un&rlies the Ens ~es-i; of G d i e r  BEY arid n ~ r t h  of the east- 

ern part of.'the Gmbier f at.13.t. The northwestern portion of the map area 

has been exmined only by recor~aissrr.ce, but the p b l l l t e s ,  grcenschists, 

md marbles of this region m e  ten-i;atively correlated wlth the rnetunorphic 

rocks borzeriw Gkibier by. 

Tke Gmbier Be,y formnt i~n i a  iden t i f ied  anoog the f o m t i o n s  napped 

by the n;=texorp'tlic folic.tion of it;s r o a o .  These are fine-grained green- 

schists and p h y l l i t e  i n  ~ ~ i i i c h  In?dvidul  xilzzrcls ere t o o  sncll to be $.Lea- 

t l f ied  i n  hand swcimen, the chisf typpis being: chlorite-epidote-calci-te , 

phy l l i t e  or schist, quertz-eY~i'ie, mar'.>le, and ghy l l i t i c  sla-tes (aee 



Appendix f o r  p t rographic  i.e-'L~iils). A l l  of the rocks have been intensely 

~ d e f o m d ,  m C  SOLE are $ydr50nfkic, 'The l a t t e r  contain abunbnt r e l i c t  

1 nir?cr~l grains considercbly lt?rgcr than the mtanorphic mineral grains 

I present; metamorphic cryste.l2izatior, has not e l b i n a t e d  all of the my- 

l o n i t i c  layers essocizted x l t h  the 3.a;ger r e l i c t  grains. 

The pervasive fo l l e t i cn  the.-i; $cnctmtes these rocks on an ln ter -  

grcnular scale, and along ~ ~ ~ c ' a  they invaria53y break, i s  chlefly de- 

fined by the preferred orfentc-i;ion cP platy minerds and by nylonitic 

layers. l en t icu lar  masses of mrble  and basic volcmic fragments e re  

aligned with t h e i r  longest dLi~nsiolzs about pa ra l l e l  t o  the fo l ia t ion  

(f ig .  23a). Field evidence indicates that t h f e  fo l i a t ion  i s  pa ra l l e l  t o  

the &el planes of folds i n  t'le bed.ding (see p, 75, f ig .  23b). The fo l i a -  

t i o n  surf aces contain abun5 ant smll folds end erenulatiom. 
d 

I 

Prin~ry bedcling i s  incouspicuou~. Tartly this i r ;  because of origin- - 

a1 thick-beaded c k r e c t e r  of e'ae rocks; par t ly  it is  the  consequence of 

intense folding. that  was accmpanied by s l i p  810% the fo l i a t ion  surfaces 

esd resulted i n  the disrii&ioa aid transposition of the  bedding (see p. 75). 

Original bedding is u6ud.I.y seen as discontinuous streaks of contrasting 

c m ~ o s l t i o n  crossing the Po1i~'cioa surfaces (see p. 77; a l so  f ig .  24a), . 

and only rarely, chiel'ly ic Chin-bedded phy l l i t i c  s le tes ,  can continuous 

beds be trcced aroucd fold hinges (see p. 75; a lso  f ig.  23b). I n  such rocks 

precise measure~ent of s t rat igraphic thickness i s  rneningless. 

Fossils indicative of kvoilian age (probably middle ~evonian)  are poor- 

ly preserved i n  the prminent m r b l e  mpped west and south of ambie r  Bey. 

This unit ie probably s t rat igraphical ly  high i n  the Gambler Bay formation, 

but ' the possibility of rocks i n  the f o m t i o n  both older end younger than 

Devodan I s  not precluded. 

Foss i i  identificatioirs a d  sge correlation were me& by W, A. Oliver, 



J. &r&n, a%a F ~ l e n  TXI~C~.~, CL 2-e UI S . Gcolcgiccl Sumey (trritten con- 
I 

izlunication, 1959, 1960) cr1 2:. 2:s:~ of the folloh3ng fo s s i l  collections 
I 

(1) 58ay448; dark-ma$ 12r~-blc on point of lend 0 .g nile south- 

southxest of Gem Pcint on cocth shore of Suug Cove, 

Gmbier Bay. 

(I i~;c~opLylinid c o r d  

(2) 58k~y448ej same lithology t ~ s  448 on northwest side of same ?airit 

of land. 

a l l <  ~.~.~:,%ifs'.~.blo colordal coral, 
'qdxozom, cr bryozoan 

1 ( 3 )  48AIp456; dark-g7r.y m.rSle 02 south saint of b l u e  I s lad ,  

Gainbler Bay. 

(4) 59~Q-54: dark-5rc-y a?.r3le in creek bed 1.7 miles south- 

I south-west of Gcn Point, Snug Cove, Gambier Bay, 

rourPj  preserved e ? c ~ ~ o i d  tebu- 
l e t e s  and c-Yhcr corals 

Recorn~ssmce: mpyjing ( k t ~ m  and otkrs, 1950) i n a c a t e s  tht tk2 

I exposures of the Gmbier Bay for~aticrr  at Gmbier Boy arc the sou-theastern 

end of a Giscoa-Linilous belt of u e t m o q $ ~ I c  rocks extenmag fro;? Gambier 

I Ezy northwestward d o n g  the ves t  side of A M r a l t y  1slt;ndto Point Re- 

I t reat  at the nor-themxast, ti2 or' tine icland. Ea~-ker (1957) w d  the 

netazaorpktc rocks in the' 1ctc;er s e a  the Rctmat group which hc considered 

I. 
t o  be possibly Triassic to Cze3cLceous i n  age. He, fiowever, had no fossi ls  , 

either frarn the utai~orphic ~ ' o c ~ L :  or  f rm the overlying rocks upcn ~ t d c h  to 

base his age correlation. Pyobzbly the Retreat group io correlative with 



the tlro unit6 crop out i n  ~ C C L  L i t i t ? &  separated by il broad aree of pl~tcaisrn 

ecd contact cletsrccrp'LLcm cec?;cicd E X G U E ~  'iTscyer h.h (Lathram a ~ d  oA&zrs, 

190). I(notm fosoi l  c o ~ t r c i  i s  ccafizted t o  the eo~ t l i c rn  area of outcrop. 

The Gzxbicr f o r ~ . t i c a  ~ i s o  rese.2~lee i n  n genzrd  ucy the SJales ~ 0 x 3  

of southern southeastern P.las;ize, a nme applied by Ercoks (1902, p. b-52 )  

to "crystalline w'hite U.mstozt~ a z C  tirgillites or phyUiten, with closely 

associated greenstones" crcg2i; cut on Z'rince 09 \;!ales, Lo%, m d  D a l l  

IsLesds, Buddington ai! Cb,rpt. ,a (1929, g, '  45-49) considered this group t o  

be "pr~bzbly of prz- Or2o;rlcios t o  D?volrimW i n  age, 

The Canxery f o m t f o a ,  Vdeh ovsrlies the Gm3ier Bay formation neer 

Cmbier Zcy, i s  Pewme T%rcfore, tae tvo f o m t i c ; f s  are separsted by - 

a Metus: ecuivalent at leas t to the :4ississip?i~?n a d  Fennsy1vanie.n s y s t w ,  

tlnd an uncoafornity betveal; them is i d e r r e d .  TA~ character of this un- 

ccZlfomLty ctimot be di:ecJiljl cbser-v~d, b~t eagg:?er discordance i s  oug- 

gested by the rnore intense 3J~loim~ti .o~ i n  the rocks of the Golnbfer Bey 
\ 

for=.i,ion. Eo-xzvcr, Secmsc Gxn-2ier Bzy f o m t i o n  is upped on Yite 

basis of metcslorp'bic features -Lifiet mr2y have been acquired Gter the deposi- 

t i o n  of t& Camery fon ia t im (12. 121, the co~tac",ho~n on plcte  1 repre- 

sents tl?E l i m i t  of visible lx",~or$r&sm end zay not coincide witii the un- 

c c ~ o ~ t y  original& seperati-q the two formatiom. The metamorphic 

colztect z j r  cross b e & i ~  s:u;-fc,ces, ?.ad rocks ccevcl ~ 5 t h  the Cenatry for- 

mation may be included i n  the Q a b i e r  Bay formtion. 

Eood Eay f o m t i o n  

Fosails of Ikv~ilim o r  Sllusi~n ece hwe bec.1 collected frm calczre?ous 

B~',Pz%L~ i n  a seqcence of dcr:.,-liued, cerbonaceoqs c k r t o ,  sil iceous ar;iUitca, 

grcywaek, -stones tha* crop cut d o n g  itreems flowicg i n t o  the b a d  



of t he  Borth kxa of E c d  E.13. t i&. lnr  rocks &re also exposed elon3 the 

southwest shore of &?bus Bcy northwt?xd from Donkey Eay. The m e  Hood Eay 

fornetion i s  here proposed f o r  t l e s c  rocks. The l c r a r  ccrntect i s  not ex- 

w s e d  and older foAzmtions k c  unknown i n  the Pybus-GELnbier area. Like 

t h e  G d i e r  Bey f ~ m t i o n ,  they ere u c o n f o m  overltlin bjr the C-nnery 

fomation of Perxien rr~e,  3u-L this coi tact  i s  largely covered. 

Rocks 02 the Eood Bcy fcr~-i ; ioi l  crop out i n  a r~u;;hly t1languI.m ares 

west of Pybus Bay and sucth of the C d i e r  Fault. To the ~outh'c~est, the  

Eood Eay f o m t i o n  is buried mconfo1-mbly by the Admiralty Islanll vol- 

c a n i c ~  of Terbiory age. To t k  nor';bzelst, rocks of the Eood Bcy fomztion 
. . 

are i n  f a u l t  contact witn the Caiusery and younger forma.tions i n  a c0111plex 

mmner along t h  Pybus fmlt zone, r~hLch f ollow3 t'ae m i n  wliz of Pjbus 

Bay, I n  @;@nerd, the to~ogrzp'i~y of the country underlain by the Hood Bay 

f o m t i o n  consists of rouobd f i oun t~~ ins  and h i l l a  without p r a n e n t  fea- 

tu re  s . 
I 

The Hood Bay fo-tion le.cks dist inct ive members and has been lso- 

eli~ally folded, so tkt the zeesurczeat of accurzta stretigrap:lic thick- 

ness i s  impossible. Although the fo=tion crops out over a relatively 

large sea, i ts  totrl str~t igr&p'hic  t1&ckei;s nay be only a few L h o u s ~ d s  

of feet ,  and the lithology must be described i n  genera  terms .without Fn- 

plying stratigre,@io Eequcrzce. 

Tat? prccZozinat rocks of the f c ~ m t i o n  are thinly bedhd, grayish 

bleck radlohrfan  &rt end silicems a r g f l l i t e *  Dark gray lbes tone ,  

calcareous ar$Uite, end f ina-grained gray'~%clre are local ly iaterbecltlcd 

with the argillite (see li2pandix). The general &rk color of a l l  therocks 

io the resul t  of r3isseo;lncvl;cQ Sins cwbonaceous material osld f ine  ppite 

c r y ~ t a l s  (see Appendix for petrographic &ta i l s ) .  Tbe lithologic e s ~ c t s  

of the  formt ion  ca a whole s u g ~ e s t  a bleck shale o r  ewdnic fecies, aa 

described by PettiJohn (1957, p. 622-626). 



h ~ s  been deter;ninec? fran j p o ~ ; ;  precervcd fo38ils collected from lime- 

~ C m e s  &nC celcueom a-ciSl!tcs in tvo l o ~ ~ l i t i e ~ .  Tm fos s i l s  ere re- 

crystall ized, malring p l - c c l : ~  ic'-e3tiTication m d  cor reb t ion  inposeible . 
&len Pmcm ( rc i t t en  cce-~r~~xic: tion, 1350) IC~ntiCiecithe fossils from 

l o c a t y  53!-Ly240 cnd J. T;a:zs h t r o ,  Jr. ( m i t t e n  cmup,ization, 1$0) 
-_ 

ident i f ied  those -4rm locdiJ~:r 59la.276. ( & h r s  i n  pcrentbeees refer 

t o  1 o c r l i t i . e ~  i n  f ig .  56). 

(5) 59&y2)+0; dmk-s:.ay e l a s t i c  limestone 2.5 a i r l i n e  miles up- 

s t r e m  TTOX z:ci'&tk of stream floving 'Eou-thrr~st into 

- 

(6) 5 9 ~ 6 ;  brii-,~~.;;, calcc re- a r g i l l i t b  in.t;erbe&ed 

~d.t9 grzyish-3lc.ck chert 0.5 niie upstrean f r a  

mouth of 6tree.n f lo~f i i l s  north~fest  i n t o  Xorth A r m  

of Eood Bay: 

Xt1-,:sz? s p -- 
Limestane, argilllte, o.rd gm~nracke of Silur ian o r  Oevonian age 

also occur on Carron Isknci viclnl ty near the souVmrn t i 2  of 

AiLnirdty Island ( h t k ~  e.aa others, 1960; fig. 1). These rocks axe 

l i a c e r  in color tki~ t'm 3 0 d  Z a y  Samstio2 and coutain no in2;ei-'oed&ed 

c k r % ,  Avail&-ole i n fomet i c~r  c u g ~ s t s  that the beds s. t  Carroll  Is land 

arc nore prob~kly Sfluian thzl avoniarr (E. E. h-thrm, ora l  ccmaunic~tion, 

1560). If thcsc be& are caz ; . e l~ . l ; i~  with the Eood Eay fom, t ion ,  then 

a the Eood B&y f o m t i o n  I s  prc>a3ow older than the b b i e r  Bay forination. 
I * 

Buddingtoil arid Chqpin (2.529, p. 82-91, 97, 103-109) &scribed r;eaF- 

mentarry a d  volcanic rocks of d i1 .u i .m and Devonian ege on Kuprernof, 



E~iu, arid KEku I s l r s n b  ab0i-i ,.; i:.;ile:; t o  the south of the Pybus-Gmbier 

area (see fig. 1). The liJc:lolo&c cc>ctions deccri\zd, hovever, do not 

corYes~ond clcsely t o  the 1~1fox~~d.y &SIC-colored, siliceouo, fine-grcined 
-- 

r o c b  of the Hood Bay ~oMG;L. ;~s~~ .  
' 

P.ncther section of Ikvt>nizn E E ~  ~ o s s i b l y  S l l u i a n  s c d b e n t a ~ m c k s  

occurs nestr Freshwater B.zy on Chicheof Island about 45 milea northwest 

of tk PfSus-Genbier Erea (~cr.e:r &nd ot'ilers, i n  press; fig. 1). Here a 

thick sequence of interbed&.:.d ~ec3um-grey  greywacke, dark-gray s la te ,  and 

conglomerate of possible Silljrlm age unckrlies a thick sequence of Middle 

Devonian Ues tone  axid !i?.i11or grc7ywacke (Kznnel limestone and Cedar Cove 

forrwtion) which i s  i n  tux 01-c-ln by a thick sequence of Upper Devcnia.n 

voltaic rocks (~reshwater  BEY fori i%ioil) .  The rocks of this section are, 

i n  gznerel aspect, quite unlike those of the Hood Bay formation. 

-... Correlation of the  Eccd Bey scd Gambie~ Bcy fomztions i s  suggested 

ages , their 
seperate areas of outcrop. But t h e  ~ c ~ t ; ~ o r ~ ' & s n :  of the latter as  coapared 

t o  t& lack of s e t m o q h i s n  0.2 ,̂be fomzr requlres explanation. If the 

metamoq5ism of the Gambler Dry fonration cccurred i n  the Cretaceous period 

alocg with the strong foLd.5 utz cf Vae you-ger p re -Tc r t i a ry  fornations (see 

p, n g  ), then the nometarn~r;?~bic ch~.racter of the H O O ~  Bay formation is- i 
dicates a decrease in ~ a t ~ o 3 ~ ~ U s a  in a southmster ly  direction froa Ganbier 

Bzy, regexdless of the exzct teapore1 correlet ion of the two fonn&tions. 
d 

The "contect" of the  Gmbier E e y ' f o ~ m t i o a  both u2trard a d  Zo.terzUy t~ould 

be cr zone of t rmsi t ion frcm actmo~-phic t o  nonnetc;m.o~r~,hic rocks, (see p. 

15 for  further discassion.) Unzort~laately the area between the  principal 

0 oi~tcrops of the Bood Bey and Cknbier. Bay Pornations in wbich the t r m s i t i o n  

should occur 1 6  poorly ex~osad  cud covered by younger rocks. 

Plternetely, if the motmorpkd:;n? oln the Gmbier Eay i'onzstion occurred 



i n  k v o d q a  tixe ~f-t.ter &ei:l.osir;iau of the Gmbier Bcy rocks, t h e  pocsibi l i ty  

exists that tins Hood Ee.y LV b're h e n  deposited i n  late Devonian tima upon 

tb metmorphoseii G d i e r  3r.y rocks. Ag~.inst  this possib-i'li", is fact 

the t  the two fom~tioiis a.ljpwr t o  be colzfii~ed $0 different  areas. Coxever, 

the ebsence of t '?e Eood Ee-y rccls i;i tAe Gzzbicr 3i;y crea rii~iy be dm t o  

nonde?ositicn or  erosion w e 2  a top2grz~Mc Ugh i n  the Gonbier Eay wta- 

norphic rocks. I n  -this cizc:.xs.tence s thin unit of Hood Bay rocks coulcl 

Se present et Gm'.\iei- E8y ay:ied es p a r t  of the bas& nori~!etrnorl :~~c 

Cannery formation. 

~ ~ n e  bombry  'l;rtveen a ~ ~ - c ~ o . . - ; ~ ~ c  a d  zetaxor~):?ic rocks follotis a 

siauous course t hough  the G~i ;C i i e i '  53e.y a-ea, bat to the west it colnci&s 

with Cae Gmbier feult . :&tmorphic rocks north of .t i  feult may i n c l ~ d e  

rocks with a variety of origLas, as Y-by include both ho iPI"~1~  assocfcted 

with l oca l  plutanfsm end gi-esnschis-2 ?oosibly correlative with the Gmbier 

Bey formtion,  but i n  a geaerel way, urc.I;morl;Xi;m decreases i n  e s o u t h e ~ 1 j  

direction. This &B also -Lne f o r  .P.rbirelty fa151uB as a whole, since a 

continuation of t ~ e  l i ~ e  02 tho Gaxiiil,icr fcult soui;nwet;t~~c.rd t o  Cmtbx~ 

S t  r e i t  sepcratcv noxie-tmor.p?ic rocis on tk. south f ram m e t m o ~ h i c  rocks 

on the north (hthrcm and ot*%ers, 1~50). 

fnterton,Wng of Hood Bay end (fmbier 2uy l i t h o l c ~ i e o ,  md hence their  

contemporqiety, i s  suggested i n  the northwestern part of the ~oetaraorphic 

terrzne oa Admiralty 3&nd. Xezr Ec~T.~'B I n l e t  z.nd t o  the sotith, thick 

layers of &ark gray, grapMtic, highly qucuct;zose p h y l l i k  and schist, 

~ ~ d c h  m y  be e w v a l e n t  t o  tlle chert  ad ~ r g i l l i t e  of the Eood Bay fo1?~&tion 

are  interbedded on a large 6c;lle xi"i gmenscirfs%s, which. m y  be eqM~alenta 

of the greenac~hists of t'cc Gtu.coieZ Lay Poxmation ( ~ n t k i r a m  and others, 1 g 0 ;  



!The nme Carvlery fo-tior i s  pro2osed fo r  thinly inter5edded chert, 

a r g i l l i t e ,  and greywacke exposea i n  an3 around the mouth of Cannery Cove 

I on the s0'2th1dest shore of ? y 3 ~ s  Bay. 'k formation crops out .almost 

continuouslydozg t h i s  &ore frm a polnt ebout three aad one-hslf mlles 

southeast of Cannery Cove north~~estw&r.i t o t h e  north shore of Donlcey Bay. 

S M l a r  strzte underlie a lnrce ereci north, of Pj3us Bey, extending as far 

es the sauth shore of Gmbier Eay. 

!Raou&out most of the Pybus-Ccbler area, the Cellnery formation can- 

sists of thin-bedded s i l i c e o u  ar,rilli%@, grapmcke, and c e r t  (fig. 4), 

and loca l  intercalations of thick-bedded, calcareous, volcanic graywacke. 

a d  al te red  pillow lavas and breccias. I n  contrast t o  the Eood Bay for- 

mation, t.& color of the thin-bzdded chert, a r g i l l l t e ,  and grayweeke d 6 

hi;"nly variable with shacks of Sreen a d  grcy cioainating. Radiolarian 

t e s t s  occur only sparsely i n  coxe of the c2iE'rts. 

A t  Gasibier Bay i n  thz vicii l i ty of Ck~urch loin+, a d  Gain Island, the 

color of the cherts and ar~i1132;e i n  the Cazery formt ion  chnges  t o  bright 

greecs and reds, and the chert acquires a coarser crystall in6, sugary tex- . 

tue  suggestive of ~ e t ~ l l ~ o r - k i c  rccrystc l l i za t loa .  The overlyfing be-sd  

breccia of the Hyd formation contains f r a m n t s  of these roetscherts on 

the i s land  north of Gain Island and on the north shore of Gmbier Bay 

whre the Cannery fomgtion i s  nissing. The matrix of this breccia 2s 

also recrystall ized, indicating that t'le ~;.~toxorpMsrn of both the breccia ' 

and the chert of the Csnnery fo~metion occ7nred a f t e r  the deposition of 

the breccia. The metamorphism mzy be related t o  the intrueion an8 ex- 

truslo-a of younger volcanic rocks i n  t h ~  Eyd fornation tha t  overlie the 

breccia. 



Figure 4,--Thin-bedded chert and 
Cannery Cove, Pybue BE 

? the Ca 



Among t&s Larger clnet.2 in tka groyw"cl&, queriz ls'rare end both . 

feldsrzr a d  volcmic r ~ ~ b  f r a p x ~ t s  ~ c 2 . ~ b ~ d ~ n t .  fekkqxa consieta 

of both mt12~Im and d b f  te. gruine, the latter being cloudy, generally 

~ ; e ~ c f t f ~ % ? d ,  es is ee b b i t  of grains that h v c  been albitized 

( c c ~ ~ s ,  1954). Ti pres*xl.ce of elbite  veins and o f  scnttered albite and 

cir&ckz cry3l;d.s i n  the grc~x::cLe ctatrix and in  the exgil1i.W s u a e s t  

that tha albite i n  thzse rocks 13 not detr i ta l  but hrs developed by &a- 

genetic eltieration of t h s e  otrala. Other diazeaetic nfmp3.s occurri?.lg 

In these rocks aro qu&t"~,  lori it^, ~ e r t c i t e ,  calcite, and probebly 

various clay d m d e  (see Pgpndix for details), 

Bcanll cvidevce frL3czl;ls tht the Cancry fo--tion ia of ?ellaie?n 

ege, 80 tht asr interne1 of' ths ntlesst  equcl to the Mlssieeippian end 

Pe-cnsylve&en periocls ekpsed bcttusen t'a dcpssition of the Gembier Bay and 

- - Hood-Bay fomctlons a d  the e~bsequent &-~(332ti~ of the Cannery for- 

icatian. The C w r y  formtics ~ u s t  d i r e c t l y  overlie t& Hcod Beyfbrm- 

t ion to the sod& cnd Lo thc north t b  Gmtbler lky f o x s t i o n ,  but the f i e ld  

evidence for the! character of this unconfomity is inconclusive because 

t h  louer ccataet of t he  Crscxy far ixt ion l a  IszgeLy covered. Plong the 

soutbast shore of Smzg Cove in Gesibier Bey it appears to be a fault zone. 

Cirz Pybuo &lc=;lte, &so of Ear-dan ege, gznerdly  overlies the 

C m e r y  fomzbion, t;r?B cort*,act bct;-~.~$n t h  is poorly exposed. Foz- 

s i l  evidence is not fiufficisnt t o  ind2cate whe+&r or not a histus ccpretes ~ 
tk3 t'tm f'om-ticns. Ee&'Ax att i tudm in t h  Cannery Pornation close to 

t h i s  contact commnly diver;: froan thoae of the Py'ouer b l o m i t e ,  a feature ~ 
%%~t  m y  be Z;ec'aztc. 'fb& t i c 0  fo~x.%ticm are ao different in cap&enca 

that slip along their cor tncts  daring intense folding would be expected; 

in t 9  f i e l d  the two Zo;-r..aticrra ax3 ccxzizonly seprctcd by s t r i b  feult 



S o u t h ~ ~ s s t  of Pybuc, :icy, -tle Ccnmry forznation i a  buried tmzonforma- 

bly beneath nomerice seiimc-tay e2d VO~CCAC rocks of Telrticry szge. 

I n  p b c e s  near Gambier ZLy t o  the  north, the FIyd formation of Triassic  age 

Ues unconfor~~'oly u2on .Lire C r m e ~ y  foma-Lion, as a t  Church Poict and on 

Gain Island. Here the ccnJ;zct between the two f ' , o ~ . t i ~ n ~  i s  an erosion 

surface, hcving a locc l  reLief  cf z'ao.~t t-do feet. Scu-LB ~ n d  v e s t  of Gem- 
- 

b i e r  Bzy, the exact dAstribution cf ths C ~ m e r y  formation csnnot be'mp- 

pcd bzcause of the sWler i ty  of the thinly bedded rocks of the Hyd and 

Cenr?ery f o ~ ~ t i o n s ,  V'rlich, when %I22 Pibus dolomite i s  abseat, are dfffi- 

I cu l t  t o  distinguish from o m  another. 

1 A f e w  t ~ o u s e n d  fee t  of s t ro ta  - i s  proba41y suff icient  t o  account .for 

the t o t a l  thickness of the C ' i m e r y  foxmation north of Pybue Eay. Des2ite 

the large eren of outcrc?, t h ~  f o r a t i o n  has been very tightly folded 

2 nd stretigr&pfiic r e ~ t i t i ~ n  is p rakb ly  frequea-t. I n  the absence of dis- 

t inc t ive  mbers ,  the thinhess canriot be accurately measured I n  an area 

of poor exposures such as this. Tm reciooa f o r  the thinuing of the out- 

crop of the Cannery f o r ~ b l o n  so-itthwest of Ganbier Bcy i s  Uacitm, but 

it m y  be tectoaic. W ~ h e m o r e ,  .the coatact of the C<nnery fomztion 

and the Gambler Bay foma-kion m y  not be a sbple sedimentary contact, 

for,  as described on page 12, the Gmbier Bey formetion is distinguished 

on the besis of Its o?e te~r$ i i . c  &-zacteristics a d  hence may incluLe i n  

places par t s& the original  lithogcnetic Cannery fornation. 

Bryozoan md c o r d  f o s s i l  deb~is, ident if ied by Eelcn Dmcm ( ~ r r i t -  

t en  camnmication, 1959; 1950) as probable Permian i n  age, were found in 

lilassive grzywackes of the Czwe;y fomztion (see Appendix f o r  f o s s i l  l ists 
\ 

and loca l i t ies ) .  Rocks LIu3.t n?a.y bc correlative 13Tfith the Cannery fornetion 
1 

have been reported i n  a ser izs  of cutcrops a l o q  the eastern side of 

AWral ty  I~land @%hram end others, 1.900) Like the Ccnnery fomctiun, 



they consist principglly of thinly beaded e rg i l l i t e ,  grrywcke, and chert, 

and Permian fossils heve becn Pwud i n  them a t  Windfall Harbor end i n  the 

motlata.ins south of Point Youmg. P e n ~ i a n  fose i l s  i n  s i a i l a r  lithology htive 

also been found on the iz~ii-,L;ad cbcu'i, 100 miles northwest of the Pybus- 

Gambler area i n  the vici;lit2 of i . i l l i w n  Eenry Bay & l o x  the ees t  f h n k  of 

the CbiUrat biou~tains (k tbm en8 others, 1959). . Eomver, the poor 

quality of the collections frm the Cennery formetion i n  the Pybus-Gambier 

area docs not afford the btisis f o r  precise biostratigrapbic correlation 

with the above loca l i t ies .  

Permian foss i l s  b v e  also been reported (~uddington w d  Chepin, 1929, 

p. U9; p. 122-127) frcm marbles i n  e. sequence of phyllites, mica.-schists, 

c5at,, sad s l s t c  02 t h c  mir-lc.3.' ees t  of A b i r r l t y  Islznd a t  T&u Herbor 

e and on the SnettisL- ? ~ E ~ ~ L u Z Z ,  znd a lso  S r ~ a  e dcainantly c l a s t i c  set- 
. . 

- t i o n  on Kuiu Islancl and the I s l e t s  south of Admiralty island. These 

roc& were assigned t o  the "laxer division cf the Peridan". . 

The name Pybus doloxite i s  proyosed fo r  l i g h t  brownish-grey, foss i l -  

iferous, cherty dolcl i tx  t?mt  crops out proainently a t  s e v e r h  l o c c l i t i e s  

along the shores of Pybcs Bay, T11e bsst ~ e c t i o n s  of this formztion are 

on the pen in~u la  about 1.2 mile; west of Long I s h n d  on the southwest shore 

of Pybus BEY, at  sever& l o c a l i t i e s  s l o ~ g  the riczJibast shore of t& maia 

arm of the boy, and i n  the vicini%y of False Point Pybus. 

The lower contact with .the Ccnnery formation, as previously s ta ted  

(p. 22), i s  not exposed, esd i t s  character i s  uncertaiil. Str ikes of bed- 

@ ding i n  the Gamely f o m t i o n  co:~xonI.y diverge wibly frm those of the 

Pybus dolomite, even within a few feet frm the contact. Differences i n  

the style of folding betveen thin-bedded a r g i l l i t e  and chert of the C~nuery. 

f amation and t l ~  aediu-  t o  thick-bedded Pfbw d o l d t e  m y  produce these 



the contact c c ~ ~ ~ o ~  l i e s  a L o r , ~  fcup;, zones, as for example on the pezinsula I 
betveen the t'io am8 of PYjis Eey. 

age i s   ell exposed in sever-el loca l i t ies .  The Bj.d f o ~ t i o n  contains a I 
b ~ s d  brsccia 25-30 feet t L c B  cc;aposed largely of detritus f r a  the Pybus 

-. .- 

dolomite, and it l i e ~  upon cs esocior; Gurf'ace cut. i n  the Pybus dolomite. 

Thc relief of t'nis c o ~ t c c t  bu.l';zce il; any one otltcrop i s  not more than a I 

few feet. The beds above ar,d Lslow tbe con-cact are roughly para l le l  in 

most &crops, but beddLng i n  the b o ~ a l  breccia is ill-&fined and accurate 

cam;parison i s  dLff-icult. ?Tear the head ol t h e  miin m x  of q.bus Bry, a 

- l*ctone mexri3er of the Hy-d fornation above the basal breccia i s  slightly 

The thickness of the 33us doloaite i s  &out 1,000 feet near Falee - 

Poin",ISDus, and this seem .to be a n ~ x b u m  for the aree. Pbre precise 

~ ~ e o s u r c 2 n t  1s"not justified became of nmerous s t r ike  faults t h ~ t  re- 

pest s ~ 1 1  f old& sections cs? -';he BoL-mite, comoi.lly along with small 

I ,  slivers of: the Byd fo-rinatlon. Fkou F..lce Point Wuc northward elotq l~trike 

I t h e  tli icbess @&ually decreases, m(Z becomes zero immediately south of 

I CLwch Point. A sislilcs wet3::i-o~-cat ~ccurs norkh of north a m  of 

I Pjbus Bay, but poor outcrops and s t ruc ture l  cmplexi ty qreven* the accurate 

l oc r t i on  of the zero isogrc3. 

I In general the zero isopacln of t k e  Pybus d o l a t e  trends southwest- 

I '  word from the v ic in i ty  of CLxrch l o i x t  around tbe south end of Gmbier 

I Eay, and thence northwestwerii t o  the rorthxstern Wt of the dolomite 

vest of Snug Cave* North of this line t h e  Hyd formation l i e s  directly 

upon the Cznnery fornetion* The Fybus d o l a i t e  hcs act beer reported fro3 

the bel t  of Pernias rocka that ex$eeoda along the eastel2 side of Admiralty I 



4 Island frm a f e w  &les ocrs,, ;A' CL..Sier L j r  t o  the shores sf Ycmg Eay 

on t'ke north czast ( h t b s " , n  LLL oi&l-.rs, 1960). These authors report a 

XIXL~~, bedded chert, a t  h5nrjiaL.l Ihr:~or, which lies i n  this b e l t  &bout 40 

miles northweot of Gd9ier 6q, bct t h i s  chert appears t o  be unfossiliferous 

esd contains no irterbeds af cirJlozd-;e ( ~ r s c j n s l  cbservztion) . I 
The erosion s u r f ~ c e  bctr-ieeo t h t z  Pybus dolomite and the  Hyd formation 

s u ~ c ? s t s  that t he  ciisappet~:aiice of %ha b l d t e  results from t m c a t f o n  

by erosion. However, the F-brupt dl:;appaarrmce of Pybus dolcmite fragments 

i n  "ile basal breccia of the ad fommtion when passing beyond the areal 

extent of ttfie Pybus dolanite ~uggests thet sedbentary thinriing i n  about 

the same direction may also be e factor. West of E l l i o t t  Island rrear th@ 

sozth border G: t h e  aree, the be.sc.2 kjd brcccic; l i e s  i n  f t x u l t  contect with 

the C ~ i m e r y  forination, and %hi i vbu~ .  dolmi te  c p s a r s  t o  be faul ted out. 

&re, ho%-sver, ths basal breccia  con.tains only fragmnts  of chert  and 

argiUlite ikrivzd f m  the C:m3ry fornation, suggesting reaoval of the 

dolcnrite by erosion or nondeposition rather than by f'aulting, If t h i s  is 

correct, the zero isopnch ~f K?e  Pyka d o i d t e  also passes through the  

mouth of Pybua Bay, 

Pybus dolcmlte races froa b1-k Gray t o  PC@ yc?llo:~sh brown, and 

weathers t b  tz finely pi t ted  sux-fe.ce. The color of the weathred surfece 

d ~ e s  not differ appreciably f l ' a  thet of the frcsh rock. The texture is 

g e n e r a y  equigranslar end suga;-j, r a g i q  f ron f im t o  %dim greirred. 

Beds average about 1 foot i~ thrichess but range fronl-1 inch t o  10 feet. 

IJattled, tjhite and pzle gzcyish-blue, translucen", chert, both in the  

form of lenses and fra-st;, coli~loPly ocuurs i n  the  do1oai"i.e ( f ig .  5a). 

In  ahfew places, the to2 fc r s e t  0-4 iLc f o r ~ e t i o n  i s  cmpozedcf continuous 

chert  bedo r a g i n g  i n  t-hicli:lees frm 6.0 t o  12.0 foches (f ig.  5b) . Both 

cha% lenses crzd chart f r r ~ z e n L s  cozJ;ain well-preserved s i l i c i f i e d  fossils 



a. Pybus dolomite at qrbus Eky showing W i t i o n  of poroua, rc 
chert i n t o  massiva chert within a s i n g l e  bed. 

b. Eedaed cherb fo- uppelmost uni t  of b W t e  at False mint Pyb 



( f ig .  6a, b). Wner fossili: ~i;t  preserved i n  the chert have been nearly 

destroyed by doloxitizctlcn tcae Agpndix f o r  get,ro(=rr~hic &tails).  

Tne li thology of .the ?yrz:i.3 d o l a t e  i s  represented by the following 
--_ 

two i n c q l e t e  sections bctl: ;i 7~-izich represent the u?per pert  of the 

fom~ation. In one, the : : p p e r z ~ s t  ~ n l t  1s  bedded chert and minor dolomite, l 
and i n  t he  othar, thz u ~ ~ r m c s - i i  uni t  is the more norim1 cherty d o l d t e .  

These are  the two c l le f  vrrictnts sf the uppermoat unit. 

1. Section rxasmed or s& island along northeast shore of the 

main cm of Pybus Bay three &les northrilest of t r i a n g u l ~ t i o n  s ta-  

t i o n  Dro. 

Iiyd fomcrtion; basel breccia 

Pybus dolopite : 

Chert and tbloalte, inCerkcdded; chert, mot-bled w h i t e  

Feet - 

end pale grayish blue, ic beds 6-12 inches thick; 

75 percent chert . . . . . . . . . . . . . . . . . . . . .  7 

Doloaite, notkied dark-grsy c n C -  l i gh t  brownish-gray 

becoming p ~ i e  y e l l o ~ d s h  3ro;m tomrd  base, suge.ry, i n  

beds 1 icch t o  2 feet  tNck ;  ccntains pale greyish- 

inches thick containing cb-ctzl8ant s i l i c i f i e d  brechiopods, 

bryozoans, and croooid debrgs, and sccittercd snco'ch- 

we-ering chert fraf;l~x,ts; chert lenses are closely 

spaced i n  s m  l~yers  and - d d e l y  spaced i n  others; 

75 gsrcent dolouitc . . . . . . . . . . . . . . . . . . . .  340 

Dolodte ,  light browriish-grey, fine- t o  medium-sugary, 

i n  1-4 foot beds coatains sparsely scattered white and 

light bluish gray mottled chez-L f r q g e n t s  and a f e w  





Feet - 
chert lenses cozposed ofT s i l f c i l i ed  f'oscils; 

9 percent dolamite. .................... 90 

Cove red 

Total 

2 .  Sectioa ~ecsured on northeast shore of m i n  e m  of 

0 
Pybua Bay two and one-:&I ailes Y. 10 W; from triangula- 

. t i o n  station k o .  

EIyd fornetion; basel breccia 

Slight  en;;ular uncori.fo+ty 

Py'ous do1acli-L~: 

- - Dolamite, light bro~lsisiz-grry, f i ~ e  sugary, in 6 inch- 

c ~o 2 fcot-t'kLcl: beds; co;l-lains light bluish-gray, 

weathering cktrlc gray end yellowish-gray, chert lenses 

ccusisting of sill c l f i ed  br:ichioaods, byrozoa, and 

crinoid debris; chS~i3 lenses i r regular ,  r o - ~ h -  

weathering, 1 inch t~ 1 foot thick; 
. . 

Dolomite, light-&r~y -Lo 1 P G t  b r ~ & . L s h - ~ r z ~ ~ ,  weathers 

y e l l o ~ d s h  brom, 3ilsciy i n  be& 5-10 feel; t u c k ;  contains 

b'hish white chert leases 1-3 i n c k s  thick, smooth-. 

. . . . . . . . . . .  k ~ s t ' a e r i n ~ ,  spzrs&y fcssil:;f'crous 

Covered 

Doloizite, light ~;r:.yish-br~;.x, fige E.U~CFJ, in 2-6 

inch beds contains chert lezses 1-2 inches thick 

both smooth und ruqh-ritl-~tkring, fossiliferous, . . . .  s i l i c i f i e d  b~achto.,-ods, bryczca, crincid dobrig 80 



blue, yellowish g1-22 ::eathering, chert beds 1-6 inches 

t ldck;  1?;v-ers of clcse-spcccti chsrt lenses alternate 

k-ith layers cf hd.?-l--c.rir.ceL lenses; bedding gently 

Covered 

I: minor rock t n e  not r-.presented i n  the ebove sections, but use- 

Ful as a mrkr high i n  the formction along the northeast shore of Pybus 

Bay, i s  u&im-gray, c b c % f c  dolaolite occurring i n  beds ranging In thick- 

ness Barn  1 to 3 feet. This roclr consisCs o f  t ightly packed layera of 

p u t i d l y  ~ i l i c i f l e d  brachio2cds ar,d other foss i ls  errbedded i n  a dolo- 

mite k t r i x j  the braellopods werage 1ess~:;Yhm one inch i n  diameter, con- 

sf brc3.b smller on the merage tbn those of the t ~ r p i c d .  Pybus dolonite . 
The dolanite weath9rs t o  a ~&is-i;lcc'r;ive, rod@, reddish brown surface, 

Two collections of fsss-ils from -:;he Pyb-as dol~rd'ce, inclu4ing several 

genera 09 brachlopods such as S t c n o c i . : ~ ~ ,  S-oiriferelle,, and - 
Anidanthus, have been identified as Permien by J, T h m s  Dutro, Jr. 

(written ~ ~ c a t i c n ,  1963; see e p ~ n 0 i x  fo r  foss i l  l i s t s  and l o c s ~ t i e s )  . 
Burchard (1920, p. 55) mde :L f o s s i l  collection from the Pybus d o l d t e  on 

the peniasula =st of Low 1~12-d i n  Pjbm Bay that  WEB ident i f ied  by G. H. 

Girty as being of Artioskir.n rge (Early ~ e r m i m ) .  

South of ths Pybus-Gm31er ?.re& on Admiralty Island, the Pybus dolo- 

nitft cmps out io a. single locz~li ty on the north shore of Her r in~  2ay 

(bthram end others, 1$0), :rh?re it cppxixs to be similar to that at 
. . 



F-J~DUS B3y. Cherty ciolmd'xe o r  lizer,tones of' Pemian ae;e olso crop out 1 
in the v i c i d t y  of northern 3:litu Island, south of Pdrziralty Islend. F, E. I 
&d C. W. Wright (1308, p. 54-55] r e ~ o r t  "Beas of white cherty Urneatone - ... 

450 f ce t  o r  core i n  thichc:;s. , , '' at II~.lleck &,rhor on Kulu I o l ~ n d .  

Buddlngton and Chapin (1929, 77. E'?-l29) pls.ced these beds i n  their 'bpper 

dIV9sion of tl- Pemies"  of which the Pybus Colcnite i~ also a member. 

Similar white cherty 1 I r e ~ t f ; ~ n ~ : :  of R?rmisn age h ~ v e  been re-port.eZr frm the 

Kela I s le t s ,  Kup:rezzlof I s l ~ n d  near K:>l<e, a& from Sucmez Island (~udding- 

ton w-d Chapin, 1929,. p. 329-130). 
-_ 

n-r ~riass?-c system 

St ra tz  of l a t e  Triassic e-ze occur i n  a r e l ~ c , t i v e l ~  thin, discontinuous 

belt  b c t ~ ~ ~ e n  Pernian md Zuraszic-Crcxtcceous strata from the shores of . 

Pytsus Bzy t o  the north shore of' G ~ m 3 j . e r  Bay. These are here called the 

Hya foxmation, fron trie.nzu3.n-cion str.tio?l Eyd cln the  nortkea.6t shore of 

Pybus Bay where the fom-ation 5s ~rel.3.  exposed. 

The fornation as  a .cshoj,e co~1ts.ir.s farr dis-tinct mcxbers, m e l y :  

1) basal  breccia, consis t inr  chrefly of chert f r emen t s  derived fram 

u&rl ; r inz  P c ~ ~ i t m  s t r ~ . t a ;  2)  lizestc?~ me~ber; 3) t>i%-hed&d Ercfllite 

mnber, oleo including tk3nl.y in- tcr:>e d3ed c h ~ r t ,  grcyecke, arrd lime stone 3 

4) s p l l i t i c  flows, camonly ir.cl?l?in_n pillow lrves. Except f o r  the 

e p i l i t i c  f lom vhich occwf a.t severnl stre.tigrr.ybic levels, the m e m 3 e r s  

ere l i s t e d  i n  a s c e n u w  e t r ~ t i ~ r ~ . p h _ i c  order, but they do not all occur 

tcgether i n  e.ny oae ~ e c i i o n .  The be,snl breccia e.nd thin-bc8ded ergillite 

~ W e r  w wideqread and occur throu~hout  m e t  of the msppe& area. The' 

l i n e ~ t o n e  l o  &sent Lo the s?r'ch, west of E.ll iott  Islcnd, rrkere the ~ral- 

l i t e  mefier res t s  clirectPf 03 the bm.9-1 brcccla, enti it bas a snot ty  
4 

1 



d i c t ~ i b u t i ~ n  axid vwLtt51e -Lhic~ineus Tarther north. The vclcGnic rocks 

ore an ircrensi1qly p~caiiz<.irrt pri; o l  the foxmaifon t o  the north, Their 

southernmost outcrops . se  c L 2 ~  t;i3 hehead of Pybus Bay and on Gain Island in 

Cm3ier Bsy;  nortl: of Ga2Le.r Lay tLey predadnate over thk associated 

seainent~iry s t ra ta .  

Volcmic rocks s e a  t o  occur si s e v e r d  stratigp%phlc level5 i n  the 

Eyd formation. A t  the heat: of py'a-(% Bay, a l te red  flows directly overlle 

thz Uxzs",on c z ' z r ,  and th2 thin-leaded e r g i l l i t e  mmber i s  absent. A t  I 
Gain I s l a d ,  v o l c ~ c  floYt:s ovzrlie -Lice basal breccf a and contein uni t s  -of ~ 
t he  breccia interbedded in then. Pillow lava near the cove east of the 

trt,a.ngLLation s t a t ioa  "Yiin" on the noi%h shore of Gdoiar Bay contains G 

t u n  unit of the l h c s t o n e  mz%er i n  i ts  lower part* On the peninsula 

north~rzs-t of Good Icland pl l lov lava l i e s  witkin the upper par t  of the 

-%&in-bedded a r g l l l i t e  m b e r .  The variable stmtigraphic position of the 

v o l c ~ n i c  rocks, togcther with tkir t-hickeaing t o  the north, suggests 

the t  the rocks of th Eyd fo rmt ion  were l a id  down during an epi6od.e of 

contelcpormeous volcanism an6 sedimentation, and t h a t  the volcanic member 

iscar;.oscd of tongucc of v c l c a i c  ro&, excerrding southmird in to  the sedi- 

mntery  cection at  different  levels  +"ram a c e ~ t e r  of volcanism north of 

GezhPer E2y (see I&*&= cn3. c t k r s ,  1550, f o r   real extent of probable 

Triessic volcmlc rocks north cf the Pybus-Ombier area). 

B a s d  breccia,--This r ~ b e r  o c c a s  i n  two phases: a white chert 

phcse, and a green end =d chert, phade. The white &rt phase consists 

largely of a massive breccia caposed of angulsr to subrounded fragments 

of mottled wfii'ce and grzyish blw c&rt  and a lesser  .mount of l ight brown 

I. dolomite derived from the Fybus dolwdte, embedded i n  a dolosnite o r  m e -  

stone mr? ; r lx  tha t  gc;?,rzUy a s k s  u? about 10 percent of the rock ( f ig .  7), 

The fragnents range in length fram less  than 1.0 inch t o  1-0  foot, a d  



average about 2.0 inches. h c a l l y  the breccia is distinctly bedded, end 

shows a sorting of the fragaenJ~s into coarser an8 f iner  layers3 where t h i s  

occurs the fragments e3.e more rounded than In  the more typical massive 

breccia. The contact relatione with the overlying llroeatone member are 

variable. I n  one locali ty this contact i s  sharp and irremr, and appears 

t o  be an erosion surface; whereas i n  another the breccia grades upward 

by an increase l n  matrix into the limestone above. The Bistribution of the 

w h i t e  chert phase i s  identical t o  that  of the Pybu dolaanite upon which it 

rests '  It reaches a meximMl thickness of 30 feet a t  False Point Wbus (see 

stratigraphic sections, g.  35b). 
I 

The green and red chert 2hase consists of a breccia composed chiefly 

of angular fragments of bedded.-chert and a rg i l l i t e  derived frcan the Can- 

nery fornation, d e d d e d  i n  a calcareous a rg i l l i t e  mtrlx forning general- 

- ly less than M p r c a n t  of the rock. The fragments range i n  size fram 

coarse sand t o  small cobbles, camonly showing rnodera-bb hues of green, 

gray, red, and purple* I n  1or:LLities mar the zero isopaah of the Pybus 

dolcnnite, such as Church Point, a few scatteree f r apen t s  of w h i t e  chert 

and dolomite characteristic of the Pybus dolomite occur i n  the breccie, 

Also, near Church Point and b i n  Island the chert anil a rg i l l i t e  fragments 

are recrystallized t o  a sugary texture, and heve taken on brighter hues 

of green end red; here the mtrix is also recrystallized, and consists 

of a yellowish brown-weathering, iron-rich dolamite. In  th is  area the 

breccia I s  overlain and i n  gla.ces interbedded with volcanic flown of 

the Hyd fonaation. Perhaps the heating of the pore fluids during the 

volcanic eruption cauraea the xecrystalization an8 oxibt ion of the , 

breccia, !l!he green anQ red chert phese occurs wherever the Pybw dolo- 

mi te  is absent and the Hyd formstion rests directly upon the Canaery 

f o m t i o n ,  It attains a maximum thicknoes of 350 feet i n  the island 

north of Gain Island (see Appentlix for  petrography). 



f the basal b 
f o m t i o n  near the head of' the Paain arm of ?ybus -. im lreccia 

me.... 
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Limestone member.--This  ember, which a t ta ins  a ma;tirmun thickness of 

rsore than 500 fee t  near False Point Pybus, consists of two typeo of Ume- 

etom tha t  do not crop out together: 1) A more ~ldesprcad, mdiun-dark 

brawn t o  d a r k - b m ,  l igh t  grey-weathering, very sparsely fossiliferous, 

very fine grained limestone, It occurs i n  beds ranging i n  thickness from 

0.5 to 10 feet and averagilx about 2.0 feet,  which are separated by dark 

brown, undulating, s t y lo l i t i c  contacts (fig.  883 see stratigra2hlc sec- 

t ions).  2 )  A medium dark gray, yellowish brown- t o  reddish brown- 

weahtering, fossiliferaus, fine-grained l i m e s t W  that is ~nown O* frm 

the sea cliffs near F d s e  ?oint Pybus (f ig.  8b). I n  t h i s  limestone th.e 

beddLng 18 indfcated on the weathered surface by im- resistant  layers, 

- averaging about 0.5 f ee t  i n  thickness, alternating with non-resistant layers 

that form lensat ic  p i t s  and troughs, end give the, outcrop a rough, pock- 
( 

marked apgearance . 
Sections i l lus t re t ing  the white chert phase of the base3 breccia 

and the l igh t  gray-weathering phase, of the limestone member of 

the Eyd fornation* 

Section measured on northeastern shore of the d n  a m  of Pybutl 
- 

Bay 2.5 mi les  El. 10' W. of tria.ngulatiorr s tat ion Dro. 

Feet - i 

Covered 

Hyd f o m t l o n :  

Idmestone member t 

IXaestone, dark brownish-gray, fine-graired t o  subl- 
-_ 

lithographic i n  beds 6 inches t o  3 b e t  thick; weathers 

light-gray t o  l igh t  brownish gray; bed contacts wavy, I 
s ty lo l i t ic ,  unfossilifemus. . . t r . . . . . 10 



Section measured on ncc%f;Ea~telp shore of +&e &n arm of Pybua , 

Bay 2.5 miles H. 10' V. of triengulatioa station Dro--continuad 

Feet - 
EIyd formation--contimed : 
Basal breccie: 

Breccic., massive; cmpo~ed  of m t t l e d  white and grayish- 

blue chert and yellowish groy, sugary dolomite fragments, 

subrounded t o  i n  brownish-py, d o l d t i c  matrix; 

matrix lass than 15 -percent; irregular contact 

To ta l  

Sl ight  engular unconforrti t y  

qibw dolomite 
-.. -_ 

.Section measured on shorn 1.0 mile north of False Point Pybus 

Covered 

' E&d formation': 

Idmestone, medium brownish-gray t o  bxk-gray, very fine . 

grained; i n  beds 1-8 feet thick, averaging 2 feet  thick; 

dark brown, s ty lo l i t i c ,  un&ulating seams between beds; 

Umestone weathers light grayj Ughter beds may be 

d o l ~ t i c  (occur near base); contains dark brown, 

siliceous, resistant masses nees top. . , . . . . . . . 5OO 



Section meesured on shore 1.0 Pile north of False Point Fybus--continued 

Byd formation--continued. 
4 

Basal breccia: I 

Breccia, massive t o  medium-bedded; canposed largely of 

mottled light ar;d WB grzy, yellowish brown-weathering, 

subangular chert f r apen t  s i n  light-brown, scgary dolo- 

mite matrix near base as6 Zterk-brown, fine-grained lhe- 

stone me-trix necr top; grades upward in to  overlying l i m e -  

stone by increase i n  matrix. . . . . . , . . . r . . . . 30 

Total 530 

Thin-bedded a r g i l l i t e  ~.zc.Cer.--This member consists of thinly inter-  

5e@d, predominantly derk gray, s r g i l l i t e ,  chert, Ilmestone, and gray- 

us&, and at ta ins  a t h i c l o l e ~ , ~  of n o n  thsn 280 fee t  west of E l l l o t t  

Island i n  southern PySus B;..y (fig. 9a, b). The relative proportion of 

the four rock types is variable, but argillite is generally the ~ o s t  

abmdent and the wst wldcspread, The beds range i n  thlcluless from 

0.25 t o  6.0 inches, end averwe about 1.0 inch.' Siliceous and calcareous 



a. Light gray-weathering lime$tone of the llmetone member, Hyd formation, 
near False Point Pybua, 

b. Fossiliferous, brown-veathering limeatom o f  the llmesrtone mmiber, Hyd 
formation, wuth of XkUe Point Wbu8. 

mP- 8 



a. Steeply dipping strata of the thin-bedded argillite m b e r  of the IQfi 
formation In tidal outcrog on oouthvest shore of Pybus Eay, vest  of 
U o t t  Island; the a t r a t 8  lie u n c o n f o ~ l y  beneath gently dipping 
Tertiary strata (comlpsd conglomerate and sandstone) at the line 
of  treegs; j the gentle dip of fhe Tertiary at ra ta  (Admiralty Island 
volcanics) i a  indicated by the topogram and snow lines In the 
background. 

e 
b. Detail of strata in fi gurs 9a; chfefly srglllite chert, an8 lfmestone 
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arglllite occur i n  about eqm3 amounts; both ar@ ho~ogeneous rocks, gener- 

d3.y kcking slaty cleavag.2, The siliceour; argil l i tcs weathers to 8 minutely 

fractured, brawnish gray surface, md grades i n to  Radiolarian chert hEVing 
i 

a chonchoidal or sharply en-r fracture. C a l c w m  argllllte mathers I 

to a sllghtly rough, brown stlrface. 

The linestone is dark brown, light gray weatbering, and very fine 

grained; it resembles closely the 3 l & t  gray-weathering phase of the l i m e -  

stone member. The graywacke is calcareous an8 very fine grained; it is 

comxml.y graded and crossbecEed on a smal l  scale (sea, Appendlx fo r  petro- 

$aphic detalle). 
- 

Volcanic member, --This muaber, tJhich attain6 a maximum thickness of 

feet along the north shore of Gtmbier Bay, consists chiefly of green- 
I 

ish gray, altered, s p i l i t i c  volcanic flows, ccpmnonly showing well-developed 

pillow structure (fig. 10). The f l o r ~  weather to shades o f  yellmish green, 

grayish olive green, and greyish red, an8 are vefne'd with white calcite. 

!he pillowo of t h e h e p i l l o w  lave range i n  diameter $?ram 1 to 3 feet3 they 

consist o f  a coareer crystalline core vLth a border zone r ich  in smygdulee, 

and an aphanitic rim. The amygduletir are most ct~rmonly camposed of calcite, 

chalceBoqp, and chlorite, The m t r i x  batmen the p i l l w ~ s  is a mixture! of' 

calcite and fine fragments of volcanic rock. Phenocryats are not con- 

spicuous i n  the pillaw lava, but phnocrysts  of hornblende and a w t e  are 

c m o n  i n  non-pillov flows. Albite (fa3 t o  An7) i s  the plagloclase of 

most flow rocks, occurring both i n  the groundmass and as ragged, sericit ic 

pknocrysts. In addAtion to albite, the groundmass consists generally of 

chlorite, ep ibte ,  calcite, aad opaque minerals. One pillow lavs contains 

a gotsssic feldspar instead of albite; chemical anelysis of this rock show 

a predominence of K;?O over I?&$ (see ~ppeadix).  



aigure 10.-Subvertlcalfy Ci i .p~ ing  gillow l.€wa in QKl fo?matlon, near Cood 
Island, Gambler Bay; top i a  to Che left. 
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The Hyd formation lies unconforinably upon the Pybus dolamite i n  som 

places and upon the Cannery f o m , t i o ~  i n  others. This contact i s  a discon- 

fonnity or a s l igh t  angultzr unconfomity and represents an in terval  of time 

e x t e n d l a  fram possible E. r l y  Perraiaa t o  Late Triassic,  

The overlying Seymour C ~ n a l  f o m t l o n  seems to be structurally con- 

formable wlth the Eyd forrrtatioa, but paleontological evidence indicates 

that a hiatus extending fram kite Triassic toLate Jurassic separates the 

two formation. The contact bct~rcen than must be a disccnfor~tiity, bu t  it 

ha8 nat been certainly identified i n  the f i e l a  berceuse of the slmllttrity 

of the thin-bedded a rg l l l i to  menber, whlch commonly forms the uppermost 

s t r a t a  of fhe Hyd formation, t o  the r t rgi l l i te  and graywacke of the over- 

wng seymour canal foriation. 

Eo single section of the Hyil formation could be found In  which both 

the upmr and lower contacts ere exposed, hence no accurate thickness could 

be measured. A c a p o s i t e  tfdcknesa of 1,310 feet i s  obtained by to ta l l ing  

the greatest meesured thicknesses of the various members* The general 

width of outcrog indicates that this totel thickness i s  approximately 

correct i n  most places, despite variation i n  the thickness of the indi- 

vidual menibers. 

Both the t h i n - b e a d  =gillite: ~ n d  I W s t o n e  nmbers of the Hyd for- 

mation have.produced foss i l s  indicative of 8 Late Triassic  age. Ammonites 

( e s p c i a l l y  ~ r o ~ i t e s )  are pranloent i n  the assemblage collected from the 

Urmestone, and are coasidered t o  be late Karnian ( m e d i a l  Late T r i ~ s s i c )  

i n  age, whereas the ccllectlons frcm the thin-bedded argillite are domin- 

.ated by Monotis-aubcircularfs Gebb, indicative p f  c middle or  l a t e  Norian 

. (late Late f r i a s s l c )  age. T'he identifications and age correlations of 

f o s s i l s  were nab by I. L, SilSerllng (written coxmunicatisn, 1959; see 

Appendtx fo r  f o s s i l  lists and local l t iee) .  
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Rocks of Late Triassic age crop out almost continuously along the east  

cllde of Admiralty IsLand fro:n Ganbier Bay n o r t h m a  t o  the Mansfield Penln- ~ 
sula @ t h e m  a d  others, 1@0; see f ig .  1). According t o  these authors the 

- ." 
dominant rocks i n  tbia  be l t  crke basic m l c a n i c  flows, commdnly pillow laws, 

aud thin-bedded, grayish-bla PAC cP&rt, calcareous argi l l i te ,  and limestom. 

Rocks camparable t o  the besal breccia an8 the limestone member have not been 

regorted north of the Fybus-Gmbier axa, 

In contrast the v o l c d c  mmber has not been reported from Admiralty 

Islard south of the Fybus-GzAicr arec  in, 1926, p. 89-923 Lathran 

and others, 1960- sedbcatrry mPJlbers of .We Hyd formation have been 

observe& in only two isolated outcropo south of Pybus Bay. The basal 

breccia, the l lmstoae  m k e r ,  2r;d the thin-bedded a rg i l l i t e  m b e r  crop 

out i n  the Chapin and Herring Beys m a  (H. C . Berg, or& c m c e t i o n ,  

1960), and the thin-bedded e rgf l l i t e  r ~ d e r  containing conglanrerate beds 

crops out near CarroUIsland (E, H. Lr-thran, oral ctlmorunication, 1960). 

Elsewhere i n  southeastern 41ask.a rocks of Late Triassic age amp out 

in  the Juneau area, Ku2reanof I s lmd  rear Barniltor Eey, &ku Is le ts ,  Kuiu 

Island, Sceen  Island, and Grevina Island (Martin, 1926, p, 65-95), I n  

ecat ion,  marble and s c h i s t  on the 1v-es-t coast of Cbich&gof Island have been 

tentatively assigned t o  the Triassic, possibly L a b  Triassic, by Reed end 

Coats (1941, p a  29-30). m e  dctci ls  ci the stratigraphy of the Hyd for- 

metion cannot be correkted th Vpwr Triassic i n  other parts of 

southeestern Alaska on the basis of the published descriptions, These 

descriptions Bo lndicete, ho~.-ever, tkt dark-hued Umeatone, chert, cal- 

careous argillite, and conglomerate or breccia slmllar t o  those cf the 

Iiyd fornetion are widespread seCihen ta~ j  rock t m s  i n  the Uppsr Triassic 

of this region* 

& . ? . ? i n  (1926, g. 81; 93-9.)  reported v o l c d c  rocks, includirlg pillow 
i 
I 



lava, associated w i t &  eedimealary rocks of Kernim age i n  the Juneau area 

and of Norian age in the Ikku Strait area. If t k s e  age correlations are 

valid, they substantiate the evidence I n  the Pybus-Ganbbier area thet vol- 

c d c  rocka occur a t  differeat ~ t r z t i g r e ~ p k t c  levels, and erupted coatem- 

goraneously w i t h  the Late Triassic  seiiimentary deposition. 

Jur~.t;zIc and Cretacems systems 

Seymour Canal formetion 

The name Seymouz C a d L  formation is proposed forthe thick oeqwnce of 

ergillite, graywacho, and conglamcrab exposed at the mouth of Eeymow 

C e n a l  in the northeast 221% of the Pybus-Gambler area (see index mag, 

f ig.  1). 'Pygical secticlu; are elso expoeed along the northern and north- 

western shore of  3ybus by, md i n  the islands near the mouth of the bay, 

In general, rocks of @he Sewoiul Ccnal formatfon form the eastern and south- 

eastern border of the Fybu8-Gmibier area. They crop out In a broad. b e l t  
-_ 

which bends sinuously through Py'ous Bay fram ~ l l i o t t  Island nortLeastsnrd 

to Point q4u, an8 thence beneath thra waters of Stephens Pasrrage. They 

ree-ppear i n  eastern Ganbiur 3ay v ' k r e  " t y  f o m  e marly rec t i l inear  b e l t  

of outcrops trending north-.n~rthwest md extendin& dlt?oct continuously 

along the shores of Seylu~ur C a a l  for  a disAcnce of about for ty  miles 

north of GAlnbier Bay (Lathran  and others, 1960; see also fig. 1). !the 

terrain underlain by the Sa&nour C a a l  Po-mtion.18 low and featureless, 

excegt for a few romdc8 1iUs underhin by conglomr~te.  Fossi l  evidence 

indicates that the stratigraphic iuterval f r a  Upper Triassic to Upper Jur- ~ 
essic  i s  nis~ing between the Seyllcur Cannl f c m t i o n  and the underlying 

Byd f o m t i o n c  Slnce no s t r u c t u r C  d i s c o r b c e  could be detected between 

them, the contact is consi53rcd t o  be a discoafomity. 

Overlying the Sewour C m a l  formation are the BroWrs  volcanicsv 



* The contact between the tr.70, 2,s seen on the western shore of Brcthzr , 

Iohnd, i s  confonns.ble. , ' ngdar  f r a w n t s  of the overlying volcmic rocks 

occur i n  the a rg i l l i t e  fo r  as much as a foot or  two below the contact, 

suggesting t h a t  the un&l*ly& nud xms sof t  a t  the time of volcanic ex- 

trusion and sedimentation WEB probably taking place when volcanism begun 

(fig. 11). The exact s t r c t i g r c ~ h i c  poaition of the Brothers volcanics 
- 

w i t h  r e s p o t  t o  the entire Seymnu Cdnal fo&ion is un];nown, as the- upper 

contact of the volcanics i s  n o t e q w e d .  The Brothers volcanics crop out 

*thin the @nerd outcrop erca of the Seymour Canal fomr-tion, as  In&c&ted 

by autcrogs on scattered islards i n  Stephens Passage, and it mey be tha t  

they are a c t w l l y  interbedded i n  ths upper part  of the f o r a t i o n .  

Tba Seymour Canal forxatlon cor~sists lmgely'of dark gray, s la ty  
-_ ' 

a rg i l l i t e  and 'Mn-bedded grey~~-cke ,  which l o c U y  contsln thick lensatf c 

- bodies of conglomerate end rrassive igraywacke. The thin-bedded graywacke 

I occurs throughout the arg i l l i t e  ~ e z t i o n  i n  variable abundance fm place 

t o  place, whereas the co~&lcmrcte and massive pywacke  uni ts  are more 

loca l  and eppear t o  be co~Oine2 t o  the up-r part  of the formation through- 

out the area. A minimm t;llic:~~n,ess of 4,000 feet was estimated for the lower 

part of the formt ion as e-osed on the nortireestern shore of the main arm 

of Pybus hy. This section, however, Ooes not Include the o o q l o ~ r a t e  

facies, wuch appears frm its position i n  the outcrop belt t o  characterize 

the uscer half of the fom2tion. T:e actual tbichess of the formtion i s  

probably as much as 8,000 feet. These Figures  can be regarded ns no more 

1 ,  thzn e s t a t e s  becswe i n t e ~ s e  and t3e h c k  of marker be& i n  t3e 

I Seymour C a n a l  formetion prcsclu2es relle3le rrceasuremeat of s trat igrqhric  

The a r g i l l i t e  and thin-?sc?Ae& grtqwe-eke, which chcracterize the 

I Seymour C W  formation throughaut its visible cent, have the general 



Figure Il.--(=ontact between slaty arglllite of Seymour C a n a l  foxmation (below) 
asld flows of the Brothera volcanics, West Bmther Island; note angdm 
fragment of volcanic rock (circle) embedded in arglllitej bedding in 

0 arg l l l i te  about IgaralLeL fo contact, whereaa f rac ture  cleavage dlps , 

rrteeply to right. 



I c b ~ ~ ~ ~ c t e r i s t i c s  of flysch &posi ts  in  many parts of the? world (fig. 122., b) . 
itself  i s  rather mss-tve, md non- celcerems, but 

it contains scattered concmtioas of yellowish-weathering limeston? a& 

re la t ive ly  fewer exotic incl-xiors of older linestone ( f ig .  13a, b) . The 

intercalated thin-bedded gzy;.?~clic layers are dark gray indurated rocks 

that weather to light gray. Iollivic!dL grrywacke beds range from e quar- 

t e r  inch t o  tm feet i n  tUc:;;iess, hut nost are about one inch thick, They 

1 ese usually continuous within any outcrog, but may vary noticezbly i n  

I thidaess . Graded bed&?, s n d l  sc::le cros shedding, convolute laminations, 

a2ld various sole marlriws, ~?kich are cbaracterlstic of turbidi t@ deposit6 

as &scribed by Kuenen (l~j~), are -typical of the Seynour Canal f~rapmclres. 
-- 

In  a f e w  layers, es much a s  20 feet thick, the thin greywacke beds have 

been broken and the f r a p n t s  pore or less scattered t*ough the mglllite 

in a rnrnner sugest i r ig  submrl= sllm~.ing. Petrographically they are vol- 

cani c graywackes, nateuortlqr f o r  their low q w r t z  ' content ( see ~ppendir:) . , 

CowJ.m;erate a d  mssive grsykacke occur together as thick lensstic 

messes i n  t h e  upper pa* of the Se4111our Cend formetion. The largest of 

these are shown on the geologic ~ a p  ( p l .  1). In them masses, the lergcst  

of ~-hich 03 E U l o t t  Islaad i s  2,009 feet thick, conglomerate beds comroonly 

thin along the s t r ike  and In te r toqpe  with mssive grcprcclie, which i n  

tm intedongues with erdl l i te  =d thin-betided grapacke , Such orderly 
I 

facies  change, although i"Ueem broadly characteristic, is afstur'oed i n  

Cetd.1 by in t rus ions  of c o n ~ l o m r a ~  and mssive grcywacke in to  the =dl- 

a i t e  and thin-bedded greyxacke (fig. 14a, b). Fur themre ,  large a n a a r  

blocks of tan-be&d gr~ywccke and a r g i l l i t e  as nuch as  30 f e e t  across 

occur here and there within the co@werates. Both cone;lomrate an& 

w s i v e  graytrccke layers lack internel bcdCiq s tmcture  end appear m- 

sorted (fig. l5a, b). Tkzey are thought t o  be the products of submarine 



Polnt q.bus, tog is to the right. 

b. Convolute bedding in a thicker-thanwerage (about 8 in,) graywacke 
bed, Seymour Canal formBCion, north ann of qibus a tgurefa 



a. Limestone concretion i Canal fox 

be Emtic inclusion of older 
Ulnestone in argillite 
end --bedded gray- 
wacke of Seymour C a n a l  
fonnatlon, Gambler Bay. 



a, Intrusion of con&omerate into argll l l te  and --be& 
Seymur Canal formation, Gadbier Island (horLzonta3 

b. Inerusion of graywacke dike Prom massive graymc~e: uecl on Lef't into 
slaty argi l l i te  and thin-beaded greyvackej note disrupted Ulnestone 
concretion (la); Seymour Canal form~~tion (horizontal m a c e ) .  



a a. Cobble conglomerate, 
13ay; less than 10 3 

,- _ _. ... ... ._ 

*m 
prcent  

x Pannl formation, : 
I grt;~rr~acke matrix. 

; Island, Pybus 

b. Conglomeratic argilli~e, seymour Canal former~lc ip i e ~ a n 8 ,  Gambier 
E&y; more than 90 percent argillite mi 

Figure J.5 



I slide dotmslo~  into a basin floor w P i r e  the argillite and thiu-beC6ed 

Foesll. co l lec t ionsf rw -the ergilllte of the Seymour Canal fonnation 

indicate agss ranging frm L'ic JL-azsic -to XWl3- Cretaceous. The two 
I 

xost diagnostic f o m  collected are  2ucUa rugosa ( ~ i s c h e r )  and Euchla 

cf. - B. volgensie ( k h u e n ) .  Co2.lections con1.bining EucXa W o c a  ( ~ i s c h e r )  

are considered by R. W. IniL~y ( k ~ i t t c n  cccuunicatlon, 1959) t o  be nidd3.c 

Ummerldgian t o  early Portlnndbn i n  age3 other collections conteining 

Bdck5.a cf. - B. volgensis (XAusei?) are consider& by Inley t o  be probably 
-. 

Berr ia~ian i n  qe. Beccue of the in&nse folding and the lack of marker 

beds, tlm relative s t ra t igr :q '~c  position of be& coil'caiaing the two 

fossils cannot be determi~d, but -In general beds containing Buchla 

w o s a  (~ischer) tend t o  crop out nearer t o  t ' i  l o w r  contcct of the 
- 

formtion Qan do those coztai-sing C i l ~ h i i ~ .  c1. QI volgensis (~dhwen) ,  - 
A complete Ust of foss i l  l o c ~ l i t i e s  and fossil8 i s  recorded In the 

%- 

Appenciix . / 

The Seymour C ~ n a l  formation crop3 out on the s m a l l  islands and reefs 

i n  southera F'ybus Bay, and -;hen iiisqp~:ars beneatla waters of Frederick 

Somd and the Tertiarymclrs, 1% rempears fa r ths r ' smth  on Admiralty Is- 

land i n  a single l oca l i ty  bctieun &:ring and Cbpin  B~tysj where fossils 

of Eerly Creteceous sge beve becn collected (E. E.Lethra~1, oral  c m u c e t i o n ,  

1963; see also Lathram and otiers,  1%0). 

B ~ ~ t h  of  Gambier Cay the Sejrllou;: C c t n e l  formt ion  crops out for the 

entire length of Seymour C a e l  and narthwestward as far as the eastern 

shore of lilansfield Peninsula (k-~hru ~ i l d  o+&crs, 1960). 1-ccorrling Lo 

these euthors, no fossils have been Zound in the f o r a t i o n  on kdmirclty 

Island north of the Py'aus-Gmhier area. Tise  rocks on l~hnofield Penin- 

sula adon  the neighborirq islands t o  the east have been grouped by I 



. , 4 ,  
-, .I 

.Barker (1957) i n t o  two f o m  t ions : 1 )  'a lower unit, Symonds formation, 

consisting of s l a t e  and grrymcke, and 2) an upper uni t ,  Shel ter  formation, 

consisting of conglomerete, s la te ,  s.nd greenstone. Es-rker considered both 

foxmatione t o  be of possible' Early Cretacecvus age, because they eppear t o  

be the northern extension of the roc:cs conteining P.ucella. /&ch i7  a t  

Pybue, Bay. The Symonds foraEtion by def ini t ion Includes only the  slate 
.%-- 

and graywacke belo:? the  con.31o~eretic Shel ter  format ion, and hence m y  

beequivalent only t o  the lover pa r t  of the Seymour Canal formtion.  The 

conglamerafic units i n  the Seymour Ce.nel formation may correlate  with the  

Shel ter  formationp but t h e i r  l en t icu lar  form snd the  dintnnce (65 miles) 

separating the  Pybue-Gambler area from Mansfield Peninsula does not jus t i -  

fy the  use of the  same nme. 

On the mainlana northwest of Juneau, Knopf ( l g l l ,  p. 1h17; 1912, 

p. 15-18) gave the  nPme Bemers fomntion t o  the s le te ,  grcywacke, end 

greenstone a t  Berners Bay, pad on thc basis of plent f o s s i l s  he considered 

them t o  be Upper Jurassic  or Lower Cretaceous. The rocks of the Eerners 

formation extend southea.stw+rd t o  the v i c in i ty  of P-uke M e ,  north of 

Juneau, where they w e r e  called the  Treadwell formgtion by Barker (1957). 

Knopf correlated the Berners foma t i cn  with the s ln tes  md graywockes a t  

Point Young I n  northern Jdmirnlty Island smd v i t h  rocks of the seme l i t h -  

ology containing ! . u c e l l a / & 1 ~ ~ . , ~ 7  a t  Fy"Dl.m Bey, t h a t  1s the Seymour Canal 

I n  general, s l a t e s  o r  e r g i l l i t e s ,  greywackera, and conglomerates con;. 

ta ining Buchir occur i n  two broad belts i n  southeastern Alnska: 1 )  an 

eastern b e l t  along the west f l d  of the Coast Rnnge bathol i th  extending 
;, 

from the  v i c in i ty  of Ketchikan on 'the south t o  the  v i c in i ty  of Sk~gway 

on the north, and extending westmra as far  e.s the Pybus-Gembier erea; 

2) a western belt  extending slong the  west coasts of Earanof and Chichagof 



Islends anb northwestward alocg t k i  w s t  f l a k  of the Falrveather RFnge 

(see Dutro and Payne, 19601 &sd and Coats, 1941) a Other than th@ cor- 

relatione discussed i n  the pi%vious pcragrzphs, detailed corh la t ions  * 

w i t h  the Seymour Canal formation an& other s t r a t a  of Jurassic and Cre- 

taceaus age i n  these two belts are not jus t i f ied  by present knowledge. 

The' name Brothers volcanics i s  proposed f o r  the sequence of ande- 

s i t i c  volcanic flows, breccias, and aasociated volcanic sedimentary 

rocks a t  l e a s t  2,000 f e e t  thick on the Brothers Islands i n  the southeastern 

part of the Wus-Gambler area. These islands were previously mepped as 

- dior i te  by Buddington and Cb.pin (1929, pl. l ) ,  and as  Cretaceous and 

Jurassic intrusive igneous rocks by Dutro and Peyne (1957) 

- The Brothers volcanics eeem t o  l i e  confombly  on the Seymour C a r d .  

formation, a s  &own by the cortect exweed on West Brother Island (p. 43) 

end by the general s t ruc tura l  conformity of the two formations. The 

Brothers volcanics may l i e  e i ther  part ly o r  wholly within the uppernost 

part of the Seymour Cam2 formation, as suggested by the location of their  

outcrops within the eastern md possibly younger part of  the outcrop b e l t  

of the Seymour C a n a l  formation9 or  they may l i e  wholly above the Seymour 

Canal sedimentary rocks. 

The Brothers volcallics ere cmposed of about equal an;ounts of mssive 

andesitic flows (f ig.  11) and flow breccias, and minor intercalated. vol- 

canic graywacke. The flows ere chiefly dark grey, purplich gray, dark 

greenish gray, and rarely =dim gray in color, .end weather. l igh t  green,- 

@ &k green, and yellowish olive. 'They renge from f ine  grained t o  ephan- 

i t i c  i n  texture, and i n  places contain euhedral phenocrysts averaging 

about 2.0 nun In length of glagioclase, pyroxene, and, less commonly 



hornblendeo The flows g r e k  in to  f lov breccias containing angular frag- . 

ments of the above rock t p s  rangi.?g i n  length from 0.5 inch t o  3.0 feet,  

embedded i n  a matrix of tho s~lrac caapooitlon. The rocks commonly contain 

scattered .calcite emygdaleo a~vregillg about 3.0 rm i n  diameter. The 

typicel, flow rock is sligh-bly altered, and i s  largely cwposed of e e r i -  

c i t i c  plagioclese (lazg t o  ktu), c l i n o ~ o x e n e ,  hornblende, chlorite,  ' 

calci te ,  and opaque minerals ( see ~ppendix) , 

Detrital rock a f e w  hm&ed feet i n  thickness and coqosed en t i r e ly  

of volcanic m a t e r i d  i s  intercalated i n  the flows and brecc$as, Some of 

these rocks may be tdfs, but most a.re certainly poorly sorted, water- 

l a id  sedimentery rocks and are classed as vo lcadc  graywackes ( ~ i l l i e m s ,  

W r ,  end Gilbert, pa 304). Volcanic rock fregmnte i n  the graywacke 

appear similar t o  the now6 wd breccias described above, and they are 
I 

i - embedded i n  either a ca lc i te  cenent or  a, chlor i t ic  matrix. ! P b  calcareous 

graywacke generally f o m  s l i ~ l t l y  irre,nular, lensa t ic  oscsses p z r a l l e l t o  

the b e U n g  ranging i n  thiclmess froa 0.5 inch t o  3.0 f e e t  within the chlor- 

i t i c  graywacke. The ceJ-ceeous masses weather t o  a rough, olive gray sur- 

face that contrests sharply with the snooth-weathering surface of the 

chlor i t ic  rock (fig. 16). In both var ie t ies  the grains form about 60 per- 

cent sf the rock, and range i n  size from medium sand t o  coarse pebbles; 

the average .is very coarse swd. Bedding is coxnonly shown by slight 

variations in the grain size of p-aacent layers. An important difference 

between the grains and the flow rocks exmined i a  the presence of large 

(as mch ES 2.0 m i n  length), cloudy, somewfiat mottled, -twinned and 

si~ply twlnned feldspar phe~ocrysts  ~ h i c h  hcve been shown by sodium 

• cobal t in i t r i te  s t a i n  t o  be gotassic feldspar. Perhaps this difl'erence 

indicetes en introduction of potaositu during o r  following sedimntation, 

but sampling was not extensive enough t o  be caeai-nr The rock fragmilts 
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shore of Fast Brother; shows rough-weathe 
smooth-weathering n o n - c a l ~ u 8  rock. 

Lhera volcanica, south 
tlcexeous lenses Sa 



tend t o  have borders of fine opaque grains which irclude both pyrite and 

leucoxene; a f e w  fragmsnts s-e nenr ly  opeque because of ebunhnt pyri te  

inclusions. A f e w  rounded grabs of colorless c~nopyroxene and greenish 
8 

brotrn hornblende having r i o s  of' chLorite and mc-tite-ilmenlte were ob- 

served. 

Although no f o s s i l s  were fomd i n  the Brothers volcanics, they ar8 

regerded here t o  be of Late Jurassic or  Early Cretaceous age sMlar t o  

that of the Seymour Canel fornation. This correlation i s  bssed on the 

general structural  conformity of the two forrcations, and the  previously 

described features of their coatact (p.43). C, W. Wrlat (1906, p l .  33) 

m p z d  the volcanic rodss of the Erotyers as "surface laves and tuffs", 

and correla ted them with the Tsrtiary volcanlo racks of southern Admiralty 

Island (kdmiralty Island vo1c:zics of this pcper). Eowever, the steep 
- 
et t i tudes of the Brothers volcanics ( p l *  1 )  are i n  g e n e r a  conformable 

with those of the Seymour Csnnl fornotion, whereas the at t i tudes of a l l  

knowrl Tertiary rocks i n  the rezion arc very gentle. 

Volcsnic rocks possibly correlative with the Brothers volcanics form 

the Glass Peninsula i n  nortkezstern f chiral ty Island ( ~ a t h r m ,  end others, 

1960). This belt consisting of altered, augite-bearlng, volcasic brec- 

c i 8  and tuff, and minor sla'x i n  contact on the west with the a r g i l l i t e  

a d  grey~ache cropping out along the shores of Seymour Canal considered 

here t o  be an extension of the Seymour Canel formation. The volcanic rocks 

of the Glass Penfnsula lmre consi&rc?d by Buddington and Chepin (1929, 

p* 158-159) to be Jurassic or Cretaceous In age Northwestward along the 

trend of 42s Gla~s Peninsula, similar volcanic rocks crog out on Dowlrs 

Island I n  the vic in i ty  of J-aeau. W r t i n  (1926, p. 255-256) called these , 

rocks the Douglas Island volcc-dc grol;p, arid considered then to be of 

probable hte Jurassic e p .  I n  general, then, the belt of volcanic rocks 



e ~ t e n d l n g  fr0n Doughs I s l e ~ d  ~ o ~ t l z e r z s t ~ ~ ~ r ~  t o  the t i p  of the G1g.s~ Penin- 

sula may be represented i n  the Pybus-GLzmbier area by the Brother8 volcanics. 

Bocks correlative with the Brotkers volcanics do not crop out on P-ddr- 

a l t y  Island south of the ~ ~ ; ~ ; s - ~ a b i o r  area (Lathram, md others, 1960). 

Buddington and Chapin (1923, p, 165-167) s ta ted  tha t  southeast of Admiralty 

Island greenstone volcesic rocks occur throughout the b e l t  of Jurassic and 

Cretaceous rocks which lies along western flank of the Coast Renge betho- 

t h  Reed and Cwts (1941, p. 34-35)> on the west coast of Chichagof 

Islend in the western b e l t  of Jures~5.c end Cretaceous rocks, reported i 

It greenstone schist"  i n t e r c ~ h . t e d  i n  their graywacke foamtion which they 

considered t o  be Late Jurassic end Ec-rly Cretaceouo i n  ege. 

T e r t l a l y  system 

TJnnemed conglamerate and sandstone 

I A gently dippiw seyuer:ce of intcrbedded conglo~erate, l i t h l c  sand- 

I - .- 
stone, and minor mounts of ohcle, prohebly of .no&arine okigin, croDs 

I out on the west shore of Pybua Eay \rest of E l l i o t t  Island and i n  eastern 

I L i t t l e  Fy-bue b y ,  This uni t  hr:s been previously mapped by Budiiington and 

-pin (1929, gl. 1) as Cretaceous, and by Dutro and Pay- (1957) as Cre- 

taceous e 

I This gently dip?lng seqcence overllea the strotlgly defonned ~ t r a t e  

of the Cannery, +d+d Se~~aorx  Cznal f oriations with pronounced angular 

discorbnce,  The contact i s  v is ib le  on the west shore of Pybus Bay near 

the south border of the nap (pl.  1; fig, 17a). The cooglanerate and sand- 

I stone u n i t  i s  c o n f o ~ b l y  overlain by the A b i r a l t y  ,Island volcanics, as 

@ seen on the islands afid reefs  i n  'httle Pybus Bay (fig, 17b). The Ban:- 

inrnce of cobbles of rock tyL)es ~ M l c ~ r  .to a o s e  of the A M r e l t y  Island 

volcenics i n  the top few f e e t  of the con2;lomrate indicates t h a t  volcrznism 



0 
a. U n c o n f o ~ b l e  contact between ummed conglomerate ( ~ o c e n e )  e 

arglllite of S e p u r  Canal. formation (below); note slabs 01 . I l i t e  
i n  conglomerate; eouthern qibura Bey. 

~nfom~ble:  contact between Admiralty Island volcanic and unnaoled 
conglomerate ( bcone  ) below; conglomerate composed y of volcanic 
fragnente i n  tog few feet; Little -bus Bay. 

Figure 1 



-_ 
b e g m  Sef ore the end of con:;lc:3zrate dcgosition . 

The outcrop of the  co.~;lo::-.r:.te end sandstone un i t  i n  the P~bus- 

Gmbier area i s  confined t o  Er t r i e n p l r r  ares. b-c?ed on the west by the 

Admiralty Island volcanics, c;l t:~? scuth by the  boundary of the area, end 

on the east by older rocks c r q p i n g  cx t  aiooz the west coast. of Pybus Bay. 

The unit  i s  about 2,000 feet thick m u  the south border of the erea, but 

t i n s  northward and pinchzs out iznedlately socth of Connery.Cove. 

The c ~ n g l ~ e r c t e  2nd sandstoce occur i n  highly lensc t ic  beds t h ~ t  i n  

part represent stream channels aad i n  >art alluvial fans. Conglamerate 

p ~ d d n a t e s  over sandstone by E ratio of &bout 3:1, a d  consists chief ly 

of rounded cobblke of a wide ver ie ty  of rock t y p e s  (see kppndix) i n  which 

~ c i d  plutoilic rocks end mi;iili.te dmine'ce in the uni t  as a whole, but 

v o l c ~ n i c  rocks daminate I n  t3e top few feet.  These cle.sts are exbeclded ' 

ia medium to light gray, coerse-(grained, l i t h i c  sandstone matrix tha t  i s  

similar t o  the sendstone cf -k&s scndstone beds. The scndstone i s  char- 

acterized by an abundance of lustrous, d.erk gray phyllite f r a p e n t s ,  

and eenerally less tba 15 pzrcent q1~'rtz; it contains both celcereous and 

argillaceous m ~ t r i x  generally i n  excajs of 10 percent, end my be classi-  

f i e d  ss litde kTacke ( i u ' l l l i a z ,  Txc-mer, and Gilbert, 1954, p. 297). The 
1 

I 

cocrse-grained sandstoae beds ca-onlj  show large scele crossbedc3Ing 

(f ig .  l8a), v ~ t  the mch lesZ3 cbmdant fine-grained sandstone and s i l t -  

stone beds gecerclly show 'cc'di r ipple  acrlis and small scale crossbedZirg I 

(fig. 18b), and i n  places contc.in th in  ( lecs than 5 m: thick) coely EeEns. 

m e  ccinglornerate acd coildstcne urdt is  considered t o  be of Xocene age 

because of i t s  close resecib1;:noe t o  the conglonerate, sandstone, and s b l e  

of the Kootzmhoo I r d e t  aroc. i n   stern C k i r r l t y  Island, vhose age i s  based 

on plmt f o s s i l s  (c. W. W r i ~ I t ,  196, p. l4k-147). The only o r ~ m i c  re- 

mains found i n  the unit within the Pjbus-Gmbier area are crrbonized 

p l e a t  s t e m  not i n 6 i c ~ t i v e  of ege (R. W. Brow, writ ten ca iua iza t ion ,  1959). 



a. Coarse sctndstone of coaglomerate and wdetone  uni t  at Little Pybus 
Bay; note scattered pebbles, and Wge-scalar crolssbedding in layer 
below Brunton compass, 

/ / 

a b. Fine-grained sandstone of the cocglomerate an8 sandstone uni t  at Little 
Pybus Bay; note syinmetrical ripple beading at top, an8 amall-scale 
(0.5-1.0 in. ) crossbedding sets near  middle of bed. 

igure 18 



Although coal is much mors a5.aCent i n  the ICootznohoo area than e;t Little 

Pybm Bay, the sandstones of tL,: two areas are quite Smilar and corltain 

an abundmce of dark-gray, lustrous phyllite grains (personal observation). 
-- - 

Furthemore, both sequencer; are only sl ightly &fomed, and overlie in- 

tensely defomed older st=-ta. The beds a t  K ~ ~ t z n e h ~ ~ j  however, are 'not 

overlain by tkePddralty I c l m O  voPcenics as are the  beds a t  L i t t l e  Pybus 

Bay, but, i n  view of the slmilar reiationcf the two formations t o  older 

I streta and the i r  s imilw litkology, it seem l ikely  that they are roughly 

1 ,  contemporaneous deposits fo=d m C c  r similar continental environments, 

To the south on P.dnire;lty f sland, near b5;urder. Cove, coal beds, volcanic 

I seodstonea and conglarnerete of prob~ble Eocene age axxiintercalated i n  vol- 

canic flows and breccias of the Admiralty Island volcanics (c. W. Wright, 

1906, p. 152; ~ a t h r m  m d  c~tl-ol-s, 1550). 

- -- According t o  Buddi~gtc;n and Cta~gin (1929, p. 260-267), more than 1,350 

feet  of senbtoce and inter-culctad congLmra-be containing plant foss i ls  of 

Eocene age =&rue rhyolitic a d b e s a l t i c  volcanic rocks a t  Port Canden, 

ECuiu Islesd, and a t  Hemilten Bay, K~preenof Island. These rocka were con- 

: sidered by these cuthors t o  be pa r t  of a once continuous be l t  of Tertiary 

continental deposits extending northward and including the similar deposits 

on AMra l ty  Islmd. This early Tertiary basin of deposition, ~rhich &is0 

includes the Admiralty Islznci volcanics, haa been called the Admiralty ~ 
trough by P a p  (1955; see d s o  MiXkr and others, 1959, p. 22). I 



Section of lover par t  cf tlie cos=loxerate and banb"c- 'unit 

meaaured on the shores of the peninsula b e t m n  Littlo mbus 

Feet - 
Covered 

Conglcmerate and sandstone unit: 

I .  Conglwrete, pebble and co-able; rounded clasts  of 

grasite, @Ass, ble.ck s k t a ,  phyllite, W t e  chert 

in a light-grey, coarse-grained, sl ightly ca lca rew,  

U t h l o  sandstone r i n b - i l x ;  mtrix less than10 percent. 4 25 , 

Sadstone, light-grey, xdiwn- t o  coarse-grained, 

slightly calcareous, sleWay, crossbe&&d; contains 

scattered dssk gray, 1wLrous phylllte grains; 

very sparse rounded psbbles scattered throughout; 

crossbeading sets 0.5-2.0 feet thick. . . . . . . . . .  15 

Conglamerate, as a b o ~ j  contains boulders 1.0-4.0 

Sandstone, as above . .*.. . . . . . . . . . . . . .  12 

C o v e r e d . . . . . . . . . . . . . . , . . . . . . . . .  15 

Conglamerete, boulder and cobble; similar t o  conglcmsr- 

ate cbove; containa &badant fragments of medium-gray, 

f ine-grained, volcnllic breccia a d  porphyritic diorite. l l 0  

. S a n d s t ~ n e , a s a b o v e * . . . . . ~ ~ . . . * ~ . * . . r  3 

C ~ v e r e d . . . . . . . . . . . . . . ~ ' . . . . . . . . ~  45 



Section of lowzr part of the ccn,l(w,arate escl sandstone uni t  

measured on the shores of the yn insu l s  between L i t t l e  qrbua 

a d  Pybuo Bays. --.continued 

Feet - 
Conglocmerate and sandstone uni-t--continued 

Conglamerate, pebble end cc531e, rounded c l a s t s  of typ@s 

given abwe i n  medim dar:.:r-gey, coarse-graine.di2 l i th i c  

sendstoee nuitris; olrtrix about 4-0 percent contains abundent 

grains of dark-gray, lustrous phyllite; 'lenses of meaim 

.. dark-gray, slightly bluish, coarse -grained, li thf c sand- 

stone; swdstoae lenses &ye crossbedded i n  s e t s  0.5-2,O 

feet thick; contains s l ightly rounds4 slabs of slaty 

T o t a l  

A n g d a r  unconfonnity 

Seymour Canal formtion:  

Argillite, dark-grc-y, sla2;y, fractured; contaf ns 

sparse 1.0-2.0 inch thick n?edium dark-gray, fine- 

grained graymcke b-zds . 
Sec-t;ion of upper part of the conglomerate a ~ d  ssndstone unit  

in nort;hrn Little F-y?ms E3y, 

Feet 

AdmSralty I s l m d  volcrmics : 
Confom~ble contact 
Conglow rate and sandntoae unit : 

Conglomerate, cobble, ne&u dmk-grcyj subrounded 

cobbles ~veregin;: 3 inches i n  length, 20 percent 

coarse ~ d s t o n e  matrlxj cobbles chiefly. dark gray, 



Section of upper part cf the conglaera te  end sandstone unit 

i n  northern Uttle FyLuc Bay--ccntinued 

Feet - 
Conglamrate andsandstone unit--continued 

fine crystall ine,  v e s i c u l ~  volcanic rocks, and a 

few black &e-* and w i t e  g W z  pebbles; about 
s 

. . . . . . . . . . . . . . . . . .  20 percent rnctrix. 10 

Conglmrate, pebble-to-cob ole, rredluu U&t-gray, 

m s ~ i ~ e j  roundad clasts of g r a t e ,  gneiss, quartz, 

fe ls i te ,  black s la te  i n  mdiun-gray, co=se-grained, 

l i t h i c  sandstone metrix; w t r i x  about 40 p r c e n t j  

clasts  average .&cut 3 inch26 i n  laagth;  urljit 

includes a f e w  1-3 fcot th ick lenses of =%dim 
- -_ 

light-grey, ~liediuu- to conrce-greiiled, sp&-sely 

pebbly, l f t h i c  sandctone. . . . . . . . . . . . . . . .  65 

S:,ndst;one, medium Ught-gray, weathers reddish yellow, 

f ine-grained, ~ i c a = a o u s  (axscovite ), slabby, crossbed6edj 

crossbedding set6 average 1.0 inch i n  thickrcss; symmtrical 

r ipnle  j scc-kte~zd 'Dram, iron-rf ch concretions 1-2 

. . . . . . . . . . . . . . . . . .  inches i n  diameter. 10 

Stndstonz, mdim brk-gray wfth slight bluish cast, 

coarse-grained, li'chic, c r o s s b e ~ d ,  slightly a d -  

careous, mas s ive ; contxims abmdant s lab-like grains 
-. ." 

of dark-gray, lustzous phylli te;  crossbedded sets  

Covered 
Totel  



The name Admiralty Xslanci volczdcs i s  here proposed for the thick 

seqcence of gently dipping, &n,deoitic end basal t ic  flows and minor rhyo- 

X t i c  breccia and tuf f  tWt crops out i n  the southwestern part of the Pybu8- 

Garbier area, and i s  typically ewooed -st.:ahd ndrth of L i t t l e  Pybtrs Bey* 

The volcanic8 r e s t  conforzzitsly upon tk unnamed conglomerate and sendstone 

unit in the Little -bus Bay Erea 56; see also f ig.  ln), but fram 

C..lnery Cove nortkJesttmrd the volcrsics overlie strongly deformed rocks of 

pre-Tertiary age wfth a mrked e n m a r  unconf'ormity. The Admiralty Islanc¶ 

volcenics are overlain by scattered unconsolidated deposits of Quaternary age. 

The formation a t ta ins  a thickness of a t  least 9,500 f e e t  =st of Can- 

nery Cove, but thins south~~ard  t o  l e s s  than 5,000 f e e t  near L i t t l e  Pybus 

Bay. Indivi&xil flows mnse ic th ickness  f r a  10 t o  50 feet, end form a 

regularly layered sequence i n  which SOBE flows seem to pers is t  for   mile^, 

R ~ 5 d  topozraphy underlain by the v o l c ~ n i c s  consists of alternzting c l i f f s  

and gentle dip-slopes that ref lec t  the thick layering and gentle dips of the 
- 

flows (fig.  198). Fresh, mitered fiow rock is dark grey t o  gray-ish bleck, 

and weathers yellowish brown, reddish b$ovm, greenish gray, and black, The 

most c m o n  type contains plr.gioclase phenocrysts s e t  i n  a fine-grained or 

aphenitic grounbass. The flows coxxonly contain anygoales cccnposed of 

chalcedony, calcite,  or chlorite i n  their upper parts. The flows are 

generally massive end i r r e g d a r l y  frsetursd (fig. ID), but i n  a f e w  places 

' they display cnuk c&~mnar joint'ing (fig. 19). The rock is  composed 

largely of pLegioclese ( ~ n ~ ~  to tam), clinopyroxene, mrpet i te- i lueni te;  

loca l ly  glass is an importart constituent ( see ~ppendix) . 

a The Admiralty IcLend volcanic8 are cut by numerous dikes, ranging 

i n  tUcbe~3 frarn 0.25 inch t o  20 fect, having coxpositions c M l a r  

to  those of the flows. The dikes are also abundant i n  the older rocks 



a, 'jlomn m a t  of Cn,merg. C m a  r&oving gently diflrgfng f k  o f  the 
4 a - W  IelanB V O ~ C W ~ C S *  

b. Crue c 9 a . u ~ ~ ~ ~  JolntSn~ m ~ 3 . 0 ~ 8  or tae m r a l t y  Xsb 
Lit t le  py'bue IScy, 
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i n  a zone about one n i l e  wlrlc? Z'orLering the ow'ccrop of the volcenics, but, 

beyond this zone dikes Eire scnr.ce. T l i i s  f a c t  suggests the.t the T e r t i a r y  

volcanism did not extend, 2c.r '~cycrci the present a rea l  extent of the 

A M r c l t y  Islcnd vo lc~n ics .  Figa-a ' 20 ~ h o i s  the orientation of dikes i n  

the pi-e-volcenic rock5 I n  tLe c>ove zcne. The average dike orientation, 

s t r ik ing  N. 32' 3. 'and &i>sii~g 75' t o  t l ~ e  scuth, is &out ncmel  t o  the 

aial plkues of the second Ia1;2s i n  the ?ybm s t r u c t - a c l  province (p. ). 

i s  widespread i n  both floiqs c.112 cjllres of the P d d r e l t y  Islend volcanics. 

The chief products of this a l te ra t ion  are chlorite, celci te ,  se r ic i te ,  

epidotc, a d  r lb i te ,  tz;loce z:encn,ce iu.~&s a grceaish gray color t o  the 

a l te red  rocks (see P.ppenLix ,"or Ce tLils) .  Thc re la t ion  of the a l te red  

rocb t o  the uneitemd rocks i s  uncleer beccuse of the d i f f i c ld ty  of t rac-  

ing out individual flows or c?i!;ez i n  t& ruzged te r rz in .  However, a l l  

t raas i t ions  fr~a unel~ercd tc. ~cxn~~1e"sl.y e l t z r e d  rocks occur i n  d i f fe rent  

loce l i t ies ,  swges t icg  t b t  zones of altered rock grede in to  unaltered 

rock, &bred and unaltered C L e s  have the saxe general orientetion ( f ig .  

20), end tkus probcbly b e l c ~ s  t o  t t l e  s x e  ejisode of i r , t m i o n ,  

Because of the va r i ab i l i t y  of Vi12 plagioclase composition, the clads%- 

f ication of the rocks ~f the Pdxira l ty  Island volcc?Acs is bcaed on t h e i r  

chedcd composition. Four rapid rock analyses vere mde of u a t e r e l !  o r  

slightly el'iered rocks; the sli$~",y eltered rocks co2tain s=U anolmts 

of chlorite,  se r ic i te ,  and cc lc i te  ( f ig .  21, nos. 1, 2, 3, 4). I n  acldition, 

three analyses of aluost cmpletel;. al-tered rocks irere mde ( f ig .  21, nos. 

5, 6, 7). The cnalyser. of t i 3 2  un (~ l t c rzd  roc:rs -hair a r2u;e i n  S i O B  con- 

@ position fram 44.4 t o  57.9 p e r c ~ ~ ~ ~ ~  with tonost containing 53; ; to  55.9 per- 

cent SiOz. \ l iU ia i s  (1950, %. 23!~-23j) calls' those rocks con-taiaing l e s s  

than 54 percent Si02 basel-is, end thooc containing more thsn 54 percent 



Figure 20.--Ea_wl area, 101:cz hsxisph~re  plot of poles to $0 dikes associated 
with the P h i r a l t y  Island voicml  L:S; --ualtercd 6ikc,--- X--nlLerc: 
dike 
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S i O e  andesites. Oil t h i s  babi5  ~>ec l ; en  1 la th  47.4 percent Si02 i~ a 
I 

bacclt, and specimen 4 i s  s~ i .  ;si-Lc ; the r e s t  range frm endes i t l c  ba- 

s a l t ~  t o  b ~ ~ s a i t i c  a n k s i t e s ,  Z L e  mo:t basic of these, nuxbzr 1, vas col- 

lecteci f r a  e fiow rear "&e base of the foms%ozl, .rY.Zlereas the r e s t  'Gwre 

collected a t  higher strati;ivj;::l: lct  els , 

AczorciLng t o  WilsMre (1537, p.  257), the propylitized andesites a t  

Ebbet Pass, Cel i fon ie ,  s'ac- - 1 i ~ < ~ c - e s e  i n  Ll2Oj, Y20, cnd Na20 i n  corn- 

p r i s o n  t o  unaltered anLzsi.let;. IIz : ",rLbuted the 10s s of f 12Q3 nnd ?To ,$) 

i n  large pa r t  t o  the R ~ ~ C . : E I ? E ? ~ , %  of plcgioclsse by c s l c l t e  . These chzqes ~ 
I n  ccqos i t ion  cennot %e I'o3o;:ccJ. clcscly I n  the present anelyses becawe, 

u;llike XIlshire ' s  work, eri~Lysr3s could not bs DC.& of umltered  alld altered 

parts of the stme rocls body. 1 :, the a n ~ l p e s  of figure 21 K$ en8 NaZO show 

no constezlt sense of chmg? bctr;ccn z l te re2  and ~ a c l t e r e d  rocks, however, 

A1203 is distinctly lover I n  the elteret! roc&. Ths intemedl!ate A1203 

i wrcentnges of sgsckens  2 r-.ad 4 nay the degree t o  irhich a l te ra t ic ,  

hes progressed i n  these rocks. 

llo fosoi l s  vsre fo1u26 2n the A&iSdL-ty Island volcanics, ho~ever,  

thcy are considered here t o  3c: Boceae because of the i r  general c t m c t u r a l  

conformity with the w d e r w n z  c3-aglaimrate riid sandstone unit, end because 

of the concell-lratioa of v c l c s d c  :"r~g~=,nnts of typs e m c n  i n  the volcanics 

i n  the uppencost layers of tac cc;azlo =rate (p. 56 ; fig. 1 ~ ) .  l a t t e r  

deposition. 

Tihe J.cbirelty I s l a ~ d  volcanics within -the 3~3zs-Cai?iSier Erea represent 

only the northeastern per t  of tho bt8i ex%ai*v of these V O ~ C E Z Z I Z  rocks, They 

cover most of the southern e 2:. o: k3mLralty Islend, sn aree of about 300 

s q w e  i d l e s  (h*a a d  ot:'2eri's, 1~53). Coal-%caring beas ere iater- 

calated between vo l ee~~Ic  b ~ e s c i a  nzcr l..b&r Cove a t  the south t i p  of 
. .' 



F i w  21. L ~ d y s a s  of mcl:a fro= the PMpitlty Xslar,d v o l c ~ ~ L c s .  
 id mc!c ~ ~ c ~ B  by P E ~  XI D. E k ~ r e ,  Iva E. -1otr, kzxi~e1 if. Bbtt13, 
mC3. GiUison Ckloo, U. S. G c o l s ~ i c r 3  3~mley.) 

. 2 

---- - 
1 - 

2 3 4 5 6 7 ----- - 
SiQ2 47 2 t -  -2 (3 55.9 ' 4 4 2 58.9 

1. Un:dLte-cd p q ' r ~ r i t i c  I ;&cdt  fxn nz= baac of cect-ion on vest o h r e  
of a t t l e  p--t-da zay. 

2. Slightly c'doritizc;2, rc~i'~:srpw,-:.tlc mbositic bwa3.t fmn north aide 
of r i a c  b p  1.3 ulles em'; 02' k+zd 05' cou'ch of 1b6cl Ezy, 

3 .  Ur&tcrc3, p=Jccny, prpl~r:i tic basaJ,';ic uAdc site fxr;;l rlczi3 "dp n@$r 
dl.tit-ada 2,627 feet, 1.G rr,ilc XL', 30° W. iZrCz bead of Eliza ?3r3or, 

4, S l i g L t u  c f lor i t i zad ,  ~ X ~ L ~ I J L I C  &;decite &fml?t ceot s b r z  at kc& 
of m z a  P s M r ,  

5. Utcrcil lwa 3 2  top of gc&i 3,325 feet eltiZ;iCs, 2.7 dies east of 
he& of Eliza Pirrbor. 

6, ATtcreil h\-a fmr? north hias 01 i~iage -LOP 0.8 muth 02 w ~ t h  arzn 
of F ~ o d  Say. 

7. &.Lte~=ed dike f r c m  &ore mrbh o f  Caanory  Cwe 0.5 mile west of 
t r iqru3atiorr  sta"co:1 Lwe. 



B~daington and Chq in  (v?~ ,  p. 265-267) dz~crlbed basal t ic  and a n b -  I 
s i t i c  lava flows underlain ky -:rndstenes and congloxerates of Eocecc Ege 

. . 
soutk of 4-diilrs l t y  Island 03 .I2~nrear-cf, ICuiu, and Z~rembo isl~nds . In I 
eddition, they found snell ou?:crogo cf s2mllar volce?dc rocfrs on t h e  Cas-tile I 
Islands i n  Duncan Ceml,  a ~ d  on small islends near Onslow Islend I n  the I 
KetcMkan dis t r ic t .  NorthI:cst. of A:'xf.relSy Islend volcsnic flows en8 tuffs I 
of gossible Tertiary ege occur on P l e ~ s e n t  Islad, and on t??e Sisters in I 
Icy Strci t  (bthrm anO ctkzrs, 1959). I 

>liller end others (1959, p.  22) considered the nomerirze sedirrentsry 

rocks of Socene age, and overlylrzg volcznic rocks cropping oat on P.dnirrrlty, 

Xupreanof, and Kuiu isle.n& to be rcm-m.ts of &posits in tLair Ter+,iary 

Unconcoli&ted &gcsiJcs cf g l ~ c i z l  clzy and gmvel, and recent alluvial 

gravel, all of whicd are t o o  sne.ll t o  show on t ! ~  geologic nap, are scattered 

along the f loors  of nos-t s t rem valleys. Fossils of w r i n e  invertebrates 

were found in &lac181 clay a.t ttdo l oc~ . l i . t i e s .  One of them, contc.iolng 

nollrssc shells, i s  located at cn sltituk of 150 feet in th? channel of a 

streen flowtng noithcostrm-d Ln$o aoi~tY,easteril Gmbier Bey (loc. 36, fig56 ). 

The other Iccelity, containiw Fornmi~ifera tests ,  cccv.rs at an a l t i t udz  of 

475 fee t  i n  t& channel of a stream l j i n g  rest of False Point Pybus that 

f l o m  east and south i n to  Stc3hen;i Passeee (IOC. 37, fin56 ). ~ h u s  sea 

level i n  glecial  t i m s  retched e level et least  475 feet higher than at 

0 present. 



The northwestern part  of 'eke @bus-Gambier area lying west of Gambier 

Bay and northwest of the C:+ier fml t  i s  poorly known, and has been rnapged 
. . 

on a reconnaissance scale only (pl.  1) i n  order t o  complete the geologic ' 

rcappix of the Sitka 3-1 q~!adrc.ngle. In  ghnerel it is  a poorly exposed 

area of plutonism and contccC ~~~?temorphism. Eecause of the metamorphism 

end the la'ck of exposures i n  t h i a  area, the rock units napped elsewhere i n  

the Fybus-Gambler areR could not be recognized with certainty. The struc- 

ture  is, therefore, poorly knot=; the rocks nre i n  general. Layered, but'in 

mst places bedding and fol iht ion could not be distinguished f r a  one 

another. For this mason a special  m p  symbol is used here f o r  the at t i-  

tudes of the d d n ~ n t  plazcr s t ruct '~r2 present w'nich does not distinguish 

between the different type5 05 planex structures. 

The southeastern boun&iy i s  t~kren ot the Gdoier feul t ;  although t h i s  

f a u l t  appears t o  bring met~mor2hic rocks on th north a g a i n ~ t  nonmtanorphic 

rocks on the south, the country along the fault is poorly exposed and the 

relations are  by no mems clear. To the eas t  the rtletamorphic rocks of the 

Gmbier Bay formation appear t o  grade westward i n t o  coarser grained, but 

sadlar  var ie t ies  i n  the contactspnes of the plutons. Four generalized 

units are mapped as follows: 

Yast1.y thinly layered, &rk green, nnphibole-bearing hornfela con- 

taining scattered minor units of dark grey, thin-bedded, finely swery 

quartzite that is probably a  etac chert. The roc% i n  general. are not 

obviously foliated, but in a few p l ~ c e s  became schistose end i n d i s t i n ~ ~ i s h -  

able from the greenschist unit .  Tight, small-stele folds are common. The 

unit m y  include ~cetcr;lorphic eqdlvrlents of the Xood Bay, C w r y ,  and Hyd 



Cmplcxly foldcd greeaschist end sui.or&iwte mounts of fine-grrlned 

mico-~chiet. These rock type3 c.re i n  generel sirnllar t o  the greenschists 

of the Gambier Bey formtion, but ece rtlore coarsely crystall ine; the 

cozrser grain s ize  i s  ct 1e::sz i n  p=*t due t6 contact u?etaorphisxl. --The 

u n i t  may be roughly equinlen-t t o  the noncalcareous part8 of the Gambier 

Bay formation. 

Light-gray t o  white, thick-bedued, aeaium- t o  .coarse-cry6 t e l l i n e  mar- 

e ble containing ninar_units of mdiun-gray, thinly platy, fine- t o  medium- 

c ~ j s t a l l i n e  marble and greenz:his-L. Ytld m r b l e  local ly contains ebm&nt 
\ 

I needles which i n  scane plats:; t r e  wollastonite and i n  others are tremolite. 

A coarss fo l ia t ion  i s  c ~ o : & ~ ~  p re se~~ t ,  but i t s  relat ion t o  bedding i s  

not known. The d ip  slope o:.' the'thick-bedded mrbleteethers  t o  a rough, 

&rst topography. The ~ e . i 3 ~ e  uzcupiea topographically high positions, 

and m$y overlie part of the gr?enscE.st. It may be equivalent t o  the m r b l e  

m b e r  of the Gembier Bay fornation. 

Only the border zones of the tvc>  plutonic bodies have been sampled. 

The most carrrmon rock type seen, i s  a porphyritic hornblende-andesine d ior i te  I 
containing abundant phenocrfsts of a c b s i n z  ransing from 5 t o  10 mm i n  

length. Samples from the coutzct zone of the northernmost pluton are r i ch  

i n  maseti te and pyroxene. 12: plutons i n  places intrude rocks of a l l  

three of the above ~ - t m o r : ~ . l i c  uni ts  generally with an increese i n  grain I 
s ize  of the metamorphic rocks toward the contact. The country rocks of I 



the contect zo-?es &re cam on:^- cut by a coq lex  of u e i x  of the &site. 

Such effects  appear .t;c be Li.- l i . i G  t o  Zmes r ~ n g i n g  i n  width frai 50 t o  100 

feet  beyond which the .o&'  ont tact t f fec ts  seer, ere those of crystallizetion. 

$ t r - ~ c t u r ~ d  provinces 

The -Pybur;-Gmbier e l k c j  r-cy be divL&d i r t o  t h ree  provinces b ~ s e d  on 

o - i ; r u c ~ ~ e l  c-tyle (fig. 22); 1) tlx anbier stkuctural province, coriposed 

&-.Li?la-Led; 2) the pro- 

- vince, camposed of the rcc-;s 02 t'ke Xood Bay, Cannery, Xy4d, cad S~.'JI?ZOUT 

C~.n&l  fo-tio;ls end elsc At;,-c.ctcr~zcd by intense ckfo-tion in ~ r ~ i c h  

f o l&n;~  has d d s a t e d ,  bk;'; w iL-;-i$ yegi onal xetaaoqhir;m; 3) the S~ui;k.::;est 

slTucturd pro-rime, rocks and 

by did dzfomt io r ;  i n  .i~Mch Zi.ulting hes W . % t e d .  The f o l l ~ : ~ i ~ q  s - l ; ~ ~ c -  

tUd a n u s i s  i s  chiefly L: s-kady or f l~ fclds in the Gabier  a d .  -Pybus 

s t n c  t u z l  provinces. FEL.~JL~;~ i~iijorliant P c c t ~ ~ ~ s  of a l l  provicces ; 

however, beceuse they pxe CO:.~.-CI-LJ shz.~ec? by =ore than one, prcvioce, faults 
. , 

are discussed in a sepzrc7;e ;~ect ion retk-r thfrn m&r the province i n  %"hi& 

they occur. 

. .. Discussion of structur&l a a l y s i s  

1% ncthod 02 struct-;'~'., a :~i . lysi~.  wgloyins equal nrea proJections %ZO 

used, in addition to co;?vzi~tlor:d. ne';ho&, -Lo stuQ Yne gecmetry of the 

~ O C ~ G  of the Gaubiel- a d  ::,bus ~rovisccs.  his ~?ethcd  w a s  w e d  bcccuse 

it ~;e*ruits the re:;resenk:ti.o:s of the  oricntcrtion of s"sruc-ixro.1 elexento 

80 88 to show the "inree-&L;ce~er~iorr~1 reletions L" r;:x?en them.  ' Furthemore, 





conventional geologic sections a re  not sat isfactory i n  these provinces be- 

ccuse fo ld  axes chen~e  orlccto-tion Idthin short distsizees preventing the 

prediction of *ir or ien ta t ior  below the surface. The scarc i ty  of marker 

beds adds f'urtkzr d i f f i cu l ty  t o  tfie constmction of sj.gqlficant s e c t i a a .  

Bzcause of these difficulties, conventional geologic sections are used only 

i n  a highly diagrammatic and dis tor ted form i n  the is-tric block diagram 

( p l .  5) i n  order t o  give a geoerdized view of my in terpe ta t io-n  of the 

geology of the Pybue-Gembier elrea. 

CPhe nethod of a-sis is baaed on S ~ n d e r  (1gi18, p. 132-la), and is 

described i n  & t a i l  by 'eiss (19j~a., $. 12-24; see a l so  Veiss and P~In ty re ,  

d 1957). It consists of three perts: 1)  study of msoscopi structures; 

-I/ In this pager the ure of the Cerma meeoscopic and macroscopic fo l -  
- 
lows that of \kiss end McIn-Lyre (1957, p. 577) : rc~soscopic s t ructures  a re  

those whose features can be &fiteraiced d i rec t ly  i n  single, continuous out- 

crop; r-..croscor;ic structures &re those whose features mt be deterrained 

fram isolatcd ~bserva t ioas .  

-. ." 
2) study of macroscopic stmctures;  3) -correlstion of ~zsoscopic and mcro-  

scopic structures.  

The study of nesoscopic 6tmctures  consists of t he  rceesurenrent of 

their orientation and the g r~up ing  of them i n t o  syngenetic groups called 

g~ncrat ions.  me e s t s b l i c ~ ~ n - t  of ths generations is based on the over- 

pr int ing (herprz-g of Sender, 1948, g. 81) or s&rposition of l a t e r  
-___ 

st-ructures on earlier 0 x 6 .  Tlze stmet=rres grobped i n  a generation must 

show consistent r e l ~ t i o n s  t o  those of the other generations. A ge'neration 

of structures (excluding primary structures) may consist  of folds, l ineetion, 

end atdl plane fo l i a t ion  t h ~ t  fomcd together i n  responEe t o  the s a x  s t r e s s  . 

d l >  - T  J 



of the  structures of e. gecerrtion mey sametinesba used i n  correlrstion. 

IIc~.:aver, ~ h y s l c d  charocterfsticz aust be used with caution because they 
-. . . 

c m o d . y  vary a t h m c k  t ; ~ c  E-& even i;il<re constant resezble those of 

i s t i c s  such as tke generel fcrix ol folds ( fo r  exmple, sMlar o r  parfillel) 

may prove t o  be constant i n  ccc: rock 'c)rpe. , 

The orientation of s - i ; r c ~ i ; ~ e s  of on5 gener~ t lon  i n  terranes of super- 

posed folding may be hi&ly vzris:3le, .md i s  not 8. good basis f o r  correla- 
%_ 

tion. Field evidcnce i n  the ?y'~u:;-@ufdLer a rse  &nd i n  the Scottish E@- 

lends (h'eiss and blcIntpe, 1.957, 3. 283, 297; Remsey, 1958e, p. 29i) ins- 

cntes tht th-:: axid s w l a c c s  cf folnis tend t o  have a nore regular preferred 

orientation tend t c  'ue 

plenar in spite of j ps -ex ic t l~g  vi-;- -A lr-klons i n  the orientation of the s tmc-  

t u r d  s u f a c z  . b e i q  fclaed, I ~ ~ ~ F L S  tb. orieritztion of fold exes f o r  a given 

stress f i e l d  is controlled i n  pz.rL bjr .:be pre-eldstizz o r i e n t ~ t i o n  of the 

surface being fol&d ( ik ics  and Bldn-ky.-e, 1957, p. 597-598; ikias,  1959b, 

p. 95-98). Tausy f o r  exam>le: t h ~ .  oricntetion 02 axes of 1-ter folds suwr-  

posed on previously folded beddir-g i s  not consla2tr Furthemore the earlier 

fo ld  axen woad be cumred owing t o  det"o,mrtiou 3y the la-ter folding; fo r  dis- 

cusslono of the &formtion c" c2 r l i e r  l inear  structures by l a t e r  folding see 

Ssn&r (lgk?, p. 171-172), !?eLss (19~9:,  p. 96-IG~), and ??,ansay (1953). In  

contrast, leter folding of axial curfaces, becc-use of t h e i r  i n i t i a l  subplanrr 

f o m  my resul t  i n  s tmc tu re l ly  F~uro~e,ereoua dcckaind Icrge enough t o  map. 

Domino are considered s tructural ly h m o ~ e n e o ~ ~ s  i f  the ctmctur+ 

surface is either planar or  is folded  bout a single, rect i l inear ,  s tat is t icai- .  

ly defined fo ld  =is; the temi ~ : + ~ l l r & c i d r l  is also  apglied t o  such a fo ld  --- 
(weiss, 1959b, P. 92-93) d 

\ 



Tae otudy of the macrozco:>ic s t r -~c tures  uses the @-ax i s  m,otSnod orig- 

ineted by Sander ( lgm, p. 332-1b6) ~ n d  f'urther develo--xd by l e i c a  ( 1 7 5 ~ ~ ,  

p. 12-24; see elso  Veiss and :FcIntyre, 1957, p. 587-595). !L'he macroscopic I 
fol22ins i n  e selected strui~tur;..,l surf a,ce (bedilia$, folio,tion, ate .) i s  I 
etuued by subdividing the rrcc of stuw i n t o  ~ t r u c t u r a l l y  honogeneous do- 

mains. In the ?resent worli, P -Z:CZ vere c~nstmctf;2d by plot t ing ot-kItcCks 

of t& s t ruc tu ra l  surface or? t k e  1o~;cr hemisphere of equal. area projections 
, 

either as arcs of grezt c i r ~ l e c  (s-diagrams) i n  domiins where data are scarce .I 
o r  as poles of the surfzce (s-pole dis.grezns) i n  domfns where m e  are ebun- - 1  

Tise turd pert GP the ~ ~ t r - ~ c t ~ x a l  anelysis iuvclves the correlation of 

the macrosco~ic fold axes, i??---dned (1s B ,  of the various dmsins with 

as~oc iz ted  wsoacopic folds and lineatYo~s. !Eks i s  ccccn~lishzd by pGt- 

Ling the attit1:des of these xesoscopic l inesr  structures rrerscred i n  a do- 

main on a projectiori togethzr tiith the B-=is of that domain. Thz :m- 

scogic fold rep-eseoted by t:lc P -.acic i s  corslckred t o  belong t o  e cer-kain 

generation if mesoscopic foLb 2nd essociated l ineations of t h a t  generation 

are cubpcirdlel t o  P . 
In the Fybu8=-i@r area 522 additload process was necessary: namely, 

correlation of everrts bbzt'tieen stmcta-a1 provinces in order t o  const-ruct 

the tectcrrJlc.history of the area as a %hole. 

G?FFI?..cT S~,,MIC! ural ~ r o v i n c e  

F.lr:soscopic structures 

General s%c"t;el;..~nt.--Fisci1~ greer.sc*kd.sts and '~ ;hyll i te  ccmonly show an 

abundance of f ine  s t ruc tura l  &tcil c ~ l ~ i s t i n g  of sevsrel types of in te r -  

fsriog srnalL f o l b  and l lneet , i~~is ,  wherees the mssive-npy;,oaring grecnschists, 

mrbles, an8 matacherts generally SLOW only cru* byer ing ,  Microsco@.cePj 



eU these rocks show a prmf.n:n% f'o1.rtioa or schistoaity. T:"e interfer ing 

s.",ructucs hive been gruu~zC c ~ i ; ~  tlusi! fjener,?",iono bcsed on c r i t e r i a  p~.cvf.- 

o-~1.y Ciscusseti (p. 72). . 
EedCLln&.--Bedding survl-CEG clecrly only i n  a few places as t h i n  mete- 

graykacire beds ir &k &.~Uil.tr_. IL r c s t  outcrops o w  a proxdneat s e c o n d a ~ ~  

fo l le t ion  c a  be seen; in a iev plccce this fol iat ion is  seen t o  in tersec t  

th be&dlng a t  various angl~s. Thick, rrm.scive-ap2ea,ring mzrble and meta- 

chert  units m t  also repre~oiit bcdidin;., but the a t t i t u c k  of these units I 
is generally unknown becawe '&e%r z~z tcc t s  with %he other rocks are obscure. I 

-. 

.Tfie scarcity of visible t;edd.l?yj seeems to kreve Been ceusCd by a c m i n -  

a t ion  of the following two f ee t c r s :  1) rocks were initially largely thick- \ 
bcd6ed or nesaive volcanic rocks; 2 )  beCding is l a r e l y  &silli?Led and trans- \ 

.. posed by formation of a secca:kqr fcli&t.iioo, resulting: i n  dlsm?ted frag- 

mats of be& l y ing  s~kp&ra l lk ;  -Lo C'ie fo l i a t i on  ( f i ~ .  233; for discussion 

of _ t r ans~os i t l~u .  see E. Xno??, 132i, g. 15). 

I Ff rst -@neration of. stnq::-;-.r~:z. - - -%ds 6;cn.sration consists of folds, 

I lincaticn, a2d 2olia^,ion q o z i  .:hic'a have been suprposed .tnc s lmc tu res  

of the!:otker twi) generations; it i e  t h e ~ i " o r 3  rocoidered t o  be the earliest 

of t';;: three. 

The folds oi?.tbe first gensl'atioo w i l l  be called the :first folds" 

for brcvity; they dif2er frcan t h e  foi& of c.11 otner gencrctions in that  

they ere forined only in t h e  beCCi!ln. Flc  first f oLEs are ti@tl;r qpressed 

or r;aarly isoclirral with thickened 'hinges cmd thinned l i n k  (figs. 23aJ b) . 
I As e ,rule t5ey are gisi3le orPy in t3iCi.y 'r =d&d ?hyllite, but occasionzlly 

&tacEed fold hinges &re seen In Vhin ml-Ll3  b a b  within the greenscMst 

(fig. 2 3 ~ ) .  

@ KU f iret  folds h v e  a pronow+ced f ~ l i i t i o n  s u > p e ~ . ~ e l  t o  tkir  axial  

r;.ur,"cices, ho:.:over, as mntioned e.30veJ slig aoveixzt  elong foliation 



a. Detached hinges of first folds aad elongate fra 
Gambier Bzy formation, Gambler structura l  pro' 

In greenschist, 

b. Fir s t  fold hinge in tlun-~eaded phyulse; B1--axis or firer, fold; B3-- 
axis  of third folff; beddln on about parallel except in 
hinge. 



t ion  (or  c l c ~ v r ~ e )  aub?arclili.l to the sf a1 surfwe of a fold i s  coaei&red I 
by a;arzy geologists t o  be s~-a;ene;ic -dth the fo ld  ('dills, i575, p. 110-113; 

liilson, 13G1 p. 2G4-273; Z i l L i i l z ~ ~  1554, p. 350). n.erefore, the fo l ia t ion  

I s  grouxd with the first fo l& as a structure oi the f i rs t  generation, acd 

11-111 be calleZl "the 2~lktio~-". 

I n  phylli te,  the fcslletion io  3 lustroils s l e ty  clcsvags; thc si lvery 

sheen i s  Cue t o  t'ne crystellizc?+,ion of s c r i c i t e  slong the fo l ia t ion  s w -  

frccs. The yLiyllite i n  2laces _re&(; in to  Zinc-graiced ses ic i te  acL?ist 

i n  W c h  the fo l ia t ion  t&?:; on tha: espect of a schistosity.  T.b? f i e l d  

eppeLnaoce of the f o l i a t i ~ a  i2  ~l't?r=n;chist &penCs upon the composition of 

the rock. In  fi~aile sckists ;,ch i n  ckdor i te an2 s e ~ i c i t e  it is re3re- I 

seated by lcstrous, pa~el--t'rin ~ k c e t ~ ,  vhereas i n  the uassive-epparin~,  

calcereous grecz.sc3La-t~ ths f c;Ec15cion apFars as cm& luyerlng par e l l e l  

t o  wMch are scattered elo~;e;Lc cOsTsi2 f r e w n t s  of wrble and cltered . ' - .  

volcnrdc rcck. Eut regarCess ci" apF:=ances i n  GU-Lcrop, the fo l ia t ion  i n  

all these rock3 I s  defined rJc103copi~rtU.y by p a r a l l e i  preferred orfenta- 

t i c n  of glzty nLz2rals ox 3y verjr t h i : ~  h y e r s  of mechanically c c m a d d e d  

material (see fig. 42 i n  A ~ P E ~ C L : . : ) .  

r a i n  S ~ L % & S  or ridges on the foliation surfaces, generally contrasting 

i n  color and. coqosi t ion  tri-;il -t"e re& of the rock, occur abmhztly throcgh- 

0.2% ?&t! Gmbiez prxjvtme (fig. 24a). They repre'seilt the trace of the inter-  

section of b e d d i ~ g  and fol ia t ion,  and are su3psrailel t o  the axes of the 

f i r s t  folds. Thus the streaka pravidc a Eesris of measuring tha =id 

orients t ion of the jfir6-L foi& i;iit?re the fold;; thculseiues are not seen. 

Second znd tlrird gerer~t-lcz~s @o=' s-1;1q~etl,~c. - -  structures of the 

second and **bird genere~tions affect bo:h bedding and foliation, and are thus 

readily d i s t i ~ ~ d ~ h e d l  frm those of th: first g e r ~ r s t i o n  v d c h  effect the 



a. Hand specimen of ~ ~ U % a  &e*&rng single thirgl kfx~k fold (B ) in 
~oliation, first a * t a k  l i z a ~ i o n  (%I, and ~eccnii ~ n a s t g o n  (%), 
sgecinen ebout 8 1ncl.m aernm, 

I b. Second folds in ~ T @ ~ ~ c z B ~ ~ I $ . ~ ~  Gmib;ker p m i ~ ~ e j  $aU1 above and below 
pencil  shov c o m a  sbqp cmstrs &ad mmd& tm&rg. 

Figure 24 ' 



bed&% only. k e r e  tXr& gezl,-::aLi~r sc,ructures ere o v e q r l ~ l t e d  upon the 

second the tyo are eaai3.y dis.;:.:sisl.,t3dJ but where o ~ l y  o.nc i a  prc~ent 

their segsration is often uacefiai:n because the smaller l inear  structures 

of the two generztlons GU& cs ~:etl~1'Letions arid s t r ic t ions,  are si?niler 

In f o n ,  The larger nesosc 3:iz foldj of each generatfon, however, have 

c h r a c t e r i s t i c  dir"l"clrcuces j o t 2  i n  j $ ~ s i c d .  e s s c t  2nd i n  or~cn-tztion that 

W n  c o ~ s t a n t  throqhou-t L - ~ c  ereas, and are useful i n  corre l t t ing  the 

geu;ercltioxs, 

The second ~mrz,-bior: c m ~ i s t s  3.crgcly of folds r a ~ i n g  i n  s i ze  from 

cirenckitions a m i X L k t e r  i11 TJcvt length t o  folds several tens of feet in 

rrave Icrgth In vhich zciai ~..tu.~'~.ce i"c,liti.ti~n is  genernlly lcckririg. 9~ 

- s ty le  of the oecond folds i r  ?;:.riebLe, SiL"L it most comonly consints of 

sk1y-hinge& ant icl ines a l -knc t ing  .r ith roxt2ed-bLraed spcl i res  ( f ig .  

24%). The ax ia l  L drfices of G-c seccnd folds dip mc&r~';ely soutL't;crd i n  

most of the Gm3ker province, 

!?he third generation ccnsisto largely of f i n k  folds with ger-erslly 

~ u b v e ~ i c a l  sx ia l  surfaces. Tkis orientation contrasts with '&2 moderate 

dip 09 axial ~urfece'l; of 'Ac secort& f o l b  grez,tly faciU.toting t& 

separation of t he  two geacl.2-ticnu of folcic, The tern "kink fold" i s  used 

herc fo r  f~l& fo=zd by tLe l s ta t ion 05' foliation swfz.ces in c. t u n  zoce 

of rock with. rzs-pct t o  the s u  l i~ces  on each sick of .tbs zone ( f ig .  25a),  

??rc rotated zone i s  boun6cd by s-,lrfo.ccs of ldrking thzt rouglllry g s r d l e l  

the e j ; i d  surfaces of the kir& f oldr; , Tne ro ta t ion  is  ecccxpllshed by the 

slip of thc f o l i e t i c . ~  swfe.cc!:s over one another. I n  general the rotated 

Z C X E  ranse in triei"c8 f roz z. feu I;illir.e-Lera t o  c few inchesj 7;u"Un e-.few 

places they are very th in  ( ttarc ,~2 viCkh l e s s  thtm 0.06 m) and closely 

cpcced. Such closely sgaced kriill.lag surfaces resemSle f OX &tion sarf sees 

cnd the ro tc t ion  of the firset folia-t icn i s  not reaai ly vis ible  i n  hena 

specixen (fig. 25b), 



+race 
t h i r d  

a. Sketch of ?cink folds. 

0 1 2 3 4 S C M S  
I .  I 

Sh~rd Foliation F i r s t  Fo\iot;on 

b. S?ietch of phyllite speciraen, Gambler province, showing penetration of 
structures of the firsc and secocci generations by planar third 
foliation. 



- 

The kink fol& x x s ~ ~ o l c  closely the ihickzonen and Flcmrcn of Eocp- 

* , - - \  

Wuer (1955, pb 34-37; 153i., 2. ~ 3 . J ) b  T h e i r  gencrd   om i s  &GO similar 1 
Y l  kink folh w'e s.z2zr;osed up02 the s t r u c t u x s  of the first &n,d 

second generations, and ';xx 1~ 3.i--G do not rzp-c= t o  have any lcter ~ e s o -  

S C G F ~ C  strict-ms sur&~yc~ed uiJon -si~ea. Tkce relctions are i l lus t rz ted 

bjr th2: foUowing e m p l c a  : IL) Fi~ure 24a shows a single third kink fo ld  I 
S u ~ r p t s e d  upon the 2irs-L f o l l ~ t f  o.:, 2irst. lfncaticr. ( s'creok~) , a d  aecond 

in w'nick the *&rd fo l i r t lo t l  ~zi$'t;;'ates the  first foliation, and second 1 
- superposed upon.the f i n 5  Po-&tion and gently plusging second folds and 

Cenerel s tet~:~2n,t . -- isc~~ise the first folict ioa 13 the only p r d r , e n t ,  

widespread structural swi'ncc fn the Gambier province (~~75)) it is the only 

6m;c'ace whose macroccopic f o m  could be st..iiLed. The fo l ie t ion  is subparallel  

t o  the axial surfaces of Y%c first f o l b ,  a d  was probably cpproxtmetely 

plmxr a t  tkrc3 end of ti12 iixt folding (p.75 ). It is assmd,  t h e r a f ~ r e ,  

t k i  its present coaplex fm (fig. 27a) is *gely the resul t  of later 

d e f o m t i o n ,  F i p r e  27a contsins no g l u  of syawtry and no single girdle 

of f o x a t i c n  poles, l;hu na si.l~;lc, rect i l inear  mi3 of folding exists f o r  

the  entire province. Tie zu?lex 2attera s w g e s t s  noncyLindroidel folding 

(see  Xeiss, 195% p. 18-19), 

I n  order . to  test for tlx przsezce of cy1indroid.d folding on a snaller 

scde, tm  p r ~ v i n c e  rras ~ll~&i.-<r&d into 6tAmcturaLQ hwogeneous domins 

(2.73 ) in p k t e  2. The dizgras  of certzin d-ns of this plate show no 



Figure 26.--Steeply plunging third Mnk folds (8.3) 8uperposed on folfation 
and shallowly plunging aecond folds and Unaationa (B2), W i e r  
s tructursl province. 



a.' Collective diagram of 3C3 f o l i a t i o n  p l e s ,  Genbier province; 
(1/3)-1-2.k-5 percent 222 1 l?ercei-;t area. , 

b. Collective diagrmi of 8.5 ~ C S Q G C C I ~ ~ C  f imt  folci axes md lineations, 
Gtx~bier province; (1)-5-10-15 percent per 1 percent area. 



a s t i c c t  P-aces; in sane! -to$> P;?r &ta were available to estnbX;h a P-uis ,  

end in others the I 'oliatioil I:; s u b p l z a r ,  i.e., either- wi'ol2.ed, or ra re  like- I 
3y, isocllnally foldedd Elai;z 2 &F,c>Ts ~ 1 6 0  fom Unes tkt &re the gr=neralized 

First genei-etion,--'I. m c r o s c c ~ i e  fom of the bsdding i s  v i r t w a v  un- 

l-ao~3, herce what l.itt2.e is h o l m  ~3cjl.zt the fizst folds is Oerived:!i from 

.the o s l e n t ~ t i o n  of the W C C S C C > ~ C  f i z u t  foid =$s end t h e i r  r e h t i o n  t o  

lcter folds. I d o m t i o n  ~ ; 4  C-3 Mad is chief& in terns of ljreferred orien- 

. . 
tstion ssd  tells U-ttle zbc-J'; -cia size of YIe x~crosco-~ic first folds ant? the 1 
location of their hiqes. 

The axes cf tfae first, fcih pLucge gently ezst~xz-d or ~res t ;~~r i :  (fig. 

2 ~ ) .  Those plmging -Lo the wect arc lilost c b ~ n h n - t ,  and Porn  i n  the -0jeC- 

t i o n  in a s t r c a  mxi~.-m t r 2 ~ 2 3 . ~ ~  ~~e:st-northwest; wherees those plunging 

ta north-northeast. Yue c:r::?.l - :.L.+ .--- lc.-~-;om in the orien%~tion of the first . . -. .., 
wes is sho.rm in plzte 3, ?-Llick: w ~ s  LZCE by s&i!ivfdirg tifie proxrinco 2xLo 

Comains of approxi~-Lctly w-2.9:~~ prei.'erred orier-tz.tion of second fold axes . 
t~ Ane &ta used i n  %ME p k t e  were t&ea ordy frm locd i t i e s ; . i n  which the 

txconi: line- s-kructux-es were clecxlg s~pe~rposed u2on those of ths firct 

E. correl'tion exis ts  3etr:ecn the orientzticn cf t h  f i r s t  f o l d  cces 

alzd Lke a t t i t u b  of thr3 f o i l a t l c ~  i n  the dczmiak in which %be folits occur. 

rn~i.5 to be exsected fi-on! tfic. ~ L ~ E C S C C ~ ~ C  cvi2cnce tht the folie-tioa is 

subparallel to the! w-fal E U - ~ ~ G C ; ~  of -bke first folds (3. 75 ). P1n-h 3 

~hosrs that airst w:es pkcl~l~ing t o  Lhe vest-zo-rthvcst or  east-southeast 

(i.ei, w~st-nortrthwest--tre~~2nG) ozcur  c u c f l y  ir; dc;lal;?s in which S;hc 

IV, pl. 3 ) ,  wfiereaa e a s e  p h w l n g  to the n~~Lc?cst occur c h i e f l j r  in 



d ~ c i n  I in 'Mch the folisi;ion strllres north. 'I.~%ere the f o l in t f  on bends 

rrowd the hinges of mcrosccyl~.c 2nlCs, tke first f o l d  exes show a corres- 

P k t e  3 (see e l m  f . 1~ .  23) slzo-is -that the anzle between the f i r s t  and 

second fold axes is s r d  In t1-;? northern part  of ths province (domains X I ,  

Second ,.;enerctioa.--92 Tom Xses of p b t e  2 dsacribe a series of 

straL&t-limbed folds i n  the i o l i z t l o n  k21osc ,axial. plrnes strike north~est. 

Tkse f o l b  belong t o  t h e  secon? ;enerzt3.0~, as& are the lergest in t h e  

province, having s a u t h c a ~ ; t - p l ~ 1 , ~ i q  yectillnear axes. 

folds are south Snug 

- e. cornem fold, co-ivex t o  t2:e n32ti?;.:~st, am% a southern one, convex to the 
- *nr/ a o s e  .- s ~ j t h e a s t ,  The norJ&eyn fol?. belcxxs tff t??e ~ n u ~  C O W  S Y ~ Q  

--- - - 

J *  Antifom and sy-&or;. r.rc purely i l c ~ c r i ~ % i v e  terns i:trod.iced by 

E, 3. Bailey (in - Sziley, hrs."r., cnd M~Ca?Lien, 1939, p. 120-i21) for folds 

trhose binges are respect ively  cccvex ~~.JRL?xI and con- ex down~erd~ They do 

not h y l y  t'niiJ-, tizs folded strzte. becon.2 e i th tx  oldzr' or yoYaZcr toward the 

c'cres of folds, a d  ere used in %Lis gager for f o l h  in co1~1plexly 1o.yered 

rocks t o  avoid the str&ti~r?.gcic cor111cto;t;ioil of the - term ant2 c l i r e  ma, 

northern l i m b  strf!.:es west tnd C-,s nc2(?ratzly t o  th sout5, cnd whose south- 

ern Un;5 strikes north and gene-cllly 2t7s ~ o d e r a t e l y  to otee2ly t o  the east, 

d ica ted  both by the aoorl~k~est i l r  8 coiive.ri*ry of ths fold-, ar.d by ths plunge 

of the P-B) ;~E  of &omaim 5 cat1 13 (pl.  2) located ori the hilsz. The 





correlation of thc sworn xi th  kb.2 ;$eco~d gemration i s  bas~ld upon the 

clustering of mesoscopic, sacirnd fold axes i n  damins 5 ( f ig ,  28) and 13 

(fig. 29) about t h e  f l  -+a of J,kese damins. 

A fold, occurrlra nort'ii?c.?at of ';he vest a n  of Gmbier Bey, i s  E : I L ? I ~ ~ ~  

i n  f o m  end i n  direction of cxxexi tg  t o  that ofthe Snug Cove synebrm, I 
and m y  be the extension cf it. E ~ T T ~ I - C ~ ,  the t~ro hinges are not emctly I 
aligned, and the northwest hiase l o  asplaced trest~mrd with respect t o  the I 
hinge of the Snug Cove sworna Little is knom about this fold, but its 

similari ty t o  the Snug Cove sw~ests t h a t  it i s  a lso  a soutlzeast- 

plunging synTorm. 

!i!b southern fold flanks the Snta Cove spfom on the southwest. T'a 

north-striking Unih of the i'oLd, which it shares w i t h  the  Snug Cove cyafom, 

1 @ 
clips @reraw eastward, waLla the poorly exposed k~st-nort ,hi . r~st-~tr iking 

Umb also seems t o  dip t o  the east. &nee, the a;;fal surface dips t o  tihe 

ool-theast i n  an o?posite dir=ztion t o  that GZ t'ne Snug Cova synforn, and 

the fold i s  overturned to tbs aoutJxwest. !Phe re la t ioa  of this fold t o  tha 
\ 

Snug Cove syafoxm indicates - t k t  it is  an antiform probably plunging t o  the  

southeest. Howaver, the hic.;e of t b i i  fold is zoorly exposed and i ts  exial 

orient.a.l;ion could not be detzriained. 

ho ther  fo ld  conaar~ble in dze to the t ~ r o  &scri'scd above occurs i n  

the northwastern part of t k -2  pro-~ince. Tne hinze I s  covered by the waters 

of Gdbier Bayy ezld is not &ifized by Ysc form lines of plate 2. T'e evi- 

&rcz 202 i ts  existence i s  t;zerei'ore indirect ,  and msy be s m x r i z c d  as 

f o l l o ~ ~ s  t 1) The c b g e  in arL~itude of the foliotion.fEam one side of the 

nortk~~cst; arm t o  the other s ~ z e s - t s  tke presence of two Umbs of sn over- 

t m d  antiform whose e x i a l  :,u:fe.ce strikes northwest along the center 

Une of tt.,? a m *  me r?cr"Ynl., B O ' L : " ~ ~ T \ T C S ~ C ~  l W  of' this possible a t i f o m  

str ikes vest-northwest and dipc 30' t o  40' t o  the south, a r e a s  the over- 





/ 

0 
e'ilixed, ncrtheast f i b  striirc; r.~','Ch'17est and dips about 60 also t o  the 

south, convergence of ti-,.? t ira lkrii.)a both u2we.rd and t o  the southeast 

s w ~ ; e o t s  a sautkzast-plmging e ~ t i f o m .  lia antiform i s  t o  be ewectcd here, 

since the oouth~rest l h b  of t h i s  fo ld  i s  e lso  the nort&aet linb of tk 

probable extension of the S n q  Cove sgrSorm. 

2) F i r s t  generation f c ld  cxco and l ineat ion seen t o  hcve been beet 

by t h i s  fold. These stnactcres p l ~ e  chlefly t o  the southehst on the south- 

wssL ~hore  of the am (dczsin 111, p l .  3) and chiefly t o  the northvest on 

the northeast shore (damin D!, p3, 3 ) ,  whereas near the center l ine  of 

tke a m  &t the north b o r b r  of the area they are stibhorizontal. The op- 

posing plunges of t9=2 first  exes s~:gc~.t the prssenee of tvo divergsnt fold 

limbs, and the horizontal first oxes s r ~ ~ e s t  the presence of a hinge near the 

center l i ~ z  of t k ~  ~ n n  i n  the m-mer il.lustrate8 by figure 30. 

3) The strat igraphic sequence, e ~ .  & f i w d  by the fossil lferous, mar- 

b l e  unit, seem t o  be repea%ed north a d  south of the n o ~ ~ ~ ~ ~ e s t  am. 

4) The diegrm of 2-in 28 ( p l ,  2) shor-rs that  the fo l ia t ion  i n  the 

,vicinity of the northwest has been folded &bout a single axis ( P )  

tb-t plurrges nodzrctely t o  the s o ~ t h e a s t  cocsistent ~6th tllt: directI.03 of 

plunge obtained from other evidence above. The p-axis of dumain 28 ( f i g ,  

31) Lies i n  the field o2 s ~ c G ? = ~  9ol6 =@s and Ifnzatlon i n  the donain, end 

thus the  antiform is  correlr-Led ~ r i t h  the  second generation, 

Two orientztions of mesosco~ic second f o l b  and Uoeatioas dauinate: 

one plungiw moderately t o  tb t:es-l-soutkest, acd the other plmglng moder- 

atcly t o  tkic s ~ u t h e a s t  (fig. 32). These two orientations are represented 

in f io" . e  32 by two mixima es cb of %~hic!i are conteined i n  a p a e i a l  ~ i r d l e .  

T'kz p a t f a 1  girdles do not l ick* sane plme suggestingthat for the province 

as a whole the axes of the seclsnd folds 03 not l i e  i n  perallel phnar mdcl  

surfaces. 

P l a t e  3 shows a subdivision of the provlnce illCo do2;laics s tmc tu ra l ly  



N,W plunge 

Figure 30.--Diagra shoving re ldt ion of f h s t  (solid lines) and second 
(broken l k e s )  li~ectiors .bo 0 ~ 2 ~ t u i ~ e d ,  macroscopic second fold in 
foliation (see tex t ) .  
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Figure 31,--S-pole diagrcm 02 dczain 28 (p l .  2), showing relation of P a s  
(x) to nesoscopic ceco~id fold axes a ~ d  lincacioiia (dcts) in docain; 
coctours (2) -5-10-15-20 percent per 1 percent area, 33 neacure~e~ts. 



Figme 32, --collective dia&rcm skotring preferred orientation of 70 
nesoscopic secocd fold a:rec =d lineations, Gubier  provi::ce; contours 
(1)-5-10-15 gercent per 1. percent  area. . .. 



hazo~;ellcous wlth respect t,:, Ik- ,.,. c: ,;la I o ~ l C i  ma. ';"~:e scarcity of data 

f o r  damefn I V  prevented it,; Cu~-kher subdivfsion in to  homogeneous damains. 

I n  genera ,  the ficciafns Ly3.n~ ~ ' iong  the l a rges t  macroscopic fo ld  Unges 

show a modere.te plunge t o  scs&t;(:ast (domains I a d  111, pl .  3), thereas 

the ~outhvect-pl7qing sec:~ad fo ld  m e s  occur l=&ely on the limbs cf these 

mcroscopic folds (dcmin 11, ?1. 35, Trle occurrence of both orientations 

of ~econd  e x e s  i n  dmain F4 a6.jr ref:lect i t s  location partly on the hinge 

md par t ly  on the Usib of r: :2ecroscopic second fold. SFnSlcrly, the P -mes ' 

of the domains of pl&e 2, sc.ch as 7, 8, 10, 11, and 12, locates on the 

I 
llzobs of the l a r ~ e s t  cccrooco2ic foZds chow no consistent P -=is oriente- 

t i on  In  contrast t o  the consis-tent; ;)lunge to the southeast shown by those 

- - on the h i ~ ~ a s ,  According t o  t'nis evifknce, tli? lia5s oZ the largest  second 

folds, and hence alzo the r:u:ller second fol?s locate& i n  them, no lotl,?er 

have the o r i g i d  relet ion re::, ':he m:cs of these la rges t  folds. Tizet irr, 

n e i t b r  p -&yes of d c m i n ~  1101' IESC;SCOI)~C ~econd f o l d  exes i n  the l2rbs 

p a r a e l  tile axes of the 1 ~ r g a s t  ~ecosld folds,  

mrCI ~~e~cr~tioa.--Tl-ie mcrosco2fc folds of this gener&iorr are p o o ~ l y  - 
known. The hingesof the largest mscroscopic second folds do not s e a  t o  

hcve k e n  noticc3bly & i " o ~ r d  by t h e  t h i r d  foL?Z.ag. A s i z i l r r r c s i s t a ~ c e  

of hinges of la rger  e a r l i e r  ?ol& t o  laJccr c?efoms.tion has been reported 

by Wsny (1958a, p* 304) a t  Loch bbmr i n  the Scot t ish Ifighlands, However, 

this foldin:: ney h v e  bent the r xea  of t k e  ~~?,ososcopic second fol& a d  the 

P-axes of domains (p l ,  2) :in the linbs of the mcroscopic second fold8 

frm t h e i r  or ig ina l  or ien t r t ioc  ~rhich i s  r s s u ~ e d  t o  heve k e n  c u b g u ~ l l i - ? l  

t o  the axes of rmcroscopic c;c.coud folds.  T ~ E  third f~lclinli; m y  c lso  heve 

ccslced the nonplcnar fo+m fo r  the  provizze as a vhole o f ' t ho  axial surfaces 

of the mesoecopic s e c o ~ d  folits (p, e 9 ) .  . 
O f t h e  domins of p1e.t~ :I! located ~n the linbs, o ~ l y  12 shows a P -axis 



heviog e southmrd plungz ,n:~s:rl?; 23: 2: rdllel. t o  t h ~ t  of the ~ lesosco~ic  'iliird 

fo l& (rig. 33e), 5ct the 2 . 8 : ~ : :  cJf cricntcticzt &ate o f  moosco;?ic th i rd  

cxrs i n  this dcm:e,in preclud:.:: czrteln c o r r e l ~ t i c n .  The relat ive smal l  size -. .- 

of these d c x i n s  ( p l .  2) 1af.icetcs t k z t  the lergcst  mncrosco?ic third 

f l o l b ,  i f  presect, 2re consj.clerr.-~ly c-er t h a  the largest mcrosccpic 

second folCis* Tnis size relct?c3 t c r h  t o  s u b ~ t ~ t i s t e  the general r i l e  

of Ikiss (1959, p. 99) tk-3 t:x largest cylln&oi&l foldo of o l a t e r  

generation must be smaller tha thoce of an earlier generation. 

The aces of ~ B O S C O ; ) Z C  th.i;'ii fal& >luge dminmtly  t o  the south 
-_ 

(fig, 330). Although dis-lr:b-;t@i? i n  a broad m a i n u r n  In figure 33a, they 

tarrd i;o f e l l  Into trro gro'i;D:; rzrrcce~ltcd bythe L?ro aubm:hae Tfie a'croncer 

subnaxhm represents a p l a n s  of cbo:;t 30' to t L s  south-southeast, and the 

weaker OW represents r, p2mp of about 45' t o  the 'south-south~~est I A few 

Wrd a e s  pl?a:c ocr'c'nt~ard., The crf.c",tatf OD of the third fo ld  axes is, re- 

late3 to the  orientation cf t'22 folf:.tion i n  which they occur* 14ost of the 

predmiomt i n  the northern t'ia-thirt?~ of the pro-dnce, ~ n d  the bulk of the 

field h t a  :Ere cbtakad 13 't'&;? erei;. Ecth north- a2d so-~+-kB-plm@q third 

fc ld  zxzo occur in the north-striMn[: 1k5  In the v lc in l ty  of Sac3 Cove, 

but m y  fewer field data -nrz cb t a i~~ed  here than In the north because ex- 

POSUCS are ' feu. 

The a x i a l  p-ea of the r e ~ o s c o ~ ~ i c  third folds also tend t o  occur i n  

A. ckTo gro'qs; eech E;rocs cf plaw:: l l e a  nem a cox-espczdLng grocp of axes 

(fig* 33; see k s k c d  lircs 53s). The axid. plzvres helve a consiutent 

~ ~ b - i e r t i c a  dip, &-i;acugh their ctri:c_e varies wlckly. Ta average strike 

is slig3%ly east of north. 



F i p r e  33.--Collective CLcgrms sh0?*,4::g the preferred orientation of 
mezoscopic third sLmci:urea, Ga;?bl,er province: a, 100 axes of thrid 
folds;  contours (1)-$-5-7s-10 pel-cent p e r  1 percent area. b, 65 
axial. plmea of z'r-ird folds;  con'i.~drs (2)-5-10-15 percent per 1 percent 
area; &shed l i n e s  show average m i d  plane orier- la t ior .~.  



. . Inter. , 5 7 - ~ T c - ~  of structure 

The ged~trical re la t icn  of the first fold Lies t o  the second a%- 

gests  both tk mec2?enir;m of secmd r?Llding a d  the i f i ie ial  g?-Lry of the 

rracrcscopic f i r s t  f o l h .  IL ~;? i t e  02 &foxxction by the secszd fQldicg, 

the msoscopic first fol& r~l~-5u.ic L ~ e n t l e  plunge ei ther  t o  the northwest 

or t o  the scztheest i n  the  r,ozii>crn hlf of the provfucc ( d ~ ~ t 0 i 0 8  II,III, 

N, pl. 3 ) .  In t 'sis area the augie 're-Lwen Lhe first a d  second f o l d  axes 

is ~ o n s i s t e 2 : ~ ~ l y  s c l d l .  Eecce, Cu ing  the second folGing the r"irst axes 

see= t o  have bees rotate0 i n  o nerrok~cone.-about the second fo ld  axes. 

Thie re la t ion  sugg$sts thet  %kc: seco~ii  foldfng m s  accozriplished lcrgaly by 

flexural slip of ths foliatio:: L,arr'cc.es (~.sr,&r, 1948, p. 171-172; see a l so  - 

I n  contres-r;, if the scco:~: ioidii?g ha& Seen accca21Sshzh b.rge1.y by 
- 

slip d o n g  en oblique set of surfaces ( s l i p  or skar folding), the  first 

l inear structures would h ~ v e  been ro'izted t h r o ~ @  a pr th  ir ts'aich t'czo angle 
2 

betwen th5n and the second f o l d  &es v o a d  heve changed continuoi~sly, I 

causing a wide variation i n  ~l~served aqks  (hteisa, 1S1;59b, p. 109-1021 

Rmey,  1960). 

eagle betman =es 02 $first aad second folds increases t o  about 

93' i n  t h e  southern aa-rt of the province nesr Snug Cove (&omin I, pl. 3; 

fig. 28). Two possible e:r,ic:x'cions f o r  this increase i n  e-ngle we: 1 )  

the orielltn'cion of t h e  I"irs% fcld e3:c.s was o r ig ina l ly  cons'ccnC throu@out 

the province, but the ucdwidzm of sccom3 folding vtbied from f lexural  s l i p  

i n  the north t o  s l i p  ishear) Sn the ~ ~ o u t h ;  2) the secondi'olding was due t o  

f l e i . ~ ~ ~ e l  slip t l i rou$~u~t ,  ' o i ~ t  K2e orFgioal orientation of t k  first fo ld  

exes varied and they descrPae9 L 'oroed arc oce limb of which lay i n  the 

nor";h and the other  i n  the so-~th. E::glmation'2) seems ~ u c h  more pro'c~ble, 

and could have been brousht about by the supergosition of the first 2012s I 



upon bedding that  has been. previously folded into a broad, open fold. Ac- f . 

cording t o  the concepts of superlgosed folding ( ~ e i s s ,  1959b, p, 95-90), a 

different f i r s t  axis orientetioa would have formed i n  eech limb of the 

fold. The greater scattoria'i of f i r s t  fold a x i s  orientatlone I n  the south 

where the angle between the f irst  and seconcl axes i s  large would then be 

caused by their rotation t h roub  broader cones about the second exes. It 

is  also possible that  heterogeneous deformation could have produced first 

f o l h  wZth i n i t i a l l y  curved 8.xes. 

In contrast t o  the I n i t i a l  geometry of A& axes of the macroscopic 

first folds, the hinges of the ~ c r o s c o g i c  second folds c.xtend nearly 

- rect i l inearly across the provf nce, According t o  Weiss, (1959b, p. 95-98) 

this must wan that  the foliation (hmce also the axial  planes of the f i r s t  

folds) i n  which they wate famed were initially s a p l a w  throughout 

,province. The macroscopic second folds as a whole nre not ~Cyllndroidal, 

however, because l a t e r  fold3.n~. of their  limbs. The the 

macroscopic second,folds i n  bedding, which is unknown, must be complicated 
/ 

I 

because of the existence of the f i r s t  folds i n  the bedding a t  the time of 

the second foldingr 

!the range i n  o r i en t a t i~n  of the axial surfaces of the th i rd  kink 

folds (f ig.  33b) suggests en intersecting fan of planes about a subvert;i- 

c a l  ax is  similar t o  that suggested by Weiss (1959, p. 103) a t  Loch Leven. 

Weissgs alternate suggestion thet such e range of axial surface orientations 

could also have been produced by the change from s l i p  along s l i p  surfaces 

parallel t o  the axial plane3 of s l i p  folds t o  flexural s u p  during the 

folding does not seem l ikely  here, since kink folding does not involve 

• actual s l i p  along slip surfaces (P. 79, fig. 25a). 

The orientation and chczracter of the kink folds elso suggest that  the 

above far; of planes i s  composed of tl?o se t s  of a conJugate system. Both 



the ex ia l  planes and the EX(?; -tcni! t o  form two grouTs i n  which each group 

of exes l ies near a. corre~2,~:2-?in,n Erc:ur, of planes ( f ig .  33). According 

t o  Eoeppener (1956, p. 2 6 8 - 2 ~ ) ,  IrirJ: folds ( ~ l e m r e n )  represent, i n  thin- 

l y  l ~ y e r e d  rocks the s l i p  o r  shear f!.'ecture of more hmogeneous rocks. 

i n  kid< folds the s l i p  i s  rcprcren4;ec? by the flesure.1 kinkin3 of the fo l ia -  

t i on  surfaces without actus' r~? tm-e  end slip (fig. 25a). Thus, according 

t o  Hoeppener, the kinis folds ; m i r y  occur i n  coiljuzcte systems, similzr t o  

those of s l i p  fractures,  colnp;.ncd of t - ~ o  intzrsecting sets hevinl: op?osite 

~enses  of kinking. It s e e m  7;ossiblc t ha t  s e t s  of kink folds, l i k e  the 

sets of con.jusate s l i g  frec-bure systc!m, nay ro ta te  during compession 

ebout t h e i r  line of intc~sea-t ion towr.rd the p lme  normal Lo the airect ion 

of cor~preosion ('deiss and fdzI~t.yre, :357, p. 5991; {~oegpener, 1956, p. 250- 

2 5 3 ) .  Thus kink folas  may occur ~ihoce ax ia l  pl6ne oricntctioas l i e  my- 
1 

-where witbin the renge of rotr t lon.  Unfortunately, the sense of kinking 

kr;s not recorded i n  the field, 2nd hence a corr3u~t;te sy~ tem carnot be 

proved. 

Xo'r~ver, the o r i e ~ t a t i o n  of  the axes of the kink folds (f ig.  3 3 )  

and tlzeirrzlation t o  the orfeitcltion of the f o l i ~ t i o n  i n  which tlrey occur 

can be e x p l a i ~ e d  by assunin<; .tlzat the range i n  orientation of t h z i r  oxia l  

plenes ( f i g .  333) r e 2 ~ e s e n t s  a fas of i n t e r ~ e c t i n g  plenes. Figure 34 

shows cl iegrgnat ical ly  the re lc t ion  of the fan of 'axial planes t o  the two 

nost cmxon orientetiona of t::c f o l i ~ t f o n .  These orientstions represent 

the  lircbs of the macror;copic: :,?cond folds, and in-tercect i n  the second 

folt! exis. The t h i r d  fo ld  Exez scern tc, have fom-ed p s r r l l e l  t o  tbz in te r -  

sections of the plenes of the fr:n ant the fol ie t ion.  The fibundance of 

s ~ u t h ~ , ~ ~ r d - p l ~ ~ $ n g  th i rd  fo3.h re f lec ts  the 8.bundonce of south-dipping 

fo l ie t ion  i n  the pravince. Six!-1arQ-, the sspsrsity of north-alungiw 

axes r e f l ec t s  the l e s se r  abuni??ricc of' north-striking fo l ia t ion  whose 



Figure 34.--Dia&m showing relr'ziois of fan of third a x i a l  planes to the 
&ii-&a-,Ji f oliat io3,  Gm;cier P - O ~ '  L A -  . - ? orientations (~1); 3 is average 2 
mcroscopic second fold cds orien-A - '. 3n. 



i n t e r ~ e c t i o n s  trith t k e  f s : ~  of plcncs p 2 u z ~ e  ei ther  t o  the north or  t o  the 

I n  s m r ~ ,  the dcd:1~2': r;icror;cc2ic second f olds--+,he rcs jor _structurefj 

of tae Gmibier province--.cc;. 'ne thaught of as folds ir? t ~ ~ o  dLstinc$ but sub- 

para l l e l  s e t s  of surface.  : 1) the f i r s t  = . r i a l  plme ?Xiation, and 2) the 

subparallel l i a b s  of t& icocl inr l .  Tirst folds. Daring the second folding 

the rock body s e G s  t o  t - ~ v e  >$have3 G - L ~ " u c I ; L L " c ~ ~ ~  as a U P I ~  G ~ L I ~ ; J  leyered 

mass 

'Ilhe set-fgl& - forseG S.n t h i s  coxplexly l a p r e d  body end can k v e  

no simple re lc t ion  t o  -tL:: origizzl 3tr~t igrap~ld.c  seqxence. S i ~ l i l r r .  exam- 

ples  of an e c r l i e r  isocliu;:Uy f ~ i ~ C  sequence behexing effect ively e G  a 

u=ffordy  s t r ~ t i f i e d  1 x c z  672211:: lz.:.ter f oldins bzve been described 5y 

Reynolds &ad Hokes (3. ~ 5 ! . - ,  g, .id6- ?.I!-&-) i n  Doce~c~l,  northern Irelend and 

by R ~ a y  (lpj6$ p. 418.-520) a t  Gx aclg i n  the Scottish Hi&li;nds. 

T122 Eieqtlencc of ~ t n r c ' ; ~ a l  e w n t s  i n  i;he Gefcbier s t r uc tu r a l  ~ r o v i n c e  

nsy be 6umr;~rized E ~ C  foi lo:?~: 

3.) The z o ~ s i b l c  fO&i,ug of) t . h ~  bedding i n to  broad open folCs pr ior  

t o  the f i r s t  strong foliiio;. 

2) Stroilg clcform"sio~ of 1;l.x. yov ince  ~ r i t h  Yls f o m L t i o n  cf the iso- 

c L i r d  Sf rst folds in t l e  prr;.vioz;..ly ~mrped bzddizl~, a i l  the k-velopxent of 

e $rono&ced, widcsare~.h, ~ .Lfor i i iy  orient,cd, e:l~J plene folietiiou. Dur- 

1- ,, - this & f ~ ~ a i ; L o a  slig zcvenen-' z l o n ~  f olie. l ion surf aces seeos t o  have 

p e z t i d l y  trcn,s;~osed 3z.d dls-xp-k~c3 the bedding. TLe o r i g h a l  o r iea tz t ion  

of t h e  f irst  fo1d.s i s  rxt; L~OVLI, -JU% the soiltheec';rmrd plun~e of the second 

folds formed i n  the m.riz.1 ._~1c.ne f 3 1 i ~ t i o n  S C U B G ~ S  t'L2r-L the i l l t i e l  dip 

ver t i ca l  and nortbrarh thcref ore, cut. 

3) Renewed strong k f ~ i ~ : : ~ t i ~ n  of the subpsrs l le l  f ~ l i a t i o n  and bed- 
\ 



ding, arrd fomation, possi5I.y :-:-.reel:- by f l e x ~ ~ r ~ l  slip c.long the f i r s t  

fo l ie t ion  surfaces, of the Xa:.grrt fij1il.r; i~ the province. The e..xes of these 

n;ccroscopic secoad fclds  p f ~ ~ r y  code::c?tely t o  the sov.theast, nnd ere ecc3n- 

ponied by nmerous srnrller .:'c3.63 but ~ i r t D l l g  no secontlrry folir.tion. I f  

these folds  formed largely ':y Zexurt?d s l i p  of the f o l i ~ t i o n  surf aces, then 

the bedc?lr-& aus t  her- been ?u:-tLzr &ismpJ;ed during t h i s  f o l a n g .  

4) Deformation r e c a i i n r ;  ir, Z;hc f crme-tion of the t h i r d  folda which 

ccncist  h r g c l y  of Bin& fol:is. T h  -.hlrd folding m y  h~tve prczuced no 

large macroscopic folds. 9~ L -1y mu,croscopic folds tentti t ively related 

t o  this &fom-ztion occcx i;; t:;: lb?js of tk largest  second folds; the 

kiPrqes of these secorzd fold:; rre not rio-kiiceably affected by the t h i r d  

deformation. The mesoacopic r d  folds my &vc formed~Lth axial planes 

i n  t ~ r o  intersect ing conju~ake ec-ts. 

p!:I)trs s t ruc tura l  province 

C~cere.3, sl@tzu?ent 

The rocks of t M s  province are chiefly nontec toni te~  i n  which s e a -  

mntary structures are pr~iz~rved.  I n  cont ras t . to  the Gmbier s tmc-  

t u r d  province, prim,ry ee5:~xv-:r~tzry bedding i s  seen i n  almost every out- 
.. 

crcp, m d  ro,esosr=o~f c folds :-.nb l i cea t ion  are  ra re ly  seen. Frc.ct.c3-es end 

fo,ults are the most a31mdz~1-k ~ ~ ~ s o s c o ~ ~ i  c strucLul'es j of these only the 

Two generations of stmLc-bxes are ~ ~ - t i ~ i s l . r e d  in the pro-~ince: the 

f i r s t  generatiozl, wh ich  occi.r:, ts'ct ca E- r t~smco;~ic  end E n c b ~ o c c ~ i c  5 ~ 2 1 2 ,  

a d  the second generetior, :dfir:!l_ occux-n only ou e nccrosco~ic  s c d e .  Thc 

eviiiecce fcr U ~ t i n ~ i s l r i n j  Vfi3 t ~ s o  gerierctions i s  based on %:?air m.cro- 



Unconfomlties occur betreen ~lmost every formation in the Pybus I 
province (fig. 3)  move^-znts couslng these unconfornities seem to &ve 

formed no fold systeme, ' end. were probably restricted to mild warpings snd 

u3 l i f t s .  The superposition of successive warpings, however mild, tdll 

result i n  increa.siq$y c q 1 . e ~  structure i n  the rocks of successively 

ol&r forclations. The structure of the Seymour Canal formation (the 

youngest in the province) is t k r s f o r e  probably the simplest, a.nd i s  also 

best known because o f  the extensive ond excellent shoreline exposures of 

tNs formation. It is prese~ted in greater detail than that of the ol&r 

E"a.soscopic structures 

Beddin~,. --The orieatation of primary sedbentary bedding can generally 

be determine8 throughout the pl-ovlnce. However, it is oommonly not possible 

t o  determine the stratigrephic top of a be8 or a seqbence of beds. Position 

of a bed in strat*-qhic sewerice can sametimes.be used for determining 

the top of a sequence *ere Winner units such as the Pybus dolomite and the 

Eyd formation are present, but where these are absent, lack of maker beds 

and subvertical dips make it necessary to rely on grade4 bedaing, croas- 

bedding, &.nO, where possible, beddlng-cleavage relations to deternine the 

top of a stratigraphic seqcence. Greded betiding and crossbedding are 

developxl chiefly'in thln graywRclse beds, f i c h  are! most common i n  the 

Sewour Canal formatioa. 

F i r s t  generetion.--Folds of this g3neration are the canon mesoscopic 

folds of the Wbus province. They ere characterized by straight limbs 2nd 

small, rounded hinges (fig. 358, b). I r r  g e n e r a l ,  the first folds have one 

~cdera te ly  dipping n o m l  limb end one subvertic&l b b  which is commoaly 

overturaed. The exiel plrses e r e  genersl ly subvertical, and the axes show , 
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a gentle t o  moderate p luny .  Fold; having a wave length of l e s s  thaa 10 

f e a t  are seldom seen, end fo ld  hinge8 are not commonly visible .  Thus, 

folds must often be mapped by ind.::ect evidence such as reversals i n  dip 

and i n  direction of the s<~a t imaph ic  top of beds. 

The f i r s t  folds i n  t!ie a r g i l l i t e  of the Seymour Canal formation gen- 

e r a l l y  show a fracture clcavege sul~paro.llel t o  their ~ A a l  surfaces (fig. 

36a, b) ,  The cleave@ i s  largely confine& t o  homogeneom e s g i l l i t e  of the  

type that forns most of the Seymour Cnnal fornetion, and i s  generally lack- 

ing In the interbedded slliceoue and calcareous aYgillitea, chert, gray- 

wacke, limestone, end dolomite tha t  meke up the older formations in the 
. .. 

province. 

--- cleavage consists of roughly parallel fractures whose spacing 

reages frm &out 1 inch t.o microscogic aimensions ( f lg.  36a, b). A s  a 

,-rule the rock s l l ces  between the cleavage fractures seem t o  be undefomed, 

and no newly formed micnceous lilinerals can be seen elong the fracture sur- 
I 

faces, In  a f e w  places where the fractures  become more closely spaced and 

unffom, incipient crystel l izot ion of micaceous minerals subparallel  t o  the 

fractures has been observe&, end the  fracture cleavage grades i n t o  true 

s l a t y  cleavage i n  which the cleavage surfaces genetrate the rock on an 

intergranular scale. I n  seneral, the cleevage ranges from s l a t y  cleavage 

i n  easterq Gambler Bay t o  Irreaar,  wide-space8 f r a c t m e  i n  southwestern 

Pybus Bey, I n  the l a t t e r  loca l i ty  they could not be Bistinguished from 

join ts  and other fractures, ead hence could not be uslad i n  the structural 

Generally the  c leav~ge  extends only i n t o  the very f ine  grained parts 

of the graywacke beds. Th? c m o n  fractures of the graywacke beds tend 

t o  be normel t o  the bepang (fig. 36b), and are not continuous with the 

cleavage. 
I 



36. --Fracture clemme (a) in argiuits of Seyrmur C a n a l  formation, 
3us etructurrrl province; note angle 'between graywacke beds an8 cleavage 



! 

lbcroscoplc structure 

F i r s t  generation,.--A few possible first fo ld  hinges can be seen on the . 

geologic Eap (pl. 1 )  neer ~ : t i s e  Point Pybue and at the head of the main ann 

of ?y-ous Bey. These hinges represenr tightly appressed folds involving 

%e Pybus d o l w t e  and the formation, and have axial plena8 which 

strike ebcut northwest. The folds srs-faul ted 'and hsve cdmpllcated fobu  

8xggect iq repeated episode3 of &efomation. I n  sp i te  of the lack of marker 

be&, the macroscopic f irst  fol& i n  the roc& o f  the Seymour formation, 

are b e t t e r  knoq, and the folloving discussion i s  chiefly about thea. 

East of the  False Point Pybus fault zone the first folds trend uni- 

formly t o  the north-northwest. W s  uniformity of ' t rend i s  expressedL,by 

the gattern of-trp-aes of bedding i n  this area ( f i g .  37b).  The strong 

- meximum i n  this diagram represents an average strike of N. 30' W., and 

I dips ranging from 60' t o  go0. This geometry suggests tha t  the macroscopic 

I folds have thc  Game s ty le  ao tihe msoscoplc folds i n  m c h  one l i m b  I s  sub- . 

v e r t i c d  and t h e  other i ~ s  a c i i ?  or"eom 60' t o  70'. The scarci ty of gentle 

dL?s near the center cf the diagram and the abundance of steep &ips also  

suggest tha t  the mecroscopic folds h v e  small hinges and long, s t ra ight  

lirnbs similar t o  those of the ~zsoscopic  folds. 

, Figure. 37b hss no single P -axis, but the scattering of points near 

the ceater of the diagrm suggests sseep-dipping t o  subvertical incipient 

girdles  whose P -exes plunze gently t o  modere+tely e i the r  t o  the northweat 

o r  t o  the so~ theas t .  T h i s  trend and plunge corresponds t o  those of the 

mesoscopic f i r s t  folds. I 
Figure 37d shows tha t  the orien-cetion of the cleavage eas t  of Felse 

Poiat ,Pybus has e re,&erity similes t o  tha t  of the  bedding. The strong 

lcaximuum represents an averege strihs of 1. 30' We and an average dip of 

82' t o  the eas t  corresponding c l o s e l j  tilth the average bedding at t i tude.  



a. Collective diagraa of 275 polen b. Collective diagram of 200 poles I 
of Sedding, Seymour Canal formtion, of bedding, Seymour CanaJ. fonnation, 
western qbxs province; ccnbcr@ eastern Fybub pr~vfncej contours 
(1/3)-1-2g percent per 1 p r c e n t  (*) -1-2&-5-7$-10 percent per 1 
area. percent asea; dashed peat circle 

is average cleavage orientation. 
-- . - -. . - 

c. Collective Magram of 145 poles d. Collective d i m  of 150 poles 
I 

of cleavage, Seflour C a W .  formstion, o f  cleavege, Seynour Canal formation 
western Pybus province; mntoura eaatern Pybus province; contours 
(2/3)-2$-5-7$-10-@ percent per 1 . (2/3)-~-5-7$-10-12$-15-17$-20 per- 
percent area. cent per 1 percent area. 

Figure 37 



when plo t ted  on figure great circle)  

bisects the angle between the two maxima, a c h  represent the two dominant 

orientations of the linZbs of first folds, and substantiates,the f i e ld  obser- 

vatiom that  the cleavage i s  subparallel t o  the axial surfaces of the f i r s t  

folds c 

Beceuse of the lack of mrker be&, the relative size and positlonc of 

mearoscopic f i r s t  f o l b  I s  diff icul t  to &termins within the Seymour Canal 

formation, However, two lerge macroscopic folds are thought t o  exis t  eas t  

of Felse Point Fybus based on a study of the stratigraphic togs and the 

w e d  cktstributiox.~ of units* The outcrop of the Pybus dolasnits and Hyd 

formation a t  FaJse Point Pybus probably represents the western, n o d  

linb of an overturned syncline whose Ncial pleas strikers north-northwest 

through Pzice Island, To the east  near Good Island, the EIyd formation 

i r ,  brought up in the core of an anticline of 8Imilar amplitude. 

In contrast t o  the regularity of trend of the macroscopic first folds 

east of the False Point Pybus feult zone,  he^ flrst folds t o  the westshow 

adlversity of trend. The trend of naesoscopic first folds follows the 

sinuous outcrop of the wbw dolomite through Pybus Bay ( pl*  1). This 

bending of f i r s t  folds i s  reflected i n  the nearly random pattern of figure 

37, a, esd contrasts sharply with the regularity of figure 37b. The form 

of the cleavoge i n  the westem area representea by a subhorizontal girdle  

i n  f i bwe  37c clearly reflects  the bengng of the ' f i r s t  folds and the - 

In  order t o  study the bending of the f i r s t  fold In greater de ta i l  the 

Pybus Bay area was subdivided in to  structurally hanogeneow dcanalns (pl. 4). 

The 8 b ~ p t  change i n  the orientation of Bend the scarcity of a u t c r o ~ s  i n  

W i n  IV preventea the esteblishment of a hoabgeneous domaln. Pla te  4 

.shows t ha t  the -txend_of P - W 8  of f b  WIU describe ths 8 W  bends 
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aa do the strike of the bedding and the trends of rnesoscopic fol&so It . 

also shows that  the aces of the msoscogic~f i rs t  folds i n  the damains 

subparallel t o  the P -axes of the damaim, permitting correlation of the 

=croscoplC folds with the WQOOCO~IC first foldsr The average orientation 

of cleavage (solid great circle, p l .  4) in each domain tends to:b subparallel 

t o  the P-axla and t o  bisect the limb8 of the macroscopic fold represented 

by the maxima, f'urther demonstrating that  it i s  subparallel t o  the axial 

planes of the first folds. 

Second generetinno--East of the False Point Pybus fauly zone the first 

folds appear t o  be unaffected by a second generation of f old8 However 

~ e o t  of the fault zone, a t  Pybus Bay, the a x i a l  plane cleavage of the 

f i r s t  folds and the bedding have been folded Into a series of rather broad 

folds whose axial planes str ike nort;hw@st(treces shown by antiform and 

syll~orm sya11018 i n  PI.. 1 )  l me axes of these folds i n  the cIeavage of the 

first  generation plunge about 80' t o  the south as  ahown by the orientation 

of ti=e 6 -axis of figure 3 7 ~ .  I n  order t o  contain these subvertical axes, 

the axial  planes of the second folds muat also be aubvertical* The second 

B1d axes i n  the bedding, however, have a casrplicated geametry because the 

bedding, unlike the cleavage, tras tigbtlry folded prior  t o  the second folding. )I 
Thus, a different fold ax i s  exists for each orientation of the  bedding (Weiss, 

195SA p. 95-98); thepattern of figure 37a reflect. this complexity. 

Althozqh probably subjectea t o  the same regional compression during 

a secozd folding, the sxial planes of the first folds west of the False 

Point qtbus fault zone were folded, while those t o  the east wemime 

Tarefore, the first axial pleses east of the fault zone must have been I 
oriented about normal to the dlrectiqn of c'crmpresaion and those w e t  of 



the fau l t  must have deviated suff icient ly from this orientation t o  have 

been folded, The axial planes of tht: f i r s t  folds i n  the east  now s t r ike  

north-northvest and are. submzrtica.1 (fig. 37c)j the axial planes of the 

second folds i n  the weot strilse n o ~ w e s t  and are alao subvertical. There- 

fore, the direction of compression during the second foUUng was probably 

~boi t t  nornel t o  these axial plnms, tha t  is, about northeast-southwest and 

subhorizontal, 

The amount by which the exial planes a? the first folds west of the 

f ~ u l t  zone devitited frm the plane normal t o  the second comgression is un- 

kno-i, but a subvertical dip is indicated for theae planes by the ~ u b -  - .. 
verbicalJ3Jlientation of the &xes of the second folds formed i n  them. It is 

implicit  i n  the concept of supeqosed folding (Weise, 1959, g. 95-98), that 

a fold cannot have an angle of ylWi3 greater then the angle of dip of the 

eurface i n  which it 5s formed. Wowing for degartuires fram this simplified 

ideal ir nature, it seems generally true that steeply p l ~ i v  axes must 

have forme8 i n  steeply dipping surfaces* 

The second folds, i n  the axial plane8 of tha First fdlda then, seem 

t o  have formed paral lel  t o  the intersection of two subvertical g l a m s ~  

the plane normal t o  the compesslan, and the exlal  planes of the first 

folds. Tke s t r ike  of the p h n e  normal t o  campression I s  approximstely 

kno~m (northwest), but the s t r i ke  of the ~ Lel planes of the f i r s t  folds 

at the start of the second folding c a u o t  be detenuined vlthin wide Urnits 

because the intersection of t.a subvertical p h e s  would have a steep plunge 

fo r  a wide range of angles of intersection* However, it is:)probable that 

the exia l  planes of f i r s t  folds prior t o  the second folding had a general 

northeasterly str ike  about normal t o  present axial planes of the second ,. 

folds 

The divergence of the first folds exes east an8 west of the Fa& Point 
I 



qtbus fault zone may have ikvelopcd at a late stage i n  the first folding. 

1% is:.possible that the a l e 1  planes an8 cleavage of the first folds i n  I 
both areas were formed i n i t i e l l y  su3parallel In response t o  the same stress and 

that leter i n  the first folding tbe foldo i n  the two areas became divergeat be- 

cause of inhomogeneous yiellllng (see p U 9  for flnther discussion). I 
In general, the Pybus sti-cctural province may have been divided i n t o  

three dcmdns bounded by northwest-striking fault zones,' as follows t the. 

&oaain east of the False Point Pybua fault.zone which contains no second 

folds; the d e n  lyinz west of the False Point Pybusfault zone which con- 

t a i n s  ~econd . . folds, an8 the d o d n  v e s t  of the wbus fault zone about which 

little i s  kno-urn, but which resembles i n  s tructural  trend the domein east of 

False Point Fybu. These fault zones seem t o  represent z&s of mpture! 

a between domains that have resi~onded differently t o  the second compression. 

. Southves-t; structural  prwince 

I 

!Che sllghtly dsforrued sedimentary and volcanic rocks of this province 

are disposed i n  an Irregulex, north-trending, tm- structure whose 

axis  seam t o  coincide with t ? ~  E l i z a  f a u l t  i n  the =stern part of tihe 

provlnce. West of this fmlt  the beds Bip gently eastward, whereas t o  

t h  east of it they dip gently south-*st and west. 

Flexures are rare i n  tlze province, and rocks bv ing  different  attitudes 

are ccmonly separated by faults ins-tead of fo la  hinges. Faults are abun- 

bsnt an8 generally have steep dips. Most seem to.have had 1e.rgel.y ve r t i ca l  

movement but the scarci ty 02 marker be'de generally prevents accurate deter- 

mination of displnceaeni; (see section on Faults for further  cliscussion) , 
' 

@ Morth-striking fau l t s  predoxiwte, but northwest- and northeast-striking 

feults are s l s o  present. All feult traces are expressed on the ground 

by linear topographic features, which are clearly shown on -rial photo- 



I 

graphs. Only the largest f nult s are shown a n  the geologic map ( pl. 1) .  

Faults 

,General statement 

The Pybus-Gambier Erea i s  cut by numerous faul t s  many of which are 

shered by more than one structural  province. The feu l t s  generally c d d  

not be correleted with the  generations of structures Uescribed i n  the fore- 

going peges because fau l t s  mey originate ear ly  i n  the tectonic history end 

continue t o  ac t  as zones of movemnt during later egisodes of de fomt ion .  

Therefore, only a few faul t s  ere tentat ively correlated with generetions 

where evidence permits. 

- Poor exposures inland en6 the lack of mtxrker beds i n  many of the for- 

mt ions  prevent the &ternination of the character of a large number of 

faul t s .  Sane prconirrent and gersistent Uneaments shown on the ae r i a l  photo- 

graphs could not be proved by f i e l d  evidence t o  be f a u l t  traces; these 

lineamente have been onnittea f rm the geologic mp ( p1. 1 )  anb from. the I 

consideration here. The fa i lure  t o  find f i e l d  evidence of faul t ing wes  

often due t o  poor exposure, and hence the amisslon of these lineements 

does not rule out the possibility tha t  they may olepresent fault traces:- 

The faults i n  the follo~rlng discussion are a rb i t r a r i ly  grouped ac- 

cording t o  s tr ike,  and, where possible, according t o  movement. Unless so 

stated, no b p l i c a t i o n  of camon origin i s  intended. 

False Point-bus f a u l t  zoner--% fau l t s  of this strike ere bes t  as- 

played i x l e a a t e l y  west of Feloe Point Pybus. The fau l t s  s t r ike  from N. 10' 

W. t o  I?. 30' W. and asc charectcrized by rather s traight  trace8 which show 

a s l igh t  tendency t o  bend westward wlth higher alt i tude. A steep eastward 



dip is, therefore, sug3ented, but the position of the f au l t  t races is not 

known with suff icient  accuracy t o  warrant the? assigning of a numerical I 
velue t o  the dip. I 

The larger  f au l t s  i n  thik zone occur i n  the inverted limbs of a ser ies  I 
of overturned enticllces.  !he ant icl ines appear t o  be thrust  over the  cd- 

jacent synclines t o  the west; 8n interpretat ion of this strucpure i s  given 

i n  p la te  5 .  

The faul t s  a l o q  the m a t e r n  msrr~in of the f a u l t  zone appear t o  trun- 

cate the second fol& t o  the mst suggesting that the faul t ing is e i the r  

l a t e r  than the second folds or  tha t  it occurred l e t e  i n  the second folding, 

Other northwest-striklnz f~.ults.--Four loca l i t i e s  are described below 

which ere thought t o  contoin no~h-nor thwest -s t r ik iw fau l t s  swlar t o  the 

~ e thrusts of the False Poiat Pybw fault zone. However, poor exposures have 

prevented the obtaining of enough re l iab le  data t o  .&finitely establ ish 

the true nature of these fclult;~. The proposed fault zones, lying t o  the  

west of the'False Point Wbus fault zone, are briefly summarize8 below: 

1) A persistent, f a u l t  trEce lies along the valley eas t  of the prominent 

northwest-trendlng ridge %m-eB by the Pybus dolomite ees t  of the north 

e m  of Pybus Bay. This f au l t  ap2ears t o  l i e  i n  the core of a syncline 

t.&ose limbs are nearly v e r t i c d .  The type of movercnt on this Zault is 

uncertain because of the dif f icu l ty  of mapping units on both sides of the 

Se-Kit zone. The r i s h t  l a t e r a l  displacenent of +he Pybus dolomite across 

the fault a t  the binge of the s p c l i n e  is bc l i eved to  be of the correct 

order of m U d t u d e  clthough eccwrcte o;?pping here i s  impossible. The 

right l a t e r a l  d isp lace~cnt  may be exploAned ei ther  by a dominantly strike- * 6112 ~ovenent  o r  by a dom&nzn%ly dip-slip movement. The latter movement 

i ~ v o l v l n g  the rele-tive upvard novemnt of the eastern block eeem more 

l i k e l y  In view of the eviUence f o r  s M l a r  mwement on roughly parallel 

faults  i n  the F d s e  Point Pybuo area. 
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2) A f a u l t  t race appears t o  l i e  along the straight,  northwestward- 

trending creek and ridge se.dCLe about three-querters of e mile t o  the eest  'I 
of f au l t  1). The f i e l d  Bata on t h i s  f a u l t  are very sparse, but it appears 

t o  l i e  i n  the core of a s?xnrp hinged. rn t ic l ine  i n  a nanner similar t o  f a u l t  

1). The Pybus dolomite i s  cut off e t  the f a u l t  when tra.csd t o  the north; 

i ts  position on the ees t  side of the f au l t  t race could not be located, 

but merker beds i n  the overlying Ey8 formation were found i n  a position I 
strongly s u ~ e s t i n g  right l c t e r a l  displacement. As i n  f a u l t  l ) ,  this die- 

placement could have been ecco13'1,lished by the re la t ive  upward movement of 

the eastern block. I 
3) 4- fault iies para l le l  t o  th3 axis of the north arm of Py'bus Bay 

and i ts t race  grobably trends northw~stwerrcl 810% the prominent l i n e m a t  

i n  the axis  of the valley a t  the head of the arm. .The Pybus dolomite ap- I 

- -pears t o  heve been displeced riat l a t e r a l l y  ebout one-quarter mile across 

this faul t .  This l a t e r a l  displacement could again be explained by the 

relative upward dip-slip mo7remznt of the eastern block. 

4) Another north-northwest-strikfng f a u l t  zone lies along the axis 

of the =in am of Pibus Bay a d  probably continues southeastward through 

West Channel and northmstmrd thmu&. the vk.ley a t  the head of th<a&. 

The cmplex structure don: t 3 i s  a m  of the bey suggests a wide zone of 

faul t ing simflar t o  that e t  Fzlse Point qrbus rzther than as single f a u l t  

as i n  the north arm of Pybus Bay. The complicated faul ted folds along the 

ms.in arm of qibus Bay are sb.o~m by the scattered outcrops of the Pybus 

dolomite, and are suggestive of thoee found a t  '~e . l s ' e  Point mbus. How- 

ever, the bay cove= lsluch of the crit ical.  area and prevents a defini te  

@ .  solution t o  the structure here. I n  general the structure of the area . 

i n  an8 around tL;e main o m  of Pybus Eay is thought t o  be t h a t  of a com- 

plexly faulted an t i fom the hinge of which i s  delineated by sharply bent 



Rxinl plane of thls antifooru is  northwest, roughly parallel t o  that  of the 

m~croscopic second fo ld  , to  which it may be releted. 

Mnor faults,--1Tuxerous n1i2or f au l t s  occur i n  the v ic in i ty  of the 

m j o r  f a u l t  zones described above. Two s e t s  of an apparent conjugate 

ieult system having horizortal  dicplscements ranging from 10 t o  100 feet 

have been mapped i n  the Py?ous clolanite and overlying Hyd formation in the 

north am of qiollc Bay. Tue ri@t l a t e r a l  s e t  s t r ikes  about N. 20' E. and 

the lef't l e t e r c l  s e t  a t i l r e s  eboilt B. 70' E.; the s t r ike  of the mador norfh- 

northwest f a u l t  while not acccrately known tends to, bisect  the obtuse angle 

0 (130 ) between the two s e t s  of fcults, thus approaching the relationship 

proposed by Andereon (1951) for  conjugate sets of wrench fau l t s  t o  related 

tkds t  faul ts .  The grerztest principal s t r e s s  direction shoula bisect tihe 

-acute angle between the two s e t s  of wrench faults according t o  Moody and 

IEU, (1956, p. 1209); these z ~ i t e r s  quote Eubbsrt (1951) t o  the ef fec t  

0 .  
that a value of 31 i s  a goo& fiverzge for t h e ' w 6  betveeli the 

principal s t r e s s  axis and pLmes of actual  shear fracture i n  rocks, This 

a ~ l c  here i s  &out 25'. 

The sense of movement at o % h r  minor faul,ts was determined i n  the 

v ic in i ty  of Church Point en6 Bzin Island i n  eastern Gambler Bay. These 

fcul-ts m y  be related t o  the False Paint Pybu f a u l t  zone which probably 

coatin-xs north&t.;nder t h e  :ic+&rs of the bey . m U a t e l y  t o  the west 

of G-in Island. No cons tacy  of s t r ike  for f au l t s  of l i k e  sense of nove- 

ment can be seen hsre. Tvo lerger  faults s t r ik ing  about IT. 60' W., one 

at Church Point and cne t o  the south, appear t o  have mover3 r ight  l a t e r r l l y  

i n  colztrast t o  the lef't lateral displncenent on f au l t s  of the same strike 

alc-iz~ the north of Pybus 3323. Between the two larger  f au l t s  zze 

severel smaller ones, three of which ere mappea on plate 1. In contrast  



to the r igh t  l a t e r a l  movement of the lerge fau l t s ,  the smnller faults 

striking roughly pare l l e l  t o  t h e m  have left l a t e r r l  displacewnt,  whereas 

ithose s t r ik ing  about XV. 850 W, are r igh t  leteral faults. Other s m e l l  faults 

in the vicinity of the north end of Gain Is lend have s t i l l  other s t r ikes ,  

The epparent lack of constancy of the? s t r i k e  of f a u l t s  wtth ~imilar  senses 

of dicplaccment may be du.e t o  $he presence of different orders of wrench 

f a.ults which, accorang  t o  Mcorfy Rill (1956, p. 1213)~ may f o m  in re- 

sponse to a single cmpression. I co~stder t he  d e t a ' t o  be insuf f ic ien t  

t o  etteempt an anolysis of the  type proyosed by the above writers. More 

probable explanations, in v i e w  of the di f fe ren t  episodee of deformation 

believed to hove occurred here, ere t h a t  the above f a u l t s  may belong t o  

a f f e r e n t  generations of structures, or that if  all of the  stme generation, 

they have been deformed t o  varyin& de~rees  by leter deformetion. 

North-striking faults 

A persis tent  group of f ~ r . l t s  strike northmrh i n  the southwestern 

part of the PyBus-Gambler arer.. Their  rather straight t races  ext;end from 

the .Southwest s t m c t u r c l  pro~d.nce northward i n t o  the mbus s t r u c t w a l  

~ r o v l n c e  where they emntuelly are lost.. ~hesi! faujts may repkesent EL-. .- 

late group of high-mgle faulks.of l e r ~ e l y  &p-sl ip novernent. 

LTttle Pybus fe.ult.--!Ms f~.ult extends north from Lit t le  vbus  Bay 

t o  Cennery Cove through a well-Cefined l i n e c e n t .  The contact between the 

FbLrzlty Island bcsa l t  and u r d e r l y i ~ g  Eocene sedlmntrry rocks has been 

displaced left l e t e r a l l y  across the fau l t .  Afleld study of the re la t ion  of 
\ 

lave. flovs on opposL€e--side5 of t h e  f a u l t  ~uggests that  the left 1e.terr.l 

dis.nlecaent was largely accoql ished by the re l&t iva  downwexd rno~rement 

of the  e a s t  block. This f ra t  i s  i n  l i n e  with another north-striking 

fault truncating the Pybus doloniite on the northee-st,shore of the maln arm 



of Qbw Bzy, bet the cwp3.c~ rtmotwss the le.t ter i o c e ~ t ~  &s further . 

conclus~onc r . ~  to the f a f i t  c2fr,,n'lr,cemnt iqosnible.  I 
E l i z n  f~ult.--This f s d t  tics alcng the stron& linewent extending 

n@rt%trcxd f r a  E l i z ~  R?.rb~r r l c ? ~  series cf straight cwoke Lo the country 

&cut 2 niles east of tlr= ITorth / rm of Eood Bay where the l inebent l a  

l o s t ,  In the l~t+Lr FZS?., *F! coatzct  of the E W r o l t y  Islend besclt aad 

the unckrly3ng Hoad fomtztion LG aar,laced right Icterelly czbaut Zreli a 

ni3.e ccross the f z u l t  trzce. Frcn  t 2 e  eestmrd-benBlng o f  the f a u l t  trace I 
vith incre~.,.ee in d t i t u & ?  of tc>o:rqb;' south of thO rbove contcct, the 

c3.p of tbe ftclt hon bccn estl i i~~ted to he ebout hQO to the weat. The X i @ t  

h t e d  8fsoL2cexent cculd be ECC:Z>U Aed e i t b r  by strike-sll2 novcaent 

- or 'by the relative &mmrEL, 4. i~-c l ig  of the wot block* Nore probable 

13 Q dip-slip rco~eite~t  alcng a EU*"I~B!~ Ceult EU F ~ ~ C Q ,  acc~lr,q@nisd by ro- 
\ 

tat ion t o  eccmnt 1 ~ r  the cha?g= in di;, across the fault  (see 31. 5 ) .  

Obher north-atrlking f~:>?.S3. --O.tb?x n~Tta-~LrikfX1& f8atE4 mapped 

in the cout~try between tk2 Ll",tle Fy5.d~ en& t5e E l l a  l k b o r  fzulta. These 

faults do not clearly effect W a r  beds, end bence their sense of dis- 

place-LI~ is mhoTm. Bmccic +a3 fcclt. zones heve been o3scrvod In places 

along t& trace of these fatiLLo ir,dicctfng fault m o ~ ? l t b  Thc, otrsi@t 

Hortbeut-striking faults 

@?m3ler fc?ult.--Wield evicbnce nw,pets tbt mjor fault mj lie 

in the Lqortrzat ncrtb~4st-trcm3ng vclley extenCUw from the north arm 

of Ecc13B~g to t5e v e s t  c-r13 of Gr~~b ie r  2~-y .  !%e field evidence for %hie 

f~.ult is ~mwirizeb e.s follows: 

1) 1.10% t b  soxth G ~ C =  of v ~ s t  ern of Gwbier Bey .the @&st- 

t;ren&tq synfo+p(nl hinge in the Permim aab Trisssla rocb appears to & . 



trunc~ted along its northern b m d a q y .  

2) The Snug Cove synform i n  the rocks of the Gmbier Bay fonoation 

c ~ p e r s  t o  be diaplaced about 1 r i l e  l e f t  laterally ecross the west a m  

of Geiit;ier Bay. 

3 )  Structurcl trends southerst of the mjor valley i n  the region 

south~rest of Gmbier Ij~y c h z s ~ e  ~ 3 n p t l y  from o o r t h ~ e o t  t o  northeast as 

they are traced n0rthwez-d t o  t k  valley. Whether or not this abrupt change 

i n  trw8 i s  relcted t o  f~ulting could not be determined. 

4) The cantact ~e tmoqf l ien ,  tridespread i n  the northwest pert of the 

P~bus4-ambier area, 13 restric-teii $0 the northvest side of the cbove valley 

from the area north of the ma:~th of the out let  of Fybus Lake south t o  Hood 

BEY. 

I n  general, elong i t s  ezstern extension the Gambies fault eppeers t o  , 

separete theolder rocks of thc! Gmbier Bay formation t o  the north from the 

yoaGer roclrs of the Eyd and C znc ry  forrrttions t o  the south indicating a 

relative upwacd movemnt of the north block. !he left lateral displacement 

of "the  ST^ Cove spfom cocld. be pm0cced by such a dip-slip movement, 

since the &al plane of the cyaf'orm dins southwest. 

F m l t  near Scxg Cove. --DAB f a u l t  lies eoutheaBt of Snug, Cave aloi5g'- 

a northeast-flo-dng creek. Tke position of this fali l t  along the  northweat 

s i b  of the creek valley i s  suggeste8 by the fact  tha t  the  uni t s  exposed 

i n  +ke creel; do not extend t o  thc c m t y  i m d i a t e l y  t o  the north even 

though the prevailiw strike appears t c  be northward. Exposures outside 

tfie creek &or3 i t s e l f  are poor, and th? f z u l t  pasl t ioa is  only inferre&. 

The fault a p p e a r s 2 A e v e  e l e f t  1zterzl  dlisplacement of about a ndle, . 

but the  locetioil of m a k e r  beds m opposite sides %s not aacurately known. 

I n  generd,  tke f e u l t  sepcratco o l&r  r o c h  t o  t3e north from younger t o  

 south suggesting tb relat ive u>werd ~covement of the noxth block. 

Faults in  ~ o r t k ~ e s t  Pybva Bax,+-Tvo faults of similar northeest str ike ,  



b ~ - t  opgosite apparent dis~lcczr;-cr",, are inrllceted by the truncation of the 

P~%us dolamite at two l o c ~ l L t l e s  on the shore of the oein zrm. The trace 

of one of these trends along a ~ c ~ l l  creek on the northeast shore n e s  the 

he~.d of the ern. Bere thc nose oi" an overturned s p c l i n e  o'uilined by the , 

Pybus dolomite appenrs to be asp laced  l e f t  &aterzlly. The ~tructure: '  in 

tkls feult zone is so cbotic t h . t  the oense of d i sg lccaen t  is uncertein 

&nd i o  only .s,uggested. The other northeast-striking fault occurs on the 

s o - ~ ~ t h k ~ s t  shore of the mein ~1x1, nor%h cf Donkey Bcy; here a syncllne i n  

the Pybus do lmi te  end the Ep:L fc~-z.ztion appears t o  be fzulted against * 

the Hood Bay formation. PySus Lioloaite cannot be found on t b  north- 

% ? s t  side of the fau l t  and rr,air bcve been d i s ~ l e c e d  right ktercJly t o  a 

posltion under the waters of the w i n  a. If 80, a displacenent o f  more 
I 

than one rjlle i s  indicated; the ap~c..rczt, displacercent csn be explained 

by-the relative upmd,  dip-sXi~3 movement of tha northwest block. 

Strike f au l t s  i n  Pybus dolamite 

The outcrops of the PTJbus doiomite i n  Pybus Bey are chrracterlzed 

by sns1L faul ts ,  striBir?g aboth pa re l l e l  t o  the strike of the beds that 

muse a repet i t ion of beds. The largest faults of t h i s  type ob~onted 

occur on the peninsule. on the norLh-w'est shore of the =in ern of Qbus 

Bay due east of Donkey Bay. These feults are iavolved with a series of 

folds i n  the Pybus dolomite TYlhlch are. overt-d t o ~ n r d  the eaot i n  

oppo~i t lon  t o  the overturning i n  the Seynour Cznal formetion southeast i n  

th* v ic in i ty  of the Yddwep Islmds. Plnte  5 !shows sn interpretat ion of 

the Sa~ltssrnorthwcst-dipping tfrrust P a ~ l t s  closely associcted with th;i 

folding. The s w  type o f  faulting, & p i n  striking parallel the strike 

of the bedding, i s  seen on a sncl ler  scale i z i  the outcrops of the 2ybi.18 

limestom i n  the north m of %bus Bay, These faults are generally too 



s m a l l  t o  shov on the nay>, 2 - ~ t  show i n  "&e f i e l d  as a c a p l e s  of r e p c t e d  

b d s  and s d  fe.dted folds. I";le azction a l o x  the neat shore of the 

north era both ebove and below -the Pybm dolomite i s  overturined t o  the 

s o u t h e c ~ t  i n  a direction oi.uilar t o  that described above f o r  the main 

m. The section on t'ne eas t  shore of the north arm i s  normcl except f o r  

l o c d  ove-rturzling. The oy i j i n  of the? s t r ike  feults i s  not clear, but they 

rccy have f o m d  as surfaces of s l i p  novemnt duriri; the folding of the 

Fy3us clolornite. Their present cross-cutting character m y  have been the 

result of moveneat d w i ~  a le-ler de3ornation. 

Correlation of episodes of &formation 

-- k swsested cor re l s t io :~  of generations of structures between the 

three ctrucbural yrovincuo is ~ ! i o ~ ~ n  In i"i,w~ 38. The correlation fs bnsad 

-chiefly on the s imlbr l ty  of the f i r s t  m d  secocd generetiorm i u  the Pybus 

a d  Gmbier provinces, end %he fact  that scam of the pr incipal  differences 

b@t;reen these ~ e i i e r ~ t i c n s  i . ~  the two provinces can-be exghined by the 

concept of auperppsed foldir~g. The ~ i m i l a r i t i e s  of the two provinces m y  

be s m e r i z e d  as folloirs: 

1 )  Both provinces hc,vc ger.tly plunging, i s o c U d  or nearly i soc l ina l  

f irst  folds developed oiiLy in 5~8Jlog and accmpaied by axf a1 plane loUa-  

t ioo. 

2 )  In both provinces these f i r s t  , f olds 'and ihc urial' plane foLiation 

b v e  been ileforned 3y second fal& hc.vlng northwest-striking,  teep ply ciip- 

ping axial planes; this partUism of axial p l e a s  s w e s t s  that the second 

folds i n  both f o m d  io response t o  the sme generzl nort;hear;-l-trending, 

hdri zdh ta l l  ~ o m p E B s i ~ n ,  

The lack of seccnd f o l t ~  ecs t  of the False Point Pybus fault zone sug- 

cests  that the +s&Q-pl~nes and 1 h b s  of the first folds  there were orientled 





orientation i s  further suggested by the fac t  tha t  the axia l  planes of these 

f i r s t  folds are today nearly p & r d l e l t o  the a x i a l  planes of the second a 

folds t o  the west, Thus, the aulal planes of the first folds west of the 

f a u l t  zone i n b o t h  Pybu8 end Gambler provinces must bave diverged signl- ~ 
f i c a t l y  frcu those to the eas! prior  t o  the second compression. 

This divergence may have been brought about by the crowding of f i r s t  

folds west of the fau l t  zone, both i n  Fybus and Gambier provinces, against 

an ebrupt westtrard bend i n  the western margin of the depositional trough 

. (fig.  .39a). The existence of such a bend i s  indicated by the abrugt west- 

ward bend of the Pesozoic rocks i n  the Pybus-Gambier area. This westward 

- bend Is the northern flenk of a regional westward s-ent i n  an o t h e f i s e  

0 do?ninantly north-northwest-tre~df ilg bslt of Mesozoic mcks ( the Seymour geo- 

syncline; f ig.  40). The s8Uznt e t t ~ i n s  i ts  maximum westward extension 

near the south end of Ahiral.:y Island (Lathran and others, 1960)) and 

then swings eastward again t o  the south i n  scsxt2iern Kuiu md Kupreanof 

islands (Dutro and Payne, 1957). 

Tbus a t  the end of the f i r s t  folding the axia l  planes of the first 

folds west of False Point Pybus fault zone may have been bent in to  broaa 

warps tha t  i n  general confomd t o  t k  western margin of the trough (f ig.  

39a). These warps probably died out eeatuard away fran the margin of the 

trough, and were not present i n  ecstern Gambier Bay. It is  probable that 

the axial pl.&es of the flrst folds i n  these varps were not unifomly 

oriented, and varied i n  both s t r i k e  and dip. 

Renewed or continued cap re  s c ion, o r i e n t 4  subhorizontally northeast- 

southwest as before, folded the axia l  planes of the first folds *re they 

were favorably oriented,. East of P:.lse Point qrbus fau l t  zone the axial 

planes of the first folds were about normal t o  the canpression'and were 



Flgure 39.--a, diagram showing possible disposition of first folds, Pybu structural province, at end 
of flrst deformation. b, disposition of same first folds af ter  the second deformation (see text) .  



Figure 40.--Sketch mp of southeastern Alaska showing the general location 
of the eastern belt of Mesozoic mcks (~elym0t.w geospacliae). 



I not folded, but t o  the west these p h c s  were nore nearly paral lel  to the 

compression and folding o c c u x ~ l  (fig. 39b). The orientation of the axes 

of the second fo lKi%sul t ing  fron this compressi.on probably depended 

upon the orientation of the f i r s t  axial plane being folded. According to 

Weiss (1959b, p. 98; see also McBirney and Best, 1961, p, 495-497) folds 

sugerposed upon such a folcled surface (bent f i r s t  axial planes) would 

fonn with thei r  axes parallel to  the in te r~ec t ion  of the surface and the 

plane n0rm.d. to the compression.. Hence, this intersection was subvertical 

i n  western Pybue province becauae both the plane normal to  the comgmssion 

and the axial planes of first folds there were subvertical, Similarly, the 

moderately plunging axes of the second folds i n  the Gmibier province indicate 
- 

a that  the intersection was modemtely plunging in this locality. It ie l ikely  

that  the plane normal to the co~~3reacicn was also subvertical here, but 

that the ax ia l  planes of the first folds had some orientation thaC resulted 

i n  e modei-&ely plunging intersection. Eere, however, the folding about , 

moderately plunging axes changed both the str ike and the Bip of the f ' l ro t  

&a1 planes (fig. hla), unlike western Pybus province where the second 

fo ld iw a b u t  subvertical axes greatly changed the str ike but not the original 

~ubver t i ca l  dip of the first axial plane8 (fig. 41b). ThurJ the original , 

orientation of the axial planes i n  the Gcunbier province cannot be determined 

because they could have h&d any of the wide range of orientations shown in 

figure &la, except perhaps those abdut normal to the second compression,' 

and intersect the plane normal to the compreseion in  moderately plunging 

axes. 

a The third generation of structure~l l n  the Gambier province, the 

kink f o m ,  appears to have no recognizable counterpart in the q.bus 

province; the kink folds are g e ~ e r d l y  confined t o  the more thinly 

f i s s i l e  rocks of the Gambler province, and the lack of these f o l b  in 



E w e  41. --a, projection ahoiing folding of foliation in ' Ganbier province 
ebout a noderately plw&ing, ~~zcroscopio second fold a x i s  (&); S5 is 
nomrtl to the secord conprsscion at P. b, Projection showin-ES rotation, 
of plmes about a vertical axis. 



the Pybw province may be due t o  the absence of si& rocks. Possibly the 
, 

q.5us province yield&. t o  t:le Wrd &formetion by fracture and faulting 

insAtad, 

TDe above correlation r e w r e s  tha t  the metamorphism and penetrative 

deformtion of the Gembier province was c o n t ~ r a n e a u s  with the less in- 

t6.;zse defo~metion of tfie w~us pro-fince. If ,  t h i s  i s  correct, the ef fec ts  
-. . .  

of this ~ ~ t m o q M s r n  must 6.ie out both upward and lateral ly,  since parts  

of thftxmnmetamorphic Pybus grovhce are younger than the Gaubier Bay for- 

mation end oL&er pcrts are eithcr coe-fa1 or  older ( b o d  Bay formtion, see 

p. 18) 6 The lateral dyin~ out of -2 effects  of metamorphism conforms to  

the generel sou%hward dying GU-G of n=gional metamorphism i n  both Paleozoic 

- 
a d  Y~sozoic rocks i n  southern Abira l ty  Island, an8 suggests that the 

e .  -_ 
metamorphism of these rocks occurred duriw t& same episode. 

- -  The af fec ts  of nretamorphim extend far ther  south i n  the older rocks 

than i n  the younger onee. Thw nearly all signs of metsmorghic &formation 

i n  kvonian rocks die out b~ztween Gmbier BEY and the outcrop of the Hood 

Bay formation t o  the sauthwest. Whereas, i n  the Seymour Cana l  formation 

the ef fec ts  of netamo~phism, which alne pronounced i n  Seymour C d  (phyl- 

Utic  s l a t e  end senischist), are nearly lacking t o . t h e  south i n  eastern 

Canbier Eay. Perhaps the mctamorphisn of the older rochs was more ex- 

tensive because of their deepsr b u r i d .  

The above episodes of strong deformatiaa are completely absent i n  the 

Sot;.t'Urtst s t r i c t u r e l  province, hence, the Ugh-angle faults and mild tmrps 

there axe records of later s t ruc tura l  events i n  the tectonic history of 

the Fybus-Gaibier area. 



!ke known history of the .Pjbus-G~abier area began with the &position 

of the Ganbier Bay and the Hood Bay formations. m a e  two former.tlons hay 

b v e  been &posited con-rsneously with an interfingering of t h e i r  de- 

posits. A subsiding marine truugh occupied the area receiving i n  tihe 

Garrbier Bey area al ternate leyers of mafic volcanic rocks and fine-grained 

.muddy sedlmntsj  s i l i c e o ~ s  t;ypes were common among the l a t t e r .  Shallov 

mafic and ultrrmaflc dikes aad sills intruded the Layere& roclre. In mid- 

d l e  Devonian t h e ,  the end of the the deposition 

of calcareous mu8 prevailed, snd other types of deposits were temporarily 

diminished, Af'ter severel hudreds of feet of calcareous mud was deposited, 
4 

normal, more a rg i lhcems ,  sedintenthtion resumed, 

Fine-grained, muddy sedi~mnts not too unlike those of the Gambier Bay 

f omation, but Pa- maf i c  volcanic rocks cbzracterized the deposition of 

the Hood Bay f o m t i o n  i n  wes.i;ern Pybus4ambier area, Thousaa of feet of 

thin-bedded, siliceous and non-siliceous muds r i c h  i n  organic mterial 

accumlated i n  an anaerobic euvlroment below the wave base. Occasionally 

t= j id i tyccmenta  brought i n  middy sand leyers; local ly thick lenses of 

impure, calcareaus mu8 r i ch  i n  arganic material accumulated. 

Both the-~crribier Bay fornetion and a& Hood Bay formstion are canrposed 

i n  t h e i r  sedinentary phases of fire-grained, c l a s t i c  sedAmnt8 indicating 

that no nearby source of coarse c las t i c  material was available. Therefore, - volcanism of the G=slbieri.i.~j f o ~ t i o n  must heve been submarine, and 

the volcanic rocb were not undergoing subaerial erasion locally.  



G ~ t ~  after the deposition of the Gembier foxmation i n  middle De- 

vonian time esd before the C~pocitior of the Cannery formatign i n  Permian 

tine, the area was folded into broad, open warps, an8 uplifted i n t o  the 

zone o? erosion. 

P ~ : x i a n  deposition 

A subs iang m d n e  tmu& again occupied the area, and several thou- 

s a d 8  of f set of thinly bedded, sillceaus and non-siliceous, f ine-grained 

se&heats forafng the Cannery foir;lation -ere deposited, Occaalonal turbi- 

dity currents deposited muddy volcmic sand in thin layers; a f e w  nore 

viocous  types^-of currents degosited m.-ssive, chaotic coarser deposits O f  

e s a d  W c h  contain scattered limestone fragments, Submarine volcanism, ' 

possibly located t o  the nortt~sst, extruded s few .layers of pillow lava 

In the Ga.mbPer Bay area. Tha fine-grained volcsnic de t r i t u s  must have 
4 

been derived from a more &sixat sdurce; perhaps the local volcariism was 

ell+,irely submrine. The a i l i c n  of t;?e abundant, Radiolsrian-bearing, 

sUiceous sediments may have been derived from submarine eruptions and 

hot springs. 

An episode of ccanps-rotive stability followed the Cannery deposition 

in ~.rhich c k c x  mter conditf o w  grevailed, and very little d e t r t t a l  mate- 

r i a l  =ached the area. Du,ring t k l s  th~ &out a thousand feet of calcareous 

m d  and -stone debris accumlated; bmchiopo& and bryazoans flourfshed. 

Before consoli&tion the s i E c a  i n  thio deposit was concentrated into layers 

a a d  nodules~ numrcxls calcite shells were s i l i c i f  led during or following 

this process. Following the coacentra",on o f  the silica, bu* preceding 

Uthificatlon, the calc i te  of the dcpoait was reglaced by dolcaxfte. 



Calcclrcom fossils were l=,je& 6est::oyed by the dolomitization, but those 

that had been previously re:!lnceh by s i l i c a  were preserved, This deposit, 

the Pybu dolcuite, m y  not hme extcnded north t o  the G d i  e r  Bay =ea, 

and may have pinched out eg:dn t o  the south in near L i t t l e  Pybus Bay, 

FOE; t -.&rb.~s c-nii pre-Eyd u p l i f t  

m e  deposition of Py'bw dola$ite m a  followed by emergence and eroslon; 

a s l igh t  warping appears t o  h v e  accmpanied the upl if t .  The Pybus doloaite, 

now l l thif ied,  was stripped frm pa% of the area by erosion which also 

bevelled thz~slightly t i l t e d  beds of the Cannery formation. 

'PiZ?ssi z deposition 

a Th,a Hyd deposition beg6.n KLth the accwmiletion of the coarse de t r i tus  ~ 
-upon the! slightly irregular erosion surface; chert and dolomite debris col- I 

lectcd u;?on the Py5us doloxiltc, anb kij-dded c k r b  and a r a l l i t e  debris col- 

lzcteO upon the Cannery fome.tio-rr, ! b i t 3  close correlation between deposit 

end t3.e underlying terrane sug~esfis land-laid d~position i n  an arid region 

haviog inadequate water aveilzblc t o  m o v e  the, eroaiondl debris. Before 

the close of the coerse e las t i c  deposition, volcanism, centered north of 

the area, l a i d  down thick f l a ~ r o  of m f i c  volcanic rock. The lat ter  part 

of the:.breccia deposition m y  have been marine as  the l a t e .Tr i a s s i c  seas 

trmsgressed the area, Carbmste bp3si t fon  followed t h a t  of thecoarse 

elastics which apparently ceased when the area and the surrounding country 

was c a p l e t e l y  i m b t e d .  A f t e r  a fe':? hunc7reds of feet of dark cslctlredus 

m d  WES deposited, interbedded seq-xnce of9 fine-grained, mudiiy sedi- 

ments began acmula t ing ,  and a few hundreds of f e e t  of thinly bedbed, 

dark-colored, si2ic@ous, calcareous, and ar,cillaceous mud vas deposited. 

Occasional. turb id i ty  currents deposited thin beds of fine-grained, muddy 
. .. 



send i n  the q d e t ,  sltzhtly r e 2 ~ c i n ~  environment. Submarine volcanism 

continued throughout the interval of sedjmentation sending out pillow' bVa6 

frm centers t o  the north of tke excz. The detritus i s  largely composed 

of andssitic volcanic kb r i a ,  but ite general fin&grained character sug- 

gests that  it was derived frax e dictant volcanic source, and tbt the local  

centers of volcanim were -&ely sv.bmarine. 

Post-Ely6. 2nd pre-Seymour C=nel upl i f t  

After the deposition of the Hyd formation the area war3 brought Snto 

the zoGe of erosion by ~ p l i f t .  Any wcrpiog accompanying this uplift muat 

have been very mild, &s it k c  not been detected i n  the field. 

Jursssic cKcl Cretteceous deposition 

- - _  The sea ggain transgressed the area i n  l a t e  Jurassic time in i t i a t ing  

tke &position of the S C ~ L G ~  Ct-ml formatioa, T ' ~ Q  subsiding marine trough 

i n  which tbis formation WE &posited may have beeo confine8 t o  the eastern 

part of the =ea. CXefw fiae-greined muds accumulated i n  the pcrt  of 

t he  trough i n  the Py-hs-Gmbier area which must &TIP? been located sane 

dlstance offshore f r a  R dmir ,~a t ly  an&sitic v o l c ~ c  source ares, A t  

frequent intervals, however, tm6i&ity currents swept dOrn the sides of the 

trough and,&posited thin layers of muddy sand. A t  less frequent inter- 

vcls, posoibly confined t o  the la ter  part, of the deposition, submrine 

landslldee came down the sides of the trough an8 deposited large masses 

of' chao-tic ccarse detritus at t 3 e  break i n  slope. Parts of these land- 

slides may have continued ~Ltgh t ly  farther in to  the trough as extremely 

• VJIsc(3~1s currents, and d e p o ~ i - c ~ d  thick c b o t i c  beds of coarse, muddy saxid. 

lenBslid@ deposits dicmpted an& intruCedthe fine-grained sediments 

already &positedr 



At or near the close of the deposition, volcanism in the eastern part 

of.' tfie =ca extruded the mde~itic flcvs and breccias of the Brothers vol- 

canic~. The detritus of the S e y n m  Canal formation is in general volcanic, 

it is possible that part 0:: this nzly have been derived from contempor- 

aneous volcanism to the east, of which the Brothers volcanlcs msy be a 

pa,&. The deposition eoded in early Cretaceous time after possibly 10,000 

feet of sediment had been i?erocited. I 

The deposition of the Seynour :~ulal formation was followed, or per- 

hapa was brought to a close ky the strong deformation in Cretaceous time. "I 

The conglomerates of the Seymur Canal fannation may relate to early stages ~ 
of this deformation, 
--- . .  

During the first defoma.tlon the rocks of the PySus-Gmbier area were '~ 

compressed into gently plunging, nearly isoclinal folds having subvertical, 

north-northwest-striking md'l planes. Axial plane.: foliation developed 

in the rocks of the Gambier B ~ T  and Seymour Cmaf. formations. During the 

lc te  sA&ges of this foliiing the folds were crowded againat the western 

-in of the trough, causing Vie folds in the west to diverge from those 

In the east, which were less affected by the crowding. 

During the second defo~~tion ream-d canpression, oriented about 

northeast-southwest as during the first, bmke the area into elongate 

blocks by northwest-striking tlr~st faults, These faults forned between 

domains in which the first folds'had contrasting orientations at the end 

of the first deformtion. Be exia.1 planes of the first folds in the 

erstern domein, which were oriented abut normal to the second comprea- 

nion were not folded, but those in the western domain, which had various 

orienkt.ions as a result of the crowding of folds during the first 



defomtion, were folded about vval-icus axes dependin$ upon the re la t ioq  of 

tLeir orlentation t o  the ccrnprzssion. 

The t h i r d  dcf om-tion, I-wolviny, renewed c m ~ r e c s i o n  oriented about 

east-west, r e s d t e d  i n  the fomalhon of kink folds i n  the Gmbier fomtion,  

end possibly the foxnation of fractures and f z u l t s  i n  the nonmetemorphlc 

rocks. 

The above d e f o m ~ t i o n  may b v e  Seen closely followed by plutonic intru- 

sion and contact mtmorphisrn i n  the northwestern part of the qrbus-Gauibier 

ezrea. 

--._. The post-Seymour C a n a l  deformrttion lee the area emergent and under- 

going erosion. I n  Eocene t a t s  e ~ ~ 5 2 2 r i d .  basin fornedi i n  the sadthwestern 

part of the area perhaps by fzulting. The rugged rnounAtins cut i n  the folded 

Plesozoic and Pdeozoic rocks sd;accn-L t o  t h i n  basin poured down coarse 

d l 3 t r I t u ~  i n t o  it probably f o ~ A n g  stcep a l l w i d .  fans through which cut 

steep-gradient s t r e w .  The climate was probably humid, and lakes and 

s ~ m p s ,  i n  which p l ~ ~ t  l i f e  flcirished, famed i n  t f ic central pnrts of 

t h e  basin. .Af'ter about 2,000 feet  of c o s s e  gravel ha8 accumulated, vol- 

c&c f issure eruptiozs begcn t o  flocd tbe southwestern country with flows 

of basalt an8 a d e s i t e .  The flows m y  not have extended t o  the north- 

eosterc sbore of Tybw Bay. X t  kac",,000 f e e t  of flows accumuleted, 



The Pybus-CPmbier area ' ( t ~ s  subjected to high-angle faulting end n i l d  

warping ef'ter or in the finc-l. stages of the volcanic eruption. Perhaps 

subsidence in the region of ~rec.test thickness, near the southwest corner 

of the =ea, aiey be in p- resl?onsible for the deformationcof the I-dinlralty 

IslmU volcanlcs themselves. The area mmdned largely dry land throughout 

the reminder of Ter t ie ry  th.  

Plein3ocene deposition 

P. -rise in sea level in giucial tines resulted In the deposition of 

fossil-bearing, marine, glacial clay i n  streem valleys at varioua levels  

up t o  475 feet. Tlle sea then retreated to its pienent level. 



G m b i e r  Bay formation 

The rocks of the Ganbier Bey fornation have been divided in to  several 

categories tsitfiin each of wbic'zl co?,siderable variation occurs, Bo$h massive- 

apParlng and f i ss i le  rock t y p s  occur interlayered with one another, how- 

ever, both tms nicroscopicdly possess the same intergranular foliation.' 

I n  general, the more micaceous mlncral constituents a rock contains, the 

more f l s s i l e  is its aspect, I n  the field, massive-appearing ch lo r i t e -  
; 

epi&$e-edclte phyllites and ncklstk appear t o  be the most abundant rock 

-a, +reas, fissile rocks are less praminent. However, the more f i s s i l e  

rocks m y  cot  crop out tzith a frtquency cammensurste with their true abun- 

dance and they may he at least as ebundr~nt as  the nore mssive-appearing 

rocks, m o s t  every beach contains poorly exposed stretches i n  which 

only scattered outcrops of thz Dare massive-appearing rocks occur, end 

these stretches appear t o  be lzrgely un6erlaAn by more f i s a l l e  rocks, 

The presence of the mlner~L zssernblages quartz-muscovite-chlorite- 

albite, quartz-talc-calcite, talc-dolomite, tnd chlorite-calcite indicates 

tha t  the rocks of the GamSier Eay formation belong t o  the quartz-albite- 

muscovite-chlorite subfecies of the gree~schist fecies (Fyfe and others, 

1958, p. ZL9-223). The comaon occurrence of reli&i pyroxene, hornblende, 

end c d e i c  plagioclase greins, however, iodicetes that equilibrium was 

seldom attained i n  these rocks, 

Worite-epidote-cnlcite gwUites.--These rocks are amAg the most 

&ID-t i n  the Gembier Bay fo r a~ t i on .  I n  outcrop the rocks are massive 

ap?earing, hanogeneow, n&Iun bluish gr2y t o  W k  greenish gray i n  color. 

W weathered surface is roughly grenuler, and euhedral pyroxene c r y s t d s  

ranzing i n  length fram 0.5 nnn to 2 mm can sometfmes be seen projecting 



a 
fmm it. Conpared to the more f i s s i l e  rocks, the phyUites lack structural  

detai l .  These rocks are phylloni+,es w3ich contain an abundance of r e l i c t  

pyroxene and, i n  places, hornblende. These r e l i c t  grain8 make up as much 

as 60 percent of the t o t a l  rock and ars several t i m e s  the size of the , 

netamorphfc grains. Thua the pyroxene and hornblenae grains appear t o  be 

the remats of a coarser greined igneous rock, possibly a pyroxenite, 

which has been t o  varying degrees rbiiuzed i n  grain size by metamorphic 

de fomt ion .  The resulting rock is phyl l i t ic  fn appearance, but resul t s  

f r o m  a process of reduction rather than increase of grain s ize (!Turner, 

i n  W i U l i r m s  an& others, 1954, p, 206-208). In some spechens metamorphic - 
crystal l izat ion has been so slight tha5 the  rocks resemble mylonites. 

~ c r o s c o p i c a l l y  these phyllonites consist of abundant r e l i c t  grains of 

yellowish c l i n o ~ ~ ~ o x c n e  and, soae specincns, hornblende, i n  s stroagly 

foUatcd matrix consisting of chlorite, epidote, calcite,  talc, and f ine  

mylonitic material; the fo1iai;ed matrix bends munil the r e l l c t  grains 

(fig.  42), 

Pyroxene graine are  generally yellow and nonpleochroic, lbey are 

comclonly fractured and trails o f  smaller pyroxene fragments form streaks 

parrrllel t o  the foliation. The greins have overgrowths of anphibole which 

project in sawtooth fashion f r o m  surfaces of the pyroxene graLm, c o m n l y  

acyoss the foliation, and i n  a few places the amphibole fiULs f'ractures 

within the pyroxene grains. !The amphibole overgrowths are colorless ex-'  

cept f o r  the p a r t ' i n  contact with the zyroxene grains which is strongly 

gleochroic as followat X = deep blue, Y = bluish green, and Z - pale 

yellow. The colorless a~qhibole  i s  trenolite,  and the bluish anphibole is  

a sod& Psrlety. %er (1935, p. 340-341) has also reported tremolite o r  

ac t inol i te  and blue amphibole occurring as overgrowbhs on relict augite 

from the greenschists of New Zeahnti. 
. ,. 



Figure k . --Photomicrogmph of phynni te  ahowing foliated matrix, chiefly 
of chlorite, epidote, w d  mylonltic material, be- around reUct 
climpyroxene crystals (plain light, 35 x). 



Universal stage neasurmnr~ts Pri(licai;e the t  tlxi yellow pboxene i s  

aua te  with the angle Z A  c i n  the ranGe k 0 ~ - 4 5 ~ ,  and ZVe in the range 

55°-680. The cauac of tk.e p l L o w  co:.or i s  unknown. 

Chlorite I s  fa in t ly  pleockroic pale yellowish green, and shows an 

a n d o u s  l o w  bro-mish biref  i3n~ence .  

Epidote occurs both as st-cl'0'3y euhedrzl crystals and as anhedral grains; 

both t y p e s  teed t o  form c l o t s  slightly elowate parallel  t o  the fo l ia t ion  

around the margins of th3 pyroxem graics. The pleochroism is Z = yellow, 

Y .I greenish yellow, and X = pale yellow. 

Calcite occurs i n t e r s t i t i c l l y  and i n  equant patches scattered through- 

out the matrix. Hnor m o u t s  of albite and quartz occur as f ine  mosaic 

patches and rare veins  i n  a11 sgechew examined. 

catezory are thinly f i s s i l e  and range rErw se r i e i t i c  phyUites to chlor i t ic  

grecnscMsts with ell graiktions beteen.  l!he color ranges from ~ U S ~ ~ O U S  

medium dark green td lustroua greyish green depending an whether se r i c i t e  

or chlorite doainatcs. The mc'x~t of qmz and a lb i te  varies bxt is 

minor I n  the most thinly fo l i e t cd  types. These rocks possess a thin, 

regular foliation, and ccxcc:fiy show an abundance of f ine  structural 

de ta i l  such as small  folds and lineations, As pointed out above, they 

m y  be one of the most abundantmck types in the Gambler Bay fonaatlon, 

but because of the i r  nonrzs i s t~x t  chuacSer they do not crop out praminently 

i n  the field, 

Caly the ccersest greincd s p c i w n s  have beerr examined i n  th in  section. 

These consist of th in  lent icular  layers of sllghtly undslose mosaic quartz 

@ .  r a g i n g  from 0.018 mrn t o  0.3 a?n i n  Wc! l~ lcss  separated by layers of mus- 

covite &ti chlorite showing a strong preferred orientation, An unknown 

mount of albite,  mostly untanned, i a  scattered through the quartz-rich 



a 
hyers.  14inor mounts of c d c i t s  ~eCzagnc";Lte occur i n  a l l  the sections 

exdned .  In  addition, arq&ar yucsts end lesser olr?oun"cs of twinned ple=io- 

clese grains are sc~rt%ered along "ke foliation i n  all sectio14wj these grains 

rsey be re l ic t  clasta. 

Ydcrof old8 involving all the ebove minerals def o m  the foliation in 

a l l  thin sections studied, In h a d  s:~ecir;lcn crezulotions and ctriations 

p a r d e l  t o  the axes of these microfo2da can be seen crossing the foliation 

~urf aces. 

Kmcovfte, much of which cau be te=d sericite, occurs es fine, 

irregulcr, elongate crystals which average ebmt 0.04 x n  in length, It 

renges fran colorless t o  pale G-een aad is camonly interlsyered with 

chlorite. I n  general, chlorite Coes r o t  heve the strong preferred orien- 

t c t i o n  of ausccvi-le but ten& to forin 2ea"caery rggregn-tes p&s of which 

di.verge from the f ~ l i a t i ~ a a  52.1~ chlorite is  pale yellowish green i n  color 

and s l i g h t l y  plcochroic, but i n  one specinen more strong3y pleochroic crys- 

t d s  are c m o n  in which X a d  Y = green end Z = y q e  yelloKish green. 

%artz-albite-talc-chlori-l;e qwrtzites and phyllites.--!l!hese ere 

fine-grained, highly qua.;-leose rocks ranging i n  color frolll greenish gray 

t o  grayish yellow. In  outcrop they qpear.  slightly translucent an8 ir- 

regulcrly foliated. The rocks 02 this cztegory are generally cmposed 

of Ught-colore8 lenses ran@.% from a f e w  mil lbeters  t o  a f e w  centi- 

1;.e,ters i n  length separated by a b r k e r  qtrongly foliated m ~ . t r i x .  b c&l j r ,  

t b i l m s e s  weather out i n  spZin-li.ry, p.?ncil-like f o m .  

The light-colored lenses consist largely of microcrystaI.l.ine quartz 

a d  c o ~ t e i n  varicble mouats 09 albite. Bcceuse &'bite is lcostly untwinned, 

accurate estimates of i ts  r eh t ive  mount couldnot be mode. The darker . 

foliated layers &-re r ich i n  tcdc and cidori-be, both showing a strong 

preferred o r i e n t m ~ ' I 2 l e  ralstive proportions .of these two 



@ ninereLs varies; i n  erne T O C : ~ ~  t~ l ;  p:xdcmtne.tee over chlorite, and i n  other 

chlcritecwer talc.  Both minerals occur a lso  i n  the qwrtz-r ich lenses 

\%thin ~ n d  also betwen the cpl'rtz grrtiuo. T?x  chlorite is generally 

pleochroic we yellowish &n:k i n  color, and has a vc y low anomalous 

blue bfrefriweace. Less e-b\~deut xxirierals connonly present are spkne, 
/'-- , 

esidote, calcite,  tremclite, end pyrite. 

Qu&rtz ranges ?ran b to 90 percent of the rock, depending upon what 

prcentage of the rock 13 ma* q of the quartz-rich lenses. Quartz grains 

range frm less then 0.018 mm t o  0.1 nnn i n  &meter, t h e  RmP-lt. grain size 
I 

ouggesting tkt the ~-0cks ccy k v e  been originzJly cherts. The few larger 

angular quartz grains scattered throu* the ~uartz-rich bye ra  suggest 

r e l i c t  clasts. 

Ode specinen conteine abuclmt le.rger grains of sllghtly serial t ized,  

cmple-uly ttrinned plagioclase ranging fram 0.07 ran t o  1 rim in diameter, 

Universal stage ~ a s w m e a t a  indicate that the composition of the ~ l e g i o -  

clnse l ies  in the range An l O - l 5 .  The mal,@ of the grain8 are p n u l ~ t e d ,  

and are surrounded by f i r e  zcseico of quertz a d  elbite. The chlorite arrd 

t a l c  aspears t o  have replace5 c-ilC e&e.ycd the p l e o c l e s e  along i t s  margins. 

'1'2?is rock i s  not so cleerly Civiikd i n t o  leaselike naases as are the other 

rocks i n  thia  category, and the folieted zones arc more closely speced and 

rearruler. It q p e a r s  Lo have been dlerivzd e i the r  f ran  an igneous rock or 

a fe1dspetkl.c s e d h e n t w  rock. 

blarble,--Prominent i n  the Gmbier Bay %ormation i s  a dark, slightly 

mottled with whfSe, finely c ry rs t s l l i r~  carble. Mnrble beds are very r u e ,  

and it i s  possible t h z t  only srYe mr3la  unit i s  pre3.sea-t i n  the f o m t i o n .  

• Eo~revsr, s t rcz tura l  eo~zr,lc~3.-ty prevsrzts. being certain of the nuuber of 

units present. 

The =ble coasists of neerly 99 percent calcite in an ,iwg;ular -. .- 



II~OGEAC of grains havins irr2~1:lzrlj sutured borders. Xost grains avemg@ 

a b u t  1.0 rn i n  leag-bh and 3.G5 nin i n  width, and aye elongzte pa re l l e l  t o  

a clear ly defined fol ia t ion.  S m a l l  :rains c lus te r  along the borders of the 

larger gril.ins, especielly c.lctlc the Sorders parallel t o  the fo l i a t ion  sur- 

f aces,' suggesting granulaticr and re crystal l izat ion,  Patches of equant 

graios bre& up the fo l i a t e3  p=%tern i n  plrccs. The borckrs of the grains 

hcwe a t h i n  coating of o?ca_ue> carbolzeceous dust probably accounting f o r  

the b r k  color of the nzrlile. 

Tlre ca lc i te  grr.ins t3.2.n~el-res shotr ebunhnt , ,  broad lnraellae trhich ore 

c m o n l y  bent and 1ensoide.l (fig. 43). The f o m  of the lemellee resembles 

t h e t  i n  the  ca lc i te  greinc of ".,E Yule narble a r t i f i c i a l l y  C e l o m d  by ex- 

tension at  800' C, 5 irilobers ( ~ r i g ~ s  and others, 1960, pl .  =). 
hlinor MOLVI~S of quecrtz slid nl3 i te  occur i n  small pqtches of eguent 

i Swrce t r m o l i t e  necZlcs are ~csz~t;cred through one specimen. 

Calc-sdhists .--These are lustroxs, fine-graineil, pale olive, foliated 

rocks coataining d o t s  &rid ctreaks of 14gllt-may mrble,  end they occur 
. . 

chiefly but not en t i r e ly  r.s l ~ . y ? r s  i n  nerble. Poorly ?reserved f o s s i l s  

k v e  been observed i n  the t3icIrer ~ a r b l e  streaks. 

The calc-schists consist. of lenticular layers of calcite,  quertz, and 

a l b l t e  separakd by s t r ~ n ~ ; l y  fo l i a te3  cloudy t a lc - r ich  layers, i n  which the 
I 

t a l c  ? o m  Andistinct, feat'3.el.y masses containirzs much f ine  urmsolveble 
I 

m t e r i a l .  In  most specimens, calcite i s  the  doninant constituent amounting 

to as much es 50 percent of the t o t a l  rock, but i n  one s p e c i ~ e n  et l e e s t  

the  carbonete i s  d o l d t e  . Te.Zc, quczrkz, albi te ,  and chlori te  i n  varying I 
proportiozls nake u2 the rem%ic&r of t h s  rocks, and pyrite c&es partly 1 
d t e r e d  t o  limonite are a i n o r  constituents i n  aI.3. of them. 



5 43. --Photonimgnph of marble, Gambler Bay f o m t i o n  showing 
:nt end lensoidal lameW; note @;rains near center and near upper 
2 f - t  corner (cmssed nicols, 35 x), 



The ca lc i t e  cenerrlly occiwo c z  ~-*.eilral. aaregates i n  layers and lenses 

ranging i n  thickness from 1.0 r:n t o  25.0 m. Grain s ize of the ca lc i te  

eggregates i s  extremely variable. 

Qvnrta and a lb i t e  occur tcrikther aE mosaics of anbedral w i n s ,  but, 

~ i c c e  the albite i s  la ree ly  untk<nned, it i s  difficult t o  estimate the 

re la t ive  proportior6 of the t:ro rLnerals. Ulliversal stage &terninations 

on twinned a lb i t e  indicate cm~osi-[;ions i n  the range An0-6. In one specimen 

qpx&z occurs as auzzn 2.0 t o  4.0 ma i n  d i m t e r  i n  spherulitic, chdcedonlc 

eggregates along with calc i te  i nd ~ l b i t e .  

Chlorite i s  a miaor cons-Lit17.znt i n  all spechens examined except one 

i n  which it formed about 20 percent of the t e a l  rock. It occurs in all 

- the spccio;ens as nonpleochroic very pele green, irregular,  elongate crystals  

oriented about pa ra l l e l  t o  the foliation; the birefringecce of the chlori te  

is a l o w  anomalous brown. 

F~b-li;c-?-chlo~ite-c~1~-ttc-(1~&.1Ltz rock e . .*-Rocks of 'chis category- are un- 

commn but dis5inctive an& are ck?c.rac,terized by an abundance of closely 
\ 

pecked, d - ~ ~ ~ k y  yellow platelike of feldspar r a x i n g  f ram 4.0 mm t o  

25.0 m a  in length. Wihs ore s e t  i n  a fine-pained matrix which ranges 

i n  color from greyish ol ive to dark greenish gray. The l i gh te r  colomd 

varieties ere foliated, but b r k e r  varietLea, which exetlie:mst c m o n ,  

show no visible foliation, end are cmpletely massive. The large -pla$io- 

clsse grains set in a fia-pc!.ned ~taor;,'Xc matrix indicate t h a t  the 

rock has undergone partial reauct,iozs i n  srain size, and hence one t h a t  i s  

oa the w a y  t o  becaulng a phy7:cnite. 

The l a t h  are composed of a - clo:dy aixture of chlorite, epidote, a lbi te ,  

calcite,  and quartz* Bbst of th is  mixture is very f ine  grained (C0.02 mm 

ia &emeter), but i n  places ayoite a.nh?dra as  much as0.9 mm i n  dian3ter 

occur. !The in ters t ices  between the leths are f i n e &  with a granular 



mixture of qrrartz an8 a lb i t e  cm'cain2.n~ much i n t e r a t i t i d l  chlori te  asd 

patches of calci te .  I n  one syecimn aubedral g r ~ i n s  of apa t i te  are seat- 

tered throughcuG i n  acother spheae f cnrs cn importmt accessory. 

In the r o c 5  havins R rLd%icecble follatloc, the minerds of the matrix 

show a preferred or ien t~ t io? l  pc ra l l e l  t o  the fo l ia t ion  eurfeces; in the 

other specimens no preferred oriente-tion could be seen. 

Albite occurs both as GPPU., largely untwinned, equant anhedra along 
. .. 

trith guertz of a s b A l a r  fcm, alzd also ere larger enhedra. The larger 

grains ere irre,@sr in outline, and show about cn equal amount of twinqd  

ard untwinned types. The twiz?-ins i s  a fine polysynthetic type m c h  hes 

t:winned according t o  the a b i t e - a h  13w; universal stage mcesurementa in- 

diczte c ~ ~ o s l t i o n s  i n  *&e r a c e  !-r20-8. A l l  a lb i t e  grains contain abundant 
I 

inclusions o f  chlorl te,  and n leo ga%ckcs s f  calcite,  

. - Chlorite occurs In i r regular  i n t e r s t i t i a l  massee, and in fine plates 

in albite. The chlorite shcvs a pleockoim frm Z = yellofu' green to Y 

and X P green and a low enc:czlo-2.3 blue birefringence, 
I 

Calcite occurs f ; 3 t c r s % i t i ~ ~  as veil as i n  lergar patches rthich agpear 

t o  have repleced and &&eye& the ~urroundlng grains. 

Hood Bay fomatlon 

Chert and siliceous arpiXLite.--These are thca:most abundsant rock types - 
of thz fomatlon. T!ey sre ~ e n s r e l l y  grzyish blecl;, and are c m o n l y  thin- 

ly interbedded i n  beds ranging frm 0.5 t o  3.0 inches i n  thidmess. The 

r ~ k i o  of &ert t o  =gillite i s  gemrzl ly  about 1:l but ranges locally fram 

3 : l t o  1:3. mere si l lceaus a rg i l l i t e  i s  p m d d n a n t ,  it comonly occurs 
I 

i n  hczoseneous beds ranging from 0.5 t o  1.0 feet I n  'thickness containing 

thin W t s  of th in ly  bedde8 chert averngtq0.5 f e e t  i r th i cknecs .  I n  sane 

loca l i t ies ,  dark-gray limestone nodules ranging from 2 t o  12 inches i n  
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l e ~ t h  are spzrcely scattered thrc'ugh -;he msssive argill l te be&. P J l  ma- 

dations between chert and non-siliceou; a rg i l l i t e  occur. 

Th ckerts tnically c o d n i n  abm~kn t  quartz veinlets averaging about 

1.0 mn i n  thiclmeas which 1nte;eect the bedding at ~ 1 e a  Of about 90 d e g n s a .  

On the weathered surfaces, these veinlets appear as ridgas intersecting one 

A c m  feature of the chert be& i s  illustratea&y figure 44, which 

shows a f r a p n t  of a chert bed divided in to  segments In which the bedding 

hes been rotated slightly with respect t o  one another. S d ,  subperallel 

cues td l ih  rfdgss bomd the rota%ed fragments and the sense of rotation 

is camonly the ~ a m e  i n  anyone o u t c r c ~ .  The beds appear to have been broken, 

slightly rotated, and recemen-tea. The zone of cementation i s  commonly not 

visible, and does not coinciCe ao a rule with the prcrmimnt gwrtz  veialets. 
i 

These features are less  apparent i n  tb3 siliceous argi l l i te ,  because t h i s  

rock tends t o  break irre@r;rly with no surzace p a l l e l  t o  the bedding, 

The outcrops of thinly b ~ & d  chert md argillite are cammonly stained 
\ 

reddish brown, particularly d o n g  shear zones that are common i n  the Bood 

Bay formtion. This s te in  pr~bcbly results Oram the oxidation of pyrite  

which isa.comrmon accessory mineral i n  the chert and argi l l l te .  

In thin section, the tmicel chzrb i s  seen t o  consist of abundant 

microcrystallinecquartz, spsrsely scat-;ere& patches of chlorite and e u h e d .  

and ebmd.mt W k  bro-a, ~ e s ~ l v a b l e  dust. Scattered sparsely 

along a few lrzyers me masses of syherulitic and microgrtlrmlar quartz which 

are circulas or e l l i p t i ca l  i n  outUm and average about 0.02 m i n  diameter, 

with the largest measuring as rtuch as 0.2 mn in dieter, These masses are 

very similar t o  the Radiolaria tests i n  bedded cherts o f  California figured 

by TaliaSerro and Eudson (19k3, p. 251-256, figs. 12, 15, 17-22). 

Quartz occurs both i n  spberulltic end granular form I n  both its 
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Figure 44.--&etch of chert s_o.xhcn shoving displaced and r e - c a n t e d  
segments sepcrated by c-des:dii<e riJges; Iicod Bay formatioa. 



averege grain s ize i s  e lc t re~ely  BLU (less  than 0.002 urn i n  diameter). 

Clots of coarser grains, generally e1or:~ate para l le l  t o  bedding, occur 

sparsely throughout the rock. 

S m l l  colorless miczlike f l;kes ere sparsely scst tered thiough the 

rock roughly parallel t o  the bedding, kut show no strong preferred orlen- 

tation. The flakes are length slow, er.d have a f i r s t  order yellow bire- 

frigence . 
Veins seen i n  th in  secticn are mosaics of enhedral quartz crys ta ls  

containing small patches of calci ta  and chalcedonic quartz. In  adut ion ,  

numerous s t y l o l i t i c  seams containing dark brown material cut the  rock at  

high angles t o  the bedding. 

Linestone and calcareous erl.:illites.--Dark-gray massive, gine-grained 

limeatone i s  a prominent but ninor constituent of the  Hood Bay formation. 

It usually occurs i n  beds 30 t o  4 0  f e e t  i n  thickn$ss which can be traced 

only a few hundred feet along strike, suggesting lenslike bodies. These 

mssive  lirrestone beds a-e carmorlly associated with th in ly  bedded dark- 
I 

gray calcareous a r g i l l i t e  and very th in ly  laminated dark-gray and gray$kh- 

black limestones. The en t i r e  cd.careous section including the massive 

limestone beds are commonly less than 50 f e e t  i n  thickness and i s  overlain 

and underlain by thin-bedded chert and siliceous a rg i l l i t e .  

On mct'aered surf&ces the ruessive limestone i s  medium gray mottled 

with derk gray and i s  comonly cut by numerous w h i t e  ca lc i te  veins. A 

crudc parting occurs p a r d e l  t o  the bedding, and freshly broken limestone 

has a d i s t inc t  sulfurous odor. I n  one locality,  the limestone contains 

scattered, mall clots of b l ~ c k  'asphaltic w-terial. Calcite i s  the chief 

@ carbonate minerzl i n  the limes bne, as indicated by the copper n i t r a t e  

(Cu (XO ) ) s t a in  method ( R O Q ~ ~ S ,  l g u ,  p. 7%-798). Solution of powdered 3 2 

limestom i n  warm, di lu te  hydrochloric acid yielded 15.0 percent by weight 



insoluble residue consisting lzrdely ~f evtremeb fine car5o;aceous mete- 

Gr2p~cke.--Grsywncke i s  2 d n o r  constituent of the Hood Bay formation, 

but locally it is the d d n a n t ;  rock tne. It occurs mostly as thin beds 1 

t o  2 indhes i n  thickness i n  the thinly bedded chert and silickaus a r g i l l i t e  

sectionsr In t h e  few l o ~ a l i t i e s  w h e r e  it is abudant, grawccke forms beds 

0.5 to 2.0 feet in thickness htarbedded wlth thinner beds of chert o r  

?3rgiUite 

The graywacke rawes  in .  color from medium gray to medium dark grEy 

and i n  grain sf  ze f rm very f ice sand t o  medium sand., Coarse-grained beds 

are extremely rare. The tkrlnnzr be& of graywacke cormnonly show graded 

bedding. Thicker beds (1 t o  2 feet i n  thickness) w e  generally homogeneous; 

sme apwar t o  grade l e t e r r l l y  intco a rg i l l i t e .  
I 

- A typical  grapmcke i e  cmpoged of suban,mllar graios of quertz, plegio- 

clase, argi l l i te ,  chert, and c~LLeite ~xovs t ing  t o  about 80 percent of the 

t o t a l  rock, embedded In a dark brown, cloudy natric cwposed of ser ici te ,  

chlorite, calcite,  nicrogranulnr quartz and albite,  and abundant fine 

opaque dunt. Slight preferre0 oricn%&tion of the se r i c i t e  and chlorite 

crystals  i n  the matrix and the slight granuletion and elorgation of the 

larger c l as t i c  grains produce ir;ci?ieat fo l ia t ion  in tPrt rock. 

Quartz grains, c a y s i n g  &bout 45 percent of the rock, everage about 

0.15 rn i n  dimeter, end generelly shov undulose e.tinctinn under crossed 

ulfcols. They have been corroded and .3eoetrated a l o q  their nargins by 

the micaceoue ola'c;4ixJ and i n  addition many grains show overgrowths of cleer 

quartz tihich tend t o  e l o n p t e  the grains perallel t o  the incipient foliation. 

@ P1o.gioclase grains (15 percent of the rock) are partly ser lc i t ized  end 

c m o n l y  cornpLex1.y twinced. Universd. stege determinations indicate com- 

positions in the range 498 to dn28. 
d 



C21a-t md a rg i l l i t e  grains, aboxt 15 percent of the rock, resemble 

i n  tex%ure md composition t:,he chert: a.nd siliceous arglllite of the Hood 

Bey fo ra t ion .  They ere elongated p ~ . r n l l e l  t o  the foliation, a d  hsve 

i'rayed en& prod ecting d o n &  f ol! ation, 

Calcite grains, f o r d n ~ ;  ebou'c fi~a pe~cent  of the rock, h2ve irregular 

shapea end indistinct bor&er.s. A fev show structures f'akntly suggestive of 

fossils.  

Cannery f omation 

nin-bedded chert and ex~flllte.--These are the most abundPst rock 

types i n  the Canaery f o m ~ ~ t i o n  ~ ~ n g  up cbout 60 percent of the tota l ,  

The chert and argillite generrilly occur rhythmically interbedded i n  beds 

e rcnging f r m  0.25 t o  3.0 inches i n  tkicknecs. Very th in  (1.0 inch) beds 

- of graywacke, commonly greer i.2 color, are scattered sparsely through most 

sections of chert and mgilli:;@. 

The chert occurs i n  a varietx of colors the most common of which w e  
\ 

dizrk gray, medi-a dark gray, greenish black, dark greenish gray, greenish 

gray, end grayish green. It weeaers dark greenish gray and olive gray 

and is typically crossed by a network of fractures, 

Unkr theldcroscop, mcsi; of the chefis exmined consist of a cloudy 

mass of submicroscopic t o  microgranular quartz containing sparse.lenticular 

clusters of coarser equigr3,~de.r quartz md i n  places a lbi te  aligned peral lel  

t o  bedding. Scattered sparsely t h r w  the rocks are angular c h a t s  of 

qwirtz and plagioclase which merage &bout 0.25 mm i n  d i m t o r .  Most speci- 

mns contain very smll U o r l ' c o  End scr ic i te  patches and flakes disseninated 

t h r o w o u t  the th in  sections, 

he - th i rd  of the spechens  exezd~~td contain clear masses of micro- 

grmular qu&z having ovoid or  circular outlines similar t o  those Bescribed 
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on page144 i n  the cher-t;~ of she Hooii Bay formation, which probably $epre- 

sent recrystallized Re8Lolzxim t e s t s .  The probE?ble Fkdiolarian tests 

reage from 0.06 t o  0.18 m i n  dimeier, The bedding planes i n  the chertrr 
' . 

a re  cornonly uarlied by e x t i e ~ e i y  t u n  brk-colored laminae. The la3-ers 

between the dark lamina pin& =d swell and impart a microscopic l e u s t i c  

cqgearance to the rock. C l e s Z s  of quartz and pla,gioclase as w e l l  as Radio- 

lar ian  tes ts  c m o n l y  have inilio.l;inc.i; margins which eppear Go merge in to  

Tie brightly colored, sugt~y-bfiured c k r t s  fram the v i c in i t y  of Gain 

Island i n  Gmbier Bay i n  t h i n  sectioil are seen t o  c o r i s i ~ t  chiefly of a 

sutured mosaic of quari;z a~erhging 0.03 m i n  diw-ter mottled with scat- 

tered patches of mosaics ha-siag a h:.-ger grain size. 'mhe rock d s o  COD- 

teiris sparsely scattered s e i l c l t e  flribs. 

- fill the cherts contaiii d ~ a b x i t  ireinlets of maseic quartz and albi te;  

ca lc i te  veinleta are less ccuruion, although ca lc i te  camonly forms a minor 

constituent of the q m z - a l b i t e  veinlets. I n  ths vicini ty of t h  celc i te  

veinlets the chert cormmonly conLa1ns much i n t e r s t i t i a l  ca lc i te  which ap- 

pears t o  hwe replaced the iiiinerals cjf t h e  mtrfx. h e  specimen contained 

veinlets c a w s e d  of a complex of,ce.lcite, quartz, a lb i te ,  and analcine 
\ 

.I 

c r j s t e l s  . 
h thin section all gredntions tire seen betweeo chert, si l iceous 

srgillite, and argillite. The ,transition from chert t o  a rg IUI te  apsars 

t o  be brought about by a &cre;iue I n  qua-t;z and en Increase i n  chlori te  

a d  sericite. The argillVie= 'ieud t o  contain a greater amount of d e t r i t a l  

quartz and plagiochse; as t'h &strita.l fract ion increases the argilllte 

passes in to  a graywacke, 

Grapmcke.--The grsywaclce of the Cannery formation occurs i n  two 

f r m :  1 )  as thin, graded'bi?ils averabing less thm one Inch i n  thlclinessj 



2 )  a s  thick, massive, calcareous beds ransing i n  thickness from 2 t o  10 

fee t .  

330th types contain more t h n ? l 5  ~ r c e n t  matrix ( f ig .  45b), and, there- 

fore, according t o  Petti john (1957, 2. 288-293) c lass i fy  as graywackes de- 

posited by a coacentrated niedi~m. The thin-bedded graywackes of type 1 

display graded bedding end i n  places ena l l  scale crossbedding indicative 

of deposition by a medium f l u i d  er-cugh t o  allow mixing of grains and sorting. , 

The massive greywackes of type 2 lack current structures and sorting features, 

and may have been deposited by ci ~edlurn too viscous t o  allow f ree  mixing of 

grains , 

The graywacke of type 1 i s  most commonly dark greenish gray, but other 

colors such as  dusky yellow green, ;-,ediwa derk gray, and medium bluish 

gray occur i n  places. The t h in  beds wea$her t o  8 rdugh surface' which con; 

t r a s t s  s h n q l y  with thz sr.oot3-?restherin$ a r g i l l i t e s  and c k r t s .  The upper 

and f i n e r  par t  of thcse beds tends t o  develop a shaly parting. 

The graywacke of the first type i s  composed of subangular t o  angular 

grzins of plcrgioclase, quartz, end rock f r a p e n t s  embedded i n  t i  cloudy 

matrix consisting of an intirn8-k mixture of ch lor i te ,*ser lc i te ,  calci te ,  

microgranular qua15,1,-dbite, snd i n  plnlces analcfme . The matrix, which 

ranges 2rom 20 t o  50 percent of tb.3 rock ( f ig ,  433, white dots), contains 

much f ine  opaque dust, part of 1d11ch is pyri te  m d  limonite, but noat i s  

unresolvable. lhch of the ~ e t r l x  m s  probebly o r i g i n d l y  cle-stic, but 

most of the c l a s t i c  constituents hdve been replaced by a l te ra t ion  pro- 

ducts. The greins g e ~ e r e ~ l l y  hrwe indis-tinct, f rayed borders which show 

signs of replacement by chlorite,  se r ic i te ,  and ca lc i te  of the matrix, 

The grain s i ze  near the base of the grc-wcke beds averages about 

2.0 m a  i n  diameter, and grades upward t o  about 0.04 mm i n  d i m e t e r  a t  t b  

top, Tke upward decrease i n  size of grnins i s  accampanied by an increase 

i n  the percentage of matrix; i n  e typ ica l  specimen the matrix increases 
1 
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frm about 30 percent necr the bese to about 9 percent near the top of 

the bed. The upper few xl . l lFr .~tors  of the graded bed i s  v i r tua l ly  indls- 

t ingu iek3 le  frm the ovtxlying c k r t  or  e r a l l i t e  bed, but i n  geceral 

the average grain size of the c las ts  i n  the cherl and a r g l l l i t e  tends t o  

be smaller ( ( -02 mm i n  dirmzter) than tha t  of tk uppernost parts  of the 

gre&d beds. The &crease i n  grcin s i ze  i s  also accompanied by ss in- 

crease i n  quartz grains and e &crease i n  rock fragments. 

Figure 45a shows thz relative miaunts of the chief grain types; i n  

this diagram the white dots r e p m ~ e n t  specinens of graywacke of type 1 

stuUed i n  th in  section. Feldspzr (chiefly plagioclcse) and unstable rock 

f r a p e n t s  (chiefly volcanic rocks, a rg i l l i t e ,  and limestone) greatly gre -  

daminate over chert and quartz. SpeciLlcn ll. represents a th in  section 

with cn average g r r h  s ize of c5o~t 0.04 mm i n  &meter cut near the top 

of a graded bed; the com~ositioa of i t r ;  constituent grains i l l u s t r a t e s  the 

I 

relative Sncreese in quartz, s~ad the re1ative dscreaoe i n  rock fragmnts 

wiA& decrease in grain size. TPle overprinting in the drttigram i s  taken 

frm W i l l i a r r s ,  T=er, and Giacr% (1954, fig. $), and shows that these 

graytracks l i e  in thz f i e l d  or" volcanic mckes. 

The massive graywackes of -type 2 ere generallyFmdium ghy  or  

&ark grcea on a fresh surface, and weat.her t o  a yellowish brown or brownish 

ol ive gray surface which i s  generally smooth, but contains scattered p i t s  

a few millimeters i n  d i~-ro ter .  IrdiviLual grdils ere di f f i cu l t  to see 

on the weathered surfece, and the general eepect is tha t  of a weathered 

basic V G ~ C B ~ ~ C  flow. The p i t s  represent the cests of calci te  fregxents 

( ~ w r ~ c l y  f o s s i l  m) which have beeo puTtialfy. removed by weatherix. 

klthough the beds of graywacke of this type are generally homogeneous, 

i n  e f e w  places t b y  ccatain lenses of Slack chert pebbles and recrystal- 
I 

l i = d  calcamaiter 



grap~ac~kes of t y ~ e  2 klffer f ro3  those of type 1 chiefly by the 

greater abundance of l imes tou~ rock f r q p e n t s  among the grains and by a I 
gre~tsr proporticn of ca lc i te  i n  the mstrix. In  other respects the camposi- - .- I 
t i ons  and textures of the tvo t ~ ~ z s  ere s b i l a r .  Figure 45a shows the I 
princi9al grain constituents of the graywackes of type 2 as  black dots. 1 
Tfiis diepan sfiovs t h e  ten0zs:y fo r  the gr~yweckes cf type 2 t o  contsin I 
a greater proportion of uns teY~le  rock fragments than those of type 1 (white I 
dots), e l t h o q h  the dis tr ibut ion of the dots of the two types overlap 

s l l@t ly ,  A t  leaet half of the unstcble rock f r q p e n t s  of ty-pe 2 are lime- 

storie. The u t r i x  f o r m  frox 20 t o '  50 percent of the  massive graywackes; 

figure 45b shows tbt this r a g e  i s  tb  s w  as that of the thin-bedded 

graywackes . 
Plagioclose i s  the ~ o s t  c o m a  Cet r i ta l  millcral i n  e i ther  ty-pe of I 

-eke, and ranges frm 0 ( i n  cne s~,ccimcn) t o  50 ]percent of the  t o t a l ,  I 
rock with the everags about 35 pcrzerit. me plcxgioclase grains are  general- 

l y  pa r t i a l ly  a l te red  t o  sericitej calcite,  chlorite, wd epidote are also  

c m o n  but less e b u n h t  a l te ra t ion  g r ~ d u c t s ,  !?he degree of a l te ra t ion  

varies considerably even witbin a efl-glc th in  section, end ranges from 

fresh, clear  pbgloclase grains having only a f e w  s m a l l  patches of seri- 

cSte t o  grains c a p l e t e l y  scr ici t ized.  East grains of plagioclase show 

complex polysnythetic twinning. 

Universcl stags masmexeats indicste tha t  the canposition of the 

detrltal plegioclesa grains fell  i n t o  tvro groups: Ank3 t o  Anrg end E.nl 

t o  f%. Both groups ere polyspthe t ica l ly  twinned, and cannot always be 

distingulslied f r a  one anoC,F,zr by the i r  cppeormce. Hovever, all deter- 

@ minations 2'-ng i n  the range Anl t o  & were from cloudy, aer ic i t ized  ' 

grains, wherees the g ~ i n s  hc.ving ccapo:;itions i n  the range Ank3 t o  An53 

range Arm clew t o  cloudy and ser ici t ized.  In most t h i n  sections all 
t 

I 
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plagioclase grains examined t c l o z g  ta 'one grOil2 or tb other, but in a 

1 

few sections both g r o q s  trese r*t?rea[mtedr 

I n  eddition t o  Oetrit~l p l ~ ~ i o c l a s e ,  aui;hi,pxic albite occurs as simll 

crys tds  i n  the mt r i x ,  as rLzs on calcic  plagioclaae grains, and in veins. 

In these occurrsnces, the aLbite is water-clear s ~ d  rarely twimed. In 

veins the a l b i t e  is ccumonly associated with cpertz, calcite, and In a 

few t h i n  s e c t l c i t h  an~Jcir;i.j. 

Quartz is a Itiinor constituent embng the de t r i t o l  grains f o d n g  less 

than 8,0 perceot o 3 h e  grcix, Its nroportion of the clas t ic  grains in- 

creases i n  the si l ts tones an4 ti.r~iLU-;cs, bu% since the mount of natr ix 

also incrsoses i n  these roclm, it ' i s  doubtful whether there i s  a real in- 

crease i n  the mount of qtlc-te, 

Q a r t z  also commonly occur; as rdcrogrmulcs aggregates In t he  matrix 

and in qclartz veins. 

Psalcime occurs in a few th in  sections as veins and small aggregates 

sec%tercd i n  the mtrix. It occurs as euhedral inclusions in quartz, snd 

also as euhedral bWay linings of ccvi-:ies the centre1 p r t  of which has 

been f i l l e d  by cahedral quartz. 

Calcite or l iws tcne  c l t c t s  are rare i n  the graywackes of tyge 1, but 

i n  t h e  mcsive grayr~ackes, type 2, they may form as m c h  as 45 percent of 

the t o t a l  rock. The grains are ccmonly rounded end have rather ind is t inc t  

margins, and lrreguler outliczs; they are generally lerger then the average 

grzin size of the rock in w'nlch they occur, as large as 5 m in diameter ' 

in sane samples. The @reins themselves are coarse aggregates of murky, 

sU&tZy t~rimed calci te  cancnorlly showing vague fossil sthcturea, 
I 

one locality a lcnt icul i r  bed ~ r i t L i n ' e  thick massive graywscke was composed 

entirely of sUghtly rounded cclcl te  clx mcge rhmbs everaging 0 4 mm in 

lea$% enZeddeil In a 'sp=ce matri>: of finely crystalline, murky calc i te .  



Scconbry ca lc i te  occur.;; i n  isolc:~d pctches and as veins i n  the 

matrix of both types of g-rqyrcku,  but it i s  abundant only i n  %he massive 

g r a p ~ c k e s  of type 2, where it m y  fom as ~ u c h  ao 25 percmt of tihe t o t a l  
-_ 

rock. In  a h o c t  every occ*u:--,nze ca lz i tc  appears t o  replace the othermck 

constituents i n  contact with it. 

Chlorite i s  an hpol"F,eat conzJ;itueat of the mtrix, md also of mny 

c l  the  d e t r i t a l  rcck f m g ~ r t s .  Ginerelly It occurs i n  the matrix as ir- 

regular az raga tes  of v a r i o s  sizes ransing from less then 0.005 m t o  0.5 

mu i n  dimet~r; the larger e=regatca probably r e ~ r c s e n t  d e t r i t a l  grains 

reglaced by chlorite. The chlorite a g g e g a t ? ; ~  +,h~mscLvce equigranular 

a ~ d  caslposed e i ther  of n o n p l ~ o c ~ o i c  or of s l i g h t l j  pleocboic >ale yellok;lsh- 

- green chlori te  having a f i r s t  mder gray birefringence, I n  only one section 

@ wae the chlorite irttencely ple;chrsic, X = green t o  Z = yellow green* 

- -  htri tal  rcck fragmnts,  0th-;r than Zinestone are of three general 

tyy?ez: 1) vclcanic rocks; 2 )  srgiUfte,  end 3) chert. The volcanic frag- 

ments consist of p l e ~ i o c l e s e  rdcrol i tes  I n  a chlorf t lc  gromdaass. The 

p lq ioc lnsc  i n  these volcanic rocks appzars t o  have the sane cnmpositicn 

as the individual g l a g i c ~ l c ~ ~  c l~a - t s ,  but ile-i;erminations were d i f f i c u l t  t o  

mahe and i n  general unrelieble. ArgiLlite fragments, which also  i n c l u b  

sparoe, iinc-grained gr~yk-acke, coccist generally 9% a cloudy, dark-browa, 

ch lor i t ic  and s e r i c i t i c  matrix :2iich d s o  coatsins a varieble amount of 

nAcrc~raw.lar q~z.rtz.  Plegicclcsr clas ts  are scnttcred +&ou& the matrix. 
d 

Chert Iragneats range frm ~LciiJo~ronular quartz aggregates t o  mixtures 

of &bri.t;e and. xicrograoular quartz, md appear t o  grade i n t o  m g i l l i t e .  

r93fis scparction of chert frm e z g i l l i t e  i n  ordcr t o  grew@ thc dfsgrm i n  

@ i i ~ e k 5 a v a e d i i f i c u l t a n d a ~ b l L r a r y .  However, eincechert io- ,  a t  

most, l e s s  than 5 percent of tl~ce erains, it has s m d l  effec t  on the t o t d  

emposition and c l a s s ~ c a t i o n .  



Altzred volcconic roc?::s. --Rltered -~olcanic f lo~rc and bre ccias ore a 

minor rock type in the Cannery fornation, but lccnl ly  i n  the area east of 

S i ~ q  Cove a t  C z b i e r  Czy, they fo-m -m-:ts as much as several hundred feet 

thick. These rocks are zie81-t~~ gm,y t o  greenish gray. I n  color, fine-grained I 

o r  a p h i t i c ,  end contain scatteAmd ca lc i te  nmy~blnt3 1.0 t o  5.0 mm i n  dia- l 
m",r. Sl ight ly shexed ~ i l J s x r  s t r u c t ? ~ e  i s  c m o n ;  the p i l lo~rs  average I 
about one foot i n  l o w e s t  dimr?nsion. In one locality,  the same rock t y p  

reselil5les a sheared breccia cr~d cc;ntnins a f c w  scattered boulders of dzrk- I 
gray, f ine ly  crystal l ine Un~~:i- to~le 1.0 t o  3.0 feet i n  diameter. 

d .., 
Pbst thin sections e x d n e d  i i ~ s ~ l o _ ~ - ~ i l o t c x l t i c  texture's consioting 

of altered phgioclase laths ~.veradng 0.09 mm I n  length i n  a grwncbms 

of c'dorite, calcite,  pyrite, and 1imor.ite. The pla@-oclaae laths are 

@ 
altered t o  se r i e i t e  end calcite. One section contained about 10 percent 

colorlese clinopyroxene i n  subhcdral crystals  averaging 0.1 m i n  diameter I 
scr t tered throu&out the rock. Q~artz, albite,  m d  iphene are ebunhnt 

i n  the e ; r o u n d x a s s i - f e w  secttons, 

%:a thin sections, one fron the erea s o ~ t h  of Snug Cove, and the . ~ 
other from a creek west of Galbier Bay, contain 4 0  percent s l ight ly  gresu- 1 

l a t ed  colorless cl inopy oxem crystals about 0.5 mm i n  diameter ( 2 ~ ~  = 

50'-55O), 50 rercent sr.+,igorite cerpentlze, end 10 percent inters'citZa1 

secondzry quaez a d  alb i te .  This rock is ollve gray ard massive i n  out- 

crop, anckwwlljr brc-rb with a k~s t rous ,  seqentinuous surface. The high 

percentage of pyroxene 6ugf:ests En altered ultremafic igneous rock such as 

a pyrcc:enite o r  pcridof ite. Blthou$i nxch l e s s  d c f o r . d  and coctaining 

serpentine instead of chlorite, t renol i tc ,  and epifiote, thie rock resembles 

0 tke pyroxene-beering phyllonites of' the Oenbier Bay l o m t i o n .  Perhaps ' 

both rocks represent the series of u l t r o r i f i c  i n t m i o n s ,  those i n  the 

GanSier Bay formation ( ~ ~ 3 4 )  beiw sub,jected t o  greater deformation and 



?~Fbu:: do1t;mite 

lhlcx?,te. ---aunt' of 3.aestoae included i n  tlna Pybus dolomite is 

 own. Every spechen collected upon being treated by cupric n i t ra te  

(CU (1~0~)~) solution (~cdgers, 1940, p. 788-798) was stained blue only on 

veinlets esd cavity f i l l ings,  inucat ing that  the bulk of the rock i s  dolo- 

mite. A l l  spechens stained h v e  the b r o ~ ~ c h  hues end sugary texture 

charecteristic of the carbonate rocks of th i s  formation. Therefore, It i s  

concluded that, i f  -stone in present, it i s  p r e ~ e n t  i n  minor amounts. 

The dolodte  consists of n subheBrrl aoszic of d&a;nite c&stals 

~howlng a tendency t o  form imperfect rhcxubs averaging ab0u.C 012 mm i n  length 

(fig, 4.6). The c x ~ s t ~ s  are cloddy becrqae of the inclusion of very fine 

@ brown dust--probably iron-rich. Pones ranging f r m  0 a 1  mn t o  0.9 mm i n  

diwster are scattered through the blocdte  msaic; these are c m o n l y  

represented by f i l l fngs  of c lc i r  celcite, &rid, i n  places, by quartz. 

P a r t i a l l y  f i l l e d  pores having drusy linings of calcite occur less common- 
- 

ly. The pores ty-pically co;zt;aLn a th in  opsquc film between the f i l l i n g  

mineral and the walls. 

In gccerd, tlze d o l d t e  i s  equigrr rder, but patc'bs of coarser and 

f iner  crystals occur which have the vape form of fo s s i l  structures. De- 

trital grains of romOed q u m z ,  chert;, a d  r r g i l l i t e  em minor constitmnts 

of a few thin sections* d 
\ 

1 

Chert.--The chert occurs us both beds or knsaa, and as scattered f rq -  - 
mnts ,  I n  both it has two aspects which can be seen within a single lens 

or fraegaentt 1 )  a porous, rov@l-weathering mass consisting of silicified 

fossils (largcly brochiopod, bryuzo~n, end crinold debris) (fig. 6a, b); 

2) solid, smooth-wcathcring masses (fig. 5b). Type 1 grades in to  ty-pe 2 

by the i " i ~ i n g  of t b  pors spaccu bet%-een the fossils critti chert (fig. 50.). ' 



46. --Photomicrograph o f  fossil preaarvc 
granular dolomite showing imgerfect rhc 
~ssed nicols, 20 x). 



Thz chart lenses we ccc~~;il .y brcilrzn, b'~t the f r e p n t s  as a rule have 

?-,st znoved far .  Dolcndte hhas l;?va&d the fractures end spaces between the 

f r cpen t s  (fig. 47). 

The chert consists of s-&l ( e v ~ r z ~ i n z  about 0.004 mm i n  d i m t e r )  

masses of s?hcrul.itic qmrP;z (chelced~ny). Dolamite rhoabs are scattered 

i rregdcarly throu* the c b ~ r t ,  and srx.11 patches of quartz occur i n  the 

surrounding dolomite i n  the ~ i c i n i t y  of the chert-dolcanite contect. Foss i l  

structures are o-~U.oed by s t re~ks ~iit! patches of) coarser- or finer-grained 

quartz masses ( f ig .  46). 

Chc t h in  sectioa ex&r,?d m s  divi&ed in to  two approxincately equal 

parts peral lel  t o  the 'Deddin~: i n  one part the  foss i l s  were TYBU preserve4 

as -chert, and i n  the other they were only f a i n t l y  preserved as dolomite. 

Fossils, therefore, occrr t3u.c-~zhout t k ~  rock, bu tc t2e i r  su'prior state -02 

?reservation and hardness a s  chcrt a d e s  silicified fossils much more prm- 

I r cn t .  ?ro3ably the e ~ c l c ~ i r ~ g  zrid rei\I.~rcing of foss i l s  by chert prevented 

them frm being d o l d t i z e d ,  and has led t o  t h e i r  b e t t e r  preservation. 

Eyd f o~-xit ion 

E R S ~ .  breccia..--fi.JicroscopicaUy the chert an8 a r g f l l i t e  fragments of 

the green ~ n d  red chert breccia ere icienticsl t o  the chert and =&$.11ite 

of the Cannery formation described i n  a previous section ( p. 1M). The 

nztrix cors is t s  ~ o s t  cczzozly of e clcluCiy mi:mi:ture of a i c r o p ~ ~ i u l a r  quzrtz, 

pla.gioclo.se, ser ic i te ,  celcite,  o r  do lcd te ;  s i l t - s ized  c las ts  of cpartz 

and plagioclrse a r e '  scattered t 1 ~ ~ 1 i g h  the m t r i x .  Pyrite i n  smll euhe(lra 

is  a cornon minor constituent 09 t hew rocks. Tae yel lo~rish brown-weatbring 

matrix i n  the v ic in i ty  of Gain Icland consists almost en t i r e ly  of iron-rich 

dolccitc, and the chert f r e g e z t s  thzr,? collsist of a sutured mosaic of 

quarts containing abundant s e r i c i t e  inzlusiono. 



Figure. 47.--Sketch of fracture8 chert ( rh i te )  in doloaite (stispled). 



Thin-DedP.cO e.r..l'l.Ut.z z.:nz:b.:i~. --In thin section the three most c m o n  

rock types--argillite, chert, erayiils2re resemble one another i n  texture, 

and appear t o  differ only io t-kc sLze and re la t ive  anounls of the sarse cm- 

pxen t s .  P 3 . l  heve e m.trlx co&istine of a cloudy ~ x t u r e  of mlcrogrenular 

qucrtz, new-fcmed plegioclsse ( e l b i t e ) ,  celcite,  chlorite, ser ici te ,  end 

pyrite; also presat  is a fine,  ser~iopaque dust which tends t o  f o m  i n  

tenuous leyers delineating bed3ing surfaces, Ttris dust i s  prob~lbly cer- 

bon~ceous n ~ t e r i a l ,  end is r e ~ y ~ ~ s j b l c  f o r  the prevailin2 dark color of 

the rocks. Scattered through the metrix are e.n&w c l s s t s  of plagloclase, 

a_uzrta, en& Eore rounkd c la s t s  of ce lc i t s  o r  lirrestore. The clasts are 

gereraI.2~ of coarse s i l t  s ize e x c e ~ t  I n  %he &r&ywe,cke where the bottom 

Ic.yer of a Gri3,&d bed (com.only o x  grc-ln t ~ c k )  may atkaln a grain s ize  

as mch  as 0.2 m i n  d i e t e r  (fi~e send) 

_ I n  the calcareous rock6 abundent ca lc i te  occurs i n  the matrix as 

mrky p ~ t c h e s  which have ccrroited >legioclase grains i n  cozltact %ith them. 

An extreme type, a calcarenite, occurring spmsely i n  a f e w  loca l i t ies ,  

cors is t s  of h-0 percent cks t s ,  35 ?zrceEt of a i c h  are rounded ca lc i te  

grains showing faint f o s s i l  si;iw~";res, i n  a m ~ t r l x  consisting of a fine 

amregate of ca lc i te  c r j s t a l s .  T2.e calczte c l a s t s  everage about 0.2 mrn 

i n  dlemter ,  a d  are cozsLfierd,ly le.rzer then those in lrost graywacke. 

I n  chert ~ n d  si l iceous a r d l l l t s c ,  nicrogrenulm qusrtz preddnates  

over the other c ~ n s t i t ~ r r t s .  I n  the pursr cherts, cmlcite, ser ic i te ,  end - 

chlori te  are minor. One such chel-1;, which i s  p rodren t  near the top of 

the  ~errt;er, consists of a very f i ~ e  grained, alxost su?x~crooco~ic, w . s s  

of qu&z throush which are scettered f l e k c s  of se r i c i t e ,  Radiolarian 

@ tes t s ,  similar t o  those descriled fbove f ro3  the Hood Bay and Cannery for- 

mtims, &re s c ~ t t e r e d  along the bc(lr'.in ~ u r f e c e s  of tbls rock, The tes ts  

are composed of sphemlitic quertz, and ham circular o r  e l l i p t i c a l  outlines 



avoraging cboxt 0.1 ra in di'.,re"ccr ( f L ~ .  48). The chert; also' conteins 

veryc;sparse, angular c h s t s  of p!.cgioG:isrsc and quartz ran@%% i n  d i ~ ~ i ' t s r  

f r a  0.05 to 0.4 m. me beddial: pl=;es i n  the chert are outlined by f i ~ e ,  

dark-brawn dust which ter,ds t o  form very thln lmir?ae, The light-colored 

rock leyers bctwzen t ' r e  dark. l e z i n ~ e  pinch a.nd smll r a n ~ i n g  f n  thicknee6 

f ran  0.5 t o  2.0 ma. 

Volcanic n?ezber.--In colrposition the v o l c d c  rocks fall i n t o  two groups 

t b e t  czn~lot be dictinguishzd fn the fi.eld: 1) a predordnant sodium-rich type 

i n  which all plagioclase e.r.?c~-rs t o  be albi te;  2) a much less abundant ptas -  

s im- r i ch  type i n  ~ j h i c h  all the f e l r k ~ a r  epmxrs to bt? potrssic. 

The f i r ~ t  type agrees W.th publi~.hed descriptions of s p i l i t e s  (~urner 

and Verhoc~en, 1960, p. 258-263; Ik Rc'lver, 1942, g ,  223-233); rocks of 

this type include both p i l l c ~ r  mi! ?on-pillow structural types, Elicroscop- 
\ 

i c a l l y  these rocks have an 0.1tereb intergranular texh~re consisting of a 

cloudy, i n X s t i n c t  groundmoc of albite,  chlorite, epidole, calcite,  md 

opaque rdccrels. The grumcbaas albite, which averages about $0 percent 

of the rock, occurs as an fme:,'til.ar, interconnecting m a s  conttiining EtStl l l- 

dent fine inclusions of chlorii;?, ser le i te ,  arzd. calci te .  Sparse, smc31, 

Prosh, finely twinned a l b i t e  I ~ t h s ,  everaging about 0~18 mm In  length, 

@.re a l s o  scattered throu~boct  the g r ~ u a ~ a s s .  CUori to,  occwring as in- 

clusions In albite,  I s  the  next nost abundant constituent, and averages 

&out 23 parcect of the rock. .In e.dB.tion, the chlorite occurs throughout 

the gromdmass as i n t e r s t i t l c l  flrz?-res, and also as lerger a ~ r e g e t e s  whcse 

foms suggest pyroxene and mgPd'oole c-cyctal outlines. Most of the  chlori te  

I is s l igh t ly  pleochroic f'rccrn Z = yellowtoh green t o  X and Y = p23e green, and 

I @  ~llovs a l ou  first order gray birefringence. Eowever, the chlor i te  of one 

section ' k i ~ p l e y s  more intense pl?ockro:!c colors frazn Z = bluish green t o  

X and Y = green, and a first order yell-ow birefringence. 



~iarue 4 8 . - - ~ h o t o ~ c m ~ p h  of ~o~ chert, 4yd formation; Radiolanan 
gts, consisting of spherulltic quartz, in a mstr ix  of argillaceous, 
:mcrystalline quartz (plain light, 45 X) . 



9 I n  most specirnsns spx-se ylr&.cclcse phencclystrl, ~vere~ing about 1.5 
164 I 

xm i n  length, ere s cattercct .ti-2ougho~t. The phenocqsts show polysyn+,heti c 

t ~ r t m i n ~ ,  erid ar.3 strongly altcred t o  chlorite, calcite,  ~ n d  se9-cite. 

Cornonly only ragged remm:<s ci the or igioal  pheno~rysts remain; the a l t c r -  
i I 

&ion tends t o  be controllcrd by clervsge plmes. U~liveroe.1 stage mesure- 
I I 

~ s n t s  of both s m l l  c ~ y s t d s  of the groun-ss end Vie phcnocrysts indicete 
- .I 

.canpositions %n the razge /.'-n t o  An,. . ' The absence of potassic feldspar was 
3 . I 

I One massive flow contnins nearly uml terea  euhedral phenocrysts of I 
I hornhlen& and clinopyroxene =verzging 3.0 rm in len&h sat i n  a chlor i t ic  I 
I groundraass similar t o  t k t  described   bare. !?he h0~b1end-e occur8 i n  slight- I 

l y  rcgged crystals  wbich commnly s h ~ ~ r  sbple twinning; the pleochroZsm ie 

. as f ollowo : xW~ ye1lo;r; Z c. ys!^lovish grdanj and Y = b r ~ ~ a i n h  green, 

Universal strge measuments inclicats ~ c .  eagle Z A c of about 2 0 4  md.a 

I 2V x of froln '75' t o  80'. The clino:yro:cene i s  coloricss and contains in- 

clusions of epidote and ~ c ; ~ ~ - i ~  wcmd the margins; accurate measureroents 

1 of opt ica l  progcrties could n ~ t  be m:de. I 

Volcanic rocks of the po"~~.~sium-rich second type are ';mom only frorn 

one locality: the peninsule. northwet:t of Goad Islasd, where about 500 feet 

of ? i l lov  lzva crop oilt 12 the h i q e  of a tig1-~tly folccd anticline.  Micro- 

I ecopically the potassim-rich rock i s  ccm?osed of sparse, subhedral, 2otassic 

I 2 c l d s ~ a r  -&enocrjs-i;s i n  ea cl tered p i lo tcxi t ic  groundmaas consisting of 

I Thin potassic f e l d s ~ a r  l a t h  a:ld inter;'ci.tiel chlorite, calcite,  and opaque 

minerals ( f ig .  49). The grcuc?8::.aao feldspar averages aboub f3.l mm i n  length, 

I and camonly disnlays s i q l e  L-riming; the  r~argins of -[;he l a ths  are indis- 

t i n c t  and contain chlori te  cn2  c<;.lcita inclusions. Calcite a l so  occurs as 

clear  pctches ranging from c .04- mn t o  5.0 m i n  dim-ter,  ~ o s t  of which 

probc'uly represent t;gd.ales, The op :o_ue minerals are largely limonite, 



mgure , . --,'hotomicrogmph of poeneitic pillow lava, Eytl formation; cluster 
simply twinned potassic feldspar phenocrysts in groundrzlass of potassic 

Ldspar micmlites, chlorite, calcite, and opaque minerals; patch of 
Lcite at r i i t  margin is an wgdu3,~ (crossed nicols, 40 X), 



and are eap.cial3.y abundant 8.a f'ins'dust i n  tb. k g e r  uhlorlta patches 

whose outlines ouggert m u e  an8 emphibola a r y e t a  ? o m *  

The potassla feldspar phsnocryete are sribbsdral with a t.n&ntzy toward 

i-m, i n ( u s t i n c ~ . ! b o ~ r ~  Both ~ v l ~ ~  or tvhmd -8 are 
I I 

present; in general, tbe birefringenae l o  t irot orbr pay, noticeably 

lower than that for p2agioolase. Tbe phenoarystr aontairr abundant ahlorlte 

inclusions, but apprar to be unaltered in o a r  respectsr Sodium oobaltlni- ~ 
tr ite atain 6hcmd both phenocryete and groundrPsrr felbrper to be pataesic* 

Uniyersal eteg. metas-nts indiaate that the feldspar i r  wwoallnia vith 

tae optic ~ U W  parpendi&r to  (010)~ r taw, &c poor & A n t 8  in- 

dicate that 2Vr La about 60'. Ths d u e  of tb. dphia udal angle, a d  the 

orientation of the optla piano plaoer~ them feldspars in tbs orthouhee 

t a b  suggestive of Qltemd mtmmnta of original 'cralalcr ~ Z s g i ~ u l ~ ~ ~  euoh 

a8 present in the a p I U t i ~   rook^, axe laddrig fram & p d r e e i a  rooke. 

In thelatter no 4%Z€m?n were eean %&lob might be lnkrpawteb a# imllaatiag 

xeplacem~lnt of an original feldupar by .gotasslo feldspar. 

A che~~~Ical  aaa&wis of the &ova rock rrbcruvd i f  to aantein 9.4 percarit 

I%$ and 1.9 percent Na20 in uontrast t o  0.n parcent .K@ and 4.93 prcent 

for the am- ~ p 2 l l t e  (S&UB, 1930, p* 9) .  De Wtnr (1942, p. 

223-224) reported potaeaia equivalanto of opillteo, *ah lu e a l h  poeneites 

after Brouwer (1940, p* 263), agsociateb w i t h  I B I ~ ~ U ~ B  and kerakrphyrcs, from 

the PemLanofnPPor* Figwe 50 sham a a ~ r a n o f c h a u l a a l ~ s  . 

of a typical poeneite, an average spi l l tr ,  arrd Uls pillow lave, Ik Roever 

found all traasiticxui be-n spiUte8 and poc,~i tar ,  aPb ruggeated inter- 

@ mediate rock names oueh ae ~ U t i c  poearik and p n s i t i u  upil l tea Most 

of the poeneitaa d.8oxibeQ by % penr o o n t J n  awm thaa 8.0 pruent %o, 

l and hence * pxwmnrb xwk Poight bo ml&d a WU4iia paenelto 10 bi4 
c2assificratio~z. I .  



NW 50e-0 Chemical analyses of poeneite. 

Si02 44.6 52 o 05 51.22 

P1203 17.1 18.35 13.66 

Fe2O3 1.6 lOe07 a .84 

FeO 8.5 0.40 9.20 

k o  0.1 0.16 0425 

C02 3.53 none Oeg4 

Rest a 0.11 . . *. L - 
* ,  3 ,  

I I" 

I. pillow lava, Gardbier Bay, AdmlraLty Ialand, AZaskaj rapid rock 
analysis by L. D. Elmore, H. Barlow, 8. D. Botts, 0. Chloe of 
U.S.G.S. 

2 .  Poeneite, Ifoil Tobe, Timrrr (De Iioever, l 9 b ,  pr 237~238)r 

3. Ave- epilite, average of 19 am&oerr (H, Sundiw, 1930, p. 9) .  - 



Seymour Canal formation 

ArgiUte and thin-bedded graywa&c,--Th. f raatuw ubsvagar that is 

characteristic of the Seymour Canal formation throughout met of i t 8  area 

of outcrop (see eaatlon on Py"ou~ struatural prmlnaa) i r  mu& rnora proslaunced 

in t he  s a l t  wter shoreline surposuree than i n  expaawns away frcnn @bore. 

Probably wdglng by the wyst4limtia of Wt in theabamge' fracrtusea 

is necessary for tbm to appear iu ogcm frsaturra, 

M i c r o s a o ~ l ~  t& typlaal, nonatilacrreaursl aqgi l l ik  oansisto of an 

almost unrcsolvable brown m ~ t r 3 x  canposed of ahlorite# aeria1teD olrsy 

mineral, pyrite, aab wry Pine semi-opaque dwtr thr- which is scat- 

tared angular grain6 of plsgimlaee srrd qwwbs sv~rsglng h o e  than 0.02 

mm in diameter. The rnatrix amonly foraur about 90 prcent of the rock. 

The conumtioao O? tb 8]?@2lit0 oanposad a t  durb-brawnD f a *  

gralnea ll~1~3s.t;on6 that weathers a llght yallowieh gray, and OhOM faint 

bc-g parallel t o  that of the argill ita, Although the bed&= In  the 

argiUite bovs a t  8llghUy abow, and below the WRUX%I~~W, it 88em~ to 

do so no more than would be w c t s 8  irosl dAffamkntial caPpaofion of a 

sof t  matrix arO\llSa a body that becam graQlally rPora cslqpstent thaa the 

matrix as aoarpaction p ~ ~ e b b r  The c o n o r s t i ~ ~ ~  aversgb about e.0 feet 

in length, and about 6 iachss in thlaknerroj a few wcur rn tMn be& 2 or 

3 inches in t h i ~ s e ,  and range tram 6.0 to 10 feet in lengthr mi-, 
as indicated by iigurs 138, a sharp cantact ede t t i  between the llght- 

weatbring concretion and the dark-aolomd argillitu, howevley, oo32nnonly 

the srgillite ln the viainity of the mnarutla hao bema peiaetrated by a&- . . - 
cite to a thlckma. of am or two inoh.0 -namil to th. be& 'md oi &- 
or two feet parallel to the bedding. Thir calomww eaoa wathera to a 

argillite* Similar brown-mathering, aal-am pat*# Md w r o  



often seen without sa obvious core of llmeekMej in eopps places these cnl- 

careous zones contain smAll limestone a& foss i l  iragments* 

The concretiana, both ae lensem and beds, may be true aoncretione i n  

the. senee wed by Pettijohn (1957, p. 203) i n  which aalcite has accumulated 

in the  pore epee8 of the rock around nuelel, ma& ar os3-our foss i l  aad 

otherllmeetone fragplente. The strong daior9latfon to which the rocks of 

the Seymour Canal formation have bean 8ubJrated pcobably accaunt fo r  the , 

pull-apart and typical boudinage stmtweo. men i n  aonoratiane at o w  

of limestom of asy shape, acmm3.y MguLsr, raagiag from a few Inahea t o  

a few feet in longest dlmsnsion, i n  uhich the beddjag may havm any orien- 

@ tation wtlatin t o  taat of tho E I U I T O U ~ ~ ~ ~  mgilllkr ( f i g *  -)r WAh 

the concretim, the exotic Inclusions do not hem diffuse, oalcareow 

aureoles i n  the enclostng argillite~ Furthermore, them Induelom strong- 

ly bend down the beds below withcut having sustained acpsp3amsn~ &for- 

mation t o  themselveo indicating that - smm introdwed a8 eaneollbated 

limestone fragments Into eof i  mud. 

!he bc lus ion  canrriots largely of a dark-pay or brown, fine-grained 

Linestone which weathers l ight  gray, aab a less aanmon type acmelsts of 

medium-gray, firtd-grained marblei both varletiesa are probably fragments of 

older rock. !bey ccxmonly occur In argiUite seatione acmtalning;l?no csl-  

care- beds of any type which they might have been derived by sub- 

marine erosion and rsde.poeiticm or by tectonia disn\ptlon; Arrthsrmom, 

the inclusionmr a r ~ r  camonly embedbed, ia~Un3.y bedded8 firrs-grained rooks 

characteristic of a quiet avlrommt relntiwZy distant fxmn shore (petti- 

John, 19$7# p. 293-*),. sn8 not i n  the cba t ia ,  lanAnUda depoeits seen 

ebewbre i n  the ?gramtion. Rafting and d u q 4 q  by amma qpnt suah es 
I 



icebergs, tree roots, or other floating objects reem to  be the most logical 

origin. 

The thin-bebbed grapaakes are nzdium to dark gray, Ughly inaurated 

rocks that weather Ught gray i n  calcareawr varieties aJUf oUvs ~p.ay In 

chloritlc varieties* The gr8pcke beds show little tendenay to break 

or weather-out along bedcllng ourfacea, and sols Olarkinga, ruah as flute 

casts, drag marhs, and load caste, generally seen only in section. In 

&tail the b e b  grade upward fran medium or fins sandstone at  

the base t o  coarse siltstone at the llrrs lower aontaat with the argil- 

Ute is  commonly sharp an8 irregular, containing &mneSa, 8apresaiom, and 

irregular upmrd-proJeations of the argilute; tbin slabs of argllllte arei 

cmonly  roattemh along the bottan layers of the graywauka bed (fig. 51). . . , 

The u p r .  contact is more $n&letinct; I$ crclarmonly rhowe mwth, undulating 

- ripple mark cromi scctionrec A bed may rimply grade ugvlard froa base to 

tog in m s ing le  oycle, but t h i c k e r  beds tend to be oc~npomb of several 
I 

cycles of grading,' camnonly associated vith safe of small-scale cross- 

bBdine;, superpored osa upon the other* Bomrvsr, suah bedo orainarily 

tend to became finer ira base to  top In s p i t e  of rapslatedcuyclea of grad- 
I 

lng and repeated sets of wsabedbing (fig. 51), Conv03.ute bedding (~uenen, 

1953, p. 1056; CroubU, 1955, p. -4) is s leas aanmmn feature than those 

described above ( f l g .  l2b); the irregularly distort4b laminae constituting 

convolute bedding oocul: generally in the f W r  part8 of the beds. The 

distortion of ths laminas may die out either upwsrd ar downward in  both 

airectioss in th8 mnnns?r detaaribed by Webby (1959, PI 469). 

a The typioal thin-bebaed p;rquach cunsieta largely of subrwndad to 

ana;;ular grsins of felkbpar aPb valosni8 and argllllte rock Zrapenta set 

in  a m k y  brown chlorltic or calultic nmtrix* Maor grsia t y p s  include 

biotite, quartz, chert, aa8 l i m 6 s t ~ .  Tha matrix rulgos frcan l0 t o  60 





percent oi tha m a  aac~ avenges abbui; 35 percent (fig. 5 a )  j tbse roc&, 

therefore, oaa be cl86eifled as graywackce unUer moat recent olaasiflcatisne 

( ~ i l b e r t  - i n  W i l l l a m s  an&. others, 1954, p. 292-2941 Pettl John, 1957, pr 290- 

Figure 52a show the rehtive anounte or the ohfef groups of grain 

types estimated in  nprssantetive thin sactians of th ln-bec~d gr-~kes 

(clear circles). . . The relatively unstable feldspar and rocrk frapent graixu 

g.e8.tly predominate over the stable quartz aad a r t  grains. The latter 

srre cammonly present in trace amouats only. aha relative &ts of f e w  

spar8 and rock frapents are about equal overall, but the finer grained 

rocks tend to cmtaln a greater perceatsge of felbspar, aad the coarser 

grained rocks tend t o  contain a greater percentage of rook iraepllsnts. 
I 

The grains avamga about 0.2 xmn in diaumter and aarrs#raly graAe ircon 0.5 mm I 

to. 0.02 mm in diameter ~X-CXR base t o  top o f  a one- or two-Inch bed; the de- 

crease i n  grain size upward i s  accompanied by an inoreme in the amount of  

matrixr For example#' one sparaimn aontaiaQd 60 pereat  mstrix at the base 

of the bed and 99 percent near the tog. 

PZagioclasa is abundant and forms most of the feldspar palm, where- 

as potassic feldspar 16s ram in most apealmhnr, attaining a maximMl of 10 

~ r c e n t  of the grains i n  one specimen. The plagioclaee oaours as ~ U g h t l y  

or moderately .sericitie9d grain8 showlng polysynthetic $winning ad, in a 

f e w  thin sections, faint zoaingj universal stage masuraments Indicate 

coqmsltions in the range 9 to An@, mat being in the range An 42-45 ' 
The potasaic f e l b p r  occu.ns as highly sericitlesb, untwinnad grains, an8 

was &termFned w i t h  the aid of sodium cobaltlaitrite stain. The volcanic 

rock frqpenta, an tbe most abundant oi th. - irogmnt., 

commom show a traohytic or pilotaxitic texture consisthg of partly 

sericitlzed p ~ o o ~  mi0:roUte~ awraglng &out 0.01 psn in &mgth set 
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@ In a cbloritic groundmassj sparse p&locla8at phenocryste a n  seen i n  a 

few &,rains. The arglUlte fiwpents consiet of a cloudy, very fine grained, 

largely unresolvable, chlorltic matrix thrcrua which are soattered silt- 

sizeti, !, grarains of plagloclaee and quarts. 

Biotite is a ubiquitm minor constituent generally forming less than 
, I 

5 percent o f  the rock. Its characteristio gleochralamlea Z and Y = red- I 
dish bram, and X - pale yellowish orange1 croannonly the i l a k e s  are parti* I 
altered to chlorite, an8 are distorte& betmen; more canptent grains. I 

The matrix of the gzkywacke ie a murky brownish mixture of chlorite, 1 
calcite, gyrite, egibte ,  Umonite, and mwh nonbimiringent aloudy material; , 

loucoxene and saricite ere coarmrxl in s few s;psaimsnrr. !Rm W e f  variation in 

c~positiou among the typical graywacke la ln  the reIst,im proportion of - 

chlorite srrd crslolto. All gra&atioae exist betwren grayw8ekss In which 

calcite forms nearly 100 percent of the mat- to those In whlch chlori te  

is predcrmiW a d  calcite occurs olily In traae amrnrntsl The mattlx in 

dl specinem hsa corroded and replaced themergias vf the gmins. Thts .- 
/ 

rc~lacenent of grains is especially granaunced In rocks havlag a cal- 

careous matrlxj in these caloite has strongly rcrpbcbb tbk gradns, eiapec- 

ieJly the glagioclase grains, uammonly having only isolated, ragged 

remnants of larger grains i n  ~ZIQtchee of o a l d t e .  This pmceeis greatly re- 

duces the size and total voluw of alaotia grains ln.ctalaamous graywadsee. 

Prehnite is _wlaniwmt mineral of the m a t r i x  in two of the specimens 

exemined in which it forms about 50 geraent of the rodsr In these the 

matrix conslats of a mosaic of anbaBral grehnite cryetals, ranging from 

. 0.3 to 0.5 nmr in diameter, vhich goiklloblast1aaUy enaloees the clastic 

grains &nor pat&. of chtorite, cdcite, bnd *pidot..   he prshnite 

has almost completely reglaueti the plagloolsJs d u t s  (%) (fig. 5 9 ,  aha 

t o  a lesser degree ths other crlaste (volaan%a sOd argtUit4 -nt~)r The 



Figure ,,.--,'llotomicmgraphph of grapmcke, Seymour G& formation in which 
g~uls ic of p r e M t e  (stippled gray) has partially replaced 
tr ix an ioclase gra;lns. (crossed nlcols, il, X). 



a prehnlte is pearly colorless or very pale green, and baa a'maximum bire- , 

frlngence of second order blue. • I 
Co;3glo;rerate end m a s s l ~ e  craywacke.--The amount of mtrix i n  the con- 

glomerate l a  vaziable, an8 &*. from less than 10 mrcent (flg. 15a) t o  

nore 90 percent (fig. 1%). The most common matrix i s  a brownish- I 
gray, rcodium- t o  coarse-grained graywacke i&nt ical  i n  Uthology to the 

massf ve grapacke. By a decrease i n  pebbles, ' ctmglconerates containing I 
this m a t r i x  cmmonly grade into massive grayvadge. A less ebundant but 

widespread matrix coasists of dark gray argillacecnur grapaalre or aanay 
I 

argil l l te ,  which gradas into mcssive argillite by a decre~se  in pebbles 

en8 sand (rig. 1%). 

Massive graywacke and the slmilar mat* of the con@ormarate closely 

e rssenblar the thin-bedded grqwaakea l a  cmpooltierr of mtrlx iurd i a  grab 

constituents (see black &ts in fig. 528, b) In general, .t;bw massive 

grasfackas tend t o  contain a greater percentage of rock f'ragraents than 

do the thin-bedded vnrietiesr Remarks @ven a b m  aancadng variations 

i n  ccrmgositian and petrograpuc details of the matrix of the thin-beWd 

gmpcke are d b o  appropriate for  the massive graywaub.  

The lees abundant, dark gray, arglllaceourr mat- consists largely 

of clantic grains of plagioclase and volcania aad arglUte rock frw- 

nents set 1n.a chlor l t i c~mat r ix~  The matrix consists of a m u r e  brownJ 

almost unrsso1vabl.e mfsture of chlorite, calcite, semiopaque buat, and 

i n  places fine crystals of ~Unazois i te .  'Pha proportion of chlor i te  and 

calcite varies gram one specimen t o  ano.t;hsr but In general chlorite gre- 

&rminnbs and t b  xaa t r lx  ier ct most only s l i g h t l y  ~a lua reoua~  The argil- 

hceous ntrix grades from medium dark gray &raywadk, containiq 60 per- 

cc-ct sand grains t o  dark gray argillite containing 20 peroent or less 

sank aad coarse s i l t  graiarr. 



I 

Tbe f'mgmnta canposing the conglcxmratee exolwive of -the matrix con- 

sist largely of subrounded to rounded pebblee mQ cobbles of rock fragmernts. 

Boulders as much as 3 feet in d3~meter ere scattered through the cobble 

conglamerete, llhese larger c b t a  are not seen in the lpgbble conglcaaeratee. 

Two pebble counts made at two widely ~eparated localities illustrate the 1 

Blorth end South en8 
Long I S M  Ganbisr Ioland 
(150 ~ b b h @ )  (150 pebbles) 

Percent Percent 

Idneetone, f ine - W n e d ,  Wk-brown 9 

Grayxacke, medium- t o  flne-grained, 21 
dark-gray 

Slate, dark-gray, aoncalcare~ure 4 7 

LO 5 

Chert ,  bleck 

Chert;, light-gray' or brova 

Volcanic rock, porphyritio ( feldsgar), a 
era@ ah-green 

19 

Volcanic rock, porpbyrltic (feldspar), 3 .  . 
Oesk-gray 

5 
4 '  

-. 



Brcthers volcsnics 

The tygical flow rook contains phenoarysts of saricltized plagio-, 
I 

clase (30 percent), poxene  (J.5 percent), and, hornblende (trace) s e t  in - .I 

a very fine grained, pilotaxit ic  groundmass ac~lposed of plagiocla~e micro- 

Utes, chlorite, aalcite, and opaque miner&. Plaeoclase phenocrysts 

r w e  i n  length tram 0.2 t o  1.0 mm and cammzanly show polysynthetic twin- 
. . 

ning an8 nonnal zoning, Serltization of the plagloclase .prevents accurate 

determination of ca;ngosition, but composition8 from %to Anqg are in- 

dicated. Cllnopymxene phenoeryats are euhedral, colorless, and show rare 

s i m g b  twinning; the a n g ~ ~ ~  ZA c lies i n  tha rsnge 39' t o  4s0, end zvz in 

the range 50' to  54'. Hornblende is  generally- euhedral and often shows 

a l a ~ 1 e  Winnixqj i ts pleochroism is fran Z and Y - greexlish br(m t o  X 

pale yellowish brown. Both pyroxene and hornblends c have rims of 

chlorite an8 opaque grains. 

The glagioclase microUtes are indistinct nrsed3.8~ less than 0.02 mm 

i n  length whose co&osition could not be determined. Chlorite occurs 

largely as in t e r s t i t i a l  aggregates; it shorn a pleochroism f r a  X and Y .I 

green t o  Z = pale yellowlah green and an ancpnalous bluish gray birefringence. 

CBlcite occurs as patches mattered throughout thts specimens examinedj 

scrmer of the patches repreeent mygdales. Nne o-gaquedus.1; Is disseminated 

thboughout the g r a u n W a  and consists in part  of pyrLte, mte also 

occurs as larger euhedral crystale as much as 0.2 ltmr in lsngtb. 

UMBmsd conglomerate and sanbtane 

Conglomerate.--Tbs aonglmerate cansists of rounded clasts  of various , 

colors mibedded i n  madium t o  l i gh t  gray, ooars~.-grained, Uthicr sandstow 

mnt r i x .  The amount of matrix range8 from less than 10 t o  40 percent of tba 



• rock, and the average i s  n e m  the lower end of the range* The sandstone 

of the matrix resembles clocely the ~ a a d s t m e  of the lensee but lacks the 

carrent structures of the l e t t e r .  The conglomerate l a  commonly massiw, 

but i n  places crude bead@ l o  inaicatecl by lasers of o b s t r  of aontmsting 

size; individual units  or be& range i n  thlclsuese frcan a few fee t  t o  tens 

of feet  ( f lg .  3113). 

.The clas ts  range fran pebble8 0.25 inch i n  &meter t o  boulders 5.0 

feet in longest dimension, enti the merage l ies  i n  the small cobble range 

(2.5 t o  5.0 inches i n  binmeter), As mentioned abotae, tha uppermost f e w  

feet of the formation comiots alnost entirely of clas ts  of volcanic rocks 

similar i n  type' t o  thoae of the overlying Rdndrdity I&land trolcaaice (f ig.  

31b). These types decrease d.own~mrd with a corresponaing incrcaoe I n  typs 

a characterletia of tbe unit cra a whole. lh~low the tog few Poet voloanio 

.rock fra-nts are rare, but -re locaUy abundant they are ccmpoaed of 

rock types unlike those of the Adniralty Island volcanlca. Characteristio 

c las t  constituents sra i l lus t ra te& by the  following pbbbbe count taken 

near the base of the formation (200 gcbbles oounted)r 

Percent - 
Mori te  (phgioclase pheaocryats) . . 9 
granite 
gneiss 

27 
9 

guu'tz, white mi- 
quartzite 

5 .  
7 

chert, black 6 
argiute,  dark gray 18 
graywacke 6 
greenschist 3 
gabbro 5 
sandstone, gale red 1 
f e h i t e ,  ugh.C gray (quartz phanocryate) 1 '  

a tuff, green 3 

The porphyritic dlori te  cbsts appear t o  be i & n t i a a l t o  ths d io r l t e  crop- 

ping out i n  the northwest part of thh Py2,~14~18r  Bsy m a  ( we I?* 691, 



@ end indlcete that  this p lu ton ic  body rms undergoing eroeion prbr t o  or ' 

contemporaneous w l t h  the deposition of the conglomerate. The e.bm&nt 

a r g i l l i t e  clasts could have 'been &rive& from any of the several pre- 

Tertiary formation~ previously described, The canglane!rate of the Sey- 

mour C e m l  formation may have been a source of coarse detrltwa vlthln the 

locel area. 

Sandstone. --A MU-indurated, :lLthto, ooarse-grained sandstone i s  the 

nost abundant rock type i n  t H a  category; it occurs both i n  beds and as 

matrix i n  the cmglcanerste. Brn general varieties are recognized between 

w h i a  ell gradations occur: 1) l lght  yellowish gray sandstone containing 

an abundant celcareous matrix a& sparse tiark gray ghyllite fragments; 2) 

- medium dark gray sanaertone 0011~ining s s p ~ r s e  micacaous matrix and abundant 

e &xk gray phylllte fragmento. The phyU5te fra&mhnte arts lustrous slabs 

that  U e  subparallel t o  the bedding, and give tha rocks in which they are 

abundant a sl ight  bluish cast. The sandstone of the beds commonly contalarr 

scattered pebbles and aobbles, and, unllka that of the conglomerate matrlx, 

often displays crossbedding i n  se ts  ranging in thickness fram 0.5 to 2.0 

feet (fig. 32b). 

In a few - m c e s ,  l igh t  t o  ntollium grayI i i s a i b  siltstones eLna sflty 

shales are intercalatetcl with the aandstanes. !Chese roaks commonly show 

symmetrical rlpgle m b  and amall scale crossbeading (fig.. 32a). W c o -  

vlte i s  an abundant detrital constituent and imparts a lustrous sheen to 

the bedillcg rcwf'dccr. Xn a few plaaee, the s i l t y  shales contaln 2syors of 

carbonized plant fragment8 and c o w  material a few mlllimsters thlck. 

The calcareous sandstom consists of roaded t o  subangular grains of 

the following klnda embedded in a urlcaruau mafrirr quartz (10-15 percent), 

g m z i t e  (5-10 percent), partially serialtized, multiple-twinned plagio- 



wech (0-1 ~e rcen t ) ,  and chert (trace). The calcareous matrix, which aver- 

ages  bout 40 percerit of. the rock, co~s5sts  of a cloudy mosaic of anhedral 

c d c i t e  crystale acntainixig s few, fr1.gsb patches of f ine &tMta l  grains 

end authigenic serlcite. Woe p a t c h ~  seem t o  be remn~nts of a original 

W c h  has been almost completely repllced by calcite. Ther calcite has also 

~~rtirlly repbced the larger det r i t a l  grains, resulting i n  a.greater per- 

centage o r  matrlx in  the calceseaus senibstone than i n  the non-calcareous 

snsdstons (average 10 percent); plagioclarss grabs have been the most 

strongly replaced. 

The cd.cal*eous saPdstonos wruld orainarily be classified as llthlcr 

orenites i n  Gilbert's clerasification (ln - WfUamrr, an8 othero, 1954, p. 
., 

-297), because of the sbunbnt rock frsgmentr~ and the calcite cement or 

mt r ix .  However, the evidence zbovs cuggests that the original matrix 

consisted of a micaceaus, detrital: mixture, and hence these rocker were 
I 

pro'oakly originally l i th lc  we.ckcsr 

The micaceous sandstones contain grain t y p e s  sisdlar t o  those of the 

calcczreous types,  but contain a much greater mount of phyll i te  (30 percent 

or more). The phyl l l t e  i s  f im-grained rock containing abundant ser ic i te  

showing a strong preferre4 orientation parallel t o  a gramlnent fol iat ion 

surface; microfolds i n  th i s  foliation surface are conanon. The mtrix, 

which averages about 10 percent of the rock, consists of a ser ic i te  and 

chlorite mixture containing a few calcite patches and scattered fine detritus. 

me grains are  either i n  cimt+.ct w ~ t h  one mother or separated by a t h i n  

layer of micaceous matrix. Derk reddish brown biotite,  partly altered t o  

chlorite, occurs sparsely as thin fhkes distorted between ccnnpetent grains. 

These rocks are also l l t h l c  wackes, although eapra of them contain slightly 

less than the requisite 10 percent ~ t r i x r  



' 

Admiralty Island 'voloanics 

Unaltered rockse--Rocks grouped under M e  heading are either completely 

unaltered or are only sllghtly .altered. They are cagposad largely of glagio- 

clase, pyroxene, magnetite-llmsnltc, and less comonly of glass. The most 

cammon texture consists of ghgioclase and lesser axnaunts of cllnopyraxene 

phenocrysts embe-= a t r a a h y t i u  or pi1otrudt;a grourrQvLeo composed of 

abundant ghgioclase microlltes, interstitial pyroxena, andmagnetite- 

ilmenite, Two of the 19 thin aectiona, atudiad contairrttd a bydl.opilltlc 

groun8mas0 In which the interstices batveen the plagiochse microlltes are 

occupied by dark brown, 6Xghtl.y tbvitrif l e d  glass, Intergranular and sub- 

ophitic textures involving the above minerals (exuept glass) tiwe not ccmxnon, 

aad occm# chiefly i n  dike rocks, 

The Chaps system oP m W  analycis I s  not satlkfaotory in  fine-grained . 

rocks such as the present volcanic rocks (Chams, 1956, p. 95),  however a 

few such anslyees were made in ordsr to check v i s u a l  astimates. Modal 

analysis of a typlch aoloclgntalllne, unaltered roek gave zhe following 

mineral camgosition (by volume) : glagioclsse, 60 prcentj pyroxene, 20 

percent; magnetite-lheni'ce, 5 percent, anQ tmmsdlvable material, 15 per- 

cent. Similar analysis o f  an unaltered glassy rock p y a )  the following 

mineral ccespositionz plagioclase, 42 gemat3 gJtroateaa, 8.0 parcent, and 

glass, 50 w ~ n t .  

Plagioclase phenocryst~ are ~Ustributeb widely in  the rocks studied, 

howver their ab-8 W s  greatly. Th, phenocxyste may be uniformly 

scattered through the3 rock, or may occur in clotsr wlhich commonly consist 

of larger ghenocrysts part l r rUy enclosing IsmPLtlnr 0-8. The phenocrysts 

occur? i n  two size groups3 1) larger phenocrysts ranging f m  1.0 t o  4.0 

mm in length1 2) smaller ghonocrysts ranginS iraPn 0 . 8  t o  0.75 nnn In length. 

Both the &ger an8 ths smaller phenoorystr arr ge11~sQlly f'ractured, rounded, 



and corroded, but the smaller ones tend t o  be less rcwcletl asd less c~rroclzC1~ 

Both groups are complexly ssad polyoyntheticdly twlnne$ rs. distinct,  

oscillatory zaning. Because of the oscillatory zoning, the phenocrysts do 

not maintsin a constant sense of conpsition change frcan core t o  rim. 'Phe 

3argar phenocry~ts reage i n  composition f m  An t o  % (universal stage), 5 5 
but most fall %n the range % t o  4 4 .  The smaller phenocrgats appear 

I 

t o  be more 8oBlc i n  general, and the najority fcU i n  the range A 9 t o  

Pn, ( u n i ~ r s a l  stage). 

The conposition of the groundmass plagioclase could not be de+&nnined 

wlth accuracy because of their small size (r-verage about 0.25 mm i n  length). 

Extinction 8ngle btennlnatians In  addition t o  a f e w  universal stage measure- 

ment s?. fndicate that  the the ndcrolttzs l i e s  ih the 

to An&-. 

CUnogyroxene phenocrysts, i n  length from 0.3 to 1.0 m are - .  
' 

common, but are far less abundant than plagiochse phenocryete. The pyroxene 

of the phenocryats I s  generally colorlees, subhedral, rounded an8 commonly 

show simple twinning on (100); the phenocryst tend t o  form clots, and i n  

some places penetrate plagioclase phenocrysts. A f e w  universal atage 

measurements Indicate that  2V 2 l i e s  i n  the range 52' t o  70°, and the angle 

ZAc lles Zn the range 44' t o  55'. . . 

The pyroxene of the groun-ss occurs chiefly as eqizant grains generally 

e d e r  than the plagloclese &croUtes vlth which they tm associated; i n  

a f ew  sections, however, the pyroxenes of .the groundmass are relatively 

larger and tend t o  ophiticrlly enclose the plagioclaseb Both colorless and 

pleochroic types are a~~rmon; in  the latter,' which may be titanauglte  inchel ell, 

1951, gb 417), the pleochroism i s  2 = violet and X gale yellowish brom. 

The ohlef opaque minerals are metallic gray i n  reflected light,  and 

cormonly 6how octahedral section8 characteristic of magnetite end angular, 

1 skeletal forms common i n  ilrsenlte; both n i ~ e r a l s  are probably present. The 



a opeque minerals occur largely as finely dlssemlnated grains i n  the graund- 

mass, and less c w n l y  as larger cryrstale cramgarable In size t o  pyroxene 

crys.t;els. 

Altered rocks.--Tb,e al terat ion of the r o c .  of the Admiralty Island 
* 

volcanics resembles propyllzetion a$ used by Wllshlre (1957, p* 246-245) 

This author defines propylization as the process of alteratIan of calc- 

alkaline or calcic volcanic rocks, mettended by deformation, ~ W c h  pro- 
\ 

duces in andesites sane cambination-of tibe lollowi.ng mcondary minerals: 

apidote, albite, chlorite, and calcite. The & l e i  alterat ion products 

found i n  the rocks of the AWrdlty Island volcanice are chlorite, cal- 

cite, sericiet;e, and epidota; albite, ~ t l t e - i l m e n i t e ,  and quartz are 

- less Important al terat ion products. 

@ The gmmdmma apprars to be th moat ruae8ptibl.e t o  r3tem%iorr, anb' 

f a  commonly altered where the phenocrysts are only slightly altered, In  

the last stage of alterat ion both the ghenocryets and the groundmass ax8 

canposed of' the alteration ~ & i u c t a  listed abover 

PlagiocLase i s  most carurconly a l t e r e d t o  srerlci*te, epidote, end calci te  

(flg. 54)~ i n  a fev places it i s  also part ial ly replaced by irregular mas- 

ses of clear albite.  W s e  Uneral.8 may be present In any cambination Pn 

a given specben. The alteration products occur camonly along the cleavage 

end other fra_ctures i n  the incipient s-sj ths cores of the plaglociliiee 

crystals seem to be the f irs t  t o  be attacked. A common type of alterat$on 

is one in which part ial ly serici t ieed plagioclase is par t ia l ly  repleced 

by a mosaic of e p i b t e  and a cloudy a8gree;ate of calci te* I n  a few rocks 

the  glagioclase i a  entirely altered'-to 8 fine ag&gate of se r ic i t e  and 

an irregulaz mass of clear albite. 

~ 0 t h  phenocrystic and groundmaers moxeacs aqstals are canrmon3y cam- 

pletely altered where plagioclase i s  only slightly altered* The chief 
. .' 





alterat ion products are chlorite, epidote, calcite, matnetite-ilaenite, 

and less c c m d l y  txmolite(?). The magwti~,' in places is.altere8 t o  

limonite, occurs chiefly ab s m a l l  graizls la chlorZtel in an8 around the 

=gins=-of altered pyroxene crystals, A colorless anphibole, gossib'y 

tremolite, occurs in ons specimen as saw-toothed growths, on t lm pyroxene 

crystals (see fig. 55). 

Chlorite most c c u n m l y  shows a gleochroi~m frcan Z = pale yellowish 

green to X and Y - gale green, and an ~chnal f tus  lov order blue bire- 

fringence, The chlorite occurs ordicarily as a t h e ,  flaky aggregate 

without a noticeable gmferretd orientatioat in a few places it assumes 

a sgerulitic habit. 

Calcite occurs either a cloudy, Pine aggregates, or as large, clear, • 'crystals. E p i b t e  occurs both ae mosaicssand as mall, isolated, equant, 

sWmdrd. crystals; its pleochroia is Z - greenish yeUow and X = pU.8 

Quartz i s  a minor atern-tion procluct in a few rocks $n-- which it occurs 

in small, irregular, individudl crystals in and amnmd plagioclase gheno- 

crysts Wch have been almost cample1;el.y altered to' ep ib t e ,  sericite, and 

calcite* In these rocks it is a b o  pmmi?nf as mry fine mosaic8 sparsely . . 
scattered through the grmm2ruass. 

Tuffs,'breccias, and other minor rock types,--The minor pymolastic 

rocks are generally of a l i&ter  color than the flow rocks. The few exam- 

ined are highly altered rocks composed of angular t o  a u b m e r  fregments 

of serici t ized plagioclaee an8 c h l o r i t l o  volaaia roak fra~pnants, some of 
I 

which contain abundant mosaicrs, laet i n  a m a t r i x  composed of a mass 

of shard-like forms now composed of microcrptal3lns quartz, clay minerals, 

and possible zeolites; m d l  crystals of  eiroon and agatite are minor con- 

stituents. No glass wae observed. 



Figure 55.--Sketches A.om thin section of altered amphibole and pyroxene 
crystals; ch--chlorite, ep--e_nidote, py--pyroxene, mt-11 and ch-- 
magnetite-ilmenite and chlorite, ca--calcite, tr--tremolite. 



A meaium light gray, e3hmitic flow occurring i n  one locali ty contcins 

abundant pores or vesicles sane of which are f illsd with e p l b t s .  The rock 

consists of scattered ranants  of 2lagloclase ghenocrysts a v e r a x  about 

1.0 nun in length i n  a gilotaxit ic  groundmass camposed largely of glagio- 

c b s e  microlltes, equant epiclote crystalsfi and i n t e r s t i t i a l  chlorite. The 

plagloclase ghenocryst are pc&ially replaced by gale yellow e g i W  both 

as mosaics and as abundant f ine inclusions; ser ic i te  is present i n  minor 

enounta. The pU@oclal;e pbnocrysts hsM a canposition i n  the range Anu 

Fosall l l s ts  and locallties - 

-. The following i s  a complete Ust of  fossSl aollectl'ons made during 

the present Inpestigaticm. The nmbor8 before the description of each 

fossil locality aret as follows: f i r s t  numBer ( i n  parerrtheses) mfers t o  

fo s s i l  locali ty shorn ia fi.gure 56; second number is f i e ld  station number, 

and third (in garent;hesss) i s  U. 6 ,  Geological Survey Mweum locallty 

Gambler Bay tomation 

. ,, 
(1) 5srn4-48; Uark-gray marble on point of land 0.9 mikt south- 

southwest of Gem Point on taouth ehoxe of Snug C m ,  

Gambler Bay. 

(2) -448aj same Iltbology a5 4-48 on northwest side of same point 

of land. 

U 8 e n t l f  iabla colaafal coral, 
hyckozoan, or bryoeoaa 





(3) 58m456; dark-grey n~xble on south point of Muse Island, 

O d i e r  Bay. 

. Thfimnopore.? sp. 
PmphiporaS sp. 

(4) 59AIq54; dark-gray m b l e  In creek bed 1.7 miles eouth- 

southwest of Gem Point, Snug Cove, Gambier Bay. 

poorly preserved 8enclrdd tabu- 
lates and other corals 

Hood Bay formation 

( 5 )  59AI&bO3 dark-gray clastic Ilmastom 2.5 airline. milea up- 

stream from mouth of streram flowing s o u ~ s t  into 

North Ann of Xood Beye 

branching f avositid coral 
S t r ~ t o g o r o l d s  

(6) 5gALiY276 ; dark-gr~ ,  calcareous argillite interbedded 

with grayish-black chert 0.5 mile upstream f ram 

mauth of strerun flowiw northwest. into North Am 

(7) 5-38 (EGS 18491-PC); massive, calcareous, coarse- 

grained graywacke in  stream bed 2.0 airline mile8 

from mouth of stream flowing e88t in to  tbe =st 

en8 of Snug Cove, Gaibier Bay. 

bryozoan fragments 
echinoderm debria 



(8) $9&~333 massive, celcareaus, coarse-grdne8 graywacb 

In thin-bedded chert and argillita section in bed 

of creek f lowkg suuthsast into head of north arm 

blfol iete fistullporoid bry0zoa.n debris 
ramosa bryozoan debris 
,fenestrate bryoaoan debris inoludee 

Frotoretepora or Synocladia 

(9 )  5-128; massive, calcareous, coarse-graine8 grapracke 

in t h l n - b e a d  6ection of chert an8 argillite on 

t i p  of west-tlcenang peninsula, north shore of! 

fistullporoid, tregostamatous, stem 
poroid, and fenestrate oryg to~~s tous  
bryozoan debris 

f o r d n i f e r a l  dabria 
e&eJ, debris 

- -- echinoderm debris 

Fybus dolomite 

(Fossils marked by/asterisk are extremely abunbnt in that colleation) 

(20) 5 7 u 9  ( ~ G S  18345-~~)j l ight brownish gray, yellowish 

gray weathering; sugary U W t e  an8 blulsh w h i t e  chert 

nodules i n  beach outcrops on north end of peninsula on 

the southwest shore of Pybus Bay ?2.B miles west of 

the north end of Long Island; exsct stratipaphlu 

position unlmo:m, barsel 25 feet of exposed section. 

echincdern debris, indet . 
b~ozoeafyawnte,  indet. 
Xnoproduci;us? op. 
Tcli ~ r ,  :egoconc!ha? sp. 

*S t .el locia~s cf . 5. pliaata ( ~ u t o r g a )  - 
?Lo; - l r i fer  sp. 
Li-chx-e-dial sp. 
Sc,u v l a r ' i r ?  sp. ' -u 

*3: 4 3  'icreUa kei lhavl i  (vbn ~ u c h )  
Sf r i f5re l le  sp. 
n~elesma" cf . "&" R?;1ca ( ~ u t o r ~ a )  



dolomite i n  beach outcrop on north shore of geninsule 

on northeast chore of uafn nmn of q.bus Bay 1.9 miles 

1. 10' E. of triarlguletion s ta t ion  Eyd; probably near 

the top of the section. 

echinocfem debris, indet. 
br:rozosn fragnents, inCet. 
re!?.~jria. sp. 
*strophoaenoid brschbopod, TI* gene - 

Chonstine? sp. 
*tui&intl~uus aff. A, alatus Cooper - -  
R6 r (,enoconcha sp. 
Spis i le re l la  sp. ( s m a l l )  
S a~tc:: u l a r i n  sp. 
~ r ~ i ~ ' i  thyriT? sp , 
R&p.chop~ra sp. 
bellerophontid gastropod, indert. 

Hyd formation 
Limestone :'member: I ; 

(12) 58ALy290; i n  creek bed, alkitude 90 fee% near north- 

eas t  shore of main e;rm of wbus Bay, 2.4 m i l e s  north 

of triangulation s ta t ion  Dro. 

Xontlivaltie?--or a t  l e a s t  a 
scleractinian 

s o l i t e r j  coral 

(13) 58w330;  aual.1 islend close t o  shore 1.15 miles south- 

west of triane;ulatinn s ta t ion  Pybus near False Point 

Pybus; from yei lo~i i sh  brown weathering limestonat 

Tr.o?itcs ( ~ r o p i t e s )  sg. 
ci icnLt id  ~mn:onltes--two species 
Cosnoncutilus sp. -- 
Plel;sor?cutilus sp. 
beleimoid 



Thin-bedckd r r g i l l l t e  r;lez;ber: 

(14) 58l ;2f134 (includes 57@&74 cnd 75); northeast shore main 

arm of PySus Bay 0.4 mile northeast of tr iangulation 

s ta t lon  Hyd. 

Nonotis su'sclrculnris Gabb 
IIeter?-otri;llua sp. 

58ALy36; west side of l i es t  C!lc?mel, Pybus B R ~ ,  1.2 miles 

southwest of light on Grave Island. 

Nonotis su>cirn,izlr.ris Gabb 

57AI)unj southwest s h ~ e  of miin arm of qtbus Bay about 

0.5 nile northwest of trittngulation s t s t ion  Dm. 

58AL3r;L21 (&ncludes 57Nq101); eas t  shore north arm of 
-- 

q.bus Bay near l ice  Setmen sectinns 20 and 29, 

T o  52 S*, R r  71 E* 

bbaot is  su3circularis Gabb 
Eeter,?.stri3A7m sa. 

58~Ly328; shore 1.4 miles s a u t b ~ ~ e t  of triangulation 

s ta t ion  Pybw near Fslse Po:nt Fybus. 

58m4.65; south shore of vestem Gmbier Eay, 1.3 miles 

southwest of trlangulatioa s ta t ion  Tie. 

lxpre 3 s ion of ~ i .  ribbed m L o n l t e  

58ALy494; in creek bed, a l t l tude  300 feet,  2.3 milee 

south-southeast of Gem Point, Gaibier Bey. 

scleract iaisn solitary c o r d  

5 8 ~ ~ y k 7 b s ;  i n  creek bed, c-ltituCe k60 feet, 3.5 miles north 

of t r i~ .ngu l r t ion  statlcn Deer an north shore of Py'Sus 



shell fragments with finely 
ci:rced ribbing probably 
Helobia 

(22) 57A.Du71. (ks, loc. 27334); reefs near point of penin- 

sula on western shore of the north snn of qibu 

Bay 0.6 mile zlorth of triangulation station Bob; 

in mglllite. 

Buchie. rugosa (Fischer) 

(23) 57AIX172 (~ks. loc. 27336); shore west of south of north 

arm of Pyburr E c y  0.7 mile south-southwest of triangu- 

lation station Bob; i n  argilllte. . . e 

PCylloceres spa 
- - 

(24) 57ADu73 (hles. locr 27335); reefs off' tip of northeast- 
I 

groJecting penins* nexr Sip of maJor;igeninsula 

I separating the armsof Pybus Bay 2,000 feet east of 

cabin; in argillite. . 
B.3ch.i~ rugosa (~ischer) -_ 

( 25 )  58-87 (Mes. loc. 271366); on bench at entrance to 

narrow bay northeast shore main axm Pybu8 Bay 1,000 

feet southeast of trian,yiLation station Hyd; in 

argi l l l te .  

(26) 5 8 ~ 3 0 ~ 1  ( r k s .  loc,. 27067); on beach near mouth of 

north em of PJbus Bay 500 feet north of trietngula- 

tion station Bob; I n  crgillite. 
C_am.%tonectes sp. 
I I 

-- 
- .' 
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(27) 58Al$231a (&s. loc. 27068); on beach at entrance to  amall  

bay vest of the entrance to  the north arm of Fybus Bay 

2,000 feet  south of triangulation station Bobj i n  

argil2ite. 

Buchia cf. - B. rugosa (~ i scher)  

(28) 584- (Mes. loc, 27069; also 57AIUka, b, c, Mea, loc. 

27332, 27333, 27334)~ on beach on south shore of bay 

1,5 miles northeest of Point Pybwj In argil l l te .  

Buchie cf. B. volgensis (~ahusen) 
~~iticeres?"sg. 

mile sauthwest of Point qibusj in  argillite. 

.. 
, :. ;.:,: rn .. . . .. . . . . . Buchia mgosa (~ i scher)  - 

- (30) 58A&Q70b (~es. loc. 27072); on ths no& shorc of Fybu - 
Bay 1,000 feet north o f  triangulation station Deerj 

/ Buchla rugosa (~ i scher)  - 
(31) 58ALy275 (&s. loc. 27073) ; on north shore of qibu Bay 

1.6 m i h s  northwest of triangulation etatian Deer) - 

(32) 58- (Mes. loc. 27073); on beach east of mouth of 

the main arm of qrbus Bay 250 feet east of cabin; 

(33) 5 8 ~ 3 2 h  (blear loe. 27075); low reef near shore 2.2 . 

miles northeast of Point Pybus; i n  argilllte. 

3uchla sp, 



(34) 58w338 (&s .lot. 27076, 27077); south tip of peninsula 

in eastern Ganbier Bey 3,400 feet northeast of triangula- 
% 

tion station Fag; in rrgilPite. 

Buchie cf. 5. volgensis    us en) 
h c h i a  og. 

(35) gmma (Mes. loc. 270m)j south shwe of peninsula in 

eastera w i e r  ~ a y  0.8 mils mrtheast of triangulation 

Buchia sp. 

Quaternary deposits 

($) 58~1iy51.213; b;luish gray, pebbly ctIsy, iadihtumel af etream 

nowing northeastwerd In to  southeastern Gambler Bay, 

altitude 150 feet. 

pele cypods 
F o r a n i f  era 

(37) W y 4 8 7 1  bluish gray, smS. clay; in chanael of stream 

lying weat of False Point Wus, flowing east and 

south in to  Stephens Pessw, altitude 475 feet. 
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