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Mesozoic biogeography o f  sou thern  Alaska, 
w i  t h  imp1 i c a t i o n s  f o r  t h e  pa l  eogeography 

Robert  L. Detterman 

I n t r o d u c t i o n  

That  southern Alaska i s  a c o l l a g e  o f  acc re ted  t e c t o n o s t r a t i g r a p h i c  
t e r r anes  i s  now well-documented i n  numerous p u b l i c a t i o n s  (Jones and o the rs ,  
1977, 1978; Berg and others ,  1978; Coney and o thers ,  1980; Cse j tey  and o thers ,  
1982). What i s  l e s s  w e l l  documented i s  the  i t i n e r a r y  and a r r i v a l  t ime  f o r  the 
v a r i o u s  te r ranes .  Pal eomagnetic data has been used a lmost  e x c l u s i v e l y  t o  p l o t  
t h e  pa th  and t i m i n g  o f  these events, and much da ta  has been pub l i shed  ( ~ o e  and 
o thers ,  1985; H i l l house ,  1977; H i l l  house and Gromnb, 1982 and 1985; Jones and 
o the rs ,  1977, 1978; Packer and Stone, 1974; Panuska and Stone, 1985; Plumley 
and o thers ,  1983; Stone and Packer, 1977 and 1979; Stone and o thers ,  1982). 
I n  genera l ,  a l l  o f  t he  paleomagnetic da ta  i n d i c a t e d  a nor thward m i g r a t i o n  fo r  
a l l  o f  t h e  te r ranes ,  however, some o f  t he  da ta  suggested a ve r y  e r r a t i c  course 
f o r  a  few o f  the te r ranes ,  b u t  w i t h  an o v e r a l l  nor thward component. Near l y  
a l l  pub1 ished paleomagnetic data i nc l udes  a s ta tement  on t h e  r e l i a b i l i t y  o f  
t he  samples. Many f a c t o r s  can e f f e c t  t he  r e l i a b i l i t y  i n c l u d i n g  bu t  n o t  
l i m i  t ed  t o  e r r o r s  i n  age-dat ing t h e  rock  sampled, o r  i n  dernagnetising t he  
sample, i n c o r r e c t l y  measuring the  s t r i k e  o r  i n c l i n a t i o n  o f  t he  bed. Lava 
f lows  a r e  p robab ly  the  most r e l i a b l e  source o f  data;  bu t  many samples a re  
c o l l e c t e d  f rom sedimentary rocks  where such t h i n g s  as b i o t u r b a t i o n ,  
compaction, o r  s lumping can e f f e c t  t h e  i n c l i n a t i o n  and o r i e n t a t i o n  o f  magnetic 
m inera l  s. 

The apparent amb igu i t i e s  i n  p a l e o l a t i  tude and pa leo long i  tude r e s u l  t i n g  
f rom paleomagnet ic data suggests t h a t  b iogeographic  da ta  shou ld  be cons idered 
i n  con junc t i on  w i t h  paleomagnetic da ta  t o  o b t a i n  a  more p r e c i s e  es t imate  o f  
t h e  o r i g i n  o f  t he  a l lochthonous te r ranes  as w e l l  as t h e  t i m i n g  o f  t h e i r  
a c c r e t i o n  t o  southern Alaska. That i s  the  purpose f o r  t h i s  d i scuss ion  on the 
biogeography o f  t h e  Mesozoic o f  southern Alaska. For  t h i s  d i scuss ion  southern 
Alaska i s  de f i ned  as t he  general  area sou th  o f  t h e  Dena l i  Fau l t ,  bu t  here 
exc l ud ing  southeastern Alaska (F ig .  1). 

The s t r a t i g r a p h y  o f  the t e r ranes  compr is ing  sou thern  Alaska i s  f a i r l y  
w e l l  known. Some te r ranes  have been s tud ied  i n  much g r e a t e r  d e t a i l  than  
o the rs ,  p a r t i c u l a r l y  Wrange l l i a  and Peninsu lar ,  b u t  o v e r a l l  the  Mesozoic 
sequence has been determined (F ig .  2 ) .  I t  i s  obv ious  f rom f i g u r e  2  t h a t  many 
s i m i l a r i t i e s ,  as w e l l  as many d i s s i m i l a r i t i e s ,  e x i s t  i n  the  s t r a t i g r a p h i c  
sequence between t he  var ious  te r ranes .  The d i s s i m i l a r i t i e s ,  a re  t o  be 
expected i f  t he  t e r ranes  a r e  t r u l y  e x o t i c .  Converse ly  s im i  l a r i  t i e s  should  
i n d i c a t e  a  t ime  when t he  segments were j o i ned .  

Biogeographic data has p r e v i o u s l y  been used t o  document the  movement o f  
some t e r ranes  i n  southern Alaska (Jones and o the rs ,  1980, N i cho l s  and 
S i l b e r l i n g ,  1979, and S i l b e r l i n g ,  1985). Southern Alaska was a l s o  i nc l uded  i n  
a  genera l  paper on t he  Jurass ic  biogeography o f  western No r t h  America by 
T a y l o r  and o the rs  (1984). 

Biogeographic data presented here on t he  d i r e c t i o n  and t i m i n g  o f  the  



movements o f  southern Alaska te r ranes  may prove t o  be undu ly  prec ise.  
However, t he  r a t e  o f  movement i s  n o t  unreasonable. Dur ing  La te  T r i a s s i c  
(Nor ian)  t ime the te r ranes  were f a r  t o  the  south. Paleomagnetic da ta  
i n d i c a t e s  a t  about 15O (H i l l house ,  1977), b u t  does n o t  d i s t i n g u i s h e d  between 
n o r t h  and south l a t i t u d e .  The l i t h o l o g y  and fauna o f  t he  T r i a s s i c  rocks  
cor robora tes  t he  low l a t i t u d e ,  b u t  i n d i c a t e s  a d e f i n i t e  no r t he rn  hemisphere 
l o c a t i o n .  The biogeographic data f u r t h e r  suggest the  te r ranes  were i n  
approx imate ly  t h e i r  present  l a t i t u d i n a l  p o s i t i o n  by Middle Jurass ic  ( l a t e  
Ba joc ian)  t ime. Thus, the te r ranes  t r a v e l e d  northward about 4000 km i n  
approx imate ly  45 Ma, o r  about 8.8 cm/year. Th is  r a t e  i s  no f a s t e r  than  some 
o f  the  pos tu l a ted  c u r r e n t  p l a t e  movements (Moore, 1982). 

Biogeography can be a  powerful  t o o l  f o r  i n t e r p r e t i n g  t he  pa l  eo-geographic 
p o s i t i o n  o f  a l lochthonous ter ranes.  I n  many cases i t  can determine 
l a t i t u d i n a l  changes more p r e c i s e l y  than pa l  eomagnetics, which commonly 
i n d i c a t e s  a l a t i t u d e  t h a t  may be i n  e i t h e r  the southern o r  no r t he rn  
hemispheres. For biogeographic a n a l y s i s  t o  be u s e f u l  i t  needs t o  be based on 
taxonomic groups c o l l e c t e d  from we l l  c o n t r o l l e d  sec t ions ,  and whose geographic 
range i s  known. Ammonoids a re  p a r t i c u l a r l y  u s e f u l  f o r  b iogeographic  ana l ys i s ,  
i n  l a r g e  p a r t  because o f  the  g rea t  d i v e r s i t y  o f  genera, r a p i d  evo lu t i on ,  and 
f o r  many genera a  r e s t r i c t e d  l a t i t u d i n a l  and l o n g i t u d i n a l  range. The Mesozoic 
s t r a t a  o f  southern Alaska, e s p e c i a l l y  the  Pen insu la r  and Wrange l l i a  te r ranes ,  
c o n t a i n  abundant ammonoids, w i t h  t he  no tab le  excep t ion  o f  t h e  uppermost 
Ju rass ic  and lowermost Cretaceous. However, t h i s  l a t t e r  i n t e r v a l  con ta ins  an 
abundant b i v a l v e  fauna (Buchia) t h a t  i s  a l s o  u s e f u l  f o r  paleo-geographic as 
w e l l  as ch ronos t ra t i g raph i c  i n t e r p r e t a t i o n s  ( M i l l e r  and Detterman, 1985). I n  
o rde r  t o  make so l  i d  biogeographic determi na t i ons  i t  i s  necessary t o  have 
numerous specimens o f  as many genera as poss ib le .  Ammonites were f r ee -  
swimming, and s i n g l e  specimens may i n d i c a t e  a  spur ious faunal  prov ince,  
because a  s o l i t a r y  specimen may have l i v e d  f a r  d i s t a n t  from the s i t e  a t  which 
i t  was deposi ted. The ammonites and b i v a l v e s  used as t h e  bases o f  t h i s  r e p o r t  
i nc l udes  2,390 occurrences o f  109 genera and 257 species o f  ammonites and 
t h r e e  pelecypod genera w i t h  598 occurrences o f  10 species. The genera a re  
1 i s t e d  by age and faunal  realm. 

I d e n t i f i c a t i o n  o f  and biogeographic data f o r  the  numerous Jurass ic  
ammonoids was ma in ly  by Im lay  (1953, 1961, 1964, 1980a, 1980b, 1981, 1984a, 
1984b) ; Imlay  and Detterman (1973), and Westermann, (1964, 1969), and Cal lomon 
(1984). C h r o n o s t r a t i g r a p h i c a l l y  impor tan t  b i v a l v e s  from t h e  Upper Ju rass i c  
and Lower Cretaceous were i d e n t i f i e d  by John W. M i l l e r .  Upper Cretaceous 
ammonoids were i d e n t i f i e d  by Jones (1963, 1967). The T r i a s s i c  fauna was 
i d e n t i f i e d  by N.J. S i l b e r l i n g .  

Tec tonos t ra t i g raph i c  Terranes 

The Togiak t e r rane  i s  based p r i m a r i l y  on t h e  work o f  Hoare and Coonrad 
(1978) and i s  ma in l y  a  t u r b i d i  t e  depos i t  o f  graywacke, conglomerate, 
s i l t s t o n e ,  a r g i l l i t e ,  w i t h  minor  p i l l o w  b a s a l t  and f lows. The Mesozoic age 
range i s  Late T r i a s s i c  t o  La te  Cretaceous. The o n l y  Ju rass i c  fauna ob ta ined  
a r e  a few b iva lves .  The a d j o i n i n g  Goodnews t e r r a n e  con ta ins  some o f  t h e  same 
age s t r a t a ,  b u t  i s  l e s s  w e l l  known and i s  n o t  inc luded  here. 

The F lysch t e r rane  o r i g i n a l l y  termed upper Mesozoic f l y s c h  by Jones and 
o the rs  (1981) i s  p o o r l y  known due t o  poor outcrops and h i g h l y  deformed 
rocks. Recent work by Reed and Nelson (1977) has conf i rmed a  sequence o f  
graywacky s i l  ts tone,  and p i l l o w  b a s a l t  o f  E a r l y  Ju rass ic  t o  E a r l y  Cretaceous 



age. Some l a t e  Mesozoic f l y s c h  may be present,  a lso ,  b u t  has no t  been 
con f i rmed . 

The Chul i tna te r rane   o ones and o thers ,  1980; N i cho l s  and S i l  b e r l  ing,  
1979) i s  an e x o t i c  t e r rane  i n  southern Alaska. T r i a s s i c  red  beds occur  i n  
o n l y  t h i s  one area o f  Alaska, where they  a re  assoc ia ted  w i t h  l imes tone  and 
o v e r l y i n g  a r g i l l i t e ,  cher t ,  s i l t s t o n e  and sha le  o f  Ju rass ic  and Cretaceous 
age. A l l  o f  which r e s t  on an o p h i o l i t i c  basement and on l imestone o f  Devonian 
t o  Permian age. 

The Pen insu la r  te r rane  has p robab ly  been s tud ied  i n  g rea te r  d e t a i l  than 
any o f  the  o t h e r  Mesozoic te r ranes  o f  southern Alaska (Detterman and Harsock, 
1966; Detterman and Reed, 1980; Detterman and o thers ,  1981a, b, 1985, 1987; 
Imlay, 1980a, b, 1981, 1984a, b; Jones and Grantz, 1967; R ieh le  and o thers ,  
1987; Wi lson and o thers ,  198 ). The Pen insu la r  Terrane can be d i v i d e d  i n t o  
two sub-terranes, I l i amna a n J  Chign ik ,  which a r e  separated by a major  f a u l t  
( B r u i n  Bay f a u l t )  (Wi lson and o thers ,  1985). The I l i amna sub- ter rane 
nor thwest  o f  t he  f a u l t  i s  ma in l y  an e a r l y  Mesozoic v o l c a n i c - p l u t o n i c  a r c  
i nvad ing  a T r i a s s i c  sequence t h a t  i s  now p a r t l y  metamorphosed. The Ch ign ik  
sub-terrane, eas t  o f  the  f a u l t  i s  p r i m a r i l y  a  p l a t f o r m  c l a s t i c  sequence o f  
La te  T r i a s s i c  t o  La te  Cretaceous age. 

Wrange l l i a  was f i r s t  def ined as an e x o t i c  t e r rane  by Jones and o t h e r s  
(1977, 1978; H i l l  house 1977). The Mesozoic s t r a t i g r a p h y  c o n s i s t i n g  o f  
T r i a s s i c  l imestone o v e r l y i n g  greenstone and succeeded by Jurass ic  and 
Cretaceous c l a s t i c  rocks o f  bo th  deep and sha l low marine o r i g i n .  Wrangell i a  
has been s tud ied  i n  cons iderable d e t a i  1  by MacKevett (1978) and R i c h t e r  
(1976). 

The geology and paleomagnetics o f  the  southern Alaska te r ranes  su gest  
t h a t  some may have coalesced be fo re  f i n a l  docking. Jones, and o the rs  71978) 
and Stone and o the rs  (1982) cons ider  t h a t  the  amalgamation o f  Wrangell i a  and 
Pen insu la r  te r ranes  was accompl ished by Midd le  Ju rass i c  t ime. An e a r l  i e r  
amal gamation was suggestd by Detterman and Reed (1980) based on s i m i l a r i t i e s  
i n  t h e  T r i a s s i c  sequence. B i o s t r a t i g r a p h i c  a n a l y s i s  presented here adds 
f u r t h e r  evidence t h a t  the two te r ranes  were p a r t  o f  a  s i n g l e  u n i t  be fo re  
dock ing on t he  c ra ton  i n  Middle Jurass ic  t ime. Th is  would imp l y  t h a t  a l l  
t e r ranes  l y i n g  inboard o f  the  Pen insu la r  and Wrange l l i a  te r ranes  were a l s o  i n  
p lace  by t he  midd le  Jurass ic .  

Biogeography 

The biogeographic prov inces used i n  t h i s  r e p o r t  f o r  southern Alaska (F ig .  
3)  a r e  mod i f i ed  a f t e r  Tay lo r  and o the rs  (1984), and a re  p r i m a r i l y  f o r  ammoni t e  
genera t h a t  a re  e i t h e r  con f ined  t o  a  r e s t r i c t e d  area o r  c h a r a c t e r i s t i c  o f  one 
i n  which they  a re  more widespread, d ive rse ,  or abundant. Ammonites a r e  
abundant i n  t he  southern Alaska Mesozoic, except  f o r  a  few stages o f  t he  Upper 
Ju rass i c  and Lower Cretaceous. I n  these occurrences i n f o r m a t i v e  b i v a l v e  
d i s t r i b u t i o n  w i l l  be used. 

Faunal p r o v i n c i a l i s m  d u r i n g  the  Mesozoic reached i t s  g rea tes t  development 
i n  t h e  Jurass ic .  Three realms, Boreal ,  Tethyan, and East P a c i f i c ,  o f  Tayor 
and o t h e r s  (1984) a r e  i d e n t i f i e d  (F ig .  3). The realms can be subdiv ided 
f u r t h e r  i n t o  prov inces (Tay lo r  and o thers ,  1984), each w i t h  i t s  d i s t i n c t i v e  
fauna, which a re  c r i t i c a l  t o  the  b iogeographica l  r e c o n s t r u c t i o n  o f  the 
t e c t o n o s t r a t i g r a p h i c  ter ranes o f  southern Alaska. The Boreal ,  Sub-Boreal , and 
Be r i ng  a re  the  p r o v i n c i a l  components o f  the Boreal  Realm. The Boreal Province 
i s  i d e n t i f i e d  by i t s  c lose  t i e s ,  i n  many cases t o  t h e  s p e c i f i c  l e v e l ,  w i t h  t he  



fauna i n  Greenland, nor thern  Canada, no r t he rn  Europe, and S ibe r i a .  The Sub- 
Boreal  Province i s  c o r r e l a t e d  ma in l y  w i t h  Europe, and t he  Be r i ng  i s  
cha rac te r i zed  by fauna r e s t r i c t e d  t o  areas around the  n o r t h  eas te rn  P a c i f i c  
Ocean. Boreal  Realm taxa a re  o f  p a r t i c u l a r  re levance i n  p l a c i n g  c o n s t r a i n t s  
on the  movements o f  ter ranes,  because they  a re  i n d i c a t i v e  o f  compara t i ve ly  
h i g h  pa l  e o l a t i  tudes ( n o r t h  o f  45O). 

Fauna o f  the  Tethyan Realm are  found worldwide i n  low t o  middle l a t i t u d e s  
(equator  t o  about 30' n o r t h  and south),  b u t  do n o t  n e c e s s a r i l y  i n d i c a t e  a 
d i r e c t  connect ion w i t h  the Tethys Sea. The Caribbean Prov ince o f  t he  Tethyan 
i nc l udes  fauna from Mexico, o r  t h e  G u l f  Coast and Cuba. 

The East P a c i f i c  Realm i nc l udes  two p rov inces  o f  re levance t o  southern 
Alaska, Athabascan and Shoshonean, which a re  i nc l uded  i n  t h e  Nor th  C o r d i l l e r a n  
Region (Tay lo r  and others ,  1984). The Athabascan Prov ince con ta ins  taxa t h a t  
a r e  p r i m a r i l y  con f ined  t o  a l lochthonous t e r ranes  o f  nor thwestern Nor th  
America, whereas the Shoshonean Prov ince i s  m a i n l y  o f  c r a t o n i c  No r th  America. 

The in fo rma l  grouping o f  taxa  termed pandemic i nc l udes  those t axa  t h a t  
a r e  p a r t i c u l a r l y  widespread w i t h o u t  apparent l a t i t u d i n a l  r e s t r a i n t s .  Pandemic 
taxa, t he re fo re ,  a re  o f  l e s s e r  va lue i n  de te rmin ing  p a l e o l a t i  tudes than a re  
the  more r e s t r i c t e d  fauna. 

T r i a s s i c  B i o s t r a t i g r a p h y  

Most o f  the  f a u l  t-bounded t e c t o n o s t r a t i  g raph ic  t e r ranes  o f  southern 
Alaska c o n t a i n  T r i a s s i c  s t r a t a  (F ig .  2) .  Limestone che r t ,  and vo l can i c  rocks 
i n c l u d i n g  some p i l l o w  basal t s  a re  common t o  most t e r r r n e s  (F ig .  2 ) ,  and many 
s i m i l a r i t i e s  a re  immediately ev i den t  suggest ing depos i t i on  under s i m i l a r  
c o n d i t i o n s  assoc ia ted w i t h  a  vo l can i c  arc.  There a r e  some s i g n i f i c a n t  d iss im-  
i l a r i t i e s  such as the e x o t i c  red  bed c l a s t i c  rocks o f  the  Chu l i t na  t e r rane  
(Jones and others ,  1980). Most v a r i a t i o n s  between t he  s t r a t i g r a p h y  o f  t he  
o t h e r  te r ranes  can be expla ined by f a c i e s  changes and depos i t i on  i n  water o f  
d i f f e r e n t  depths, and do n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  t he  t e r ranes  were 
w ide ly  separated be fo re  a c c r e t i o n  t o  Alaska. Two o f  the  ter ranes,  Wrangell i a  
and Peninsular ,  were c l o s e l y  associated, i f  n o t  jo ined ,  du r i ng  t he  T r i a s s i c .  
Both te r ranes  c o n t a i n  t h i c k  m a i n l y  subae r i a l  basal  t (N i  k o l a i  Greenstone i n  
Wrange l l i a  and Cottonwood Greenstone i n  Pen insu la r  t e r r a n e )  t h a t  o v e r l i e s  
Permian l imestone and u n d e r l i e s  T r i a s s i c  l imestone.  I n  bo th  t e r ranes  the 
greenstone sequence i s  o v e r l a i n  by l imes tone  c o n t a i n i n g  a fauna t h a t  e x h i b i t  
many s i m i l a r i t e s .  

Paleomagnetic i n v e s t i g a t i o n  o f  the  N i k o l a i  Greenstone i n  Wrange l l i a  
i n d i c a t e s  i t  was deposi ted f a r  t o  t he  south (H i l l house ,  1977; Jones, 
S i l b e r l i n g ,  and H i l l  house, 1977, 1978), and t h a t  i t  has moved approx imate ly  
3,000 km northward from a  depos i t i ona l  s i t e  a t  about 1 5 O ~ .  The 95-percent 
conf idence 1  i m i t s  a re  between   ON and 2 6 ' ~ ~  assuming a  normal p o l a r i t y .  If 
the  p o l a r i t y  were reversed the  depos i t i ona l  s i t e  would be i n  the  southern 
hemisphere. Paleomagnetic data has no t  been ob ta ined  from the Cottonwood 
Greenstone. 

L i t h o l o g i c  f ea tu res  of  the southern Alaska T r i a s s i c  rocks i n d i c a t e  a more 
s o u t h e r l y  depos i t i ona l  s i  t e  than t h e i  r presen t  l o c a t i o n .  Th ick  sequences o f  
1 imestone, p a r t  o f  which was deposi ted  under sabkha cond i t i ons ,  (Armstrong and 
Mackevett, 1982) can o n l y  be deposi ted i n  a  near t r o p i c a l  c l imate .  

Faunal elements i n  these T r i a s s i c  rocks a l s o  suggest, a  lower  l a t i t u d e .  
Some o f  t he  main elements o f  t h i s  fauna i n c l u d e  t h e  ammonites Meekoceras 



g r a c i l l  i t a t i s ,  T rop i  tes  w e l l e r i ,  I ndo juvav i  t e s  sp., Juvavi  t e s  sp., H a l o r i  t es  
sp., Metas i  b i r i  tes  sp., A l l o c l  i o n i  tes  sp., and Pseudosi r e n i  t e s  sp., t he  
pelecypods, Halob ia  d i l a t a t a  Monot is s u b c i r c u l a r i s ,  M. sa l  i n a r i a ,  and the  
hydrozoan He te ras t r i d i um sp., p lus,  many c o r a l s  and gastropods. Most o f  t h i s  
fauna, except  c o r a l s  and gastropods were free-swimming, f l o a t i n g ,  o r  a t tached-  
f l o a t i n g  forms t h a t  cou ld  be w ide l y  d ispersed a f t e r  death b u t  probably  n o t  by 
t he  3,000 km t h a t  these rocks a re  assumed t o  have moved based on paleomagnetic 
evidence. S i l  b e r l  i n g  (1985) presents  f u r t h e r  evidence f o r  t he  northward 
movement o f  these te r ranes  based on the  a s s o c i a t i o n  o f  Monot is s u b c i r c u l a r i s  
and Monot is  s a l i n a r i a .  

Ju rass ic  B i o s t r a t i g r a p h y  

The r a p i d  world-wide e v o l u t i o n  o f  ammonites du r i ng  t he  Jurass ic  was 
accompanied by the  development o f  p r o v i n c i a l i s m  t h a t  make t h i s  taxon o f  g rea t  
importance i n  de te rmin ing  p a l e o l a t i t u d e  and t o  a  l e s s o r  e x t e n t  
pa leo long i tude .  Th is  i n  t u r n  can be used i n  t he  r e c o n s t r u c t i o n  o f  t he  
paleogeography o f  t he  a l lochthonous te r ranes  o f  southern Alaska. The Realm- 
Region-Province biogeographic terminology (F ig .  3)  o f  Tay lo r  and o the rs  (1984) 
w i l l  be used f o r  t h i s  d iscuss ion.  Near ly  800 c o l l e c t i o n s  o f  Ju rass i c  fauna 
were ob ta ined  as a  r e s u l t  o f  r ecen t  i n v e s t i g a t i o n s  o f  the  Pen insu la r  Terrane, 
and g r e a t l y  r ~ d u c e  the  p o s s i b i l i t y  t h a t  breaks i n  t he  s t r a t i g r a p h i c  sequence 
a re  due t o  a r t i f a c t s  o f  c o l l e c t i n g .  

In the  f o l l o w i n g  d iscuss ion  a number f o l l o w i n g  the name w i l l  i n d i c a t e  
occurrences f o r  each genera. 

Het tangian 

Het tangian ammonites i n  southern Alaska a r e  known o n l y  from the  
Wrangel l ian and Peninsular  te r ranes  (F ig .  4). Most specimens a re  from the  
Pen insu la r  Terrane a t  Puale Bay, on t he  Alaska Peninsula.  Where few genera 
a r e  represented, b u t  there  a re  numerous specimens o f  each genera. Most a re  
c h a r a c t e r i s t i c  o f  the  in fo rma l  Pandemic Realm, i n c l u d i n g  Ps i loceras ,  ( 7 )  
Schlothe imia (2) ,  and Waehneroceras (16) which have a  wide d i s t r i b u t i o n  
i n c l u d i n g  Europe, and gene ra l l y  over laps  w i t h  t h e  Tethyan Realm. The l a t t e r  
i s  represented by ~ i s c a m p h i c e r a s ( 7 ) ,  which a long  w i t h  a  limy sandstone and 
l imes tone  cou ld  suggest depos i t i on  i n  warm mar ine seas a t  lower  l a t i t u d e .  
There a re  no Het tangian ammonites wmith Boreal  a f f i n i t i e s  known from southern 
Alaska. Likewise, t he re  a re  no known t i e s  t o  genera found south o f  t he  
equator, b u t  the presence o f  the  Tethyan ammonite Discamphiceras and the  
assoc ia ted  pandemic genera i n d i c a t e d  a s t r o n g  Tethyan a f f i n i t y  f o r  t h e  
Het tangian s t r a t a  i n  southern Alaska. Consequently, the bes t  es t imate  f o r  a  
d e p o s i t i o n a l  s i t e  would be a t  low l a t i t u d e  (10-30°), bu t  n o r t h  o f  t h e  equator 
as none o f  these genera are found south o f  the  equator.  

Sinemurian 

Sinemurian ammonites were cons ide rab l y  more widespread i n  southern Alaska 
than  was the  case du r i ng  the  Het tang ian  (F ig .  5).  Most o f  t h e  genera w i t h  t he  
g r e a t e s t  number o f  i n d i v i d u a l  specimens a re  Pandemic forms i n c l  u d i  nq 
~ r n i o c e r a s  (21) ,  Cornoniceras ( j ) ,  C r u c i l o b i c e r a s  (6), pal  tech ioceras  (6), and 
Ps i l oce ras  (2 ) .  The Tethyan Realm i s  based m a i n l y  on Discamphiceras ( 2 )  and 
Paracaloceras ( 7 ) ,  which a re  f a i r l y  common i n  t h e  Pen insu la r  Terrane, b u t  



elsewhere i n  southern Alaska i s  represented by a few w ide l y  s c a t t e r r e d  
occurrences. The d i s t i n c t i v e  b i v a l v e  Weyla (13 )  i s  inc luded  i n  t h e  Tethyan, 
i t  i s  the  o n l y  form found i n  the Togiak Terrane and i s  the  o n l y  common form i n  
t h e  F lysch  ~ e r r a n e .  Bodouxia ( 7 )  and Arctoasteroceras ( 3 )  a re  found i n  t h e  
Athabaskian Prov ince o f  the East P a c i f i c  Realm from C a l i f o r n i a  n o r t h  t o  
Alaskan as w e l l  as i n  eastern S iber ia .  I n  southern Alaska t hey  a re  r e s t r i c t e d  
t o  a  few w i d e l y  sca t t e red  occurrences i n  the  Pen insu la r  and Chu l i t na  Terranes. 

Dur ing  Sinemurian t ime ammonites i n  southern Alaska s t a r t e d  t o  show 
g rea te r  d i v e r s i t y  than was ev iden t  p rev ious ly ,  but pandemic forms were s t i l l  
t h e  main c o n s t i t u e n t s  o f  the  fauna (F ig .  5) .  The Tethyan p e c t i n i d  b i v a l v e  
Weyle has t o  be considered a major i n d i c a t o r  o f  p a l e o l a t i t u d e  as i t  was l e s s  
mob i le  than t h e  free-swimming ammonites, and i t  i s  present  i n  most o f  t he  
southern Alaskan te r ranes  where i t  occurs w i t h  Discamphiceras, g i v i n g  these 
beds a s t r ong  Tethyan a f f i n i t y .  As a consequence, these t e r ranes  du r i ng  t he  
Sinemurin were probably  a t  l e a s t  2,000 km south o f  t h e i r  p resen t  l o c a t i o n ,  b u t  
were l o c a t e d  i n  the  eastern P a c i f i c  as i n d i c a t e d  by t he  presence o f  Bodouxia 
and Arctoasteroceras.  

P l  iensbachian 

S t r a t a  o f  P l iensbachian age a re  r e s t r i c t e d  t o  the  nor theas te rn  p a r t  o f  
t he  Pen insu la r  Terrane ( ~ r a n t z ,  1960, 1961) and t he  the a d j o i n i n g  p a r t s  o f  
Wrangell i a  (Fig.6). Pandemic ammonites i n c l u d i n g  A oderoceras (2) ,  
Lepta1 eoceras ( I ) ,  Pel t a r p i  t es  ( I ) ,  P r o d a c t i l l  ~ ~ ~ ~ ~ ~ o ~ i d o c e r a s  (1) 
a r e  common p a r t i c u l a r l y  i n  l a t e  P l iensbachian t ime. Uptonia ( 7  i s  t h e  o n l y  
e a r l y  P l iensbachian pandemic. Tethyan fauna a re  more abundant i n  the upper 
p a r t  o f  t he  stage w i t h  A r i e t i c e r a s  (7) ,  Fon tane l loceras  (3 ) ,  and 
Protogrammoceras (5) occu r r i ng  a t  severa l  l o c a l  i t i e s .  However, the o v e r a l l  
cha rac te r  o f  t he  Pl iensbachian taxa i s  pandemic. 

The f i r s t  i n d i c a t i o n  o f  the Boreal  Realm (F ig .  6)  i n  southern Alaska i s  
f u rn i shed  by severa l  specimens o f  Amaltheus from t h e  Pen insu la r  Terrane i n  the  
Talkeetna Mountains, where they  occur i n  beds o f  l a t e  P l iensbachian age. 
These a re  i s o l a t e d  occurrences assoc ia ted w i t h  ma in l y  pandemic and Tethyan 
taxa  and p robab ly  have 1 i m i  t ed  va lue i n  de te rmin ing  p a l e o l a t i  tude b u t  t hey  do 
suggest t h a t  t h e  Peninsular  Terrane was n o t  i n  t h e  t r o p i c s  d u r i n g  l a t e  
P l iensbach ian  t ime, b u t  probably  was w e l l  south o f  i t s  p resen t  p o s i t i o n .  
Fanninoceras is  ( 5 )  i s  a genus r e s t r i c t e d  t o  t h e  eas te rn  P a c i f i c  area; i t  i s  
found assoc ia ted  w i t h  Amaltheus and such Tethyan genera as A r i e t i c e r a s  and 
Fontanel  1 i c e r a s  i n  t he  Tat keetna Mountains ( Imlay,  1981). 

Toarc ian 

P r o v i n c i a l i s m  o f  the  ammonite taxon i n  t e r ranes  compr is ing southern 
Alaska was nonex is ten t  du r i ng  the  Toarcian (F ig .  7). The ammonites 
Dact 1  i oce ras  (3), Grammoceras ( I ) ,  Harpoceras ( I ) ,  Haugia (9 ) ,  Peronoceras 

, and Ph atoceras ( 2 )  can bes t  be cons idered as pandemic forms t h a t  occur m"-, 
worldwide. Toarc ian s t r a t a  a re  p o s i t i v e l y  i d e n t i f i e d  o n l y  i n  the  Pen insu la r  
Terrane w i t h  one quest ionable occurrence i n  Wranael l  i a .  Near1 v a l l  o f  the  
fauna a r e  from the  Talkeetna mountains ( Imlay,  1681) where ~ a c i y l i o c e r a s  and 
Haugia form the  main cons t i t uen t s  o f  the  fauna. The d a c t y l i o c e r t i d s  i n c l u d i n g  
bo th  D. commune, o f  A r c t i c  Canada, and D. kanense, o f  Oregon and southern 
~anada ,  a re  present  i n  the Tal keetna Mountains. These s ~ e c i e s  o f  - -  ~ 

~ ac t y l i oce ra ; ,  e s p e c i a l l y  - D. commune w i t h  h i g h  l a t i t u d e  a f f i n i t i e s ,  and i n  the  



absence o f  any Tethyan ammonites, may i n d i c a t e  t h a t  the  Pen insu la r  Terranes 
had moved northward by l a t e  E a r l y  Ju rass ic  t ime. 

Midd le Jurass ic  
Aal en i  an 

The Aalenian Stage, a t  the base o f  Midd le Jurass ic ,  i s  marked i n  southern 
Alaska by a g rea t  d i v e r s i t y  o f  ammonites t h a t  have a ve ry  wel l -developed 
p r o v i n c i a l  ism c o n t a i n i n g  numerous rep resen ta t i ves  o f  bo th  Tethyan and Boreal  
Realms (F ig .  8). The abundance o f  ammonites p robab ly  i n d i c a t e s  p r o x i m i t y  t o  
t he  oaen ocean as s u ~ ~ e s t e d  bv Cal lomon ( w r i t t e n  commun. J.H. Cal loman, 
1981): Two genera, G y c i  t o i des  (67) and ' ~ s e u d o l i o c e r a s  (20) ,  t h a t  a r e -  
r e s t r i c t e d  t o  the Ber ing  Prov ince o f  the Boreal  Realm n a y l o r  and o thers ,  
1984), account f o r  over-50 percent  o f  t he  fauna c o l l e c t e d .  Both genera 
c o n t a i n  severa l  snecies ( ~ m l a v .  1984b. and Westermann, 1964). The numerous 
specimens o f  ~ r ~ c ; t o i d e s ' a n d  iJseudolioceras, p a r t i c u l a r l y  P: mac l i n tock i ,  
which i s  commonly found i n  the  h i g h - A r c t i c  reg ions  (Tay lo r  and o thers ,  1984), 
would i n d i c a t e  e i t h e r  a  r a p i d  souihward expansion o f  so rea l  faunal e lements -o r  
t h a t  the  Peninsular  te r ranes  was a l r eady  near i t s  p resen t  p o s i t i o n  by the  
midd le  Jurass ic .  Tethyan fauna such as Abbasi t e s  (6), Asthenoceras ( 2 ) ,  
Eudmetoceras (21) ,  Fontannesia ( 2 ) ,  and Planammetoceras ( 3 )  a re  subord ina te  t o  
bo th  Boreal  and pandemic forms i n  t he  s t r a t a  o f  southern Alaska. 

Bajoc ian 

The ammonite fauna f l o u r i s h e d  and expanded g r e a t l y  i n  t he  Pen insu la r  
Terrane d u r i n g  e a r l y  Bajoc ian t ime (F ig .  9) .  Th i s  abundant fauna was 
comple te ly  cosmopol i tan w i t h  elements o f  t he  Boreal ,  Tethyan, and East Paci  f i c  
Realms f r e e l y  m i n g l i n g  w i t h  Pandemic forms, however, Pandemic and Tethyan 
elements ~ redomina ted .  The ~andemic  taxa were bv  f a r  t he  most abundant 
inc lud ing '  Ste hanoceras (18); Sonninia (13),  ~ h o n d r o c e r a s  (23). W i  t c h e l l  i a  
(8)  D o c i d o m d  a d )  o f  t h e  Tethyan Realm were moderate ly  
abundant and t h i s  s t r a t i g r a p h i c  i n t e r v a l  has been termed the  Docidoceras 
widebayense Zone by Westermann (1969). The Boreal  ammonite Pseudo1 i oce ras  ( 2 )  
i s  found l o c a l l y ,  b u t  A rke l l oce ras  (1) i s  found o n l y  r a r e l y  i n  s t r a t a  o f  
southern Alaska. 

P r o v i n c i a l i s m  became r e s t r i c t e d  i n  southern Alaska d u r i n g  l a t e  Ba joc ian  
t ime. (F ig .  10) w i t h  elements o f  t h e  Athabskan Prov ince o f  t he  East P a c i f i c  
Realm, such as Megasphaeroceras (12)  and Parare i  neck ia  (8 ) ,  be ing assoc ia ted  
w i t h  pandemic forms 1 i ke Stepnanoceras (8), Oppel i a  ( Z ) ,  Normanni t e s  (28) ,  and 
Leptosphinctes (3 ) .  Tethyan fauna were no l onge r  p resen t  i n  southern Alaska 
Terranes, and t he re  i s  no evidence f o r  them d u r i n g  t he  remain ing stages o f  t he  
Jurass ic .  

I t  should be mentioned here t h a t  two genera o f  Ju rass ic  ammonites, 
Phy l loceras  and Lytoceras, a re  common i n  the  southern Alaska Bajoc ian s t r a t a ,  
and they  con t inue  on i n t o  the  l a t e s t  Ju rass ic  beds where they  are the  o n l y  
ammonites found and a re  assoc ia ted w i t h  t he  Boreal  b i v a l v e  Buchia. Both 
Phy l loceras  and Lytoceras were o r i g i n a l l y  cons idered t o  be i n d i c a t o r s  o f  the 
Tethyan faunal realm, bu t  t h e i r  cont inued presence i n  many p a r t s  o f  the  wor ld  
w i t h  Boreal  Realm fauna cas t  doubt on t h a t  assumption. Recent work by 
Cal loman (1984) has shown t h a t  these ammonites were p e l a g i c  ocean-dwel l e r s  
r a t h e r  than she1 f - dwe l l  e r s  and t h a t  t h e i r  presence mere ly  i n d i c a t e d  access t o  
the  open ocean. Ne i t he r  Phy l loceras  no r  Lytoceras a re  inc luded  i n  t h i s  



d i scuss ion  o f  the  southern Alaska te r ranes  i n  as much as they  do n o t  represen t  
a  s p e c i f i c  faunal realm. 

Some conc lus ions concerning the  p a l e o l a t i t u d e  o f  these te r ranes  can be 
drawn from the  abundant fauna. The complete disappearance o f  Tethyan elements 
by l a t e  Ba joc ian  t ime and the  predominance o f  a  cosmopol i tan and Boreal  fauna 
i n d i c a t e s  these rocks were w e l l  n o r t h  o f  the  equator  a t  the  t ime o f  
depos i t i on .  In fo rmat ion  on the  pa leo long i  tude can be obtained, a1 so, as 
Megasphaeroceras and Parare i  neck ia  a r e  East Pasi f i c  Realm ammonites (Tay l  o r  
and o thers ,  1984). 

Bathonian 

Boreal  and East P a c i f i c  Realm ammonites f l o u r i s h e d  i n  E a r l y  Bathonian 
t ime (F ig .  11). Both the Boreal  and Sub-Boreal Provinces a re  represented i n  
t he  Pen insu la r  Terrane by Arctocephal i t e s  (4)  and Kepp le r i  t e s  (10). The 
absence o f  Kepp le r i t es  i n  Wrange l l i a  i s  p robab ly  due t o  a  minor depos i t i ona l  
h i a t u s  o r  pos t -depos i t iona l  erosion. Endemic East P a c i f i c  ammonites such as 
~ r a n o c e ~ h a l  i tes  ( 6 7 ) ,  I n i s k i n i  t es  ( I ) ,  and Parare ineck ia  ( 2 2 )  a re  represented 
by numerous specimens, and a l l  belong t o  the  more n o r t h e r l y  Athabascan 
Province. 

The La te  Bathonian saw a marked decrease i n  genera present  i n  southern 
Alaska, and t he re  o n l y  i n  t h e  Peninsu?ar Terrane (F ig .  12). The f i r s t  
occurrence o f  the  Boreal  Province ammonite, Cadoceras (6), i s  recorded from 
these s t r a t a  where i t  i s  assoc ia ted w i t h  Sub-Boreal Kepp le r i t es  ( 5 )  and t he  
East P a c i f i c  I n i s k i n i t e s  (8).  Cadoceras i s  by f a r  the  most impor tan t  
p a l e o l a t i t u d i n a l l y ,  o f  the  genera i n  t he  Pen insu la r  Terrane; i t  i s  found 
throughout  Greenland, no r t he rn  Europe, S ibe r i a ,  and no r the rn  Canada. These 
fauna thus  s t r o n g l y  suggest t h a t  southern Alaska was near o r  a t  i t s  p resen t  
p o s i t i o n  by l a t e  Bathonian t ime. 

C a l l  o v i  an 

Dur ing  t h e  Ca l l ov i an  the  number o f  ammonite genera was g r e a t l y  r e s t r i c t e d  
and they have been i d e n t i f i e d  i n  o n l y  the  Pen insu la r  Terrane, where numerouus 
specimens of Cadoceras (133) and i t s  sub-genera Paracadoceras (20),  
~ t e n o c a d o c e r a ~ n d  Pseudocadoceras (70) l o c a l l y  occur i n  g rea t  
abundance. A few specimens o f  t he  Sub-Boreal Kepp le r i t es  (34 )  as w e l l  as 
L i l l o e t i a  (29) o f  t h  East P a c i f i c  Realm occur  throughout  the  ter rane.  Access 
t o  t he  open ocean du r i ng  t h e  Ca l l ov i an  was p robab ly  l i m i t e d  t o  the  Pen insu la r  
Terrane w i t h  o the r  te r ranes  undergoing e ros ion  o r  nondeposi t ion,  as d i d  the  
Pen insu la r  Terrane d u r i n g  l a t e  Ca l lov ian .  There i s  no faunal evidence o f  
upper Ca l l ov i an  s t r a t a  i n  southern Alaska. 

The b i v a l v e  Inoceramus ambiquus i s  assoc ia ted  w i t h  t he  ammonite fauna 
throughout  the  Peninsular  Terrane. Th is  b i v a l v e  i s  common, a l s o  i n  o t h e r  
h i g h - l a t i  tude areas o f  Ca l l ov i an  s t r a t a  (Detterman and o thers ,  1975; Poul ton, 
1978; Cal lomon, 1984). 

Oxfordian, Kimmeridgian, and T i  thon ian  

Southern Alaska te r ranes  c o n t a i n  a  ve ry  sparse ammonite fauna d u r i n g  Late 
Ju rass i c  t ime. The o n l y  ammonites o f  r eg iona l  s i g n i f i c a n c e  i n  the Pen insu la r  
Terrane was the  Boreal  Realm Cardioceras (11) w i t h  i t s  sub-genera 
Scarburg iceras ( 3 )  and Sco t i ca rd ioceras  (2) ,  a1 1 o f  which were moderate ly  



abundant i n  Oxford ian s t r a t a  i n  the  Cook I n l e t  area (F ig .  14). Amoeboceras 
( 3 )  occurs i n  Wrangel l ia  w i t h  b i v a l v e s  t h a t  i n d i c a t e  a Kimmeridgian age f o r  
the  enc los ing  s t r a t a  (MacKevett, 1971). O f  i n t e r e s t  i s  the  cont inued 
occurrence i n  these upper Jurass ic  rocks o f  Phy l loceras  and Lytoceras-, bu t  f o r  
reason a l r eady  s t a t e d  these ammonites a re  n o t  inc luded  i n  t h i s  d iscuss ion .  

The Boreal  ep i f auna l  b i v a l v e  Buchia i s  found i n  g rea t  abundance 
throughout  upper Jurass ic  and lower  Cretaceous s t r a t a  i n  southern Alaska. 
These b i v a l v e s  occur  i n  a l l  depos i t i ona l  environments, b u t  a re  found i n  
g rea tes t  abundance i n  deposi t s  considered t o  represen t  open she1 f deposi  t s .  
Th i s  was probably  a  t ime of r a p i d  marine t r ansg ress ion  i n  southern Alaska w i t h  
a t t endan t  development o f  numerous species o f  Buchia, many from w e l l - c o n t r o l l e d  
measured sect ions.  Th is  new data pe rm i t  a  b i ozona t i on  o f  Buchia (F ig .  15)  
t h a t  i s  use fu l  i n  southern Alaska. These zones add t o ,  and complements, 
p r e v i o u s l y  de f ined  Buchi zones i n  western Nor th  America ( I m l a y  1959; J e l  etsky,  
1965: Jones and others .  1969: M i l l e r  and Detterman. 1985). 

 he Buchia zones a re  t i e d  t o  ammonites i n  t h a t  t he  o l d e s t  form i n  A1 
Buchia concentr ica,  occurs w i t h  Cardioceras i n  t he  Cook I n l e t  area o f  the  
Pen insu la r  Terrane. A d d i t i o n a l l y ,  Buchia mosquensis i s  found i n  Wrangel l  
w i t h  Amoeboceras, and i n  a l l  o f  southern Alaska, S imbersk i tes o f  Hau te r i v  
(Lower Cretaceous aqe) o v e r l i e s  s t r a t a  t h a t  c o n t a i n  t he  youngest form o f  

aska, 

~ u c h i a  (g. ~ r a s s i c o i l  i s ) .  I n  t h i s  respec t  Buchia biozones a re  a va luab le  
s t r a t i g r a p h i c  t o o l .  

Buchia cooncentr ica and t h e  f i r s t  occurrence of  0. rugosa a re  found 
ma in l y  i n  f i n e  c l a s t i c  s i l t s t o n e  and shale i n d i c a t i v e o f  a  moderate ly  deep 
outer -she1 f marine environment, and the fauna i s  v e r y  sparse. As t he  
d e p o s i t i o n a l  environment changed t o  i n n e r  s h e l f  w i t h  more coarse c l a s t i c  , 

sandstone the fauna underwent r a p i d  development w i t h  abundant i n d i v i d u a l  s. 
Some hor izons  c o n t a i n  thousands o f  specimens. 

The impor tan t  p a l e o l a t i t u d e  i m p l i c a t i o n s  o f  t h i s  abundant Buchia fauna i s  
t h a t  i t  i s  s t r i c t l y  a  Boreal Realm taxa t h a t  i s  found throughout  t he  no r the rn  
hemisphere. The Boreal  Realm d i d  expand r a p i d l y  southward d u r i n g  the  La te  
Jurass ic .  An expansion t h a t  c a r r i e d  some elements o f  t he  taxa as f a r  south as 
Mexico where ammoni t es  were moderate1 y abundant . 

I n  conc lus ion  the  biogeographic data from Pen insu la r  and Wrangel 1  i a n  
t e r ranes  suggest they  were near o r  a t  t h e i r  p resen t  p o s i t i o n  by midd le  
Ju rass i c  (Bajoc ian)  t ime. Data from t h e  o the r  a1 lochthonous te r ranes  i n  
southern Alaska do n o t  add much i n  t h i s  respect ,  b u t  t h e i r  p o s i t i o n  inboard o f  
he Pen insu la r  and Wrangel l ian te r ranes  i n d i c a t e  t hey  had a r r i v e d  p r i o r  t o  the  
Pen insu la r  and Wrangel l ian ter ranes.  

Cretaceous 

The pro1 i f i c  and d i ve rse  ammonite fauna w i t h  i t s  marked p r o v i n c i a l  ism 
c h a r a c t e r i s t i c  o f  much o f  the Jurass ic  was l a c k i n g  i n  southern Alaska 
throughout  most o f  t h e  Cretaceous. The ammonites staged a comeback d u r i n g  
La te  Cretaceous t ime bu t  f o r  the  most p a r t  p r o v i n c i a l  forms were subord inate 
t o  pandemic forms. Both eco log i ca l  and environmental  f a c t o r s  probably  were 
c o n t r i b u t i n g  f a c t o r s  t o  the  poor r ep resen ta t i on  o f  ammonites. The sedimentary 
env i  ronments, p a r t i c u l a r l y  i n  t h e  I ower Cretaceous, were p r i m a r i l y  o f  i n n e r  
s h e l f  and r e s t r i c t e d  bas ina l  environment. Access t o  the open ocean was 
p robab ly  1  i m i  t ed  and consequent ly the  f r e e - f l o a t i  ng ammonites would be 
r e s t r i c t e d .  



B e r r i a s i a n  and Va lang in ian  

The b i v a l v e  Buchia cont inued t o  t h r i v e  and d i v e r s i f y  i n t o  d i f f e r e n t  
spec ies i n  the s h e l f  environment p resen t  i n  southern Alaska. Evidence f o r  the 
development o f  t h i s  genus i s  bes t  preserved i n  t h e  Pen insu la r  Terrane where 
~ u c h i a -  okensis,  B. unc i  to ides ,  B. sublaev is ,  and B. c r a s s i c o l l  i s  s o l  i d a  a re  
a l l  found i n  s t r a t i q r a p h i c  succession du r i nq  t h e  B e r r i a s i a n  and Va lans in ian  
(F igs.  15 and 16). -o ther  te r ranes  i n  southern Alaska c o n t a i n  evidence o n l y  o f  
t h e - ~ a l a n ~ i n i a n  Buchia c r a s s i c o l l  i s  s o l  ida.  The genus Buchia became e x t i n c t  
a t  the end o f  the Valanginian, and was rep laced by Inoceramus, which occupied 
t he  same general  eco log i ca l  n iche.  The genus Buchia i s  an i n d i c a t o r  t h a t  the  
Boreal  Realm was present  i n  southern Alaska, and the  absence o f  any f o s s i l s  
w i t h  southern a f f i n i t i e s  would suggest these rocks were i n  no r t he rn  l a t i t u d e s  
d u r i n g  t h i s  p a r t  o f  the  Cretaceous. 

Hau te r i v i an  and Barremi an : 

Ammonites and t he  b i v a l v e  Inoceramus o f  t he  H a u t e r i v i a n  and Barremian 
stages a re  bes t  considered as Pandemic f o s s i l s  (F ig .  17) as they  a re  present  
i n  many areas o f  t he  wor ld  (Moore, 1959). However, a t  the  species l e v e l  these 
f o s s i l s  a l l  have s t r ong  a f f i n i t i e s  t o  P a c i f i c  forms. The ammonites 
S imb i r sk i  t e s  (2 ) ,  Hoplocr ioceras (2) ,  and Acr ioceras ( 1 )  occur  spa rse l y  i n  
these s t r a t a  a long  w i t h  Inoceramus o u a t o i d m n  most l o c a l  i t i e s  the 
s t r a t a  a re  composed o f  s h e l l  fragments and pr isms t h a t  c o n s t i t u t e  30 t o  70 
percen t  o f  the rock. These s t r a t a  have been termed Herendeen Formation 
(Detterman and o thers ,  198 ) .on t h e  Alaska Peninsula,  and Nelch ina Limestone 
(Mar t in ,  1926) i n  the ~ a l k F e t n a  Mountains. I n  bo th  cases the  rocks a r e  
c a l c a r e n i t e s  and calcareous sandstone r a t h e r  than l imestone.  

A1 b ian  

Ammonites became rees tab l i shed  i n  southern Alaska d u r i n g  the A lb i an  Stage 
reach ing  t h e i r  g rea tes t  pro1 i f e r a t i o n  s ince  t h e  Midd le  Jurass ic  (F ig .  18). 
Ap t ian  rocks  a re  n o t  recorded i n  southern Alaska, so p o s s i b l y  t h i s  r e v i v a l  
s t a r t e d  e a r l i e r .  Most o f  the  taxa a re  from the  nor theas te rn  p a r t  o f  t h e  
Pen insu la r  Terrane and the a d j o i n i n g  p a r t  o f  Wrangell i a ,  showing c o n c l u s i v e l y  
t h a t  these te r ranes  were j o i n e d  a t  t h a t  t ime. The ammonite genera l i s t e d  i n  
f i g u r e  18 as Boreal Realm (Arc tho  h l  i t e s  (5), M o f f i t i e s  (18),  and Gran tz ice ras  
(16 sub-genus o f  Beudanti ceras -?-- probab ly  should be cons idered a sub-Boreal 
Realm as they  a re  ma in l y  r e s t r i c t e d  t o  southern Alaska ( Imlay,  1960), where 
they  a r e  assoc ia ted w i t h  an East P a c i f i c  Realm fauna cha rac te r i zed  by 
Brewer iceras (20) and Hu len i t es  (7 )  t h a t  extend southward as f a r  as no r the rn  
Cal i f o r n i a  (Imlay, 1 9 6 w p a n d e m i c  genera Pseudouhl i g e l l a  (19) i s  a l s o  
common i n  southern Alaska. The preponderance o f  b i o s t r a t i q r a p h i c  evidence . . 
i n d i c a t e s  these te r ranes  were a t  o r  near t h e i r  p resen t  p o s i t i o n  a t  t h i s  
t ime. 

Cenomanian-Santonian 

E a r l y  La te  Cretaceous s t r a t a  a re  p resen t  o n l y  i n  t he  nor theas te rn  p a r t  o f  
the  Pen insu la r  Terrane and the  a d j o i n i n g  p a r t  o f  Wrange l l i a  (F ig .  19).  
Elsewhere i n  southern Alaska t h i s  i n t e r v a l  has n o t  been i d e n t i f i e d .  Where 
present,  the  500 t o  1000 m o f  f i n e  c l a s t i c s ,  s i l t s t o n e  and shale, c o n t a i n  a 



f a i r l y  p r o l  i f i c  ammonite fauna assoc ia ted w i t h  the  b i v a l v e  Inoceramus. 
The ammonites a re  ma in ly  o f  t he  P a c i f i c  Realm i n c l u d i n g  Desmoceras (10)  

(Pseudou h l  i e l l a ) ,  Mesopuzosia (41, Otoscaphi t e s  (2), and Para jauber te l  l a  (A fauna i s  r e s t r i c t e d  t o  the  n o r t h  P a c i f i c ,  p a r t i c u l a r l y  w i t h  
~ a p a n ,  such as Yokoyamoceras (2 ) .  The numerous inoceramids a l s o  have c l o s e  
t i e s  t o  J a ~ a n .  Only a few oandemic ammonites a r e  Present i n c l u d i n s  
~ a u d r ~ c e r a ;  ( 2 )  and- ~ e t r a g o n i  t e s  (3 ) .  

- 
The marked Nor th  P a c i f i c  p r o v i n c i a l i s m  o f  the  taxa i n  the  Pen insu la r  and 

Wrange l l i an  Terranes i n d i c a t e  t h a t  t he  s t r a t a  were deposi ted a t  o r  near t h e i r  
p resen t  l a t i t u d e .  The l o n g i t u d i n a l  p o s i t i o n  can n o t  be determined 
p r e c i s e l y .  The inoceramids a re  found abundant ly  i n  t he  western i n t e r i o r  o f  
t he  Un i t ed  S ta tes  and Canada, as w e l l  as  i n  areas bo rde r i ng  the western 
P a c i f i c  such as Japan. Consequently, the fauna do n o t  i n d i c a t e ,  o r  negate, a  
s h i f t  i n  l ong i t ude .  The evidence f o r  l a t i t u d i n a l  change based on fauna i s  
more p rec ise ;  i t  has n o t  changed markedly from i t s  p resen t  p o s i t i o n .  

Campanian and M a a s t r i c h t i a n  

Endemic P a c i f i c  Realm p r o v i n c i a l i s m  con t inued  t o  f l o u r i s h  i n  t he  ammonite 
and b i v a l v e  taxa o f  southern Alaska d u r i n q  the  l a t e s t  Cretaceous staqes. The 
b i v a l v e  Inoceramus was s t r o n g l y  Nor th  p a c i f i c  i n  cha rac te r  and p r o l  i t e r a t e d  
i n t o  numerous species i n c l u d i n g  Inoceramus schmidt, - I. subundatus, I. 
kus i roens is ,  I. ba l  t i c u s  var  kunimienss, I. naumani, I. o r i e n t a l  is-, and 
sh ikotanensis .  Most o f  these inoceramids have a s t r ong  a f f i l i a t i o n  w i t h  
Japanese species, as w e l l  as B r i t i s h  Columbia and C a l i f o r n i a .  Among t h e  
ammonites,. p a r t i c u l a r l y  Canadoceras ( 3 8 ) ,  Diplomoceras (36). ~ u p a c h a i s c u s  
(20),  and Pachydiscus (39), t h e r e  a re  c l ose  t i e s  w i t h  these same areas. I n  
a l l  cases, however, t he re  a re  fewer species represented i n  southern Alaska 
c o l l e c t i o n s  than i n  o t h e r  areas. 

Discuss ion 

The b i o s t r a t i g r a p h i c  data presented here i s  n o t  t o  be const rued as t h e  
s o l e  answer t o  the depos i t i ona l  s i t e  o f ,  o r  t he  t ime  o f  a c c r e t i o n  o f ,  t h e  
t e r ranes  t o  Alaska, b u t  the data does i n d i c a t e  another  l i n e  o f  evidence t h a t  
should be considered when d i scuss ing  the  movement o f  the  southern A1 aska 
ter ranes.  B i o s t r a t i g r a p h i c  data co r robo ra tes  paleomagnetic data f o r  t h e  lower  
Mesozoic ( T r i a s s i c  and lower  Ju rass i c )  bo th  i n d i c a t e  a p o s i t i o n  f a r  t o  the  
sou th  f o r  t he  ter ranes.  However, b i o s t r a t i g r a p h y  i n d i c a t e s  a no r the rn  
hemisphere source r a t h e r  than an ambiguous e i t h e r / o r  ( no r t he rn  o r  southern)  
hemisphere suggested by paleomagnetic data. 

T r i a s s i c  rocks a re  present  i n  most o f  the t e c t o n o s t r a t i g r a p h i c  te r ranes  
i n  southern Alaska ( ~ i g .  2). They have many l i t h o l o g i c  s i m i l a r i t i e s  i n c l u d i n g  
t h i c k  l imes tone  and c h e r t  sequences in terbedded w i t h  p i l l o w  b a s a l t  o r  vo l can i c  
f lows ,  and i n  t h e  Peninsular  and Wrangel l ian Terranes a t h i c k  greenstone 
sequence unde r l y i ng  the l imestone and o v e r l y i n g  Permian l imestone. The 
Pen insu la r  Terrane and Wrange l l i a  a re  so n e a r l y  t he  same as t o  suggest t hey  
a re  p a r t  o f  the same block, and p robab ly  should be termed Tal  keetna 
super te r rane  o f  Csej tey and o the rs  (1982). Minor  d i  f fe rences  i n  1  i tho logy  can 
be exp la ined  by f ac i es  change i n  the n e a r l y  700 km separa t ion  between areas o f  
exposure. The T r i a s s i c  red  beds o f  t he  Chu l i t na  t e r r a n e  a re  d i s t i n c t l y  
d i f f e r e n t  and probably  represent  a d i s c r e e t  b lock .  

Lower Jurass ic  s t r a t a  have been f auna l l y  i d e n t i f i e d  i n  most o f  t h e  



southern Alaska terranes (Fig. 2). The fauna i s  mainly pandemic, but distinct 
realms can be determined from the non-pandemic forms (Figs. 4-7). Ammonites 
associated with the Tethyan Realm predominate and are present in all terranes 
indicating deposition at low latitudes. Elements off the East Pacific Realm 
in the Sinemurian and Pliensbachian Stages indicate a paleolongitude in the 
eastern Pacific. Amaltheus in the Peninsular Terrane suggests that the 
terrane had started northward by the Pliensbachian Stage because that genus i s  
restricted to the Boreal Realm; however, it is present in only one collection 
in the southern Alaska terranes and may be possibly an aberrant specimen. 

The Middle Jurassic was a time of great faunal productivity and diversity 
in the southern Alaska allochthonous terranes. Elements of several realms are 
commonly intermingled at the stage level (Figs. 8-14), but a very specific 
pattern was developing. Tethyan Realm genera ubiquitous in the Triassic and 
common in lower Jurassic strata, continue modestly into the lower Bajocian and 
then completely disappear from southern Alaskan terranes. At the same time, 
elements o f  the Boreal Realm are rapidly increasing including both Boreal and 
Bering Provinces. The Bering Province is important for longitude as well as 
latitude because this' province was restricted to northeastern Pacific areas 
(Taylor and others, 1984). 

The Cretaceous fauna indicate that the terranes continued to be in the 
northeastern Pacific (Figs. 16-20). The bivalve Buchia was a major faunal 
element until the Valanginian Stage. Several species are present, and all 
lived in a shallow-water shelf environment. Open marine conditions were re- 
established in the Hauterivian and ammonites were once again a major part of 
the fauna, but only forms indigenous to the northeast Pacific were present at 
first. Ultimately a few pandemic forms appeared, .but low-lati tude Tethyan 
ammoni tes were absent. 
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Figure 3. Biogeographic terminology for southern Alaska. 
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Figure 17. Hauterivian and Barremian 

I I '  
-64" I&' I&" 1 1 i 4 "  150' 1:6' 1 4 2 4  

P~audouhllp*llm 

East  Pacific Realm 

Kilometers 

Figure 18. Albian 



I '  
- 6 , e  16'6" '$2' l i g *  l i d '  1 k 0 "  146' 142'1 Pacific 

IPtoudoughligmllaJ 
Eoau-oa 
RI.sopuzoru 
Oto.o.Ph1t.c 
P4r.l.ubort.11~ 
rokoyamaoeerms 
Inoceram4 

(t.U#rycmr.s 
Tetr400IIlt.s 

- 56" 

- 
Kilometers 

Figure 19. Cenomanian - Santonian 

Figure 20. Campanian and Maastrichtian 


