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ABSTRACT

F ive outcrop s e c t io n s  o f th e  M ancos S h ale  in  B lack M esa  

B asin , A rizona, w ere m easured and sam pled  at c lo s e  in te r v a ls . The 

sa m p les  w ere broken dow n, scr e en  w a sh ed , and th e  con ta in ed  m icro

f o s s i l s  p ick ed  and mounted to  determ ine the v e r tica l d istr ib u tion  of 

m ic r o fo ss ils  through th e M a n c o s .

On th e  b a s is  o f its  con ta in ed  m ic r o fo s s i ls ,  th ree g ro ss  v er tica l  

b io stra tigrap h ic  u n its , or a s se m b la g e  z o n e s , can  be reco g n ized  in a l l  

f iv e  s e c t io n s  o f  th e  M ancos S h a le  th at w ere m easured around th e  perim 

eter  o f Black M e s a . Each a sse m b la g e  zon e  com p rises about on e-th ird  

of th e  s e c t io n .  T h ese  a re , in  a scen d in g  order, a low er unit con ta in in g  

p lan k ton ic  and b en th on ic  foram in ifera , a m iddle unit w h ich  is  nearly  

barren e x ce p t for p lan t m e g a sp o r e s , and an upper unit co n ta in in g  an  

e x c lu s iv e ly  a ren a ceo u s foram iniferal fa u n a . T h ese  th ree a sse m b la g e  

z o n e s  h ave b een  inform ally d e s ig n a te d , from bottom  to  to p , th e  H ed -  

b erg ella  d e lr io e n s is  z o n e , th e  m egaspore z o n e , and th e  Gaudryina b e n -  

to n e n s is  z o n e .

The H ed b ergella  d e lr io e n s is  zone is  named for th is  p lan k ton ic  

foram in ifer, w h ich  occu rs in  la rg e  numbers throughout th is  low er u n it. 

This zon e  co n ta in s  abundant foram in ifera , both p lan k ton ic  v a r ie t ie s  and 

c a lca r e o u s  and a ren aceou s b e n th o n ic s , and is  interpreted to  h ave b een  

d e p o s ite d  in an estu ary  or em baym ent w hich  w a s at tim es p a rtia lly  cut 

o ff from th e  open sea w a y  to  th e  e a s t .  The low er  part o f th e H ed b ergella

d e lr io e n s is  zon e  co n ta in s  th e  C enom anian-T uronian boundary, a s  it is



X

p resen tly  reco g n ized  in  th e  w estern  in terior . G ulf C o a st , and C aliforn ia  

areas o f th e  U nited S ta te s , and as e s ta b lish e d  by concurrent ranges o f  

p lan k ton ic  foram in ifera .

The m egaspore zon e co n ta in s  tw o ty p es  o f m egasp ores b ased  

on form and is  interpreted to  h ave b een  d ep o s ited  in a m arginal marine 

m udflat under n ea r -su b a er ia l co n d itio n s approxim ating th o se  o f modern 

D y s t ic h lis -S a lic o r n ia  m u d fla ts.

The G audryina b e n to n e n s is  zon e i s  named for th is  d is t in c t iv e ,  

predom inantly C a r lile  (m iddle Turonian) s p e c ie s ,  w hich  occu rs in abun

d an ce  in  th is  upper a s se m b la g e  zon e but has not b een  found in e ith er  o f  

th e  su b ja cen t z o n e s .  Compared to  th e  underlying m egaspore z o n e , th e  

G,. b en to n en s is  zon e  sh ow s an in c r e a se  in numbers o f in d iv id u a ls  and 

s p e c ie s  o f fora mini fe r a , a l l  o f w hich  are aren aceou s . S lig h tly  more 

flo o d in g  during d e p o s it io n  is  p o stu la ted  for th e  G_. b en to n en s is  zone  

than for th e  underlying m egaspore z o n e , p o s s ib ly  as th e  resu lt o f a s lig h t  

d e c r e a se  in  th e  incom ing su p p ly  o f sed im en t or a s lig h t  in c r ea se  in rate 

o f su b s id e n c e  o f  th e  b a s in .

Faunal e v id e n c e  in d ic a te s  that the en tire  M ancos S h ale  o f  

Black M esa  w as d e p o s ite d  in a p a rtia lly  restr ic ted  em baym ent on th e  

w estern  shore o f  th e  w estern  in terior s e a w a y , b eg in n in g  in la te  C en o 

m anian t im e . M arine co n d itio n s  p e r s is te d  in to  th e  early  T uronian. The 

em baym ent gradually  f il le d  w ith  mud, becom ing a nearly  su b a er ia l m ud- 

fla t and la ter  a p a rtia lly  flood ed  m udflat by m id -C a rlile  (m iddle Turonian) 

t im e . Maximum w ater depth probably did not e x ce e d  20 fa th o m s, and  

may h ave b een  l e s s  than 10 fa th o m s.



INTRODUCTION

B lack M esa  is  a roughly c ircu lar  area o f C reta ceo u s rocks about 

60 m iles  in  d iam eter lo ca ted  in th e  cen tra l part of B lack M esa  B a sin , a 

w e ll-d e f in e d  structural b a s in  in  th e  C olorado P la teau s P rovince in  

north eastern  A rizon a. The C reta ceo u s r o ck s , w h ich  in c lu d e  th e  M ancos  

S h a le , are an is o la te d  remnant o f larger areas o f  rocks o f co rre la tiv e  a g e  

w h ich  occu r on th e  K aiparow itz P lateau  of southern  U tah and in th e San  

Juan B asin  o f northw estern  N ew  M e x ic o .

This stu d y  in v o lv e s  an in v e s t ig a tio n  o f th e  occu rrence and d is 

tr ibu tion  o f th e  m ic r o fo s s ils  in  the M ancos S h ale  in  th e  Black M esa  area  

and th e ir  u se  to  determ ine th e  a g e  and environm ents o f d e p o s it io n  o f  th e  

M a n c o s .

L ocation

The area o f C reta ceo u s outcrop is  lo ca ted  en tire ly  on portions  

o f th e  N avajo  and H op! Indian R e se rv a tio n s , m o stly  in  N avajo  C oun ty , 

but ex ten d in g  in to  C ocon in o  and A pache C ou n ties  a s  w e ll  (Figure 1 ).

The top  o f B lack M esa  ran ges in  a ltitu d e  from more than 8 ,0 0 0  

fe e t  ab ove s e a  le v e l  on th e  northern and northeastern  ed g es  to  about 

6 ,0 0 0  fe e t  a lon g  th e southern e d g e . Areas surrounding B lack M esa  

range from 5 ,0 0 0  to  6 ,0 0 0  fe e t  above s e a  l e v e l .  Topographic r e lie f  to  

th e  top  o f th e  m esa  from surrounding v a lle y s  ranges from about 2,000  

fe e t  a t Kayenta and Y ale Point on th e  north and e a s t  s id e s  to  l e s s  than  

200 fe e t a lon g  th e  southern  and w estern  s id e s .

1
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Figure 1 . Index Map Show ing Extent o f  C reta ceo u s  O utcrop in 
Black M esa  B asin



A c c e ss  to  th e  northw estern and southern portion o f B lack M esa  

i s  provided by S ta te  H igh w ays 164 and 2 6 4 , r e s p e c t iv e ly . The in ter ior , 

n orth eastern , and ea stern  s id e s  are a c c e s s ib le  by various dirt r o a d s , 

m ost unim proved.

3

Purpose and S cop e  o f th e  In v estig a tio n  

The M an cos S h ale  o f B lack M esa  o v e r lie s  the D akota (?) Sand

s to n e , is  overla in  by and in terton gu es w ith  th e M esa  Verde G roup, and 

appears to  p inch  out to  th e w e s t  and so u th . In northern A rizona, th e s e  

C reta ceo u s u n its rep resen t th e  w estern m ost known lim its  o f th e  tra n s

g r e s s io n  o f th e  L ate C reta ceo u s sea w a y  o f th e  w estern  in ter ior .

M arine m ic r o fo s s i ls ,  particu larly  foram in ifera, h ave b een  

known to  occu r in th e  M an cos o f  B lack M esa  for many y e a r s , but th ey  

h ave h ith erto  rem ained u n stu d ied .

The purpose o f  th is  in v e s t ig a tio n  is  m u ltifaceted : (1) to  d e fin e  

th e  v e r t ic a l and h orizon ta l d istr ib u tio n  o f  m ic r o fo s s ils  through th e  

M ancos S h a le , (2) to  e s ta b lis h  it s  d e ta iled  stratigraphy in re la tio n  to  

s im ila r  un its in  neighboring a r e a s , and (3) to  infer w h atever  p a le o e c o -  

lo g ic  factors are p o s s ib le  on th e  b a s is  o f  it s  con ta in ed  m ic r o fo s s i ls .

Foram inifera are th e  p r in cip a l su b je c ts  o f in v e s t ig a t io n , but 

other m ic r o fo ss il groups h ave b een  en cou n tered , su ch  a s  o s tr a c o d s ,  

m inute g a str o p o d s , and p lant m e g a sp o r e s . The m egasp ores are p resen t  

in  th e  m iddle portion o f  th e  M ancos w here other m ic r o fo ss ils  are few  or 

a b se n t , and in th is  paper h ave sim p ly  b een  d es ig n a ted  a s  " M egasp ores  

s p e c ie s  A" or " s p e c ie s  B ," b a sed  on form. T h e se , to g e th er  w ith  other  

palynom orphs w hich  d o u b tle ss  occu r w ith  them , w il l  probably be th e  

su b je c ts  o f further graduate stu d y  at th is  d ep artm en t.
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Only m ic r o fo ss ils  from the M ancos S h ale  h ave  b een  treated  in  

th is  in v e s t ig a t io n . The underlying D akota (?) S an d ston e and u n its o f th e  

o verly in g  M esa  Verde Group h ave b een  only  su p e r fic ia lly  exam in ed .

M ethods o f In v estig a tio n

F ield

F ive  outcrop s e c t io n s  of M ancos S h ale  w ere m easured and 

sam pled  in  d e ta il:  at H o w ell M e sa , Blue C an yon , L onghouse V a lley , 

K ayenta, and L oh ali P o in t. The lo c a tio n s  of th e  s e c t io n s  are show n in  

Figure 2 (in p o c k e t ) .

S e c tio n s  w ere m easured w ith  a Brunton com p ass u sed  a s  a hand 

l e v e l .  Sam ple in terv a ls  w ere th us determ ined by e y e  h e ig h t . Approxi

m ately  th e  low er 30 fe e t  o f ea ch  s e c t io n  w as sam pled  every  5 fe e t  to  

determ ine th e  lo w e s t  occu rren ce o f m ic r o fo s s i ls .  Above th is  l e v e l ,  

sa m p les  w ere tak en  at app roxim ately  every  11 fe e t .  A to ta l o f 262 

sa m p les  w ere c o lle c te d  for a ll  s e c t io n s .

B eca u se  it w as su sp e c te d  that a large  portion o f the upper part 

o f th e  M an cos m ight be barren or nearly  s o ,  large sa m p les  w ere tak en  

and broken dow n in order to  in c r e a se  th e  probab ility  o f finding sp a r se ly  

occurring m ic r o fo s s i ls .  As far as th e  foram inifera are co n cern ed , th is  

s u sp ic io n  turned out to  b e  ju s t i f ie d , e x c e p t for th e  low er on e-th ird  to  

o n e -h a lf  o f th e  s e c t io n , w here m ic r o fo s s i ls ,  m ostly  foram in ifera , are 

p r o lif ic .

Laboratory

In th e lab oratory , sa m p les  w ere broken dow n u sin g  th e  fo llo w 

ing p roced u re. About 250 ml o f sa m p le , broken in to  fragm ents o f 1 /2
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in ch  or l e s s ,  w ere p la ced  in a 1000 ml beaker and dried overn ight in  an  

oven  s e t  a t 4 0 0 °F . Upon rem oval from th e o v en , th e hot sam p le w as  

covered  w ith  Stoddard S o lven t (a petroleum  so lv en t resem b lin g  kerosen e)  

and a llo w ed  to  soak  for about one hour. The so lv e n t w as th en  d ecan ted  

o ff and rec la im ed , and th e  sam p le  w as g en tly  b o iled  in  about 800 ml o f  

w ater con ta in in g  a sm all amount o f detergen t for another tw o h o u rs .

T his treatm ent w a s  g en era lly  su ff ic ie n t  to  red u ce the sam p le to  

a lo o s e  mud, w h ich  w as w a sh ed  through a s e r ie s  o f 20- ,  8 0 - ,  and 15 0 -  

m esh T yler scr e en s  (850, 1 8 0 , and 106 m icro n s). The three sep a ra te  

fraction s w ere r in se d , d r ied , and in d iv id u a lly  stored in la b e le d  v ia ls  

for la ter  exa m in a tio n .

From ea ch  sa m p le , m ic r o fo ss ils  w ere p ic k e d , id en tified  to  

s p e c ie s ,  and mounted on a sse m b la g e  s l id e s  in numbers roughly approxi

m ating th e ir  r e la t iv e  ab u n d an ces in th e  sa m p le . Enough ad d ition a l ma

te r ia l from ea ch  sam p le  w a s exam ined to  p reclu d e m iss in g  p o s s ib le  

sp a r se ly  occurring s p e c i e s .

A ll o f th e  inform ation con cern in g  th e  occu rren ce o f foram inifera  

and other m ic r o fo s s ils  in  ea ch  m easured s e c t io n  is  p resen ted  gra p h ica lly  

on th e  faunal d istr ib u tion  charts (F ig s . 3 , 4 , 5 , 6 , and 7 , in  p o c k e t) .

The r e la t iv e  abu ndan ces show n are sem iq u a n tita t iv e , th e  s i z e  o f th e  

d o ts  referring to  numbers o f sp ec im en s  o f a s p e c ie s  on th e  a sse m b la g e  

s l id e s :  "rare" for l e s s  than 5 , "common" for 5 to  19 , and "abundant" for 

over 19 sp e c im e n s . T h ese  d e s ig n a tio n s  are , h o w ev er , b e lie v e d  to  r e f le c t  

c lo s e ly  th e  re la tiv e  ab u n d an ces in  th e  s a m p le s .

Supplem ental p lo ts  on th e  faunal d istr ib u tio n  charts in c lu d e  

p la n k to n ic -to -b en th o n ic  ra tios and to ta l numbers o f b en th on ic  s p e c ie s
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at ea ch  sam ple s i t e .  P la n k to n ic -to -b en th o n ic  ratios w ere estim a ted  from 

ea ch  sam p le  by counting th e  fir st 100 forams en co u n tered , 50 from th e  

8 0 -m esh  fraction  and 50 from th e 1 5 0 -m esh .

T otal number o f b en th on ic  s p e c ie s  are p lo tted  a s  an in d ica tio n  

o f b en th on ic  s p e c ie s  d iv e r s ity . A b so lu te  numbers o f b en th on ic  s p e c ie s  

w ere c h o se n  to  p lot in ste a d  o f one o f th e  s ta t is t ic a l  in d ic e s  o f d iv e r s ity , 

su ch  a s  S im p son 's m odified in d ex  (L. B. G ib so n , 1966) or th e  inform a

tio n  fu n ction  (Buzas and T. G . G ib so n , 1969), b e c a u se  ben th on ic  s p e c ie s  

are fe w . A p lo t o f a b so lu te  numbers o f  s p e c ie s  p rovid es a curve p a ra lle l 

to  one o f th e  s t a t is t ic a l  p lo t s ,  w ith  the ad van tage th at one can  refer to  

th e  s p e c ie s  chart ab ove  to  determ ine w hat particular s p e c ie s  are in 

v o lv ed  .

Photographs o f th e  m ic r o fo ss ils  w ere tak en  w ith  a H o n ey w ell 

P en tax  H -2  35 mm s in g le  le n s  re flex  cam era mounted on a S p en cer AO 

C y c lo p tic  b in ocu lar  m icro sco p e  w ith  a Pentax m icroscop e  ad ap ter. W ith  

th e  m icro sco p e  e y e p ie c e  and cam era le n s  rem oved , photographs w ere  

tak en  through th e  3X o b je c tiv e  le n s  o n ly . Kodak Panatom ic-X  film  w a s  

u s e d , w ith  ex p osu re  tim es o f 1/8  to  1 /3 0  s e c o n d .

Previous Work in Black M esa  B asin  
and N eighboring Areas

The first p u b lish ed  a cco u n t o f C reta ceo u s rocks in  B lack M esa  

B asin  w as w ritten  more than one hundred years a g o  (N ew berry, 186 1 ).

P resent nom enclature u sed  in  th e  Black M esa  area w as e s ta b 

l is h e d  in  1911 by C am pbell and G regory, w ho com pared th e  Black M esa  

u n its w ith  th o se  near G a llu p , N ew  M e x ic o , and d escr ib ed  them  a s in 

c lu d in g  th e  D akota S an d ston e and M esa  Verde Formation sep arated  by a



th in  M ancos S h a le . This u sa g e  w a s am p lified  by Gregory in 1 9 1 7 , w ho  

added much d e ta i l .  T h ese  sam e un its h av e  b een  reco g n ized  w ith  v a r ia 

tio n s  by m ost su b seq u en t workers in  th e  v ic in it y , in c lu d in g  R eesid e  and 

Baker (1929), W illiam s (1951), Repenning and Page (1956), Page and 

Repenning (1958), and Beaumont and D ixon  (1965). The on ly  n otab le  

d ev ia tio n  from th is  term inology  w as by Reagan (1925 , 1 9 2 6 ).

C orre la tive  un its h ave recen tly  b een  stu d ied  in neighboring  

a r e a s . Lamb (1968) h as p u b lish ed  on th e  stratigraphy o f th e  Lower 

M an cos S h a le  in  th e  San Juan B asin  o f N ew  M e x ic o . J. E. Peters on 

(U .S . G e o lo g ic a l S u rv ey , 'D en ver  Federal C en ter , D en v er, Colorado) 

h as stu d ied  th e  Tropic S h a le  on th e  K aiparowitz P lateau  o f southern  

U tah . L essard  (1970) has reported on th e  Tununk M em ber o f th e  M ancos  

S h ale o f ea stern  U tah , and Sarm iento (1957) has reported on th e  m icro

f o s s i l s  o f th e  M ancos G roup, in c lu d in g  th e  Tununk S h a le , in  th e  Book 

C liffs  o f ea stern  U tah . F in a lly , E icher (1965, 1966 , 1 9 6 7 , 1969a , 

1969b; E icher and W o r s te ll , 1 9 7 0 a , 1970b) h as p u b lish ed  p r o lif ica lly  

on th e  stratigraphy and m icrop a leon to logy  of co rre la tiv e  un its in  U tah, 

C olorad o , K a n sa s , W yom ing, and M on tan a .



GENERAL GEOLOGY OF THE CRETACEOUS UNITS

The fo llow in g  s e c t io n  is  a b r ie f summary of th e  gen era l s tra 

tig ra p h ic , l i th o lo g ic , and reg ion al a s p e c ts  of th e C reta ceo u s rocks o f  

Black M e sa . M ore d e ta iled  d is c u s s io n s  o f th e s e  fea tu res can  be found 

in  W illia m s (1951), Repenning and Page (1956), Page and Repenning 

(1958), and Beaumont and D ixon  (1965).

Low er Boundary o f  th e  C retaceou s Rocks

W ith in  th e  Black M esa  a r ea , th e  lo w er  boundary o f th e  C reta

c eo u s  rocks is  d iscon form ab le  on th e  J u r a ss ic . Although no angular re

la tio n sh ip  can  be s e e n  b etw een  th e  D akota (?) S an d ston e and underlying  

u n its  in any s in g le  ou tcrop , stra tigrap h ic  re la tio n sh ip s  in  surrounding  

a reas sh ow  th at th e  D akota (?) o v e r lie s  p r o g r ess iv e ly  o lder rocks from 

north to  so u th w est and s o u th .

In so u th w estern  C olorado th e  D akota S an d ston e o v e r lie s  th e  

Lower C reta ceo u s Burro C anyon S a n d sto n e . At Y ale Point in  northeastern  

Black M e sa , th e  D akota (?) S an d ston e o v e r lie s  th e  upper part o f th e  

Upper J u ra ssic  M orrison Form ation. In southern Black M esa  a t P o lacca  

W a sh , th e  D akota (?) r e s ts  on th e  m iddle part o f the J u rassic  Entrada 

Form ation . N ear Show Low , about 70 m iles  sou th  of th e  Black M esa  

a rea , th e D akota (?) l i e s  on th e C h in le  Form ation o f Upper T r ia ss ic  a g e ,  

and further sou th  at M cN ary , A rizona, it l i e s  on rocks o f P a le o z o ic  age  

(H arshbarger, R ep en n in g , and Irwin, 1957 , p . 1 5 7 ). W ith in  th e  B lack  

M esa  a r e a , h o w ev er , the unconform ity b elow  th e  D akota (?) S an d ston e  

i s  d ev e lo p ed  w h o lly  on rocks o f J u ra ssic  a g e .

8



T h ese  re la tio n sh ip s  s u g g e s t  a shorter tim e v a lu e  for th e  p re-  

D akota unconform ity in  th e  north east than in th e  sou th  and so u th w e s t .

On th e  other hand, e v id e n c e  from lith o lo g ic  and th ic k n e ss  in v e s t ig a tio n s  

made on rocks b e lo n g in g  to  th is  m iss in g  tim e in terva l in  neighboring  

areas in d ica te  that th e s e  rocks w ere on ce  d e p o s ite d  and h av e  s in c e  b een  

rem oved by e r o s io n . T hus, a lth ough th e  unconform ity rep resen ts greater  

ero sio n  toward th e  so u th , it  d o e s  not n e c e s s a r ily  rep resen t greater tim e  

o f ero s io n  (Page and R epenning, 1 9 5 8 , p . 1 1 5 ).

The su rfa ce  o f th e  unconform ity is  rolling and c h a n n e le d , w ith  

ch a n n els  havin g  a maximum r e lie f  o f  about 5 fe e t  w ith in  th e  Black M esa  

a rea , a lth ough  ch a n n els  w ith  a r e l ie f  as great a s  40 fe e t  and a s  much a s  

100 yards w id e h ave b een  ob served  in other areas (Repenning and P ag e , 

1 9 5 6 , p . 2 5 9 ). The ch a n n els  are f il le d  w ith  con g lom eratic  san d s and 

fin er  m ater ia l, and lo c a l ly  w ith  carb on aceou s sh a le  and c o a l .

The D akota (?) San d ston e

In its  typ e  lo c a lity  in north eastern  N eb ra sk a , th e  D akota Sand

s to n e  is  o f Early C reta ceo u s  a g e  (Cobban and R e e s id e , 1 9 5 2 ). H ow ever, 

th e  name has b een  u sed  w id e ly  over th e  C olorado P la teau s for many 

years and w a s introduced in to  B lack M esa  by G regory (1917 , p . 71) on 

th e  b a s is  o f th e l ith o lo g ic  and p o s it io n a l s im ila r ity  o f th e  unit to  th e  

"Dakota" a s  it w as th en  reco g n ized  in  th e San Juan B asin  o f N ew  M ex i

c o .  F o llow in g  a lon g-tim e p r a c t ic e , th e  unit is  th erefore d e s ig n a te d  a s  

" D ak ota (?)" to  in d ic a te  that it is  not con tin u ou s w ith , nor th e  sam e a g e  

a s  th e D akota in  its  typ e lo c a l i t y .

In B lack M e s a , a s  in  many other lo c a l i t i e s ,  th e  D akota (?) may 

be d iv id ed  in to  th ree  inform al m em bers: a b a sa l sa n d s to n e , a m iddle

9
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carb on aceou s s h a le ,  and an upper sa n d sto n e  m em ber. T h ese  u n its in ter

grad e, and one or more com m only are m iss in g  in  lo c a l s e c t io n s .

The low er sa n d sto n e  member is  very p a le  orange (10YR 8 /2 )  

(Goddard, 1948), f i n e - t o  m edium -grained q u artzose sa n d s to n e . G rains 

are suban gular to  dom inantly subround. Bedding is  irregular w ith  many 

s e t s  o f  lo w -a n g le , s m a ll-  to  m ed iu m -sca le  c ro ss  b e d s . L o c a lly , th ere  

is  a b a sa l co n g lom erate , and p eb b le  le n s e s  and strea k s are common . The 

b a sa l co n ta c t i s  th e  p re-D ak ota  (?) unconform ity, and upward th e  unit 

grades in to  th e  carb on aceou s sh a le  u n it .

The m iddle member c o n s is t s  of interbedded sa n d s to n e , s i l t -  

s to n e , carb on aceou s s h a le ,  c la y s to n e , and c o a l .  Bedding is  f la t and  

th in , and com m only d isco n tin u o u s in th e  c la s t ic  b e d s . S il ic if ie d  lo g s  

are lo c a lly  abundant; p reserved  p lant m e g a fo s s i ls  are p resen t at many 

l o c a l i t i e s .

The upper sa n d s to n e , w here p resen t, r e s ts  w ith  a sharp , un

d u la tin g , d iscon form ab le  co n ta c t upon th e  m iddle unit and resem b les  

th e  low er in co m p o sitio n  and lith o lo g y . This upper sa n d sto n e  d iffers  

from th e low er in th at it is  g en era lly  finer grained and co n ta in s  th in  

beds o f s i l t  and s h a le .  The upper unit grades upward in to  the b a sa l por

tio n  o f th e  M ancos S h a le . The upper unit is  p resen t in the northern h a lf  

o f B lack M esa  but i s  m o stly  a b se n t in  the southern part (Page and 

R epenning, 1 9 5 8 , p . 1 1 6 ).

Taken a s  a w h o le , th e  D akota (?) a v era g es  about 80 fe e t  th ick  

in  th e  Black M esa  a rea , ranging from about 50 to  120 f e e t .  T h ick n ess  

varia tion s appear to  be unrelated  to  d ir e c t io n .
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B ased on m arine in verteb rates found w ith in  a portion o f the  

m iddle member o f th e  D akota (?) at one lo c a l i ty , m arine in verteb rates a t  

th e  b a se  o f th e  overly in g  M ancos at many l o c a l i t i e s , and th e  s tr a ti

graphic r ise  o f th e  b a se  o f the D akota (?) to  the sou th  and w e s t .  Page  

and Repenning (1958 , p . 116) interpreted th e  a g e  o f th e  unit to  be Late 

C r e ta c e o u s . A ga sie  (1969), w orking w ith  sp ores and p o llen  from the  

m iddle carb on aceou s unit at C oal C an yon , has recen tly  confirm ed th e  

Late C reta ceo u s a g e  and h as a s s ig n e d  th e  m iddle carb on aceou s unit to  

th e  C enom anian . C oal C anyon is  about 10 m iles north w est o f th e  H ow ell 

M esa  s e c t io n  o f th is  s tu d y .

D uring th e  co u rse  o f th is  stu d y  th e  la te  C enom anian ostracod  

C y th ereis  e a g le fo r d e n s is  A lexander w as found in th e  b a sa l portion o f  

th e  M ancos S h a le  d ir e c tly  overly in g  th e  D akota (?) in  a l l  s e c t io n s  

sa m p led . This further corroborates th e  C enom anian age o f th e  D akota (?) 

in  B lack M e s a .

The D akota (?) o f th is  area is  co n sid ered  to  be th e  eq u iv a len t  

of th e  D akota o f th e  K aiparow itz P lateau  o f Utah an d , in  part, th e  e q u i

v a len t o f th e D akota o f  th e  San Juan B asin  o f N ew  M e x ic o . C,. e a g le 

fo rd en sis  h as a l s o  b een  found in  th e  lo w er  part of th e  Tropic S h ale  

overly in g  th e  D akota in  southern  Utah (H a ze l, 1969; J. E. P e terso n , 

p erson a l com m u n ica tion ).

The M an cos S h ale

R eg io n a lly , th e  M ancos S h a le  o f Black M esa  o c c u p ie s  an in ter

m ediate p o s it io n  b etw een  its  ty p e  area in  th e  Durango reg ion  o f C o lo 

rado and its  u ltim ate  p in ch out near Show Low , A rizona, to  the so u th . In 

th e  Show Low a r e a , th e  overly in g  u n its  o f th e  M esa  Verde Group
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c o a le s c e  w ith  th e  underlying D akota ( ? ) .  In Black M e sa , th e  M an cos  

rep resen ts on ly  a portion o f th e typ e s e c t io n  and is  e s s e n t ia l ly  on ly  a 

so u th w estw a rd -ex ten d in g  ton gu e o f  th e  m ain body o f th e  M ancos further 

to  th e  e a s t .  The name is  retained  here b e c a u se  o f lo n g -a c c e p te d  u sa g e  

in  th e  a rea , and b e c a u se  th e  M ancos of Black M esa  w as m oreover prob

ab ly  o r ig in a lly  con tin u ou s w ith  a portion o f th e  typ e M a n c o s .

The M ancos is  predom inantly dark gray (N 4) to  sh a d es  o f o l iv e  

gray (5Y 3 /2 ) in th e  low er part, grading to  dusky y e llo w  (5Y 6 /4 ) in its  

upper part. The low er part w eath ers to  a b lu ish  g ray . The unit is  th in ly  

b ed d ed , f i s s i l e  sh a le  w ith  th in  (1 /4  to  4 inch) beds o f b en to n itic  sh a le  

interbedded haphazard ly  through i t .  D ue to  s l id in g , slu m p in g , and 

c o v er , h ow ever, none o f th e in d iv id u a l b en to n ite s  seem  to  be co n tin 

u o u sly  tra cea b le  for more than a few  hundred f e e t .  T hin , d is c r e te , f in e 

grained s a n d s to n e s , som e w ith  ripple m arks, occu r throughout and are 

particu larly  prom inent in th e  m iddle part o f th e  form ation . T h ese  sa n d 

s to n e  beds in c r e a se  in  number in  th e  upper part o f  th e  s e c t io n .  Gypsum  

is  common and occu rs in  sm a ll v e in s  and a s  s e le n ite  c r y s ta ls  sp orad i

c a lly  through th e  s e c t io n .

The b a se  o f th e  M an cos is  gradation al w ith  the underlying  

D akota (?) but is  e a s i ly  d e lin e a te d . In th is  s tu d y , th e co n ta c t w as  

s e le c te d  im m ed iately  ab ove th e  top  o f th e  upperm ost D a k o ta -lo o k in g  

sa n d s to n e . The upper co n ta c t w ith  th e  Toreva S an d ston e o f th e M esa  

Verde Group is  som ew hat arbitrary due to  th e  in tertonguing o f th e  tw o  

u n its . In th is  s tu d y , it  w as p la ced  at th e  b a se  o f th e  fir st th ick  p la ty  

sa n d sto n e  o verly in g  th e  sh a le  at th e  b a se  o f  th e  nearly  v e r t ic a l c l i f f  

formed by th e  M esa  V erde. The th ic k n e ss  o f th e  M ancos ranges from



478 fe e t  at H ow ell M esa  to  711 fe e t  a t K ayenta . T h ic k n e sse s  m easured  

are dependent partly on th e  p re se n c e  or a b se n c e  of th e  upper sa n d sto n e  

o f  th e  D akota (?) and partly on in tertonguing w ith  th e  o verly in g  T o rev a .

Throughout th e  Black M esa  a rea , th e  M an cos S h a le  sh ow s  

e v id e n c e  o f la r g e - s c a le  s lid in g  and slu m p in g , and over many large  

areas o f its  outcrop it is  covered  w ith  debris from th e ov erly in g  M esa  

V erde. M o st o f its  outcrops are l e s s  than id e a l for th e  m easuring and  

sam p lin g  o f com p lete  stra tigrap h ic  s e c t io n s .

P revious w orkers in  th e  Black M esa  area h av e  e s ta b lish e d  th e  

tim e re la t io n sh ip s  o f  th e  M an cos here w ith  co rre la tiv e  rocks o f the  

w estern  in terior on th e b a s is  o f m e g a fo s s i ls .  R ees id e and Baker (1929, 

p . 35) on th e  b a s is  o f  its  con ta in ed  am m onites reco g n ized  it  a s  being  

eq u iv a len t to  a portion  o f th e  Benton S h a le , to  a sm a ll portion of th e  

typ e  M ancos S h a le  o f C olorad o , and its  a g e  a s  e s s e n t ia l ly  Turonian in 

term s o f European S ta g e s . In its  ty p e  lo c a lity  near D urango, C olorad o , 

th e  M ancos S h a le  is  a much th ick er  unit con ta in in g  strata  ranging in  

age  from C enom anian to  w e ll  in to  th e  C am panian in  term s o f  the European 

S ta g es  or from B elle  F ou rch eto  th e low er  third o f th e  Pierre S h ale  in  

term s o f the w estern  in terior referen ce  s e c t io n . Repenning and Page  

(1956, p . 266) and Page and Repenning (1958, F ig . 3 , p . 120) h ave  

equated  th e  Black M esa  M an cos in  part w ith  th e  G reenhorn and low er  

C a rlile  o f the w estern  in terior referen ce  s e c t io n  (Cobban and R e e s id e ,  

1 9 5 2 ). T hey co n sid ered  th e  la rg e ly  u n fo ss ilife r o u s  upper portion to  be  

probably eq u iv a len t to  th e upper C a r lile . The r e su lts  o f th is  stu d y  c o n 

firm th e  in terp retation s o f th e s e  ea r lier  workers .

13
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The M esa  Verde Group

The three form ations com prising the M esa  Verde Group o v e r lie  

th e  M ancos S h a le  and are th e  you n g est C reta ceo u s un its in th e  a r e a .

The entire M esa  Verde Group in B lack M esa is  o lder than any part o f  th e  

M esa  Verde at its  ty p e  lo c a lity  in  C olorado and is  th e tim e eq u iv a len t  

of th e  upper part o f th e  M ancos S h ale  in th e  San Juan B asin  o f New  

M e x ic o . The M esa  Verde w a s fir st treated  as a group in B lack M esa  by 

W illiam s (1951).

The Toreva Formation

The lo w e s t  form ation o f  th e  M esa  Verde Group is  th e Toreva 

Form ation. This unit c o n s is t s  o f a low er sa n d s to n e , a m iddle carbona

c eo u s  member of v a r iab le  lith o lo g y , and an upper s a n d s to n e . To the  

n o rth ea st, th e  m iddle carb on aceou s member p in ch es  out and is  m is s in g ,  

and th e  Toreva c o n s is t s  o f  th e  low er and upper sa n d sto n es  su p er im p osed . 

To th e  sou th  and so u th w est th e co n ta c t b etw een  th e  low er  sa n d sto n e  and 

th e  M ancos S h a le  drops stra tig ra p h ica lly  in th e  s e c t io n . B ased on m ega

f o s s i l s  and stra tigrap h ic  r e la t io n sh ip s , th e Toreva in  its  typ e  s e c t io n  in  

so u th w est Black M esa  is  b e lie v e d  to  be eq u iv a len t to  th e  upper C a r lile  

and to  th e  upper C a r lile  p lu s b a sa l Niobrara in th e  n orth eastern  part o f 

Black M esa  (Page and R epennin g, 1958 , p . 1 1 9 ). The to ta l th ic k n e ss  o f  

th e  Toreva is  about 300 f e e t .

The W epo Formation

The W epo Formation o v e r lie s  and in terton gu es w ith  th e  Toreva  

over m ost o f th e  Black M esa  a r ea . The W epo is  a s e r ie s  o f in terbedded  

co n tin en ta l s h a le s  and s a n d s to n e s , in clu d in g  som e m arine s a n d s . Its
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co n ta c t w ith  th e Toreva is  g r a d a tio n a l. The upper part of th e  W epo h as  

b een  rem oved by ero s io n  from th e southern h a lf o f Black M e s a , but it 

seem s to  th in  to  th e  n orth east by reason  o f tonguing in to  both th e  under

ly in g  Toreva and th e  overly in g  Y ale Point S a n d sto n e . Its th ic k n e ss  

v a r ie s  from 743 fe e t  at Cow Springs to  318 fe e t  near Rough R ock. C oal 

beds are common in  th e  W ep o , e s p e c ia l ly  in th e  s i l t s  to n es  in  c lo s e  

proxim ity to  major sa n d sto n e  un its (Page and R ep en n in g , 1958 , p . 1 2 1 ).

The Y ale Point San d ston e

■ The Y ale Point S an d ston e o v e r lie s  the W epo Formation on a sur

fa ce  o f minor unconform ity and appears to  in tertongue southward w ith  th e  

W ep o . The Y ale Point forms a con tin u ou s c l i f f  a lon g  th e  n orth east and 

northw est s id e s  o f Black M e s a . The area of Y ale Point outcrop is  s m a ll , 

and th e  unit th in s rap id ly  south w ard , both by rea so n  o f e ro s io n  and by 

in tertonguing w ith  th e underlying W ep o . The maximum th ic k n e ss  o f the  

unit is  a l i t t le  more than 300 fe e t  near M arsh P a ss  ju s t  w e s t  o f Kayenta 

and l e s s  than 50 fe e t  th ick  near P inon , 20 m iles  to  th e  s o u th e a s t . The 

Y ale Point is  a c o a r s e -  to  m edium -grained quartz sa n d sto n e  and is  co n 

sid ered  to  be o f m iddle Niobrara age  (Page and R epenning, 1 9 5 8 , p . 1 2 1 ). 

The upper su rfa ce  o f  th e  unit is  a su rfa ce  o f recen t e r o s io n , and no 

younger rocks occu r in  th e  B lack M esa  area e x ce p t th e  B idahochi For

m ation (P lio cen e? ) w h ich  o v e r lie s  th e  D akota (? ) ,  M a n c o s , T oreva, and 

W epo Form ations in th e  southern  part o f th e a rea .



STRATIGRAPHY

Three b a s ic  sy ste m s  o f tim e-stra tig ra p h ic  nom enclature for the  

C reta ceo u s  are in u se  in North America (Fig. 3 ) .  W h ile  th e  o b je c tiv e s  o f 

th is  in v e s t ig a tio n  d o  not in c lu d e  an e x h a u stiv e  d is c u s s io n  of s tr a ti

graphic nom en clature, som e m ention of th e s e  th ree  sch em es  sh ou ld  be  

m a d e. A lso  in c lu d ed  in th is  s e c t io n  is  a d is c u s s io n  o f som e recen t  

exam p les o f th e  u se  o f p la n k to n ic  foram inifera in  the d e fin itio n  o f  som e  

of th e s e  C reta ceo u s " s ta g e s ."

D is c u s s io n  o f T im e-stra tigrap h ic  U nits  
U sed  in the Am erican Upper C retaceou s

The W estern  Interior R eference S ec tio n

The w estern  in terior referen ce  s e c t io n  w as e s ta b lish e d  by 

C obban and R eesid e  (1952) a s  part o f a s e r ie s  o f corre la tion  charts o f  

North Am erican sed im en tary  form ations com piled  by th e  C om m ittee on 

Stratigraphy o f th e N ation a l R esearch  C o u n c il. The nam es u sed  are for

ma tio n a l (rock-stratigraphic) nam es from w id e ly  sep arated  areas o f th e  

w estern  in terior . T h ese  nam es h ave b een  u sed  in th e  tim e-stra tig ra p h ic  

s e n s e ,  a p ra c tice  not recom m ended by th e  C ode o f Stratigraphic Nom en

cla tu re  (American C om m ission  on Stratigraphic N om enclatu re, 1 9 6 1 ), 

alth ough adm itted ly  th e  C ode p o s td a te s  th e w estern  in terior referen ce  

s e c t io n  by som e nine y e a r s . T h e se  " sta g es"  are d e s ig n a te d  by zon a l 

"index" f o s s i l s ,  p r in c ip a lly  am m on ites, w ith  ranges of other im portant 

a s s o c ia te d  f o s s i l s  in c lu d ed , and h ave  lon g  b een  lo o s e ly  t ied  in to  th e  

European S t a g e s .

16
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The Standard G ulf C o a st S ec tio n

Another sy ste m  o f tim e-stra tig ra p h ic  nom enclature is  th e  s ta n 

dard G ulf C o a st s e c t io n  (Murray, 1 9 6 1 ). The nam es u sed  in th is  sy ste m  

are a ls o  form ational or group nam es w h ich  have b een  transform ed by 

u sa g e  over a period o f many years in to  tim e-stra tig ra p h ic  un its or 

s t a g e s .

The European S ta g es

The European S ta g es  o f th e  C retaceou s System  w ere o r ig in a lly  

d efin ed  by D 'O rbigny(1852) in  th e  1 840 's  and 1 8 5 0 's , in th e  typ e  area  

of th e C reta ceo u s p rev io u s ly  d e s ig n a te d  by d 'O m alius d 'H a llo y  in  1 8 2 2 , 

in  th e  Paris B asin  o f F ra n ce . D 'O rbigny w as th e  fir st to  introduce th e  

co n cep t o f s ta g e s  a s  tim e-stra tig ra p h ic  u n its , b a sed  upon f o s s i l  a s 

sem b la g es  and ind ep en d en t o f  l ith o lo g y . H ow ever, he unfortunately  

u sed  th e  term "stage"  and "zone" more or l e s s  in terch a n g ea b ly .

O ppel (1 8 5 6 -1 8 5 8 ), a few  years la te r , w as th e fir st to  u se  the  

word "zone" in a b io stra tigrap h ic  and ch ron o lo g ic  s e n s e .  Although Oppel 

did not s tr ic t ly  d e fin e  th e  term , h is  u sa g e  o f zon e  w as b ased  on a fauna  

w h ich  could  be reco g n ized  over a large  area or p rov in ce  w ithout regard  

to  lith o lo g y , and w h ich  he named a fter  a s p e c ie s  w hich  w as a ch aracter

i s t i c  member o f th at fauna but not n e c e s s a r ily  restr ic ted  to  i t .  H e a ls o  

c lea r ly  u sed  zon e  a s  a su b d iv is io n  o f a s ta g e , by grouping h is  33 Juras

s i c  zo n es  in to  8 s t a g e s . Although O ppel did not seem  to  s p e c ify  over

lap p in g  r a n g e s , he cer ta in ly  im plied  it by sta tin g  that th e  taxa  u sed  in  

d efin in g  and nam ing h is  zo n es  did not h ave to  be con fin ed  to  th em .

The p resen tly  u sed  "world standard" o f th e  C reta ceo u s S ystem  

(M uller and S ch en ck , 1943), w ith  a few  m o d ific a tio n s , i s  b a sed  on
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D 'O rbign y's (1852) s ta g e s  and in genera l reta in s h is  s ta g e  n a m e s . The 

zo n es  w hich  are th e  bu ild in g  b lo ck s  o f th e  s ta g e s  are b a s ic a lly  O ppelian  

z o n e s , th e  d irect d e sc e n d e n ts  o f w h ich  are th e  C oncurrent Range zo n es  

of th e  Am erican C ode o f Stratigraphic N om enclature (1961 , A rtic le  2 3 ) .  

The s p e c ie s  s e le c te d  to  be th e  nam e-bearers o f th e  zo n es  o f th is  "world  

standard" of th e  C reta ceo u s S ystem  are a l l  m e g a f o s s i l s , p r in c ip a lly  

a m m o n ite s .

The v a lid ity  of exten d in g  th e  European S ta g es  to  North America 

has b een  q u estio n ed  by som e w o rk ers , many o f whom prefer to  u se  th e  

s o - c a l le d  North Am erican Standard S ta g es  (P essa g n o , 1 9 6 9 ). Others u se  

th e  European S ta g es  free ly  and w ithout a p o lo g y , w h ile  reco g n iz in g  th at 

th e  s ta g e  boundaries may m ove up or dow n in th e  s e c t io n  a s  th e  re su lts  

of la ter  work b ecom e a v a ila b le . There i s  som ew h at o f a paradox in that 

th e  sam e gen era l se q u e n c e  o f z o n e s  can  be reco g n ized  in th e  Upper C re

ta c e o u s  o f Europe and North A m erica, reg a rd less  o f w hether m e g a fo s s ils  

or m ic r o fo s s ils  are u sed  to  d e fin e  th e  z o n e s ,  but p r e c is e  corre la tion s  

of s ta g e  boundaries are not y e t p o s s ib le  e x cep t in  a te n ta tiv e  w a y .

C orrelation  by Foram inifera

The foram in ifera, p articu larly  th e  p lan k ton ic  v a r ie t ie s ,  provide  

p o ten tia lly  p r e c is e  instrum ents for correla tion  at th e  lo c a l and in ter

reg ion a l l e v e l s , and ev en  for in terco n tin en ta l c o r r e la t io n s . H ow ever , 

th ere  are tw o b a s ic  problem s w h ich  a ffe c t  th e p r e c is io n  o f th e ir  u s e  in  

co rre la tion s at th e  s ta g e  le v e l  b e tw een  North Am erican C reta ceo u s u n its  

and th e  typ e  European. F irst, there i s  a certa in  amount o f im p rec isio n  

in  th e  d e fin it io n s  o f th e  European S ta g es  th e m se lv e s  in  th eir  ty p e  areas . 

S eco n d , th e  foram iniferal faunas con ta in ed  in th e  s ta g e s  in  th e ir  typ e
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areas h a v e  not y e t b een  co m p le te ly  s tu d ie d . The first o f  th e s e  problem s 

can  probably on ly  be so lv ed  by th e  International C om m ission  on S tratig 

raphy. The fin a l so lu tio n  to  th e  seco n d  problem is  depend en t on th e  

f ir s t .  A partia l so lu tio n  can  be a c co m p lish e d , h ow ever, by d e ta iled  

sam plin g o f ty p e  European s e c t io n s  by foram iniferal w orkers and th e  

esta b lish m en t by them  o f foram iniferal zo n ation s in tegrated  w ith  th e  

am m onite zo n es  u sed  to  d e fin e  th e s t a g e s . Work o f th is  nature is  cur

ren tly  being done (Butt, 1 9 6 6 ).

M uch in te n s iv e  work has b een  done on foram inifera in the C re

ta c e o u s  o f North America in th e  1 9 5 0 's  and 1 9 6 0 's , in c lu d in g  many in 

v e s t ig a t io n s  of th e  foram inifera from the Upper C retaceou s o f th e  w estern  

in terior o f th e U nited  S ta tes  (Young, 1951; Fox, 1954; L oeb lich  and 

Tappan, 1961 , 1964; E icher, 1 9 6 5 , 1 9 6 6 , 1967 , 1 9 6 9 a , 1969b; E icher  

and W o r ste ll , 1 9 7 0 a , 1970b ). P e ssa g n o  (1967 , 1969) has made d e ta iled  

s tu d ie s  o f th e  Upper C reta ceo u s p lan k ton ic  foram inifera and stratigraphy  

o f th e  w estern  G ulf C o a st a r ea . As a resu lt o f th e s e  s tu d ie s  many
y
s p e c ie s ,  p articu larly  among th e  p la n k to n ic s , h ave becom e reco g n ized  

a s  h avin g w orldw ide d istr ib u tio n  and a s  being v a lu a b le  for in terreg ion a l 

and ev en  in terco n tin en ta l co rre la tio n . The e x te n s io n  o f th e  European 

S ta g es  to  North A m erica , w hich  h as b een  done by many workers on th e  

b a s is  o f am m on ites, has thus b een  stren gth en ed  by th e s e  supporting  

d a ta .

Three sch em es for th e  zon ation  o f a l l  or parts o f th e  C reta ceo u s  

u sin g  th e p lan k ton ic  foram inifera h ave recen tly  b een  p u b lish ed  (Bandy, 

1967; P e s sa g n o , 1967 , 1969; E icher, 1969b ). All are b a sed  on con cu r

rent range z o n e s  a s  d efin ed  by th e  Am erican C ode o f Stratigraphic



N om enclature (1961 , A rticle  23) and are e s ta b lish e d  by overlapping  

ranges o f p lan k ton ic  foram in ifera.

P e s sa g n o , w h o se  sch em e covers th e Upper C r e ta c e o u s , refers  

h is  zon ation  prim arily to  th e  standard G ulf C o a st s e c t io n  and lo o s e ly  to  

th e  European S ta g e s . P e ssa g n o 's  monograph (1967) in c lu d es  d e ta iled  

s tu d ie s  o f extern al and in tern al m orphology and p h y lo g en e tic  r e la t io n 

sh ip s  o f Upper C reta ceo u s p lan k ton ic  foram in ifera , w h ich  h ave resu lted  

in som e major taxon om ic and p h y lo g en etic  ch an g es in  th e  c la s s if ic a t io n  

of t h e s e  a n im a ls . H e has erected  tw o new  fa m ilie s  o f foram inifera and 

has reorgan ized  other groups at th e  su b fa m ily , g e n e r ic , and s p e c if ic  

l e v e l .  Some o f th e s e  taxon om ic and p h y lo g en etic  regroupings are in  

c o n flic t  w ith , or at le a s t  at var ian ce  w ith , th o se  o f other w o rk ers .

Bandy's (1967) zo n a tio n  is  a more g en era lized  sy ste m  and 

co v ers  th e  en tire  C reta ceo u s Period . On the b a s is  o f  th e  p h y lo g en etic  

d evelop m en t of major groups o f p lan k ton ic  foram inifera and in an attem pt 

to  b a la n ce  th e  tem poral d isp a r ity  in d ica ted  for th e  d iv is io n s  o f  th e  C re

ta c e o u s  by th e  rad iom etr ica lly  b ased  tim e s c a le  o f Kulp (1961), Bandy 

su g g e s ts  a th reefo ld  d iv is io n  o f th e  C r e ta c e o u s . This sch em e may have  

m erit, but the m ost common p ra c tice  is  a tw ofo ld  d iv is io n  o f th e  C reta

c e o u s  S ystem  in to  tw o S e r ie s ,  Upper and L ow er. M any European and 

B ritish  g e o lo g is t s ,  in c id e n ta lly , do reco g n ize  a th reefo ld  d iv is io n  of th e  

C r e ta c e o u s , but th e  boundaries are d ifferen t than th o se  proposed  by 

Bandy.

E tcher's zo n ation  (1969b , F ig . 3 , p . 166) d e a ls  on ly  w ith  the  

C enom anian and Turonian d istr ib u tio n s  a s  p resen tly  reco g n ized  in th e  

w estern  in terior o f th e U nited S ta tes  and is  b ased  on occu rren ces  o f

21
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foram inifera in rocks d e p o s ite d  in th e  c e n tr a l, d eep er  parts o f th e  w e s t 

ern in terior s e a w a y , w here stratigrap h ic  ranges are th e  m ost co m p le te .

The s p e c ie s  are arranged in order o f a p p ea ra n ce . T w e n ty -se v e n  p lan k

to n ic  s p e c ie s  (d ecreased  to  25 s p e c ie s  in a r ev ise d  nom en clature! n o te , 

dated  February 1970 , con ta in ed  w ith in  th e  c ite d  a rtic le) are u sed  to  e s 

ta b lish  th e  zo n a tio n , w h ich  is  w e ll t ied  in to  "index" am m onite occu r

ren ces  . Two concurrent range z o n e s , th e "Rotalipora zone" and th e  

"Praeglobotruncana zone" , are reco g n ized , w hich  rep resen t th e  la te  

C enom anian and th e  early  and m iddle Turanian, r e s p e c t iv e ly .

A ll three o f th e s e  proposed  zo n ation s agree  ex cep t in d e ta i l .  

E icher's "R otalipora zone" and "Praeglobotruncana zo n e" , w ith  few  e x 

c e p t io n s , co n ta in  th e  sam e p lan k ton ic  foram iniferal a s se m b la g e s  as  

P e ssa g n o 's  "Rotalipora cu sh m an i—R. g reen h o rn en sis" and "M arqlno- 

truncana s ig a l i" su b z o n e s , r e s p e c t iv e ly , or w hat P e ssa g n o  h as named 

th e  "Lozerian" and "Bocian" su b s ta g e s  o f  th e E ag leford ian . A ll three  

sch em es  p la c e  th e  boundary b etw een  th e  C enom anian and Turonian in th e  

sam e p la c e .  D iffer en ce s  b etw een  the three sy ste m s  are la rg e ly  ta x o n o m ic .

E icher's sch em e  w a s fo llo w ed  in  th is  stu d y  a s  th e  s p e c ie s  u sed  

in  h is  zon ation  are c le a r ly  r ec o g n iz a b le  in  th e M ancos S h a le  o f B lack  

M e sa , although about tw e lv e  o f h is  s p e c ie s  are m is s in g . U n fortu n ately , 

som e o f th e  m iss in g  s p e c ie s  in c lu d e  many w h ich  provide c lo s e  tim e  

r e so lu t io n , and th e ir  a b se n c e  a f fe c ts  th e  p r e c is io n  o f determ ining th e  

C enom anian—Turonian boundary in B lack M esa  to  som e e x te n t . The 

m issin g  s p e c ie s  in  th e  Black M esa  M ancos are th e  r e su lt  o f th e  w e s t 

ward attrition  o f p lan k ton ic  s p e c ie s  aw ay from th e a x ia l portion o f th e  

s e a w a y . P o ss ib le  c a u s e s  o f th is  phenom enon w il l  be d is c u s s e d  in a



la te r  s e c t io n . Figure 9 (adapted from E icher, 1969b , F ig . 3 , p .  166) 

sh o w s th e  ranges o f  p lan k ton ic  s p e c ie s  in  the M ancos S h a le  o f B lack  

M e s a .
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The W estern  Interior Region  
and Black M esa  Basin

In th e  w estern  in terior of th e  U nited S t a t e s , th e C enom anian  

and Turonian w ere a tim e of a great tr a n sg r ess io n  and r eg r e ss io n  o f  the  

large  in terior se a w a y  w h ich  exten d ed  from th e G ulf o f M ex ico  in th e  

south  to  th e  A rctic O cean  in  th e  north. The a x ia l portion o f th e  sea w a y  

p a sse d  through ea stern  C olorado or w estern  K ansas (E icher, 1969b , F ig . 

4 , p . 1 7 1 ), w here th e  sed im en ts  d e p o s ite d  during th is  tr a n s g r e s s iv e -  

r e g r e ss iv e  c y c le  in c lu d e , in  a scen d in g  order, th e  upperm ost b ed s o f  

th e  D akota and overly in g  G raneros S h a le  (B elle Fourche eq u iva len t) and 

th e  Greenhorn and C a r lile  F orm ation s. Maximum flood in g  took  p la c e  in  

la te  C enom anian and early  Turonian during th e d e p o s it io n  o f th e upper  

Greenhorn (Bridge Creek) and low er  C a r lile  (Fairport) S h ale  (Eicher and 

W o r ste ll, 1970b , p . 2 7 1 ). R e g re ss iv e  d e p o s its  overly in g  th e  Fairport 

in  th is  a x ia l area in c lu d e  th e upper C a r lile  (Blue H ill and C o d e ll M em

bers) .

The M ancos S h a le  o f B lack M esa  B asin  in  Arizona rep resen ts  

th e  farth est known w estw ard  occu rren ce o f th is  G reenhorn—C a rlile  

(C enom anian—Turonian) tr a n sg r ess io n  in A rizona. W h ile  th e  c y c l ic  

nature o f th is  C enom anian—Turonian) seq u e n c e  in ea stern  C olorado and 

w estern  K ansas is  r e flec ted  in lith o lo g ic  a s  w e ll  a s  in  faunal ch a n g es  

(E icher, 1969b ), p . 1 6 3 ), in Black M esa  th e  fau nal ch a n g es  on ly  are  

r e c o g n iz a b le , a s  th e  l ith o lo g ic  ch a n g es are q u ite  s u b t le .
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Figure 9 . R anges o f  C enom anian and Turonian P lan k ton ic  
Foram inifera in th e  W estern  Interior o f  th e  U nited S ta tes  and th e  M ancos  
S h ale  o f  Black M e s a . —Adapted from E icher, 1969b , f ig .  3 , p .  1 6 6 .



BIOSTRATIGRAPHY OF THE MANGOS SHALE

The v e r t ica l d istr ib u tio n s o f m ic r o fo ss ils  in ea ch  o f th e  f iv e  

s e c t io n s  are show n on F igures 3 , 4 ,  5 , 6 , and 7 (in p o c k e t ) . T h ese  d i s 

tribu tions sh ow  certa in  a s p e c ts  common to  a l l  f iv e  s e c t io n s .

G eneral R ela tion sh ip s

On th e  b a s is  o f th e  con ta in ed  m ic r o fo s s i ls , three g ro ss  b io -  

stra tigrap h ic  su b d iv is io n s  or inform al a sse m b la g e  zo n es  can  be reco g 

n iz e d , ea ch  com prising  approxim ately  on e-th ird  o f th e  lo c a l M ancos  

s e c t io n . T h ese  a re , in  a scen d in g  order, a low er zon e con ta in in g  a 

marine foram iniferal fa u n a , a m iddle zon e  ch aracter ized  by m eg a sp o res , 

and an upper unit w ith  a som ew hat s p a r se , e x c lu s iv e ly  a ren aceou s fora

m in iferal a s se m b la g e . T h ese  th ree  u n its are herein  referred to  a s  th e  

"H ed b erq ella  d e lr io e n s is  z o n e ,"  th e  "m egaspore z o n e ,"  and th e  

"Gaudryina b e n to n e n s is  z o n e ,"  r e s p e c t iv e ly .  T h ese  nam es are probably  

not id e a l ,  but for th e  p u rp oses o f d is c u s s io n  are u se fu l to  d e s ig n a te  

th e  three broad su b d iv is io n s  o f  the M a n c o s . F igures 10 and 11 (in 

pocket) are iso m etr ic  fe n c e  diagram s sh ow in g  th e  s p a t ia l d istr ib u tion  

of th e s e  zo n es  around th e  area o f outcrop .

The H ed b erq ella  d e lr io e n s is  Zone

The H ed b erq ella  d e lr io e n s is  a sse m b la g e  zon e is  nam ed for th e  

p lan k ton ic  foram inifer H ed b erq ella  d e lr io e n s is , w h ich  occu rs throughout 

th is  low er  b io stra tig ra p h ic  u n it.
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The b a sa l portion o f  th e  H ed b ergella  d e lr io e n s is  zo n e  ev er y 

w here co n ta in s  th e  ostracod  C vth ereis  e a g le fo rd en s is  A lexan d er. C . 

ea g le fo rd en s is  is  co n sid ered  to be th e  g u id e  f o s s i l  for th e  la te s t  C en o 

manian in th e  w estern  interior and the G ulf C oast reg io n s o f  th e  U nited  

S ta tes  (H a ze l, 1 9 6 9 ). A sso c ia te d  w ith  C . e a g le fo rd en s is  in  th is  b a sa l  

portion o f  th e  H ed b ergella  d e lr io e n s is  zo n e  are th e  o stracod  C vtherop- 

teron c f .  C . c a s to r e n se  Butler and J o n e s , various p lan k ton ic  and b e n -  

th o n ic  foram in ifera , and sca ttered  g la u co n ite  g r a in s . Foram inifera  

in c r e a se  rap id ly  upward both in s p e c ie s  and numbers o f  in d iv id u a ls , 

although now here can  the fauna be c a lle d  rich  in s p e c i e s .

In Black M esa  tra n sitio n  from th e la te  C enom anian Rotalipora  

concurrent range zon e  to  th e  Turonian Pra eglobotruncana concurrent range  

zo n e  l i e s  w ith in  th e  H ed b ergella  d e lr io e n s is  zon e  about 60 to  70 fe e t  

ab ove  th e  D akota (? ) .  A lthough s p e c ie s  o f  Rotalipora and Praeglobotrun- 

cana are sca r c e  or ev en  a b sen t th e m se lv e s  in som e s e c t io n s ,  th e  tr a n s i

tio n  can s t i l l  be p ick ed  by the p r e se n c e  o f  other p lan k ton ic  foram inifera  

w h ich  are a s s o c ia te d  w ith  on e or th e  other o f th e s e  s p e c i e s . Fewer 

d ia g n o st ic  s p e c ie s  are p resen t in th e  w estern  s e c t io n s  (H ow ell M esa  

and Blue Canyon) than in th e  ea stern  o n es  (Kayenta and L ohali Point) 

w h ich  a ffe c ts  th e  p r e c is io n  to  som e e x te n t .

In th e  low er h a lf  o f  th e  H ed b ergella  d e lr io e n s is  z o n e , p la n k -  

to n ic - to -b e n th o n ic  ra tio s  are lo w , in th e  order o f  3 to 1 or l e s s ;  and  

ben th on ic  form s, both ca lca reo u s  and a r e n a c e o u s , are rep resen ted  in  

su ff ic ie n t  numbers o f  s p e c ie s  and in d iv id u a ls  to in d ica te  th at bottom  

co n d itio n s  w ere at le a s t  reaso n a b ly  favorab le to the e x is t e n c e  o f  th e s e  

a n im a ls . H ow ever , in th e  upper h a lf , p la n k to n ic -to -b en th o n ic  ra tio s
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in c r e a se  sh a rp ly , o ften  e x ceed in g  100 to  1, and ben th on ic  forms d e 

c r e a se  in  s p e c ie s  and numbers o f in d iv id u a ls . S p e c ie s  o f H ed b ergella  

and H e te r o h e lix , w h ich  dom inate th e  p lan k ton ic  fauna throughout th e  

H ed b ergella  d e lr io e n s is  z o n e , becom e particu larly  dom inant in th e  upper 

h a lf o f th is  zon e and in many sa m p les  com p rise  very nearly  100 percent  

of th e  a s se m b la g e . T his upward in c r e a se  to  anom alous p la n k to n ic -to -  

b en th on ic  r a t io s , w ith  concurrent d e c r e a se  in th e  numbers o f in d iv id u a ls  

and s p e c ie s  o f  b en th on ic  form s, is  d o u b tle ss  rela ted  to  su ch  w orsen in g  

environm ental co n d itio n s  as sh a llo w in g , in crea sin g  runoff, d ecrea s in g  

aeration  o f th e  bottom  w a te r s , or a com bination  o f th e  th ree , w h ich  may 

h ave im m ed iately  p reced ed  th e  r e g r e ss io n  w h ich  took p la c e  before d ep o 

s it io n  o f th e n ex t overly in g  z o n e . M any p lan k ton ic  sp ec im en s from th e  

upper part of th e  m arine zon e  are corroded and etch ed  as i f  th ey  had 

b een  su b a er ia lly  w eathered  before  b u ria l.

M e g a fo s s i ls  found in th e  H ed b ergella  d e lr io e n s is  zon e  are 

m ostly  Gryphaea n ew b erry i. T h ese  are m ost abundant in th e  b a sa l part 

o f th e  unit and lo c a l ly  form bioherm al banks . A tooth  o f th e  shark  

Isurus (Isurus c f .  I . d eso r ii) w as found in  th e  H ed b ergella  d e lr io e n s is  

zon e  a t L ohali P o in t, and tee th  of a sh e ll-c r u sh in g  shark o f th e  gen u s  

Ptvchodus to g e th er  w ith  a s in g le  vertebra o f a hybodont shark w ere  

found in th is  zon e at Kayenta (shark rem ains id e n tif ie d  by Norman A . 

T essm a n , D epartm ent o f G e o s c ie n c e s , The U n iv ersity  o f A rizona, 

T u cson , A rizon a). Scattered  m olds o f som e m isc e lla n e o u s  gastrop od s  

and a p e le c y p o d , probably In ocera m u s. are lo c a lly  p r e se n t .
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The M ega spore Zone

The rather abrupt d isa p p ea ra n ce  of marine foram inifera about 

on e-th ird  o f th e  w ay up th e  M an cos s e c t io n  marks th e  top o f th e  H ed -  

b erg ella  d e lr io e n s is  z o n e . Above th is  th e  s h a le  is  barren o f foram inifera  

e x ce p t for rare e tch ed  and w eath ered  p lan k ton ic  in d iv id u a ls  or sp orad ic  

Trocham m ina. After a barren in terval o f a few  f e e t ,  p lant m egasp ores  

make th e ir  app earance and becom e abundant h igher in th e  s e c t io n .

B ased upon form, th e s e  m egasp ores seem  to  be o f tw o t y p e s , a lthough  

a certa in  am ount o f in tergradation  probably e x i s t s . The ty p e  d e s ig n a te d  

a s  s p e c ie s  "A" on th e  range charts (F ig s. 3 ,  4 ,  5 , 6 , and 7 , in pocket) 

i s  c ircu lar  in o u tlin e , w h ile  s p e c ie s  "B" is  e l l ip t ic a l  sh ap ed  w ith  rather 

sharp ends . N either sh o w s any particu lar su rfa ce  featu res o f ornam enta

t io n , but th e  p a ly n o lo g ic a l m aceration , s ta in in g , and m ounting te c h 

n iq u es w h ich  provide th e  c le a n -u p  n e c e s sa r y  for d e ta iled  ob serv a tio n  o f  

th is  typ e of m ic r o fo ss il w ere not done in th is  in v e s t ig a t io n . The m ega-  

sp o res  are la r g e , a tta in in g  s i z e s  o f  more than 180 m icrons (80 m esh ). 

S p e c ie s  "A" occu rs low er in th e  s e c t io n  and ex ten d s h igh er stra tigrap h -  

ic a l ly  than s p e c ie s  "B" and is  everyw here more nu m erou s. D o u b tle ss  

other palynom orphs occu r w ith  them  but h ave b een  lo s t  during th e  sam p le  

preparation fo llo w ed  in  th is  s tu d y .

The m eaning o f  th e  p re se n c e  o f th e m egasp ores is  unknow n, but 

th e  abundance and s ta te  o f p reserva tion  of su ch  d e lic a te  m ic r o fo ss ils  

a fter  th e  som ew hat rigorous sam p le  preparation s u g g e s t  th at th ey  have  

not b een  transported far. A frankly s p e c u la t iv e  su g g e s t io n  is  that th ey  

rep resen t the p r e se n c e  o f a sp o re-b ea r in g  p lan t or p lan ts w h ich  in th is  

part o f th e Upper C reta ceo u s o ccu p ied  the n ich e  in m arine marsh or
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mud fla t environm ents w hich  is  tod ay  occu p ied  by D v s t ic h v lis  . S a lic o r n ia , 

T uncus. or th e  l ik e .  L o ca lly  a s s o c ia te d  w ith  them  are th e  m olds o f  sm a ll 

g a str o p o d s , m inute bone fragm en ts, and sm all iron o x id e  (?) c o n c r e t io n s , 

w h ich  may a ls o  in d ica te  a mud fla t ty p e  o f  d e p o s it io n a l environm ent. 

S carce  O lig o steg in a  (P ith o n e lla ), a sp h er ica l ca lca reo u s  m ic r o fo ss il o f  

probable a lg a l a ff in it ie s  , a ls o  occu r lo c a l ly .

M e g a fo s s i ls  are la rg e ly  a b sen t in th is  z o n e . N otab le  e x ce p tio n s  

are am m onite m olds w h ich  are com m only in th in , lo c a lly  r ip p le-m ark ed , 

fin e  sa n d sto n e  b ed s in  th e  c liff-fo rm in g  unit o f th e  low er m iddle portion  

of th e  M ancos S h a le  but lo c a l ly  are a ls o  w ith in  sh a le  la m in a e . T h ese  

am m onite m olds h ave  b een  id en tified  as C o llig n o n icera s  w oolqari M an te ll 

(Page and R epenning, 1958 , p . 118 ), a gu id e f o s s i l  for th e  low er C a r lile . 

This s p e c ie s  has b een  referred to  other genera by many w ork ers. Shim er 

and Shrock (1944 , p . 596) refer  it to  Prionotropis M eek 1 8 7 6 , a p ra c tice  

fo llow ed  by many w r ite rs . Lamb (1968 , p . 845) refers it  to  S e lw y n o c e r a s , 

alth ough A rkell, Kummel, and W right (in "T reatise on Invertebrate P a le o -  

to lo g y ," M oore (e d . ) ,  1 9 5 7 , L80-L437) co n s id er  S e lw y n o cera s to  be a 

su b gen u s o f C o lliq n o n ic e r a s . The name C o llig n o n icera s  is  reta ined  h ere

in a s  th is  w a s th e name u sed  by C obban and R eesid e  (1952) for th is  

zonal "index" f o s s i l  in  th e ir  w estern  in terior referen ce  s e c t io n , and it 

seem s to  be th e  m ost com m only reco g n ized  name for th is  a n im a l. O ccur

ren ces  o f C o llig n o n icera s  noted during th e  co u rse  o f th is  stu d y  h a v e  b een  

in d ica ted  on th e  v e r tica l d istr ib u tio n  c h a r ts . N early  a l l  of th e s e  occu r

ren ces  are in th e  o th erw ise  barren m egaspore z o n e . C o llig n o n icera s

w oolqari may h ave b een  n ek ton ic  and becam e stranded on th e  m udflats
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during d e p o s it io n  o f  th e  u n it. R ees id e  (1957, p . 522) a ls o  sp ecu la ted  on 

th e  p o s s ib le  n ek ton ic  hab it o f th is  an im al.

The G audryina b e n to n e n s is  Zone

G rad ation ally  overly in g  the m egaspore zone is  a zon e co n ta in 

ing  an e x c lu s iv e ly  aren a ceo u s a s se m b la g e  o f foram in ifera . The p lan t 

m egasp ores d isa p p ea r  u p se c t io n , and th eir  p la c e  is  tak en  by th e  gradual 

app earance o f Trochammina w ic k e n d e n i, a form that is  a ls o  p resen t b e 

low  in th e  H ed b erq ella  d e lr io e n s is  z o n e . S t ill farther u p se c t io n , other  

a ren a ceo u s s p e c ie s  appear, m ost of w h ich , lik e  T . w ic k e n d e n i. are a ls o  

p resen t in the H edberqella  d e lr io e n s is  z o n e . This upper b iostra tigrap h ic  

unit is  herein  c a lle d  th e  G audryina b en to n en sis  zon e after th is  d is t in c 

t iv e  C a r lile  s p e c ie s  w h ich  is  p resen t everyw here in  large  numbers h igh er  

in  th is  z o n e . G . b en to n en s is  h as not b een  found in e ith er  o f th e tw o  

su b ja cen t a sse m b la g e  z o n e . A sso c ia te d  w ith  T . w ick en d en i and G.. b en -  

to n e n s is  are H aplophragm oides s p .  c f . H . q ilb e r t i , Saccam m ina a le x a n -  

d e r i, and s p e c ie s  o f  R eophax, A m m o b a cu litie s . and Am m om arqinulina. 

This a s se m b la g e  co n tin u es to  th e  top  o f th e  M an cos S h a le . Low erm ost 

sa n d sto n es  o f th e  o verly in g  Toreva Formation w ere sam pled  but w ere  

found to  be barren o f m ic r o fo s s i ls .

W ith  th e  e x ce p tio n  o f G.. b e n to n e n s is . th e  bulk o f th e s e  aren a

c eo u s  forms are crushed  and broken, making s p e c if ic  id e n tif ic a tio n  d if 

f ic u lt .  This is  a ls o  true to  a som ew h at le s s e r  ex ten t of th e  a ren a ceo u s  

s p e c ie s  in  th e  H ed b erq ella  d e lr io e n s is  z o n e , a lthough p reserv a tio n  of

th e  c a lca r e o u s  forms i s  g e n e ra lly  g o o d .
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B iostratiqraphy o f Individual S ec tio n s  

S im ila r itie s  and un ify in g  fea tu res o f th e  f iv e  stra tigrap h ic  s e c 

tio n s  h ave b een  d is c u s s e d  in  th e  p rev iou s s e c t io n .  The fo llo w in g  are 

b rief d is c u s s io n s  o f th e  fiv e  in d iv id u a l s e c t io n s .

H o w ell M esa  f

The v e r t ic a l d istr ib u tio n  o f fauna in  th e  s e c t io n  at H o w ell M esa  

i s  show n in Figure 3 (in p o c k e t ) . This s e c t io n  is  th e one m ost so u th 

w e ste r ly  and h as a to ta l M an cos th ic k n e ss  o f on ly  478 fe e t  due to  in ter -  

ton guing o f th e  overly in g  Toreva in to  th e  M ancos Sh ale  to  th e  so u th w e s t .  

This s e c t io n  is  one o f th e  s e c t io n s  c lo s e s t  to  th e sh o r e lin e .

The H ed b ergella  d e lr io e n s is  zon e ex ten d s from th e D akota (?) 

S an d ston e to  about 225 fe e t  a b o v e . M uch o f th e  b a se  o f th e  s e c t io n  is  

c o v e r e d , m aking a p r e c is e  d eterm ination  o f th e C enom anian-T uronian  

boundary im p o ss ib le . The b a se  is  in th e C enom anian , a s  C vth ereis  

ea q le fo r d e n s is  is  found ju st ab ove  th e  D akota (?) to g eth er  w ith  se v e r a l  

s p e c ie s  o f m arine foram in ifera . Above th e  covered  in te r v a l, on ly  lo n g -  

ranging s p e c ie s  o f H ed b ergella  and H etero h e lix  are p resen t a s  h igh  as  

124 fe e t  ab ove  th e  D akota (?) w here H etero h e lix  p u lch ra , a Turonian form, 

fir st a p p ea r s . Such ty p ic a lly  C enom anian p lan k ton ic  s p e c ie s  a s  G uem - 

b e litr ia  h a r r is i. Rotalipora q r e en h o r n e n s is , and G lo b ig er in e llo id e s  b e n -  

to n e n s is  are a b sen t in th is  low er  in ter v a l. The boundary b e tw een  th e  

C enom anian and Turonian is  th erefore im p rec ise  but is  probably low er in  

the s e c t io n  than th e  fir st ap p earan ce o f H etero h e lix  p u lch ra . The g en era l 

p a u city  o f the fauna o f  th e  marine zon e a t H ow ell M esa  in d ic a te s  that 

th e  sh o re lin e  w as probably not far a w a y . M any o f th e  p lan k ton ic  forms
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providing c lo s e r  a g e  reso lu tio n  w ere probably an im als restr ic ted  to  o ff

shore w ater  m a sse s  or w ere  depth stra tified  and thus did not g e t th is  

c lo s e  in sh o r e .

At about 225 fe e t  ab ove  th e  D akota (? ) ,  p lan k ton ic  s p e c ie s  d i s 

appear and a short d is ta n c e  ab ove th is  th e  rem aining b en th o n ics  b elon g  

to  a few  s p e c ie s  o f a ren aceou s form s, w h ich  a ls o  d isa p p ea r  further u p - 

s e c t io n . This is  tak en  a s  th e  b a se  o f th e  m egaspore z o n e , a lthough th e  

lo w e s t  m egasp ores are about 398 fe e t  ab ove th e  D akota (? ) .  The m ega

sp ore zo n e  at H ow ell M esa  is  nearly  barren. Ammonite m olds (C o lliq -  

n on iceras w oolgari) are p resen t at 305 and 308 fe e t  ab o v e  th e  D akota (?) 

in  th is  barren in te r v a l.

The approxim ate b a se  o f th e  Gaudryina b en to n en s is  zon e is  

about 430 fe e t  ab ove  th e  D akota (? ) ,  w here aren a ceo u s s p e c i e s ,  in c lu d 

ing G., b en to n en s is  app ear. The G audryina b en to n en s is  zon e is  on ly  

about 76 fe e t  th ick  at H ow ell M e sa . This is  probably due in part to  in ter -  

ton guing of th e  b a sa l u n its o f th e  overly ing  Toreva Formation w ith  th e  

upper part o f th e  M ancos S h a le .

Blue C anyon

The M ancos S h a le  s e c t io n  a t Blue C anyon (Figure 4 ,  in  pocket) 

i s  co m p le te , w ith  no covered  in te r v a ls , and is  677 fe e t  th ic k . T his s e c 

t io n , lik e  H ow ell M e sa , is  one o f th e  furthest sh orew ard .

A few  more a g e -d ia g n o s t ic  p lan k ton ic  s p e c ie s  occu r at Blue 

C anyon than at H o w ell M e sa , but environm ental c o n d itio n s  w ere appar

en tly  s im ila r  in  th at normal marine w ater m a sse s  may not h ave reached  

th is  far w e stw a rd . Sparse m arine foram inifera are found 15 fe e t  ab ove  

th e  D akota (? ) ,  and C y th ereis  e a q le fo r d e n s is  is  p resen t 40 fe e t  a b o v e .
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The H ed b ergella  d e lr io e n s is  zon e o f th e M ancos S h a le  is  C enom anian in  

a g e  up to  at le a s t  62 fe e t  ab ove th e  D akota (?) as in d ica ted  by th e  p res

e n c e  o f th e  dom inantly  C enom anian s p e c ie s  G uem belitria h a r r is i . At 117 

fe e t  ab ove th e  D akota (?) th e p r e se n c e  o f H etero h e lix  pulchra and C la v i-  

h ed b erq ella  s im p lex  in d ica te  a Turonian age  from th is  le v e l  upw ards.

T heC enom anian-T uronian  boundary is  som ew here in  b e tw e en , w here on ly  

lo n g -ra n g in g  p lan k ton ic  forms occur in  the sa m p le s . The p lo ts  o f  

p la n k to n ic -to -b en th o n ic  ratio  and number o f  b en th on ic  s p e c ie s  sh ow  a 

rude c y c l ic  b eh av ior , w h ich  is  s e e n  in m ost other s e c t io n s  in  th e  upper 

portion o f th e  m arine z o n e .

The b a se  o f th e  m egaspore zon e is  about 275 fe e t  ab ove th e  

b a se  o f th e  D akota (? ) ,  w here p lan k ton ic  foram inifera d isa p p ea r  and th e  

rem aining b en th on ics b e lon g  to  a few  a ren aceou s s p e c i e s . After a barren 

in terv a l, the m egasp ores appear at 388 fe e t  and p e r s is t  to  455 fe e t  ab ove  

th e  D akota (? ) .  Num erous am m onite (C ollign on iceras) m olds occu r in  

th is  z o n e .

The b a se  of th e  Gaudryina b en to n en s is  zo n e  is  at about 500 fe e t  

ab ove th e  D akota (? ) ,  w here th e  ub iqu itous Trochammina w ick en d en i 

m akes its  ap p earan ce in  co n s id era b le  num bers, fo llo w ed  u p se c tio n  by 

Gaudryina b en to n en s is  and se v e r a l other s p e c i e s .  The top m ost 10 fe e t  or 

s o  seem  to  be barren. Iron o x id e  n od u les are p resen t at s e v e r a l p la c e s  

in th is  z o n e .

L onghouse V alley

The d istr ib u tio n  of M an cos m ic r o fo s s ils  at L onghou se V a lley  i s  

show n in Figure 5 (in p o c k e t) . This s e c t io n  is  nearly  c o m p le te , th e top
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60 fe e t  b ein g  c o v e r e d , w ith  tw o shorter covered  in terv a ls  b e lo w  in  the  

m egaspore z o n e . The to ta l th ic k n e ss  of th e  M ancos S h ale  at th is  lo c a lity  

is  689 f e e t .

M arine m ic r o fo s s i ls ,  in clu d in g  H ed b ergella  d e lr io e n s is , appear  

im m ed iately  ab ove  the D akota (? ) ,  and C yth ereis  e a g le fo r d e n s is  ranges  

from 10 fe e t  to  20 fe e t  a b o v e . The C enom anian-T uronian boundary can  be 

estim a ted  fa ir ly  c lo s e ly  on th e  b a s is  o f the p lan k ton ic  fora mi n if  e r a . The 

predom inantly C enom anian G uem belitria h arrisi ex ten d s to  about 90 fee t  

ab ove  th e  D akota (? ) .  The Turonian p la n k to n ics  H etero h e lix  pulchra and 

C la v ih ed b erg e lla  fir st appear a t 80 fe e t  a b o v e . As G_. h arrisi ex ten d s  

s lig h t ly  in to  th e  Turonian, th e  s ta g e  boundary is  te n ta tiv e ly  p la ced  at 

about 75 fe e t  ab ove th e  D akota (? ) , but it  cou ld  be s lig h t ly  h ig h er . The 

top of the H ed b ergella  d e lr io e n s is  zon e is  at 315 fe e t  ab ove th e  D akota ( ? ) .  

The p lo ts  of p la n k to n ic -to -b en th o n ic  ratio  and number o f b en th on ic  s p e c ie s  

show  th e  rude c y c l ic  b eh av ior  ob served  in other s e c t io n s  in th e  upper part 

of th e  H ed b ergella  d e lr io e n s is  zon e before su b aer ia l co n d itio n s  e n s u e .

The b a se  o f th e  m egasp ore zon e  is  p la ced  at 315 fe e t  ab ove th e  

D akota (?) w here th e  p la n k to n ic  forms d isa p p ea r . W h ile  som e b en th on ic  

forms extend  a short d is ta n c e  ab ove  th is  p o in t, m ost are a r e n a c e o u s , and 

th e s e  d isa p p ea r  up s e c t io n . The m egasp ores appear at about 355 fe e t  

ab ove  th e  D akota (?) and extend  upward to  528 f e e t .  One am m onite (C o l-  

l ig n o n ic e r a s ) mold w a s found w ith in  th is  zon e  at 410 fe e t  ab ove  th e  

D akota (?)

The Gaudryina b e n to n e n s is  zon e b eg in s  a t 557 fe e t  ab o v e  th e  

D akota (?) w ith  th e  app earance o f Trochammina w ic k e n d e n i. and G_. b en 

to n e n s is  appears at about 588 fe e t  ab o v e  th e  b a se  o f the M a n c o s . This



35

a sse m b la g e  co n tin u es  up to  th e covered  in terva l at 630 fe e t  ab ove  th e  

D akota (? ) ,  and probably up to  the top o f th e  M an cos at 689 f e e t .  Iron 

ox id e co n cre tio n s are found at sca ttered  in terv a ls  through both o f th e  

upper b iostra tigrap h ic  z o n e s .

Kayenta

The v e r t ic a l d istr ib u tio n  o f m ic r o fo s s ils  in  the M an cos Sh ale  

at Kayenta is  show n in Figure 6 (in p o c k e t) . The to ta l M an cos th ic k n e ss  

at th is  lo c a lity  is  711 fe e t ,  o f w h ich  th e  b a sa l 15 fe e t  and a to ta l o f  

129 fe e t  at or near th e  top are c o v er e d . T his s e c t io n  is  one o f th e  tw o  

farth est seaw ard  in Black M e s a .

The H ed b eraella  d e lr io e n s is  zon e ex ten d s from ju s t  ab ove  th e  

D akota (?) to  about 260 fe e t  a b o v e . M arine foram inifera and C yth ereis  

e a q le fo r d e n s is  are p resen t im m ed iate ly  ab ove th e  1 5 -fo o t covered  in ter

va l ab ove th e  D akota (? ) .  The C enom anian-T uronian boundary is  te n ta 

t iv e ly  p la ced  at 50 fe e t  ab ove  th e  D akota (?) and is  marked by th e  la s t  

app earance o f G uem belitria  h arr isi and th e  fir st ap p earan ce o f H etero 

h e lix  p u lch ra . Above th is  le v e l  only  Turonian s p e c ie s  app ear, to g eth er  

w ith  th e u b iqu itous lo n g -ra n g in g  s p e c ie s  o f H ed b ergella  and H e te r o h e lix . 

In th e  upper portion o f  th e  H ed b ergella  d e lr io e n s is  z o n e , th e  p lo ts  o f  

p la n k to n ic -to -b en th o n ic  ratio  and number o f  b en th on ic  s p e c ie s  ex h ib it  

the sam e p ecu lia r  rough c y c l ic  behavior as in other s e c t io n s . Three te e th  

o f th e  sh e ll-c r u sh in g  shark P tvchodus w ere found 100 fe e t ab ove th e  

D akota (? ) ,  to g e th er  w ith  a s in g le  vertebra o f a hybodont sh ark .

The b a se  o f th e m egaspore zo n e  is  p la ced  at about 260 fe e t  

ab ove th e  D akota (? ) ,  w here th e  p lan k ton ic  forms d isa p p ea r  and m ega

sp ores first make th eir  a p p ea ra n ce . Trochammina w ick en d en i seem s to
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con tin u e  from th e H ed b ergella  d e lr io e n s is  zon e  through th e  m egaspore  

zon e  and on in to  th e  overly in g  Gaudrvina b en to n en sis  zon e  at K ayenta, 

in d ica tin g  th at som e flood in g  w as a lw a y s p resen t during th e entire M an -  

c o s  d e p o s it io n  at th is  lo c a l i ty .  The sp ores p e r s is t  u p se c tio n  to  460 fee t  

• ab ove th e  D akota (? ) .  Two h orizon s o f am m onite m olds (C o llig n o n icera s) 

are in th e  m ega sp ore z o n e , at 407 fee t and 447 fe e t  ab ove th e  D akota (? ) .

The b a se  o f th e  Gaudrvina b e n to n e n s is  zon e is  p la ced  at about 

460 fe e t  a b o v e  th e  D a k o ta (?); G . b en to n en s is  is  found in abundance at 

490 f e e t .  F looding m ust h ave b een  more p e r s is te n t  at Kayenta than at 

m ost other lo c a l i t ie s  during th e d e p o s it io n  o f  th e  G,. b e n to n e n s is  z o n e , 

a s  th e  number o f a ren a ceo u s  s p e c ie s  in c r e a se s  u p se c tio n  to  te n  s p e c i e s . 

U n fortu n ately , a covered  in terva l ob scu res  th e  d e ta ils  and th e  order o f 

th e ir  a p p ea r a n c e . The top  54 fe e t  are covered  w ith  M esa  Verde d e b r is , 

but th e  G_. b e n to n e n s is  zon e  probably p e r s is ts  up to  th e  Toreva Sand

s to n e  at 711 fe e t  ab o v e  th e  D akota (? ) .

L oh ali Point

Figure 7 (in pocket) sh ow s th e  v e r t ica l d istr ib u tion  o f M ancos  

m ic r o fo s s ils  a t L oh a li P o in t. T his s e c t io n  is  on ly  428 fe e t  th ick  and is  

short b e c a u se  th e  upper portion has b een  p lan ed  o ff by a lo w -a n g le  s l id e .  

L ohali Point a lon g  w ith  K ayenta is  one of th e  farth est seaw ard s e c t io n s .

The H ed b erg ella  d e lr io e n s is  zon e  at L ohali Point ex ten d s  from 

th e  D akota (?) S a n d ston e  to  about 225 fe e t  a b o v e . M arine foram inifera  

occu r im m ed iately  a b o v e  th e  D akota (?), to g e th er  w ith  C v th ere is  e a g le -  

fo r d e n s is , w h ich  ranges a s  h igh  a s  45 fe e t  ab ove  th e  b a se  o f th e  M a n c o s . 

The C enom anian-T uronian boundary is  te n ta t iv e ly  p la ced  at about 57 fe e t  

ab ove th e  D akota (? ) ,  ha lfw ay  b e tw een  th e  h ig h e s t  ap p earan ce o f
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G lo b la er in e llo id e s  b en to n en s is  and th e  lo w e st  app earance o f  H etero h e lix  

pulchra and C la v ih ed b era e lla  su b d io ita ta . The boundary may be s l ig h t ly  

h igh er, a s  G uem belitria h arrisi p e r s is ts  up to  75 fe e t  ab ove  th e b a se  o f  

th e  M a n c o s . jG. h arrisi is  a predom inantly C enom anian p lan k ton ic  form, 

w h ich  co n tin u es for a short tim e in to  th e  T uronian. Both th e  C enom anian  

and Turonian portions o f the H edberqella  d e lr io e n s is  zon e  at L ohali Point 

are o f in ter e st  b e c a u se  of th e  p r e se n c e  of p lan k ton ic  s p e c ie s  not found 

in the other s e c t io n s .  The C enom anian portion co n ta in s  sp ec im en s o f  

R otalipora green h o rn en sis  and G lo b iq er in e llo id es  b e n to n e n s is . Both o f  

th e s e  s p e c ie s  are co n sid ered  to  be confin ed  to  th e C enom anian by m ost 

w o rk ers . The Turonian portion o f th e  marine zon e  at th is  lo c a lity  co n 

ta in s  sp ec im en s  o f L unatriella  s p in ife r a . L . sp in  if  era is  a d is t in c t iv e  

plan k ton ic  s p e c ie s  recen tly  d escr ib ed  by Richer and W o rste ll (1970a) 

from early  Turonian strata  o f South D ak ota , C olorad o , and K an sas. Its  

p r esen ce  at L ohali Point ex ten d s its  known geograp h ic  range in to  north

ea stern  A rizona.

P lankton ic  s p e c ie s  d isa p p ea r  and ben th on ic  numbers drop to  

zero  at about 225 fe e t  ab ove th e  D akota (? ) . The b a se  o f th e  m egaspore  

zon e  is  p la ced  at th is  p o in t . M egasp ores appear at 244 fe e t  ab ove  th e  

D akota (?) and p e r s is t  as h igh  a s  413 f e e t ,  th us overlap p in g som ew hat 

in to  th e G audryina b en to n en s is  z o n e .

The b a se  of th e  Gaudryina b en to n en s is  zon e  is  p la ced  som ew hat 

arbitrarily at 402 fe e t  ab ove th e  D akota (? ) , th e  fir st occu rren ce o f aren a

c eo u s  foram inifera (Trochammina w ick en d en i) ab ove a barren in terv a l.

As at K ayenta, T . w ick en d en i p e r s is t s  sp o ra d ica lly  through th e  m ega

spore zon e  and in to  th e  Gaudryina b en to n en s is  z o n e , in d ica tin g  som e



38

flood in g  during d e p o s it io n . G . b en to n en sis  i t s e l f  m akes it s  app earance  

d ir e c tly  under th e  T orev a .

The th ic k n e ss  o f  the Gaudryina b en to n en sis  zon e at th e L ohali 

Point lo c a lity  is  on ly  about 26 f e e t .  An unknown but co n s id era b le  amount 

of th e  upper part o f th e  zo n e  h as b een  rem oved by a lo w -a n g le  s l id e  in 

v o lv in g  th e  upper part of th e  M ancos Sh ale and un its o f th e  overly in g  

T oreva. S lid in g  is  in d ica ted  both by th e  shorter than normal M ancos s e c 

tio n  for th is  part of B lack M esa  and by th e  nature o f th e  M an cos-T oreva  

c o n ta c t .

The co n ta c t b e tw een  th e  M ancos and the Toreva at th e  L ohali 

Point lo c a lity  is  not th e  u su a l gradation al a ltern ation  o f M a n c o s - lik e  and 

T o rev a -lik e  u n its but is  very abrup t. A broken, m a ss iv e  unit o f th e  

Toreva S an d ston e r e s ts  d ir e c tly  upon s i lty  M an cos S h a le , th e  upper th ree  

fe e t  o f w h ich  h as b een  ro lled  in to  a jum bled m ass o f p il lo w lik e  b a lls  

about tw o fe e t  in d iam eter .

The amount o f  m iss in g  s e c t io n  is  estim a ted  to  be in  th e  order o f  

200 fe e t  or m ore. The G audryina b en to n en s is  zon e is  about 177 fe e t  th ick  

at L onghouse V alley  and more than 250 fe e t  th ick  at K ayenta. The to ta l  

th ic k n e ss  o f the M an cos S h ale  m easured by C o o le y , A k ers, and S tev en s  

(1964) in a nearby s e c t io n  a ls o  in th e v ic in ity  o f L ohali Point is  640 fe e t ,  

com pared to  th e  to ta l o f 428  fe e t  m easured in  th e  lo c a lity  of th is  s tu d y .



AGE OF THE MANGOS SHALE IN BLACK MESA

The three a sse m b la g e  z o n e s  in  th e  M an cos S h ale  o f Black M esa  

w ill  probably not be reco g n ized  o u ts id e  th e a rea , e s p e c ia l ly  th e  upper 

tw o , w hich  are b a sed  on p lant sp ores and a ren aceou s foram in ifera . The 

upper tw o are environm ental z o n e s  and probably c ro ss  tim e lin e s  if  e x 

tended far. H ow ever, th ey  are u se fu l s tr a tig r a p h ic a lly , and w ith in  th e  

c o n fin es  o f  Black M esa  B asin  th e  boundaries are probably nearly  tim e  

p a r a lle l.

The p lan k ton ic  foram inifera in th e  H ed b eroella  d e lr io e n s is  zon e  

o f  th e  M ancos provide a good m eans for th e e sta b lish m en t o f  its  a g e .

The p lan k ton ic  foram inifera in th is  low er portion are dom inated by su ch  

lo n g -ran g in g  forms a s  H ed b erq ella  d e lr io e n s is ,  II . p o r tsd o w n e n s is , and 

H etero h elix  q lo b u lo s a . H ow ever , su ff ic ie n t  other p lan k ton ic  s p e c ie s  

w ith overlap p in g tim e ranges are p resen t to a llo w  th e e x te n s io n  o f  the  

C enom anian to  Turonian tra n sitio n  a s  p resen tly  reco g n ized  in th e  w estern  

interior and th e  G ulf C o a st into th e M an cos S h a le  o f  Black M esa  w ith  a 

fair d eg ree  o f  c o n fid e n c e . T his boundary is  marked by th e  upward d i s 

app earance o f  su ch  C enom anian forms a s  Rotalipora q r e en h o r n e n s is . 

G lo b ig er in e llo id e s  b e n to n e n s is , and G uem belitria  h a r r is i, and th e  ap 

p earan ce o f  su ch  Turonian s p e c ie s  a s  Praeqlobotruncana d ifform is (P . 

m arginata) . C la v ih ed b erq e lla  m orem ani. C.. su b d iq ita ta , H etero h elix  

p u lch ra . and L unatriella  s p in ife r a .

The a g e  o f  that part o f  th e  B lack M esa  M an cos ab ove th e  H ed 

b erq ella  d e lr io e n s is  zon e  is  more d if f ic u lt  to e s ta b lis h  on th e  b a s is  o f

39
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th e foram in ifera . P lan k ton ic  foram inifera are m is s in g , e x c e p t for rare 

w eath ered  in d iv id u a ls  that w ere probably w ash ed  in by h igh  t id e s  or 

blow n in by w ind s during d e p o s it io n . M ost o f  th e s e  are in d iv id u a ls  or 

fragm ents o f  on e  o f  the lon g-ran g in g  s p e c ie s  o f  H e d b e r a e lla . In th e  

Blue Canyon s e c t io n , on e  w eathered  but r ec o g n iz a b le  sp ec im en  o f  P rae-  

globotruncana d ifform is (P. m arqinata) w as found in th e  G audryina b e n -  

to n e n s is  z o n e , 100 fe e t  b elow  th e T oreva . This w ould in d ic a te  th e  a g e  

o f th is  part o f  th e G audryina b en to n en sis  zone is  s t i l l  in th e  Turonian, 

or C a r lile  e q u iv a le n t .

Gaudryina b e n to n e n s is  i t s e l f ,  lik e  many other aren a ceo u s fora

m in ifera , is  a tem p orally  lon g-ran g in g  s p e c ie s .  It h a s  b een  p rev io u sly  

reported from w id e ly  sep arated  lo c a l i t ie s  in th e  Upper C retaceou s o f  th e  

G ulf C o a st and the w estern  in ter ior . This s p e c ie s  is  c h a r a c ter is tic  o f  

th e  Blue H ill M em ber o f  th e  C a r lile , w hich  seem s to  be its  low er tem 

poral lim it , but it ex ten d s upward through b ed s o f  A ustin  and Taylor a g e  

in th e  G ulf C o a st (C ushm an, 1946; F r iz z e ll , 1 9 5 4 ). M ello  (1969 , p . 30) 

reported it from throughout th e  Virgin Creek M ember and th e  low er  h a lf  o f  

th e  M obridge M em ber o f  th e  Pierre S h a le  in South D a k o ta . The upper 

tem poral lim it o f  G . b en to n en s is  th erefore  seem s to exten d  at le a s t  to  th e  

end o f  th e  C am panian (Taylorian) and p o s s ib ly  into th e  M a estr ich tia n  

(N avarroan). The sam e is  probably true o f  o th er a s s o c ia te d  a ren a ceo u s  

s p e c ie s  in th e  Gaudryina b en to n en s is  z o n e , although l e s s  is  known o f  

th eir  r a n g e s . The p r e se n c e  o f  a l l  th e s e  a ren aceou s s p e c ie s  i s  d ic ta ted  

more by environm ent than t im e .

P revious w orkers u sin g  m e g a fo s s i ls  h a v e  e s ta b lish e d  that th e  

b a sa l Toreva o verly in g  th e  M an cos in Black M esa  is  eq u iv a len t to  th e
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upper C a r lile  (p. 1 4 ). This e v id e n c e , to geth er  w ith  th e  p r e se n c e  o f G . 

b en to n en sls  and other a s s o c ia te d  a ren aceou s foram inifera ty p ica l o f th e  

Blue H ill M em ber o f th e  C a r li le , in d ic a te s  that th e  upper part o f th e  

M an cos S h a le  is  probably no younger than Blue H il l ,  or m iddle Turonian.



PALEOECOLOGY

A major environm ental ch an ge appears to  h ave tak en  p la c e  

during th e  d e p o s it io n  o f th e M an cos S h a le  o f Black M e sa , from marine 

co n d itio n s  a t th e  bottom  to  a p o s s ib ly  su b aer ia l environm ent at th e  to p .  

Environm ental boundary co n d itio n s  w ere thus very d ifferent and w il l  be  

treated  s e p a r a te ly .

The H ed b ergella  d e lr io e n s is  Zone 

The w id esp read  app earance o f marine p lan k ton ic  and b en th on ic  

foram inifera im m ed iately  ab ove th e  D akota (?) in d ic a te s  a rapid in it ia l  

tr a n sg r ess io n  o f th e  s e a .  U sin g  th e  p lo ts  o f to ta l numbers o f b en th on ic  

s p e c ie s  p resen t as an in d ica to r , th is  tr a n sg r ess io n  seem s to  have  

reached  its  peak near or s l ig h t ly  ab ove th e C enom anian-T uronian boun

d ary . Even at th e  g r ea te s t  ex ten t of th e  tr a n sg r e ss io n , the M ancos  

S h ale  in  th is  area i s  not rich in s p e c i e s . The p lan k ton ic  s p e c ie s  in d i

c a te  a co n n ec tio n  w ith  norm al, w e ll-v e n t ila te d  marine w a te r s , but th e  

dearth of b en th on ic  s p e c i e s , ev en  at th e  g r ea te s t  ex ten t of th e  tra n sg res

s io n , in d ic a te s  th at bottom  co n d itio n s w ere som ew hat l e s s  than id ea l 

for the support o f many s p e c ie s  p resen t e lse w h e r e  in  d ee p e r , more nor

m al marine portion s o f  th is  s e a w a y .

f
P lankton ic R e la tio n sh ip s

P lankton ic  foram iniferal d istr ib u tio n s in to d a y 's  o cea n s  are  

con tro lled  la r g e ly  by s a l in it y ,  w ater d ep th , la t itu d e , and major w ater  

m ass d is tr ib u tio n s . Probably th e  d istr ib u tio n s  o f th e  C reta ceo u s s p e c ie s
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w ere con tro lled  by sim ilar  m e c h a n ism s. The e f fe c t s  o f la titu d e  on vari

ous C reta ceo u s p lan k ton ic  groups h av e  been  d is c u s s e d  e lse w h e r e  

(Bandy, 1967; E icher, 1969b; P e ssa g n o , 1969) and do not en ter  in to  

th e  problem  h ere .

E icher (1969b , p . 170 and F ig . 4 ) , in v e s t ig a tin g  th e  p lan k ton ic  

foram iniferal d is tr ib u tio n s  o f th e  C enom anian and Turonian o f th e  w estern  

in ter ior , noted th e a ttrition  o f p lan k ton ic  s p e c ie s  w h ich  ta k es  p la c e  from 

th e a x ia l portion of th e  sea w a y  in ea stern  C olorado and w estern  K ansas 

toward th e  w e s t .  P roceed in g w e s t  from ea stern  C olorad o , s p e c ie s  o f  

T ic in e lla  d isa p p ea r  f ir s t , th en  Rotalipora and G lo b ig e r in e llo id e s , le a v 

ing  s p e c ie s  o f H ed b erq ella  and H etero h e lix  th e  only  p lan k ton ic  rep resen 

ta t iv e s  a s  th e  sh o re lin e  is  approached (F ig. 1 2 ). C on sid erin g  a ll  

C retaceou s p lan k ton ic  foram iniferal s p e c ie s  to  h ave b een  s te n o h a lin e  

l ik e  th o se  o f to d a y , E icher reaso n ed  that low ered  sa lin ity  to  th e  w e s t  

w ould lim it th e  to ta l p lan k ton ic  p op ulation  in  th is  d irectio n  rather than  

ju st  certa in  groups and th erefore  other ex p la n a tio n s than low ered  s a l in 

ity  w ere r e sp o n s ib le  for th e  ob served  d is tr ib u tio n s . H e co n sid ered  th e  

m issin g  s p e c ie s  e ith er  to  be in d icators of a southern  w ater m ass w hich  

exten d ed  northward from th e G ulf or to  be depth  s tra tified  and con fin ed  

to  th e  d eep er  a x ia l portions o f th e s e a w a y .

In one exp la n a tio n  for th e  ob served  p lan k ton ic  d is tr ib u tio n s , 

Eicher (1969b , p . 172) proposed th e  p o s s ib le  e x is t e n c e  of a south w ard- 

m oving boreal current dow n th e  w estw ard  margin of th e  s e a w a y . Such a 

current may h ave had an e f fe c t  on th e p lan k ton ic  d istr ib u tio n s  by in 

h ib itin g  th e  v/estw ard spread o f w arm -w ater s p e c ie s  from th e  G ulf w ater  

m ass . This im p lie s  th at s p e c ie s  o f H ed b erq ella  and H etero h e lix  w ere
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hardier an im als a b le  to  adapt to  th e s e  co ld er  w aters a s  w e ll  a s  to  th e  

warmer w aters o f  th e G u lf.

By and la r g e , th e  d istr ib u tio n s o f p lan k ton ic  fora min if  era found 

at Black M esa  fit w ith  th e  geograp h ic  d istr ib u tio n s a s  noted  by E ich er. 

S p e c ie s  o f H ed b ergella  and H etero h e lix  dom inate in a ll  sa m p les  in  th e  

H ed b ergella  d e lr io e n s is  z o n e , and th e  som ew hat s c a r c e  o ccu rren ces o f  

other p la n k to n ics  fit e ith er  w ith  th e  depth s tr a tif ic a tio n  co n cep t or th e  

m ixing of un like w ater m a s s e s .  H ow ever, i f  s p e c ie s  o f H ed b erg ella  and  

H etero h e lix  w ere a b le  to  adapt to  c o ld -  and w arm -w ater m a s s e s , th ey  

may l ik e w is e  h ave been a b le  to  adapt to  l e s s  than normal s a l in it y .  T hus, 

th e  p o s s ib il i ty  th at low ered  s a l in i t ie s  due to  land runoff e x is te d  to  the  

w e s t  can n ot be d e f in ite ly  ruled o u t.

Rotalipora q reen h orn en sis and G lo b iq er in e llo id es  b e n to n e n s is  

both occu r sp a r in g ly  in  th e  L ohali Point s e c t io n , th e  one farth est s e a w a r d . 

If th eir  p r e se n c e  is  th e  r e su lt  o f  depth s tr a t if ic a t io n , the w ater depth  a t 

th is  lo c a lity  w as probably near th e  upper lim it o f th e  occu rren ce o f th e s e  

an im als in  th e  w ater  co lum n , and th e  contour drawn by E icher sh ow in g  

th e  w estw ard  lim it o f th e s e  tw o s p e c ie s  m ust be redrawn farther to  th e  

w e s t  to  in c lu d e  th e  ea stern  part o f B lack M e s a . H ow ever , i f  an op p osin g  

G ulf and boreal current c ircu la tio n  sy stem  e x is t e d , th e  p o s s ib i l i ty  is  

strong th at th e  in d ica ted  p o s it io n s  o f E icher's l in e s  lim itin g  s p e c ie s  are 

e s s e n t ia l ly  correct and th e  L ohali Point occu rren ces are d e p o s it io n a l  

freaks resu ltin g  from d eta ch ed  gyres o f m ixing c u rren ts . Such th in gs  

are not uncommon in to d a y 's  o c e a n s .

At any ra te , p lan k ton ic  s p e c ie s  d istr ib u tio n s  in  th e  M ancos  

S h ale  o f B lack M esa  com pared to  contem porary d istr ib u tio n s to  seaw ard
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in d ica te  that co n d itio n s  unfavorable to  many p lan k ton ic  s p e c ie s  pre

v a ile d  in  th e  Black M esa  area at th e  tim e o f d e p o s it io n . S h a llow in g  

w ater , w ith  resu lta n t d ilu tio n  by land runoff and larger v a r ia tio n s in 

both diurnal and s e a s o n a l tem perature r a n g e s , cou ld  h ave b een  a c a u s e .  

A boreal current m oving southward a lon g  the w estern  sh ore cou ld  have  

b een  an oth er.

B enthonic R e la tio n sh ip s

The b en th on ic  foram in ifera , after th e ir  "peak" at th e tim e o f 

maximum tr a n sg r e s s io n , d e c lin e  both in numbers o f in d iv id u a ls  and 

s p e c i e s . As is  ev id en t from the number of b en th on ic  s p e c ie s  p lo ts  on 

th e  v ertica l d istr ib u tio n  c h a r ts , th ere seem s to  be som e sort o f rude 

c y c l ic i t y  in t h i s ,  p o s s ib ly  co n n ected  w ith  th e  breaking down o f som e  

barrier and tem porarily  im proving environm ental c o n d it io n s . The overa ll 

tren d , h o w ev er , is  toward w orsen in g  environm ent for th e  b en th on ic  

s p e c i e s . C oncurrent w ith  th is  trend is  th e ten d en cy  toward abnorm al 

p lan k ton ic  to  b en th on ic  r a t io s , in d ica tin g  further th at w h ile  a c o n n e c 

tio n  to  w e ll-v e n t ila te d  marine w aters e x is t e d , bottom  co n d itio n s  w ere  

becom ing m arginal fir st for th e  ca lca reo u s  b en th on ic  form s, th en  for th e  

a ren a ceo u s o n e s .  In a l l  f iv e  s e c t io n s , th e  sam e u p se c tio n  trends are 

e v id e n t . The d iv e r s ity  o f th e  b en th on ic  fauna (faunal d iv ersity ) d e 

c r e a s e s ,  and th e  dom inance of in d iv id u a ls  o f a s in g le  s p e c ie s  (faunal 

dom inance) in c r e a se s  u n til nearly  a l l  in d iv id u a ls  le f t  are of one aren a

c eo u s  s p e c ie s ,  u su a lly  a Trocham m ina, in d ica tin g  a r e g r e ss io n  that b e 

com es e s s e n t ia l ly  co m p lete  in th e  overly in g  m ega sp ore z o n e .

B ased on th e con ta in ed  foram in ifera , th e d e p o s it io n a l environ

ment of th e  H ed b erg ella  d e lr io e n s is  zon e  o f  th e  M ancos S h a le  m ust h ave



47

b een  in r e la t iv e ly  sh a llo w  w ater , c lo s e  to  sh o re , th e  depth  o f w h ich  b e 

cam e p r o g r e ss iv e ly  sh a llo w er  u p se c t io n . The abundant p lan k ton ic  fo ra -  

m inifera p resen t in th e  H edberqella  d e lr io e n s is  zon e probably provide  

no c lu e  for e stim a tio n  o f w ater  d e p th . In modern m arine en v iron m en ts, 

p la n k to n ic -to -b en th o n ic  ra tio s g en era lly  in c r e a se  p roceed in g  from s h a l

low  nearshore w aters to  th e  s h e lf  e d g e , but s o  many e x ce p tio n s  are 

known that it  is  con clu d ed  that th is  param eter is  o f lim ited  v a lu e  in th e  

esta b lish m en t of p r e c is e  depth  e st im a te s  (P hleger, 1 9 6 0 a , p . 2 4 2 ).

M uch th e  sam e can  be sa id  o f the u se  o f in d iv id u a l s p e c ie s ,  g en era , or 

fa m ilie s  o f b en th on ic  foram inifera as "depth in d ic a to r s ."  This requires  

th e  stu d y  of th e  evo lu tion ary  h isto ry  and lim itin g  environm ental factors  

o f modern s p e c ie s  and genera back through g e o lo g ic  t im e , and com pari

so n s  w ith  C retaceou s forms may b e p o s s ib le  only  in a g en era l w ay  

(P hleger, 1 9 60a , p . 2 6 1 ) .

G eneral e c o lo g ic a l  p r in c ip les  b ased  on th e  s tu d ie s  o f  modern 

foram iniferal d istr ib u tio n s may sh ed  lig h t on th is  m atter. In m odem  s e a s  

th e  numbers o f b en th on ic  s p e c ie s  show  an in v e r se  re la tio n sh ip  to  the  

v a r ia b ility  o f  th e  environm ent. The v a r ia b ility  of th e  environm ent in  turn 

is  rela ted  to  th e  d is ta n c e  from th e sh o r e lin e , or w ater d ep th . As th e  

sh o re lin e  is  app roached , th e  depth sh o a ls  and th e  environm ent (in clud in g  

su ch  factors a s  tem perature, s a l in it y ,  pH , tu rb id ity , and o x ygen  content) 

b ecom es more v a r ia b le . The in crea s in g  dom inance o f any one s p e c ie s  

sh o w s a d irect re la tio n sh ip  in the sam e d ir e c tio n .

W alton  (1964 , p .  217) has attem pted to  qu antify  th e s e  r e la tio n 

sh ip s  b etw een  w ater d ep th , faunal d iv e r s ity , and faunal d om in an ce . 

A ccording to  h is  f ig u r e s , 100 percent o f a ll  faunas w ith  l e s s  than 30
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s p e c ie s  occu r in w ater l e s s  than 20 fathom s (120 feet) d e e p , and 100 

percent o f a ll  faunas w ith  l e s s  than 20 s p e c ie s  occu r in w ater l e s s  than  

10 fathom s (60 feet) d e e p . The M ancos Sh ale  o f  Black M e sa , even  at 

th e  interpreted  maximum of th e tr a n sg r e ss io n , co n ta in s  l e s s  than 15 

b en th on ic  s p e c ie s ,  in d ica tin g  a w ater depth o f p o s s ib ly  l e s s  than 10 

fa th om s. The p o s s ib i l i t y  e x is t s  that th e  number o f b en th on ic  s p e c ie s  

w as o r ig in a lly  greater  and th at d e lic a te  th in -w a lle d  forms o n ce  p resen t  

h ave s in c e  b een  d is s o lv e d .  Ample ev id e n c e  of ch em ica l a ttack  is  r ec o g 

n ized  on som e o f th e  p lan k ton ic  t e s t s  found in the upper part o f the  

H ed b eraella  d e lr io e n s is  z o n e . H ow ever, sev e r a l d e lic a te  th in -w a lle d  

forms are found in  th e  low er  part o f th e H ed b ergella  d e lr io e n s is  z o n e ,  

and it  is  thus fe lt  that any su b sta n tia l rem oval o f s p e c ie s  due to  th e  

s e le c t iv e  d is s o lu t io n  o f t e s t s  is  n e g lig ib le .

W a lto n 's  r e la t io n sh ip s  are b a sed  on o ccu rren ces in th e  north

e a s t  G ulf o f M e x ic o , w hich  may hot be ty p ica l o f th e  C reta ceo u s w e s t 

ern in terior s e a w a y , but th e  e c o lo g ic  p r in c ip les  govern in g  nearshore  

m arginal marine faunal d istr ib u tio n s  and th eir  re la tio n s  to  w ater  depth  

w ere probably a s  v a lid  in th e C reta ceo u s a s  th ey  are n ow .

Other e v id e n c e  for sh a llo w  w ater is  g iv e n  by S co tt (1940 , p .  

3 1 0 ), w ho c ite d  e v id e n c e  that G ryphaea new berryi liv ed  in w ater l e s s  

than 20 fathom s d eep  in th e  T exas a r ea . G . new berryi occu rs abundantly  

in  the low er  H ed b ergella  d e lr io e n s is  zon e o f  th e  M a n c o s .

The fauna o f th e  H ed b ergella  d e lr io e n s is  zon e  o f th e Black  

M esa  M ancos se e m s  to  be ev en  more im p overished  in  s p e c ie s  than  

w ould be ex p ected  for a m arginal m arine environm ent o f maximum depth  

of perhaps 20 fathom s fa c in g  an open sea w a y  (W alton, 1 9 6 4 , p . 2 1 7 ).
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Furtherm ore, there is  a very  h igh  in c id en ce  o f aren a ceo u s foram inifera  

com pared to  ca lca r e o u s  o n e s . T h ese  factors in d ica te  an ev en  more e x 

trem e nearshore environm ent. The depth could  h ave b een  l e s s  than 10 

fa th o m s. An a ltern ate  p o s s ib il i ty  is  that th e  unit w as d e p o s ite d  in  an  

em baym ent or estu ary  that w a s p a rtia lly  cu t o ff from th e  open s e a  by a 

p h y s ic a l or hydrodynam ic barrier. The rude c y c l ic  in c r e a se s  and d e 

c r e a s e s  o f th e  b en th on ic  s p e c ie s  u p se c tio n  could  rep resen t periods o f  

breach ing or m ovem ent o f th e  barrier, thus tem porarily "ventila ting"  th e  

bottom a s th e  em baym ent gradually  f il le d  w ith  sed im en t. T h ese  c o n c lu 

s io n s  agree  w ith  th o se  o f Repenning and Page (1956 , p . 2 8 2 -2 8 7 ) , w ho  

a ls o  interpreted th e  d e p o s it io n a l environm ent o f th e  Black M esa  M ancos  

a s a restr ic ted  em baym ent or estu ary  b ased  la rg e ly  on lith o -s tr a tig r a p h ic  

e v id e n c e .

E stim ates o f th e  to ta l depth o f th e a x ia l portion o f th e  

G reen h orn -C arlile  sea w a y  h a v e  b een  made by o th e r s . E icher (1 9 6 9 a ), 

u sin g  tw o ind ep en dent l in e s  o f e v id e n c e , one b ased  on foram iniferal 

faunal re la t io n sh ip s  (p la n k to n ic -to -b en th o n ic  ratios) and th e  other on 

p h y sio g ra p h ic  s p e c u la t io n s , sh ow ed  th at it  is  p o s s ib le  to  p o stu la te  

dep th s o f 2 ,0 0 0  to  3 ,0 0 0  f e e t .  L essard  (1970), on the b a s is  of th e  

m icrofauna and sed im en ts  in  th e  Tununk M em ber o f the M an cos S h a le  

in  ea stern  U tah , s u g g e s ts  a maximum depth o f 300 to  600 fe e t  for th is  

sam e se a w a y . The r e su lts  o f th is  stu d y  sh ed  no lig h t on depth r e la t io n 

sh ip s  b asin w ard . The fauna found here sim p ly  in d ica te  sh a llo w  m arginal 

marine w aters c lo s e  to  th e sh o r e lin e .
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The M eq asp ore Zone

The tw o overly in g  zo n es  con ta in in g  p lant m egasp ores and 

Gaudrvina b e n to n e n s is  are interpreted as m arine m udflat or m arsh.

U p sec tio n  from th e low er H ed b ergella  d e lr io e n s is  z o n e , m arine 

foram inifera d isa p p ea r  rather abrup tly , and th ere is  a barren in terval o f 

a few  fe e t before th e  ap p earan ce o f  th e  first s p o r e s . T his is  interpreted  

a s  th e  accu m u lation  o f  mud in a f i l le d - in  em baym ent at nearly  su b a er ia l 

co n d itio n s  and before p lan ts cou ld  e s ta b lis h  t h e m s e lv e s . The appear

a n ce  o f  th e  sp o res  is  grad u al, w ith  s p e c ie s  "A" appearing first and per

s is t in g  h igh er in  th e  s e c t io n  than s p e c ie s  "B", and a lw a y s  more abundant 

than s p e c ie s  "B" . This portion o f the s e c t io n  is  interpreted  a s  p o s s ib ly  

being th e  C reta ceo u s eq u iv a len t o f th e  S a licorn ia -S p artin a  zon e  in mod

ern m arine m a r sh e s .

In modern m arginal m arine areas in  th e  tem perate z o n e , th e s e  

borderlands b e tw een  land and estu ary  or bay are c o lo n iz e d  by h a lo p h y tic  

marsh p la n ts , w h ich  occu r  in a rough zon ation  rela ted  la rg e ly  to  h e igh t 

of th e  m arsh ab ove w ater  (H edgepeth , 1957 , p . 7 1 8 ). A lthough th e  g e 

n eric  and s p e c if ic  c o n s titu e n ts  o f th e  p lan ts occu p y in g  th is  n ich e  may 

vary som ew hat due to  other fa c to r s , there are rem arkable reg ion a l and 

w orldw ide s im ila r i t ie s . In C aliforn ia  and th e  G ulf C o a s t , th e  p la n ts  

in v o lv ed  are m ainly s p e c ie s  o f Spartina and S a lic o m ia , a lth ough  s p e c ie s  

o f D y s t ic h lis  may be p r e se n t . Spartina o c c u p ie s  th e  low er areas o f th e  

m arsh, w h ile  S a lic o m ia  and D y s t ic h lis  occu r s lig h t ly  h igh er ab ove  m ean  

t id e .  In other r e g io n s , th e s e  p lan ts may b e rep laced  b y , or supp lem en ted  

b y , s p e c ie s  o f T uncus. B a t is , or o th er h a lo p h y tes  . To p la c e  s p e c if ic  

figu res rela tin g  h e ig h t ab ove s e a  le v e l  to  th e s e  zo n es  is  d if f ic u lt , a s
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th is  is la rg e ly  governed by lo c a l  t id a l v a r ia t io n s . Animal p op u la tion s  

inh ab itin g  th is  environm ent, w ith the ex cep tio n  of a few  s p e c ie s  o f fora - 

m inifera and the lo c a l ly  common burrowing crab , U c a , tend to  be sm a ll,  

a c t iv e ,  and tra n sito ry . M odern estu a r in e  and neighboring s a l t  marsh 

areas are u t iliz e d  a s  n u rseries  by th e  ju v en ile  and larval s ta g e s  of many 

an im als from surrounding marine and land en v iron m en ts, particu larly  

shrimp and sev e r a l s p e c ie s  o f f ish  (M cHugh, 1967 , p . 6 1 4 ).

That environm ental co n d itio n s  in th e s e  nearshore m arshes and 

m udflats are extrem e h as b een  a tte s te d  by many workers (Emery and 

S te v e n so n , 1957; P h leger , 1 9 6 0 a , p . 177; P h leger , 1960b , p . 2 7 8 ). 

P hleger and Bradshaw (1966) recen tly  p u b lish ed  inform ation on diurnal 

and s e a s o n a l va r ia tio n s o f som e o f the p h y s ic o -c h e m ic a l param eters o f  

th is  en viron m en t. Their r e su lts  in d ica te  that many are ev en  more e x 

trem e than p rev io u sly  th ou gh t. U sing se lf -r ec o rd in g  d e v ic e s  p la ced  in  

a Spartina- S a licorn ia  marsh at M iss io n  Bay, C a lifo r n ia , P h leger and 

Bradshaw attem pted to  obtain  con tin u ou s and s im u ltan eou s record ings o f  

s a l in it y ,  a ir  and w ater tem perature, pH , Eh, lig h t in te n s ity , w ind v e lo c 

ity ,  t id e  l e v e l ,  p lu s  se v e r a l other param eters, over a period o f one y ea r .

D iurnal var ia tio n s w ere found to  be m ainly rela ted  to  t id a l f lu e -
)

tu a t io n s . S a lin ity  varied from 34 parts per mil a t h igh tid e  to  more than  

42 parts per mil at th e  end o f lo w  t id e .  The h igh  s a l in it ie s  o f w ater  

draining from th e  marsh are attributed in  part to  evap oration  and in part 

to  th e  m etab o lism  o f th e  h a lo p h y tes  during w h ich  e x c e s s  s a lt  is  e x c r e te d .  

D iurnal pH and o xygen  ranged from 6 .9  to  8 .3  and from 30 percen t to  130 

percen t a ir  sa tu ra tio n , r e s p e c t iv e ly . O xygen and pH w ere both h ig h e s t  

in  d a y lig h t hours w h ile  marsh p lan ts produce o x y g e n . Both w ere a ls o
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higher during flood  t id e s  w hen normal marine w ater cam e in from the bay  

and low er  at low  tid e  w hen  low -p H  and lo w -o x y g e n  w ater drained from 

th e  m arsh . D iurnal varia tion  o f w ater tem perature w as from 12°C to  

20 °C .

Of greater in ter e st  are th e  s e a s o n a l var ia tion s . W ater tem pera

ture had an extrem e annual range o f from 5°C  to  3 3 ° C . For only  about 

40 p ercent o f th e  year  w as th e  tem perature w ith in  the 1 9 - to  3 2 -d eg r e e  

range e s ta b lish e d  by Bradshaw (1961 , p . 88) in d efin in g  the tem perature  

range w ith in  w hich  th e  s p e c ie s  Ammonia b e c ca r ii can  rep rod uce. Am

m onia b e c c a r ii is  a b en th on ic  foram iniferal s p e c ie s  com m only found in  

th e s e  m arginal marine en v iron m en ts. O xygen had a 9 -m onth range o f  

from 0 to  275 p ercen t a ir sa tu ra tion  and w as l e s s  than 100 p ercent satur

a tion  for 75 p ercen t o f th e t im e . The pH v a lu e s  ranged from 6 .7  to  8 .5  

over a 7-m onth p er io d , w ith  m ost v a lu e s  in  e x c e s s  o f 7 .0  but nearly  

a lw a y s  l e s s  than th o se  o f th e  b a y . S a lin ity  v a lu e s  w ere on ly  recorded  

for tw o m on th s, but during th is  tim e show ed an extrem e range from l e s s  

than 30 parts per mil to  more than 50 parts per m il. S a lin it ie s  w ere  

found to  be in  e x c e s s  o f bay s a l in i t ie s  75 percen t o f th e  tim e and w ere  

more than 40 parts per mil 37 percent of the t im e .

A ll or any one o f th e s e  param eters sh ow  ran ges w h ich  cou ld  be  

lim itin g  for o r g a n ism s . The c o n s is te n t ly  low  pH v a lu e s  in d ic a te  an o v er-  

, a l l  marsh ch em istry  w h ich  cou ld  lim it th e l i f e  and p reserva tion  o f  c a l 

careou s form s. The tem peratures are m ainly o u ts id e  of ranges w hich  

a llo w  m ost foram iniferal s p e c ie s  t o  reproduce and are probably ev en  in  

e x c e s s  o f l i f e  to le r a n c e  for m any.



P reservation  o f organic rem ains in  su ch  an environm ent would  

probably be m inim al and con fin ed  la rg e ly  to  th e  aren a ceo u s fora mi n if era 

and palynom orphs from th e p la n ts . Odum and de la  Cruz (1967 , p . 3 8 6 ), 

stu d y in g  th e  rate o f d e c a y  o f p articu la te  organ ic  m atter in  a Spartina  

marsh in  G eo rg ia , found th at deb ris from th e  burrowing crab U ca d is 

appeared w ith in  180 d a y s , much l e s s  tim e than that tak en  by th e  bulk  

o f th e  p lant m ater ia l.

The m egaspore zon e o f th e  M ancos S h a le  o f Black M esa  is  

la r g e ly  barren o f f o s s i l  m aterial e x cep t for th e  m egasp ores th e m se lv e s  

and a few  a ren aceou s foram in ifera . Ammonite m o ld s , rare f in e ly  com 

m inuted bone fra gm en ts, s c a l e s , sm a ll sim p le  te e th , and o c c a s io n a l  

m olds o f m inute gastrop od s are a ls o  fou n d . Sm all co n cretio n s o f iron 

o x id e  or iron hydroxide w ere a ls o  ob served  in  th is  portion o f the s e c 

t io n . Such co n cre tio n s  or n od u les h ave a ls o  b een  noted by workers 

stu d y in g  modern s a lt  m arshes and m arine mud f la t s .  They are co n sid ered  

to  be among th e d ia g n o st ic  fea tu res o f th e s e  environm ents by som e  

(Bouma, 1 9 6 3 , p . 127; C o lem an , G a g lia n o , and W ebb, 1 9 6 4 , p . 2 5 2 ).

The G audryina b en to n en sis  Zone

The in c r ea se  in numbers o f s p e c ie s  and in d iv id u a ls  o f aren a

c eo u s  foram in ifera , to g eth er  w ith  th e  d isa p p ea ra n ce  of sp o res  in th e  

overly in g  Gaudryina b en to n en s is  zon e  sh ow s a s lig h t  tr a n sg r e s s iv e  te n 

d e n c y . This d o es  not n e c e s s a r ily  im ply a v e r tica l r ise  in s e a  le v e l  or 

su b s id e n c e  o f th e  b a s in . If s e a  le v e l  rem ains c o n s ta n t , apparent tra n s

g r e s s io n s  and r e g r e ss io n s  o f  a shore can  ta k e  p la c e  a s  a r esu lt  o f  

ch a n g es  in th e  su p p ly  o f sed im en t. Such a m echanism  is  p o stu la ted  for 

th e  s lig h t  environm ental ch a n g es  w h ich  took p la c e  during th e  d e p o s it io n
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of th is  upper zon e  o f th e  Black M esa  M a n c o s . A sm a ll d e c r e a se  in th e  

rate of sed im en t su p p ly  w ould a llo w  a s lig h t  encroachm ent of th e  s e a  

over a p rev io u sly  e s ta b lish e d  "high" marsh a llo w in g  more e x te n s iv e  

f lo o d in g . This w ould probably in h ib it or e lim in a te  the "high" marsh 

p la n ts , w ith concurrent in trod uction  of more foram iniferal s p e c i e s . The 

a b so lu te  v a lu e  o f the d ifferen ce  in e lev a tio n  from "high" to  "low" marsh  

w ould not have to  be m uch, probably in the order o f a few  in ch es  to  a 

few  f e e t ,  d ep en d in g  on th e  lo c a l tid a l reg im e. Such a sm a ll change  

see m s  to  be more e a s i ly  ex p la in ed  by a s lig h t  d e c r e a se  in  sed im en t  

in flu x  than by a m in iscu le  r ise  in  se a  l e v e l .

That th e  d e p o s it io n a l environm ent o f th is  zon e  w as s t i l l  a marsh  

is  in d ica ted  by th e  numbers and character o f th e  s p e c ie s  p r e se n t . All 

are a ren aceou s and occu r in  var iab le  num bers, probably re f lec tin g  th e  

m icroenvironm ents in w h ich  th ey  l iv e d . They com pare w ith  P h leger's  

(1960a , p .  258; 1960b , p . 280) "marine marsh" fa u n a , e x c e p t th at th ere  

seem  to  be few er  s p e c ie s  and th e  dom inant genera are not th e  sa m e .

Environm ental co n d itio n s p revalen t during d e p o s it io n  of th is  

unit w ere probably a ls o  extrem e but not s o  much s o  a s  in th e  "high" 

marsh environm ent o f th e m egaspore z o n e . R anges in  tem p eratu re, s a 

l in ity , and pH w ere probably damped out to  som e e x te n t , and periods o f  

extrem e dry co n d itio n s w ere red u ced , thus opening a few  more n ich es  

for other foram iniferal s p e c ie s  .



SYSTEMATIC PALEONTOLOGY

A to ta l of 49 s p e c ie s  o f  foram inifera rep resen tin g  15 fa m ilie s  

w ere found in th e  M ancos S h a le  o f Black M e s a . T w en ty-tw o  s p e c ie s  are 

aren aceou s (agglu tinated) and 27 are ca lca reo u s; 14 s p e c ie s  are p lan k 

to n ic . The c la s s i f ic a t io n  o f th e  foram inifera u sed  in th is  paper is  e s s e n 

t ia l ly  th at o f L oeb lich  and Tappan in "T reatise on Invertebrate P a leon 

to lo g y ,"  Part C (1 9 6 4 ).

In ad d ition  to  th e foram in ifera , w h ich  are the prin cip a l o b jec ts  

of in v e s t ig a t io n , other m ic r o fo s s ils  w ere fou n d . T h ese  in c lu d e  o s tr a c o d s , 

plant m e g a sp o r es , sm a ll g a stro p o d s, and a conglom eration  o f sm all bone  

fragm en ts, s im p le  te e th , s p in e s ,  and s c a le s  w hich  are probably o f v er

tebrate orig in  and are inferred to  h ave b een  d erived  m ostly  from sm all 

f i s h .  N o attem pt w as made to  c la s s i f y  th e s e  la tter  o b jec ts  . The g a s tr o 

pods are a lm o st e x c lu s iv e ly  in tern al or extern al m olds w ith  a l l  or m ost 

o f th e  s h e ll  m aterial d is s o lv e d  a w a y .

> Only tw o  o s tr a c o d s , C y th ereis  e a g le fo rd en s is  A lexander and

C ytheropteron c f .  C . c a s to r e n se  Butler and J o n e s , are p resen t in  quan

t i t ie s  s u ff ic ie n t  to  warrant d e scr ip tio n  and illu s tr a t io n . Both o f  th e s e  

occu r to g eth er  in  th e  low erm ost sa m p les  of the M an cos ju st  ab ove  th e  

D akota ( ? ) .  C la s s if ic a t io n  o f th e  o stracod s fo llo w s  that of B en son  and 

others in  "T reatise on Invertebrate P a leo n to lo g y ,"  Part Q (1 961).

In th e  fo llow in g  s e c t io n s ,  no c la im  is  made to  com p lete  s y n 

o n y m ies . R eference is  made to  pertinent name ch a n g es  and , w here  

know n, to  more com p lete  sy n o n y m ies .
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S u b c la ss  O stracoda
Fam ily C ytherurldae G . W . M ille r , 1894  

G enus C ytheropteron Sars . 1866  
C ytheropteron c f . C . c a s to r e n se  Butler and Jones

Figure 13E-H

C ytheropteron c a s to r e n s is  Butler and Tones. 1 9 5 7 , p . 2 0 , p i .  5 , f ig .
5 a ,b .  H ow e and L au ren cich , 1958 , p . 2 9 7 , te x t  f ig .

C ytheropteron c a s to r e n se  Butler and J o n e s . C ran e , 1965 , p . 2 0 5 , 
p i.  3 , f ig .  1 .

D e sc r ip t io n . C arapace su b o v a te  w ith  d is t in c t  ventra l a la e ;  

p osterior  w ith  upturned cau d a l p r o c e ss ;  ven ter  sh ow s three or four fin e  

ridges or s tr ia tio n s  w h ich  roughly p a ra lle l th e  outer margin of a la e .  

H ingem ent o f right v a lv e  h as tw o e lo n g a te  cren u la te  p ro jec tio n s s e p a 

rated by a short cren u la te  groove; h ingem ent o f le f t  v a lv e  com plem ents  

that o f right v a lv e .

R em arks. T his s p e c ie s  i s  d is tin g u ish e d  from C ytheropteron  

n avarroen se A lexander by h av in g  fa in t re t icu la tio n s  on th e  d o rsa l su rface  

o f th e  a la e ,  w h ereas C . n avarroen se has sm ooth a la e .  In th e M ancos  

sp e c im e n s , th e s e  fea tu res are u n clear  and h en ce  h ave b een  d es ig n a ted  

C ytheropteron c f .  C . c a s t o r e n s e . They may be C . n a v a rro en se .

D im e n s io n s . L en gth , about 0 .5 5  mm.

O ccu rren ce . All sp ec im en s  occu r a s s o c ia te d  w ith  C yth ereis  

ea q le fo r d e n s is  A lexander in th e  b a sa l part o f th e  M ancos S h a le  in  a ll  

s e c t io n s .  Crane (1965) l i s t s  th is  s p e c ie s  from th e  Lower T aylor M arl o f 

T ex a s , Annona C halk and Saratoga C halk o f A rk a n sa s, R ipley Formation  

of G eorgia and Alabam a, N a catoch  Sand of A rk a n sa s, and th e  lo w er  

Prairie Bluff C halk o f A labam a.



Figure 13 . Ostracoda

A -C . C v th ere is  e a g le fo rd en s is  Alexander: A, right v a lv e ;
B, le f t  v a lv e ; C # d orsa l; D , v e n tr a l. X 5 0 .

E -H . C ytheropteron o f . C_. c a sto r e n se  Butler and Jones:
E, right v a lv e  exterior; F, right v a lv e  interior;
G , le ft  v a lv e  exterior; H , le f t  v a lv e  in terior. X 5 0 .



A
B

Figure 13. Ostracoda
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Fam ily T rach vleb erid id ae S v lv e s te r -B r a d le v . 1948  
G enus C yth ereis  J o n e s , 1849 

C y th ereis  e a g le fo r d e n s is  A lexander  
Figure 13A-D

C yth ereis  e a g le fo r d e n s is  A lexander. 1929 , p . 9 8 , p i .  9 , f i g s . 9 ,  1 2 . 
H ow e and L au ren cich , 1 9 5 8 , p . 194 , te x t f ig .  H a z e l , 19 6 9 , 
p . D 1 5 7 , f ig . 2 a - l .

D e sc r ip t io n . C arapace o b lo n g , h ig h e s t  in  front; anterior  

rounded, rimmed, d e n ticu la te ; d orsa l and ven tra l m argins stra igh t and 

converging; p o ster io r  c o m p r e sse d , sh o rt, an g led  b e low  m id d le , d e n t ic 

u la te  below ; v a lv e s  c o n v e x , w id e s t  behind; su rfa ce  prom inently r e t icu 

la t e ,  w ith  tw o low  ob scu re nod es on m edian la tera l lin e  o f c a r a p a c e .

' R em arks. T his s p e c ie s  is  co n sid ered  to  be su ff ic ie n t ly  w id e 

spread and tim e restr ic ted  to  be u sed  as a zo n a l marker for th e  S c io o n o -  

cera s g r a c ile  z o n e , or la t e s t  C enom anian , o f th e  G ulf C o a st and w estern  

in terior o f the U nited S ta tes  (H a ze l, 1 9 6 9 ).

D im e n s io n s . L en gth , about 0 .7 5  to  0 .8 0  mm.

O ccu rren ce . W id esp read  and common in  th e  b a sa l part of th e  

Black M esa  M a n c o s , a s s o c ia te d  w ith  C vtheropteron c f .  C . c a s to r e n se  

Butler and J o n e s . W id esp read  in  strata  o f m iddle E agle Ford a g e  ( la te s t  

Cenom anian) o f th e  G ulf C o a s t , F lorid a, and G eorg ia .
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Order Foram iniferida  
Fam ily Saccam m inidae Brady. 1884 

Subfam ily Saccam m ininae Brady. 1884 
G enus Saccam m ina M . B ars, 1869 

Saccam m ina a lexan d eri (Loeblich and Tappan)
Figure 14A-B

Proteonina a lex a n d er i L oeb lich  and Tappan. 1950 , p . 5 , p i .  1 , f ig s  1 ,2 .  
Proteonina c f .  P . a lex a n d er i L oeb lich  and T appan. S te lck  and W a ll, 

1955 , p . 5 2 , p i .  1 , f ig s .  5 , 6 .
Saccam m ina a lex a n d er i (L oeblich and T appan). E icher, 1960 , p . 5 5 , 

p i.  3 , f ig s .  1 , 2 .  E icher, 1965 , p .  8 9 1 , p i .  1 0 3 , f ig .  1 . E icher  
and W o r ste ll , 1970b , p . 2 8 0 , p i. 1, f ig .  7 .

D e sc r ip t io n . T est c o n s is t in g  o f  on e s lig h t ly  e lo n g a te , bu lbous

cham ber w ith  an e lo n g a te  neck; aperture term inal on e lo n g a te  neck; w a ll

a r en a ce o u s , m e d iu m -to  c o a r s e -g r a in e d .

R em arks. S p ecim en s are u su a lly  fla tten ed  in p r eserv a tio n . The

neck  is  very prom inent and tap ering  in som e sp ec im en s and short and

abrupt in o th e r s .

D im e n s io n s . L en gth , from about 0 .1 8  mm to  0 .5 0  mm; w idth  

from about 0 .1 0  mm to  0 .2 5  mm.

O ccu rren ce . Common in a ll  s e c t io n s  at Black M e s a . T his 

s p e c ie s  h a s  b een  p rev io u s ly  reported from K iowa, T herm opolis, Sk ull 

C reek , G raneros, B elle  Fourche and Blue H ill  S h a les  o f  th e  U nited  

S ta tes  w estern  in terior , and from th e  Kaskapau Formation o f  A lberta , 

C a n a d a .



Figure 14 . Foram iniferida; S accam m in id ae, H orm osin id ae, 
L itu o lid ae

A -B . Saccam m ina a lexan d eri (Loeblich and Tanoan): tw o  
in d iv id u a ls , som ew hat cru sh ed . X 65.

C -D . Reophax inordinatus Young; tw o in d iv id u a ls . D is  
som ew hat cru sh ed . X 65.

E. Reophax recta (B e isse l);  s id e .  X 65.

F -H . H aplophraqm oides c f .  H . q ilb erti Eicher: s id e  v iew  
o f three in d iv id u a ls  . X 65.

I. H aplophraqm oides co llyra  N a u ss; s id e  v ie w  o f  
crushed in d iv id u a l. X 65.

J. A m m obaculites im pexus Eicher; s id e  v iew  o f  crushed  
sp e c im en . X 65.

K. Ammomarqinulina c a r li le n s is  Lamb; s id e  v iew  o f  
crushed sp e c im en . X 65.
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Figure 14. Foraminiferida: Saccamminidae, Hormosinidae, 
Lituolidae
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Fam ily H orm osin idae H a e c k e l, 1894  
Subfam ily H orm osin inae H a e c k e l, 1894 

G enus Reophax M ontfort, 1808  
Reophax inordinatus Young 

Figure 14C -D

Reophax inordinatus Y oung. 1 9 5 1 , p .  4 8 , p i .  11 , f i g s . 1, 2 .  E icher, 
1 9 6 6 , p . 21 , p i .  4 ,  f ig s .  3 , 4 .

D e sc r ip t io n . T est e lo n g a te , tap ering  from cen ter  o f la s t  cham 

ber to  in it ia l cham ber and tapering rapidly from cen ter  o f la s t  cham ber  

toward aperture; tw o  to  fiv e  u n iser ia l ch am b ers, u su a lly  three; su tu res  

s tra ig h t, d ep ressed ; w a ll c o a r se ly  a ren aceou s; aperture term in a l, round, 

at end o f prom inent tap ering n e c k .

R em arks. S p ec im en s are u su a lly  fla tten ed  in  p r e se r v a tio n . 

D im e n s io n s . L ength , from about 0 .4 0  mm to  over 1 .0  mm; 

w id th , from 0 .2 0  to  0 .5 0  mm.

O ccu rren ce . L o ca lly  common in  a l l  s e c t io n s  at Black M e s a .

The s p e c ie s  w as o r ig in a lly  d escr ib ed  from Greenhorn eq u iv a len ts  from 

southern  M ontana and h as b een  reported from th e  Blue H ill and C o d e ll 

M em bers o f the C a r lile .

R eophax minuta Tappan

Reophax minuta Tappan. 1 9 4 0 , p . 9 4 , p i .  1 4 , f ig .  4 .  T appan, 1943 , 
p . 4 8 0 , p i .  7 7 , f ig .  4 .  F r iz z e ll ,  1 9 5 4 , p . 5 7 , p i .  1 , f ig .  1 1 . 
Tappan, 1962 , p . 13 2 , p i .  3 0 , f ig . 1 0 . E icher, 1965 , p . 8 9 2 , 
p i. 105 , f ig .  1 2 .

D e sc r ip t io n . T est e lo n g a te , cy lin d r ica l w hen  u n cru sh ed , s id e s  

g en tly  tapering; up to  e ig h t u n ise r ia l in fla ted  ch a m b ers, s l ig h t ly  w id er  

than h ig h , in crea s in g  grad u ally  in  s iz e ;  su tu res d ep ressed ; w a ll aren a

c e o u s ,  m edium - and c o a rse -g ra in e d ; aperture term in al, rounded .
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R em arks. M ost sp e c im en s  are c r u sh e d . The m ain d ifferen ce  

b etw een  R . minuta and R. p ep p eren s is  L o eb lich  is  in  s iz e ;  R. minuta is  

th e  la rg er . N one are w e ll  enough p reserved  to  i l lu s tr a te .

D im e n s io n s . L en g th , about 0 .5  mm; w id th , about 0 .1 8  mm.

O ccu rren ce: Rare, on ly  in  th e  Blue C anyon and L ohali Point 

s e c t io n s  at B lack M e s a . T his s p e c ie s  h as p rev io u s ly  b een  reported from 

th e  G raneros o f K a n sa s , th e  D uck C reek and G rayson  Form ations o f  

Oklahoma and T e x a s , and th e  Topagoruk and Oum alik Form ations o f  

A la sk a .

Reophax p ep p eren sis  L o eb lich

Reophax p ep p eren s is  L o eb lich , 1946, p . 1 3 3 , p i .  2 2 , f ig .  1 . F r iz z e l l , 
1 9 5 4 , p . 5 8 , p i .  1 , f ig .  1 2 . Tappan, 1 9 6 2 , p . 1 3 3 , p i .  3 0 , f ig .
1 4 . E icher, 1 9 6 5 , p . 8 9 2 , p i .  10 5 , f ig .  8 .  E icher, 1 9 6 7 , p . 1 8 0 , 
p i.  1 7 , f ig .  8 .

D e sc r ip t io n . T est e lo n g a te , s m a ll, c y lin d r ic a l w hen  u n cru sh ed , 

g en tly  tapering; up to  9 u n ise r ia l ch a m b ers, s l ig h t ly  w id er  than h ig h , 

in crea s in g  grad u ally  in  s iz e ;  su tu res s tr a ig h t, d ep ressed ; w a ll aren a

c e o u s ,  f i n e - t o  m ed iu m -grain ed , rough; aperture term in a l, round.

R em arks. M ost sp e c im en s  are cru sh ed . S p ec im en s in th e  

Black M esa  m aterial may be sm a ll R. minuta T appan . N one are w e ll  

enough p reserved  to  i l lu s tr a te .

D im e n s io n s . Length about 0 .2 0  to  0 .4 0  mm; w id th , from about

0 .0 5  mm to  0 .1 0  mm.

O ccu rren ce . Rare in  B lack M e sa , on ly  reco g n ized  in  L ong- 

h o u se  V alley  and K ayenta s e c t io n s .  The s p e c ie s  h as b een  p rev io u s ly  

reported from th e  Pepper S h a le  o f T e x a s , from Turonian b ed s in  northern
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A la sk a , and from th e  B e lle  Fourche and G raneros o f th e  U .S .  w estern  

in ter io r .

Reophax recta  (B eisse l)
Figure 14E

Trochammina recta  B e i s s e l ,  1891 , p . 22 , p i .  5 , f i g s .  1 - 3 .
Reophax recta  (B e is s e l) .  Franke, 1928 , p . 19 , p i .  2 , f ig .  3 .  F ox ,

1954 , p . 110 , p i. 2 4 , f ig .  1 (ad d ition al sy n o n y m y ). E icher, 19 6 7 , 
p . 180 , p i .  17 , f i g s .  3 , 4 .  E icher and W o r ste ll, 1970b , p . 2 8 0 , 
p i. 1 , f ig .  1 1 .

D e sc r ip t io n . T est e lo n g a te , la r g e , n o d o se , tw o  to  s ix  u n i

s e r ia l cham bers; cham bers in f la te d , about a s  w id e  a s  h ig h , in crea sin g  

l i t t le  in s i z e  a s  a d d ed , in it ia l  cham ber com m only larger than th e  s u c 

ceed in g  o n es; su tu res d is t in c t ,  d ep ressed ; w a ll c o a r se ly  a r e n a c e o u s , 

rough; aperture term in a l, rounded , on low  n e c k .

R em arks. M ost sp ec im en s  are c r u sh e d . The large in it ia l  cham 

ber m akes th is  s p e c ie s  d is t in c t iv e .  M any in d iv id u a ls  h ave on ly  tw o or 

th ree ch a m b ers.

D im e n s io n s . L en g th , from about 0 .5 0  to  over 1 .0  mm.

O ccu rren ce . L o ca lly  common in Black M e sa , found in  a l l  s e c 

tio n s  but L ohali P o in t. T his s p e c ie s  has b een  p rev io u s ly  reported from 

th e  C ody S h a le  o f W yom ing, th e  B elle  Fourche S h a le  in M ontana and 

W yom in g, and from th e upper part o f th e  G reenhorn Form ation in north

ea stern  W yom in g .
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Fam ily L itu o lid ae  d e  B la in v ille . 1825  
Subfam ily H aplophragm oid inae M ayn e, 1952  

G enus H aplophraqm oides C ushm an. 1910 
H aplophragm oides co lly ra  N au ss  

Figure 141

H aplophraqm oides co lly ra  N a u s s , 1947 , p . 3 3 7 , p i .  4 9 , f i g s .  2 , 5 .  
W a ll, 1960 , p . 16 , p i .  3 , f ig s .  1 6 -1 9 . E icher, 1 9 6 7 , p . 180 , 
p i.  17 , f ig s  . 7 , 9 .

D e sc r ip t io n . T est p la n isp ir a l, u m b ilic i fa ir ly  d e e p , in v o lu te , 

tend ing to  becom e s lig h t ly  ev o lu te  in  la ter  s ta g e s ;  cham bers s lig h t ly  

in f la te d , in crea sin g  in  s i z e  gra d u a lly , s ix  to  n in e  in  la s t  whorl; su tu res  

d ep ressed ; w a ll a r e n a c e o u s , f in e -  to  m edium -grained; aperture 

in d is t in c t .

R em arks. M ost sp ec im en s  are crushed  fla t s o  that cham bers 

are c o n c a v e .

D im e n s io n s . G rea test d iam eter from about 0 .3 5  mm to  about

0 .9 0  mm.

O ccu rren ce . L o ca lly  common in  th e  H ed b ergella  d e lr io e n s is  

zon e in a l l  f iv e  s e c t io n s  at Black M e s a . T his s p e c ie s  has p rev io u sly  

b een  reported from th e L loyd m in ister  Sh ale o f Alberta and from a l l  por

tio n s  o f th e  B e lle  Fourche and its  eq u iv a len ts  in  M ontan a, W yom ing, 

and northern C olorad o .

H aplophraqm oides c f . H . g ilb er t! Eicher  
Figure 14F-H

H aplophraqm oides g ilb er t! E icher. 1965 , p . 8 9 4 , p i .  1 0 3 , f i g s .  11 , 1 3 , 
1 4 . E icher, 1 9 6 7 , p . 181 , p i .  17 , f ig .  2 .

D e sc r ip t io n . T est p la n isp ir a l, periphery broadly rounded,

partly e v o lu te , um b ilicu s fa ir ly  d eep ; s e v e n  to  e ig h t cham bers in  la s t

w horl, cham bers som ew h at in f la te d , in crea sin g  in  s i z e  very  gradually;
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sutu res s tra ig h t, in d is tin c t;  w a ll a r e n a c e o u s , m ed iu m -gra in ed , rough; 

aperture in d is tin c t at b a se  o f apertural f a c e .

R em arks. This s p e c ie s  seem s to  be co a rser  grained than the  

form d escr ib ed  by R icher, and th e  cham bers are l e s s  d is t in c t .  It com 

pares favorably  w ith  h is  il lu s tr a t io n s , h o w ev er, and is  th us d e s ig n a te d  

a s H aplophraqm oides c f .  H . q ilb erti R icher.

D im e n s io n s . G rea test d iam eter about 0 .2 0  to  0 .4 0  mm.

O ccu rren ce . Common in a l l  s e c t io n s  at Black M esa  ex cep t  

L onghouse V a lle y . It is  more ty p ic a l of th e  G audryina b en to n en sis  zon e  

but a ls o  occu rs in  th e  H ed b ergella  d e lr io e n s is  z o n e .

H aplophraqm oides h ow ard en se S te lck  and W all

H aplophraqm oides h ow ard en se S te lc k  and W a ll. 1954 , p . 25 , p i .  1,
f ig .  2 0 , p i .  2 , f ig s .  5 , 6 . R icher, 1 9 6 6 , p . 2 1 , p i .  4 ,  f i g s .  6 , 7 .

D e sc r ip t io n . T est p la n isp ir a l, periphery broadly rounded , v a r i

ab ly  ev o lu te ; um b ilicu s w id e  and sh a llo w  to  m oderately d eep  and narrow; 

s ix  to  e igh t cham bers in la s t  w h o r l, cham bers s lig h t ly  in f la te d , in c r e a s 

ing in  s i z e  gradually; su tu res th ick en ed , flu sh ; w a ll a r e n a c e o u s , f in e -  

to  m ed iu m -gra in ed , sm ooth; aperture ob scu re at b a se  o f apertural f a c e .

R em arks. D is t in g u ish e d  from H . q ilb erti Richer by havin g  much 

sm oother su rfa ce  and l e s s  in fla ted  ch a m b ers.

D im e n s io n s . G rea test d iam eter about 0 .2 5  mm.

O ccu rren ce. Rare to  lo c a lly  common in  a l l  s e c t io n s  at Black  

M e sa , particu larly  in th e  G audryina b en to n en s is  z o n e . P rev io u sly  re 

ported from th e  Blue H ill M ember o f th e  C a r lile , th e  G raneros S h a le , 

and th e  Kaskapau Form ation o f A lberta .
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G enus Trocham m inoides C ushm an, 1910  
Trocham m inoides c f . T. apricarius E icher

Trocham m inoides apricarius E icher. 1965 , p . 8 9 4 , p i .  1 0 3 , f i g s . 7 , 1 2 . 
E icher, 1 9 6 6 , p . 2 2 , p i .  4 ,  f ig .  10 . E icher, 1 9 6 7 , p . 1 8 1 , p i .  1 7 , 
f ig .  1 4 .

D e sc r ip t io n . T est sm a ll, co m p ressed , p la n isp ira l and e v o lu te ,  

8 cham bers in th e  la s t  w horl; cham bers s l ig h t ly  in f la te d , in crea sin g  in  

s iz e  gradually; w a ll f in e ly  aren a ceo u s; aperture at b a se  o f apertural 

fa c e ,  o b scu re .

O ccu rren ce. Rare in  th e Black M esa  M a n c o s . Only one s p e c i 

men w as found at K ayenta, 174 fe e t  ab ove th e  D akota (? ) .  In C olorado  

and W yom ing th is  s p e c ie s  c o n s t itu te s  an im portant part o f th e  fauna in  

th e  upper part of th e  G raneros and B elle  Fourche and has b een  found in  

th e  Blue H ill M em ber o f th e  C a r lile .

Subfam ily L itu o lin ae  de B la in v ille . 1825  
G enus A m m obaculites C ushm an, 1910 

A m m obaculites im oexus Eicher  
Figure 14J

A m m obaculites im oexus E icher. 1965 , p .  8 9 5 , p i .  104 , f i g s .  3 - 5 .
E icher, 1 9 6 7 , p . 181 , p i .  17 , f ig . 6 .

D e sc r ip t io n . T est e lo n g a te , u n ise r ia l portion cy lin d r ica l in 

uncrushed sp e c im e n s , c o i l  e v o lu te , protruding beyond one or both s id e s  

o f u n iser ia l portion; 4 to  7 cham bers in la s t  w horl o f c o i l ,  up to  3 or 4 

cham bers in u n iser ia l portion; su tu res in d is t in c t  in  early  portions o f  

c o i l ,  d is t in c t  in  la te r  portions and in u n iser ia l p ortion . W all c o a r se ly  

a r en a ce o u s , large grains g iv in g  a jagged  ou tlin e; aperture term in a l.

R em arks. .  M ost sp e c im en s  sm ash ed  fla t and are q u ite  jagged  

and irregular. M any are b rok en , w ith  c o i ls  and u n ise r ia l portions o ccu r-  

ing s e p a r a te ly .
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A m m obaculites lu n ceu s  Cushm an and Applin

A m m obaculites iu n ceu s  C ushm an and A pplin. 1946 , p . 7 2 , p i .  13 , f ig .
2 . F r iz z e ll ,  1 9 5 4 , p . 6 2 , p i .  2 , f ig . 2 2 . E icher, 1 9 6 7 , p . 181 , 
p i.  17 , f ig s .  11 , 1 2 . E icher and W o r s te ll , 1970b , p . 28 1 , p i .  1 , 
f ig .  6ab .

D e sc r ip t io n . T est e lo n g a te , in v o lu te  c o ile d  portion w ider than  

u n iser ia l p ortion , c o i l  u m b ilica te  w ith  four to  s e v e n  s lig h t ly  in fla ted  

cham b ers, u n ise r ia l portion w ith  up to  s ix  m oderately  in fla ted  cham bers 

w h ich  are w id er  than high; su tu res in  c o il  in d is t in c t  e x cep t w hen  

dam pened, d is t in c t  in  u n ise r ia l portion; w a ll a r e n a c e o u s , medium

grained; aperture term in a l.

Remarks . M ost sp ec im en s  fla tten ed  and frequently  b rok en . 

N one w as w e ll  enough p reserved  to  i l lu s tr a te .

D im e n s io n s . L en gth , from about 0 .5 0  mm to  about 0 .7 5  mm.

O ccu rren ce . L o ca lly  common in  th e  Gaudryina b e n to n e n s is  

zo n e  in th e  Blue C anyon and Kayenta s e c t io n s  at Black M e sa , not r ec o g 

n ized  in the other s e c t io n s .  T his s p e c ie s  has p rev io u sly  b een  reported  

from th e  upper part o f th e  W oodbine Formation o f T exas and from th e  

B elle  Fourche and eq u iv a len ts  o f the w estern  in terior o f th e  U nited  

S t a t e s .

G enus Ammomarginulina W ie sn er . 1931  
Ammomarqinulina c a r li le n s is  Lamb 

Figure 14K

Ammomarqinulina c a r l i le n s is  Lamb, 1 9 6 9 , p . 143 , te x t f ig .  1 - 3 .

D e s c r ip t io n . T est la r g e , com p ressed ; early  portion  c lo s e ly

c o ile d  and partly in v o lu te ; n in e or ten  cham bers in  w horl, u su a lly  

v is ib le  on ly  in transm itted  l ig h t , tw o or three cham bers in  u n iser ia l



portion; w a ll a r e n a c e o u s , rough , f in e -  to  m edium -grained; la s t  un i

se r ia l cham ber rectan gu lar  in  o u t lin e .

D im e n s io n s . L en gth , up to  1 .5  mm; d iam eter , about 0 .3  mm.

O ccu rren ce . Rare to  lo c a lly  common in  H ow ell M e sa , Blue 

C an yon , and Kayenta s e c t io n s  at Black M e sa , in  th e  H ed b ergella  d e l -  

r io e n s is  z o n e . F irst d escr ib ed  from Blue H ill eq u iv a len ts  o f th e  M an cos  

S h ale o f th e  San Juan B asin  o f N ew  M ex ico

Ammomarqinulina c f . _A. p a tere lla  E icher  

Ammomarqinulina p a tere lla  E icher. 1967 , p .  182 , p i .  17 , f i g s .  15 , 16

D e sc r ip t io n . T es t com p aratively  la r g e , co m p ressed , early  por

tio n  a fa in tly  b iu m b ilica te  c o i l  o f about tw o w horls w ith  about s e v e n  

cham bers in a w h orl, fo llo w ed  by com p ressed  u n iser ia l portion o f one  

to  three cham bers; cham bers in d is t in c t  e x ce p t w hen dam pened , expand

ing s lo w ly ; su tu res in d is tin c t;  w a ll a r e n a c e o u s , c o a r s e , rough fin ish ;  

aperture in d is t in c t .

D im e n s io n s . L en gth , up to  about 1 .0  mm; d iam eter to  about

0.8  mm.

R em arks. M any in d iv id u a ls  c o n s is t  o f c o i l  o n ly . C oarser  

grained than A. c a r l i le n s is  Lamb, and la s t  u n ise r ia l cham ber is  l e s s  

rectan gu lar . N one is  w e ll  enough p reserved  to  i l lu s t r a t e .

O ccu rren ce . R ecogn ized  on ly  in  Blue C anyon s e c t io n s  at Black  

M esa  w here it is  common in  som e sam p les  in  th e  G audryina b en to n en s is  

z o n e . P rev iou sly  reported from th e upper part o f th e  B e lle  Fourche and 

eq u iv a len ts  in  M ontana and W yom ing.

68
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Ammomarqinulina c f .  A. perim pexus E icher  

Ammomarginulina perim pexus E icher. 1966 , p . 2 3 , p i .  4 ,  f i g s .  1 3 -1 5

D e sc r ip t io n . T est p la n isp ir a l, c o m p r e sse d , e v o lu te , early  por

tio n  o f l e s s  than tw o com p lete  w h o r ls , f iv e  to  s e v e n  cham bers in  la s t  

w horl, l e s s  in p reced in g  w horl, cham bers in crea s in g  in s i z e  gradually  

but som ew hat in fla ted  in som e sp ec im en s; u n iser ia l portion one or tw o  

cham bers; su tu res in d is tin c t; w a ll c o a r se ly  a ren a ceo u s; aperture in 

d is t in c t .  N one of th e  Black M esa  sp ec im en s w ere s u ff ic ie n t ly  w e ll pre

served  to  i l lu s tr a te .

D im e n s io n s . L en gth , up to  0 .5 0  mm.

O ccu rren ce . R ecogn ized  only  in  on e sam p le  in th e  Gaudryina  

b en to n en sis  zon e  in th e L onghouse V alley  s e c t io n  at Black M e s a , w here  

19 sp ec im en s w ere fou n d . M o st w ere poorly p reserv ed . D iff ic u lt  to  

d ifferen tia te  from A. c f .  p a tere lla  E icher, e x ce p t sm a lle r .

G enus Haplophraqm ium R e u ss , 1860 
Haplophraqm ium arenatum Lamb 

Figure 15A

Haplophraqmium arenatum  Lamb. 1 9 6 9 , p . 1 4 3 , te x t  f ig .  4 -6

D e sc r ip t io n . T est la r g e , early  portion is  an irregular s tr ep to -  

sp ira l c o i l ,  la ter  portion u n ise r ia l, stra igh t to  som etim es crooked; up 

to  s ix  cham bers in  u n ise r ia l p ortion , but many seem  broken off; su tu res  

s lig h t ly  d ep ressed ; w a ll a r e n a c e o u s , m edium -grained; aperture round, 

term in a l.

Remarks . M any sp ec im en s appear to  be d is to r te d . There 

seem s to  be q u ite  a v a r ia tion  in  th e  c o i l in g , but a l l  c lo s e ly  resem b le  

Lam b's f ig u r e s .



Figure 15 . Foram iniferida: L itu o lid a e , T ex tu la r iid a e , Trocham - 
m in id ae, A taxophragm iidae

A . Haplophragmium arenatum Lamb: front v iew  show ing
strep tosp ira l c o i l in g . X 50 .

B. C oscin op h ragm a? c f .  C.. c o d y e n s is  (Fox): s id e  v ie w .
X 5 0 .

C -E . Spiroplectam m ina a c o s ta i  Tappan: s id e  v iew s  o f  three  
in d iv id u a ls . X 65 .

F - I . Trochammina w ick en d en i L oeb lich: F, d o r sa l, and G ,
ventral v ie w s  o f  a crushed sp ecim en  H , d o r sa l, and 
I, ventral v ie w s  o f  another som ew hat crushed s p e c i 
m en . X 65.

J -M . Gaudrvina b en to n en sis  (Carman): s id e  v ie w s  o f  four 
d ifferen t in d iv id u a ls . X 65.
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Figure 15. Foraminiferida: Lituol idae, Textulari idae,  Trocham- 
minidae, Ataxophragmiidae



D im e n s io n s . L ength , to  about 1 .1 0  mm.

O ccu rren ce . Rare to  lo c a lly  common in H ed b ergella  d e lr io e n s is  

zon e o f a ll  Black M esa  s e c t io n s .  P rev io u sly  reported from low er G reen

horn eq u iv a len t o f the low er M ancos in  th e  San Juan B a sin , N ew  M e x ic o .

Subfam ily C oscin op h ragm atin ae Thalm ann. 1951 
G enus C oscinophragm a Thalm ann, 1951 

C oscinophragm a ? c f . C,. c o d y e n s is  (Fox)
Figure 15B

Polyphragma c o d y e n s is  F ox , 1 9 5 4 , p . 113 , p i .  2 5 , f ig s .  1 - 4 .  
C oscinophragm a c o d y e n s is  (Fox). E icher, 1 9 6 7 , p . 18 3 , p i .  1 8 , f ig s .

5 , 6 .
C oscinophragm a ? c o d y e n s is  (F ox). E icher and W o r ste ll , 1970b , p .

2 8 1 , p i .  1 , f ig .  1 4 .

D e sc r ip t io n . T e s t , la r g e , e lo n g a te , irregularly u n ise r ia l, a l l  

sp ec im en s broken, c r u sh e d , or d isto rted ; cham bers w id er  than high  but 

variab ly  sh a p ed , very s lig h t ly  in fla ted ; som e in d iv id u a ls  show  b ifu rcat

ing branches; w a ll a r e n a c e o u s , m edium -grained; aperture o b sc u r e . It 

cannot be determ ined in  th e  m aterial a v a ila b le  if  cham ber in teriors are  

lab yrin th ic  a s  illu stra ted  by L oeb lich  and Tappan (1964 , te x t  f ig .  162 , 

f ig .  7 ) ,and th erefore th e  g en er ic  a ss ig n m en t is  in  d ou b t.

Rem arks: A ll m aterial in  Black M esa  is  rep resen ted  by broken  

and cru sh ed  fra g m en ts , som e o f  w h ich  show  b ifu r c a t io n s .

D im e n s io n s . Fragm ents range up to  over 1 mm in  le n g th .

O ccu rren ce. G en era lly  rare, but lo c a lly  common to  abundant 

in  th e  H ed b ergella  d e lr io e n s is  zo n e  o f H ow ell M e sa , Blue C an yon , and 

Kayenta in th e  Black M esa  M a n c o s . O rig ina lly  reported from parts o f  

th e  C ody S h ale  o f inferred Niobrara a g e  in  th e  Big Horn B asin  o f  W yom ing  

S u b seq u en tly  reported from th e upperm ost B e lle  Fourche o f M ontana and 

from th e upper G reenhorn in South D akota and C o lorad o .
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Fam ily T extu lar iid ae  Ehrenberg. 1838  
Subfam ily Sp irop lectam m in inae C ushm an. 1927  

G enus Spiroplectam m ina C ushm an. 1927  
Spiroplectam m ina a c o s ta i  Tappan 

Figure 15C -E

Spiroplectam m ina a c o s ta i  Tappan. 1943 , p . 4 8 4 , p i .  7 7 , f ig .  3 0 .
F r iz z e l l , 1 9 5 4 , p . 6 6 , p i .  4 ,  f ig .  1 6 . E icher, 1 9 6 6 , p . 2 3 , p i .  4 ,  
f ig .  17 , 2 0 .

D e sc r ip t io n . T est sm a ll, co m p ressed , flaring m oderately  from 

rounded b a s e , periphery u n ev en ly  serrate; som e sp ec im en s b eg in  w ith  a 

4 -  or 5-ch am b er c o i l ,  others w ith  a p r o lo c u lu s , fo llo w ed  by up to  12 

b ise r ia l cham bers; b is e r ia l cham bers e lo n g a te , tw ic e  a s  w id e  as h ig h , 

slo p in g  downward to  p erip h ery , in crea sin g  gradually  in s iz e ;  su tu res  

d is t in c t ,  d e p r e sse d ; w a ll f in e ly  a ren a ceo u s; aperture o b sc u r e .

Remarks . Taper o f t e s t  and d eg ree  o f f la tn e ss  is  som ew hat

v a r ia b le .

D im e n s io n s . L ength , about 0 .2 5  mm.

O ccu rren ce . T his s p e c ie s  is  lo c a l ly  abundant in  th e  Gaudryina  

b e n to n e n s is  zon e  o f Kayenta and p resen t at L ohali Point at Black M e s a . 

P rev io u sly  reported from th e D uck C reek Form ation o f T exas and from 

th e  Blue H ill  M em ber o f  .the C a r lile  S h a le  o f  C o lorad o .

Fam ily Trocham m inidae S ch w a cer . 1877  
Subfam ily Trocham m ininae S ch w ager , 1877  
G enus Trochammina Parker and J o n e s , 1859 

Trochammina c f . T . rutherfordi S te lc k  and W all

Trochammina rutherfordi S te lck  and W a ll. 1 9 5 5 , p . 5 6 , f ig s .  11 , 12, 1 4 , 
16 , p i .  3 , f ig s .  20 , 2 1 . E icher, 1 9 6 5 , p . 8 9 9 , p i .  1 0 5 , f ig .  1 
(additional sy n o n y m y ).

D e sc r ip t io n . T est tro ch o sp ira l, sm a ll, v en tra lly  u m b ilica te , 

d o r sa lly  variab ly  c o n v e x , c o n s is t in g  of th ree  to  four w horls w ith  f iv e  to



e ig h t cham bers in fin a l w horl; cham bers in f la te d , in crea s in g  in  s i z e  

gradually; su tu res d ep ressed ; w a ll a r e n a c e o u s , fin e  to  m edium .

Remarks . Two s u b s p e c ie s  h av e  b een  p rev io u s ly  d escr ib ed  

(Eicher, 1965 , p . 8 9 9 ), and co n sid era b le  overlap  in c h a r a c te r is t ic s  

e x is t s  b etw een  th e  tw o  s u b s p e c ie s  and s t i l l  another s p e c i e s , T . r ib - 

s to n e n s is  W ick en d en . The m aterial found in  B lack M e sa , a lthough  

som ew hat cru sh ed , m ost c lo s e ly  resem b les  th o se  in  E icher's (1965 , p i .  

105 , f ig .  1) i l lu s tr a t io n . N one is  good enough to  i l lu s tr a te .

D im en sio n s  . G rea test d iam eter about 0 .2 0  mm; h e igh t about 

0 .1 0  mm.

O ccu rren ce . Found on ly  in one sam p le  at th e  b a se  o f the L ong- 

h o u se  V alley  s e c t io n  in  B lack M e s a . P rev iou sly  reported from th e  

G raneros S h ale  and eq u iv a len ts  in th e  w estern  in terior o f th e  U nited  

S ta te s , th e  D un vegan  and K askapau Form ations o f w estern  C an ad a, and 

th e  N inuluk Formation of northern A la sk a .

Trochammina w etter i S te lck  and W all

Trochammina w etter! S te lck  and W a ll. 1 9 5 5 , p . 5 9 , p i .  2 , f i g s .  1 - 3 ,  6 .
E icher, 1 9 6 7 , p . 184 , p i .  18 , f i g s . 7 , 9 (ad d ition al sy n o n y m y ).
E icher and W o r ste ll , 1970b , p . 2 8 2 , p i .  1 , f ig .  16 .

D e sc r ip t io n . T est tro ch o sp ira l, rather la r g e , c o n s is t in g  o f  

about tw o and o n e -h a lf  w h o r ls , dors a lly  c o n v e x , v en tra lly  u m b ilica te;  

four to  s ix  cham bers in  la s t  w h orl, cham bers in fla ted ; su tu res d e p r e sse d ,  

radial v en tra lly  and s lig h t ly  s la n ted  d o rsa lly ; w a ll a r e n a c e o u s , m edium - 

to  f in e -g r a in e d .

Remarks . Very sim ila r  to  T . w ick en d en i L oeb lich  e x c e p t for  

s i z e ,  w ith  T. w e tter i b ein g  larger (Eicher, 1 9 6 7 , p . 1 8 5 ). T h ese  tw o  

forms may be th e  sam e s p e c i e s .  M ost sp e c im en s  are c r u sh e d .
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D im e n s io n s . D ia m eter , about 0 .3 0  mm.

O ccu rren ce . T . w etter i is  co n sid ered  to  be rare in th e  Black  

M esa  M a n c o s . It w a s reco g n ized  lo c a lly  only  in th e  H ow ell M esa  and 

Kayenta s e c t io n s . This s p e c ie s  is  common in  th e  B elle  Fourche and 

eq u iv a len ts  o f th e  U .S .  w estern  in terior and h as a ls o  b een  found in th e  

G reenhorn. It i s  a ls o  qu ite  common in th e  K askapau and Puskw askau  

Form ations o f w estern  C a n a d a .

Trochammina w ick en d en i L oeb lich  
Figure 15F-I

Trochammina w ick en d en i L o eb lich . 1946 , p . 1 3 8 , p i .  2 2 , f ig .  1 7 .
F r iz z e ll ,  1 9 5 4 , p .  7 9 , p i .  7 , f ig .  2 4 . E icher, 1965 , p . 9 0 0 , p i .
10 5 , f ig .  1 3 . E icher, 1 9 6 6 , p . 2 4 , p i .  4 ,  f ig .  2 2 .

D e sc r ip t io n . T est tro ch o sp ira l, lo w , c o n s is t in g  o f about tw o  

com p lete  w h o r ls , w ith  ventral u m b ilicu s; four to  s ix  cham bers in  la s t  

w h orl, cham bers in fla ted ; su tu res d ep ressed ; w a ll a r e n a c e o u s , m edium - 

to  fin e-g ra in ed ; aperture o b scu re , at inner ventral margin o f la s t  cham 

ber opening in to  u m b ilic u s .

R em arks. This s p e c ie s  resem b les  T. w e tter i in  a l l  ch aracters ,, 

e x ce p t sm a ller  in s i z e .  M ost sp ec im en s are sm ash ed  f la t .

D im e n s io n s . D iam eter  from about 0 .1 5  mm to  0 .3 0  mm.

O ccu rren ce . Common to  abundant throughout th e  Black M esa  

M a n c o s , ev en  occurring sp a r se ly  through th e  m egasp ore zon e  in som e  

s e c t io n s .  P rev iou sly  reported from th e Pepper S h a le  o f T exas and from 

the Graneros and C a r lile  o f th e  U .S .  w estern  in ter ior . Lamb (1968 , p . 

841) found it to  be common in  th e  C a r lile  eq u iv a len t portion s o f th e  lo w er  

M ancos S h ale  in th e  San Juan B asin  o f N ew  M e x ic o .



75

Fam ily A taxophragm iidae Sch w ager, 1877  
Subfam ily V ern eu ilin in ae C ushm an, 1911 

G enus G audryina D 'O rb ign y , 1839  
G audryina b en to n en s is  (Carman)

Figure 15J-M

Spiroplectam m ina b en to n en s is  Carm an, 1929 , p .  3 1 1 , p i .  3 4 , f ig s .  8 , 9 .  
Gaudryina b en to n en s is  (Carm an). C ushm an, 1 9 3 2 a , p .  9 6 . C ushm an, 

1946 , p . 3 3 , p i .  7 , f i g s .  1 5 , 16 (additional sy n o n y m y ). F r iz z e ll ,  
1954 , p . 70 , p i .  5 ,  f ig .  1 4 . E icher, 1966 , p . 2 4 , p i .  5 , f ig s .  3 , 4 .  
M e llo , 1969 , p . 4 8 , p i .  4 ,  f ig .  1 1 .

D e sc r ip t io n . T est e lo n g a te , rounded at b a s e ,  som ew h at com 

p r e ss e d , e d g e s  p a ra lle l to g en tly  tapering in s id e  v ie w , ea r ly  tr iser ia l  

portion about a s  h igh a s  w id e , u su a lly  w ith tw o or three w h o r ls , b ise r ia l  

portion u su a lly  s lig h t ly  tw isted ; cham bers in crea sin g  rapidly in s i z e  in 

tr iser ia l portion but nearly  uniform in b ise r ia l portion; su tu res d is t in c t  

in b ise r ia l part; w a ll f in e ly  a r e n a c e o u s , sm ooth; aperture a h ig h , nar

row opening r isin g  from th e b a se  o f  apertural f a c e .

R em arks. U su a lly  w e ll p reserv ed . T his s p e c ie s  is  su b sta n 

t ia l ly  larger and l e s s  sharply  tapering than G . sp ir ite n s is  S te lck  and 

W a ll.

D im e n s io n s . L en gth , from about 0 .2 0  mm to  0 .7 0  mm, m ostly  

about 0 .5 0  mm.

O ccu rren ce . L o ca lly  common to abundant in th e  G audryina  

b en to n en sis  zo n e  in a l l  f iv e  s e c t io n s  at B lack M e s a . It h a s  not b een  

found in th e  H ed b ergella  d e lr io e n s is  zon e  or th e  m egaspore z o n e . Pre

v io u s ly  reported from many Upper C reta ceo u s u n its in th e  G u lf C o a st  

and the w estern  in ter ior . It is  abundant in th e  Blue H ill M em ber o f  the  

Carl l ie  S h a le  in C o lo ra d o .
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G audryina sp ir ite n s is  S te lck  and W a ll

Gaudryina sp lr ite n s is  S te lck  and W a ll. 1 9 5 5 , p . 4 3 , p i .  2 , f ig s .  9 ,  10; 
p i.  3 , f ig s .  8 - 1 2 .  E icher, 1 9 6 6 , p .  2 4 , p i .  5 , f ig s .  1 , 2 .

D e sc r ip t io n . T est e lo n g a te , tapering m arkedly to  a very narrow, 

rounded b a s e , early  on e-fou rth  o f t e s t  c lo s e ly  tr is e r ia l, la ter  portion  

s lig h t ly  tw is te d  and b ise r ia l;  cham bers in f la te d , in crea s in g  s lig h tly ;  

su tu res d is t in c t;  w a ll a r en a ce o u s , f in e -  to  m ed iu m -gra in ed , sm ooth; 

aperture a h igh  arch in apertural f a c e .

R em arks. S m aller , more tap er in g , and s lig h t ly  rougher fin ish  

than G,. b e n to n e n s is . N one w e ll  enough p reserved  to  i l lu s tr a te .

D im en sio n s  . Length about 0 .1 5  mm to  0 .2 5  mm.

O ccu rren ce . G en era lly  rare in Black M esa  M a n c o s . Only 

found at b a se  o f  L onghouse V alley  s e c t io n  and in one sam p le  in  th e  

H ed b ergella  d e lr io e n s is  zo n e  at K ayen ta . P rev io u sly  reported from th e  

Kaskapau Form ation o f w estern  C anada and from th e Blue H ill and C o d e ll  

M em bers o f  th e  C a r lile  in  C o lorad o .

Fam ily M ilio lid a e  Ehrenberq, 1839  
Subfam ily Q u in q u elo cu lin in a e  C ushm an. 1917  

G enus Q u in q u elocu lin a  D 'O rblq ny , 1826  
Q u in q u elocu lin a  moremani Cushm an  

Figure 16A-B

Q u in q u elocu lin a  moremani C ushm an. 1937 , p . 1 0 0 , p i .  1 5 , f ig .  1 .
C ushm an, 1946 , p . 4 8 , p i .  14 , f ig .  7 .  F r iz z e ll ,  1954 , p . 7 7 , p i.
6 , f ig .  3 4 . E icher and W o r ste ll, 1970b , p . 2 8 3 , p i .  2 , f ig .  7 .

D e sc r ip t io n . T est lo n g er  than broad, o v a l, w ith  apertural end 

projecting  in to  a round apertural neck; cham bers an gu lar, d is t in c t ,  s id e s  

fla tten ed  to  s l ig h t ly  c o n c a v e  in som e sp e c im e n s , la s t  formed cham ber  

overlapping b a se ; su tu res d is t in c t ;  w a ll sm ooth , p o rce la n eo u s; aper

ture round.



Figure 1 6 . Foram iniferida: M ilio lid a e

A -B . O u in gu elocu lin a  moremani Cushman: s id e  v iew  o f  two  
in d iv id u a ls . X 7 5 .

C - D . N odosaria  b igh orn en sis  Young; s id e  v iew  o f  tw o in d i
v id u a ls . X75.

E -F . C itharina k o ch ii (Roemer): s id e  v iew  o f  tw o in d iv id u a ls  
show ing range in v a r ia tio n . X75 .

G . D en ta lin a  g r a c ilis  D'O rbigny: s id e  v ie w . X75.

H -I . Frondicularia im bricata Young: s id e  v iew  o f  tw o  
in d iv id u a ls . X 75 .

J-K. M arg in u lin op sis am p lasp ira: s id e  v iew  o f  tw o in d iv id u 
a l s .  X 7 5 .
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Figure 16. Foraminiferida: Miliol idae
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Remarks . G en era lly  w e ll  p r e se r v ed . C h aracterized  by angular  

cham bers w hich  r e su lts  in  angu lar ridge on s id e  o f  t e s t .

D im e n s io n s . L en gth , from about 0 .2 0  mm to  0 .5 0  mm.

O ccu rren ce . Not found in  Blue C anyon or Kayenta s e c t io n s  but 

lo c a lly  common in th e  H ed b erq ella  d e lr io e n s is  zon e  o f th e  other th ree  

s e c t io n s  at B lack M e s a . P rev io u sly  reported from the E agle Ford Forma

tion  o f T exas and from th e  G reenhorn o f the w estern  in ter ior .

Fam ily N o d o sariid ae  Ehrenberg, 1838  
Subfam ily N o d osariin ae  Ehrenberq, 1838  

G enus Nod os aria Lam arck, 1812  
N odosaria  b iq h orn en sis Young 

Figure 16C -D

N odosaria  b iq h orn en sis  Y oung, 1 9 5 1 , p . 5 8 , p i .  12 , f ig s .  17 , 1 9 .
Eicher and W o r ste ll , 1970b , p . 2 8 7 , p i .  3 ,  f ig s .  2 1 , 2 2 .

D e sc r ip t io n . T est stra igh t to  s l ig h t ly  cu rv ed , lo n g , variab ly  

ta p er in g , com posed  o f from four to  e ig h t ch am b ers, ornam ented w ith  from 

four to  eigh t r a is e d , w id e ly  sp a c e d , stra igh t c o s t a e ,  w h ich  in c r ea se  in 

number by in terca la tio n ; sp ec im en s  w ith  poin ted  b a se  expand rather 

rap id ly , th o se  w ith  large  p ro locu lu s and rounded b a se  rem ain n early  

p a ra lle l through len g th  o f  te s t ;  aperture term in a l, on low  n eck  at d is ta l  

end of la s t  cham ber.

D im e n s io n s . L ength , from about 0 .3 0  mm to  0 .5 0  mm, broken  

in d iv id u a ls  o r ig in a lly  o f s t i l l  larger s i z e .

O ccu rren ce . Found in th e  H ed b erq ella  d e lr io e n s is  zo n e  o f a l l  

Black M esa  s e c t io n s  e x c e p t Blue C a n y o n . P rev iou sly  reported from th e  

Frontier Formation o f southern  M ontana and from w id e ly  sca ttered  lo c a l 

it ie s  in  th e Greenhorn Form ation o f th e  w estern  in ter io r .
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G enus C itharina D 'O rbiqny, 1839 
C ltharina k o ch ii (Roemer)

Figure 16E-F

V aginulina k o c h ii Roemer, 1 8 4 1 , p . 9 6 , p i. 15 , f ig .  1 0 . T appan, 194 0 , 
p . 10 9 , p i .  17 , f ig s .  2 -4  (additional sy n o n y m y ).

C itharina k o ch ii (Roemer), F r iz z e ll ,  1 9 5 4 , p . 9 4 , p i .  11 , f ig .  9 (addi
tio n a l syn on ym y). Richer and W o r s te ll , 1970b , p . 2 8 4 , p i .  2 , f i g s .
2 , 3 (ad d ition al sy n o n y m y ).

V aginulina recta R e u ss , 1 8 6 3 , p . 4 8 , p i. 3 ,  f ig s .  14 , 1 5 . Tappan, 1940 , 
p . 1 1 0 , p i. 17 , f ig s .  7 , 8 (ad d ition al sy n o n y m y ). C ushm an, 19 4 6 , 
p . 7 8 , p i. 2 8 , f ig .  23 (ad d ition al syn on ym y).

C itharina recta  (R eu ss), F r iz z e ll ,  1954 , p . 9 5 , p i .  11 , f i g s .  1 9 -21  (addi
tio n a l sy n o n y m y ).

V aginulina s p .  1 , F ox , 1 9 5 4 , p . 116 , p i .  2 5 , f ig .  2 1 .

D e sc r ip t io n . T est e lo n g a te , d o rsa l margin s tra ig h t, ventral 

margin u n ev en , p a ra lle l to  flaring s id e s ;  cham bers d is t in c t ,  up to  e ig h t  

but u su a lly  four to  s ix ;  su tu res lim b a te , g e n tly  cu rved , s l ig h t ly  ra ised ; 

p rolocu lu s prom inent, of v a r iab le  s iz e ;  su rfa ce  sm ooth; aperture term i

nal on d orsa l m argin.

R em arks. S p ecim en s sh ow  great v a r ia b ility  in s iz e  of p ro locu 

lu s  and in la tera l p r o file . C h aracterized  by rectan gu lar c ro ss  s e c t io n  

and lim b a te , ra ised  su tu r e s . D iv is io n  b etw een  C% k o c h ii and jC. recta  

w as o r ig in a lly  on th e  b a s is  o f flaring v ersu s  p a r a lle l s id e s ,  but th ere is  

a gradation b etw een  th e  e x tr e m e s , and th e  tw o  s p e c ie s  h av e  been  

lum ped to g eth er  by Richer and W o rste ll (1970b , p . 2 8 4 ). The M ancos  

sp ec im en s of Black M esa  sh ow  th is  sam e in tergrad ation .

D im e n s io n s . L en gth , from 0 .5 0  to  a s  much a s  0 .9 0  mm; w id th ,

about 0 .3 0  mm.

O ccu rren ce . L o ca lly  common in  th e  H ed b ergella  d e lr io e n s is  

zon e o f a l l  f iv e  s e c t io n s  in B lack M e s a . P rev io u sly  reported from w id e ly  

sep arated  C reta ceo u s lo c a l i t ie s  under sev e r a l lo c a l  n a m es . Common in  

th e  G reenhorn o f th e  w estern  in ter ior .
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G enus D en ta lin a  R is so , 1826 
D en ta lin a  g r a c ilis  D 'O rbigny  

Figure 16G

D en ta lin a  g r a c ilis  D 'O rbign y, 1 8 4 0 , p . 1 4 , p i .  1 , f i g . 5 .  Franke, 1928 , 
p . 2 9 , p i .  2 , f ig .  2 2 . C ushm an, 1 9 4 6 , p . 6 5 , p i .  2 3 , f ig s .  3 -6  
(additional sy n o n y m y ). F r iz z e ll ,  1954 , p . 8 8 , p i .  9 ,  f ig s .  4 9 , 5 0 .

D e sc r ip t io n . T est e lo n g a te , s le n d e r , curved; cham bers g en tly

in f la te d , forming a more or l e s s  sm ooth  s e r ie s  w ithout co n str ic t io n s  in

early  portion o f t e s t ,  becom ing n o d o se  in la te r  portion; su tu res flu sh  in

early  p ortion , variab ly  d e p r e sse d  in la ter  p ortion , s l ig h t ly  ob liq u e to

a x is ;  aperture term in a l, r a d ia te .

R em arks. T his s p e c ie s  sh ow s co n s id era b le  varia tion  in len g th ,

curvature, and proportion o f t e s t  w h ich  is  sm ooth and flu sh  in th e  early

portion and n o d o se  in  th e la ter  p ortion . M ost in d iv id u a ls  are broken .

T his s p e c ie s  may be th e  sam e as that E icher and W o rste ll (1970b , p . 2 8 4 ,

p i .  2 , f ig . 22) referred to  D . b a sip la n a ta  C ushm an.

D im en sio n s . V ariab le , len gth  to  over 1 .5 0  mm.

O ccu rren ce . L o ca lly  common to  abundant in th e  H ed b ergella

d e lr io e n s is  zon e  o f a l l  B lack M esa  s e c t io n . P rev io u sly  reported from

w id esp read  lo c a l i t ie s  throughout the Upper C r e ta c e o u s .

G enus Frondicularia D e fra n ce , 1826 
Frondicularia im bricata Young 

Figure 16H -I

Frond icu laria  im bricata Y oung, 1 9 5 1 , p . 6 1 , p i .  13 , f ig s .  4 - 6 .  E icher, 
1 9 6 7 , p . 18 5 , p i .  1 9 , f ig .  4 .  E icher and W o r ste ll , 1970b , p . 2 8 5 , 
p i. 2 , f ig s  . 1 7 , 1 8 .

D e sc r ip t io n . T est th in , p erfo ra te , e lo n g a te , o f v a r ia b le  ou t

lin e  but u su a lly  broadly o v a l to  w ed g e  sh ap ed ; p ro locu lu s e lo n g a te , 

often  protruding beyond proxim al cham bers; early  cham bers o f som e
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sp ec im en s added u n ev en ly  w ith  la ter  cham bers added e v e n ly , in  normal 

sp ec im en s a l l  cham bers added ev en ly ; su tu res s l ig h t ly  lim bate; orna

m entation c o n s is t s  of lig h t s tr ia t io n s , w hich  are m ost v is ib le  w here th ey  

c ro ss  th e  su tu res; aperture term in a l, ra d ia l, on n e c k .

Remarks . M any sp ec im en s broken and m ost w eathered  or w orn, 

s o  that s tr ia tio n s  are barely  v is ib le  w hen d am pened .

D im e n s io n s: V a riab le , len gth  from about 0 .5 0  mm to  over  

1 .5 0  mm.

O ccu rren ce . G en era lly  rare, but lo c a lly  common in th e  H ed -  

b ergella  d e lr io e n s is  zon e  of a l l  s e c t io n s  at B lack M e s a . P rev io u sly  re

ported from the Frontier Form ation o f southern M ontan a, and from th e  

Greenhorn of South D a k o ta , C olorad o , and K a n sa s.

G enus L en ticu lin a  Lam arck, 1804  
L en ticu lin a  gau ltin a  (Berthelin)

C r iste lla r ia  gau ltin a  B erth elin . 1880 , p . 4 9 , p i .  3 (2 6 ) , f ig s  . 15 -19  . 
L en ticu lin a  gau ltin a  (B erthelin ), T appan, 1940 , p . 101 , p i .  15 , f ig s .

1 3 -1 5 . F r iz z e l l> 1 9 5 4 , p . 8 2 , p i .  8 , f ig .  15 (ad d ition al sy n o n y m y ).
E icher, 1965 , p . 9 0 3 , p i .  1 0 6 , f ig .  5 (ad d ition al synonym y) .
E icher and W o r s te l l , 1970b , p . 2 8 6 , p i .  2 , f ig .  1 4 .

D e sc r ip t io n . T est p la n isp ir a l, in v o lu te , subrounded to  tea r 

shaped  in p ro file , k e e led ; cham bers in crea s in g  in s i z e  gra d u a lly , u s u a l

ly  s e v e n  to  n ine in la s t  whorl; su tu res in d is t in c t  in  early  ch am b ers, 

th ick en ed  in la ter  o n e s , stra igh t; peripheral k e e l  a s e r ie s  o f nearly  

stra igh t seg m en ts  in la ter  cham bers; aperture rad iate at peripheral a n g le .

Remarks . M ost sp e c im en s  som ew hat corroded; none w e ll  

enough p reserved  to  i l lu s tr a te .

D im en sio n s  . D iam eter about 0 .1 5  to  0 .3 0  mm.
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O ccu rren ce . Rare in  th e  H ed b ergella  d e lr io e n s is  zon e  o f th e  

Blue C anyon , K ayenta , and L oh ali Point s e c t io n s  at Black M e s a . Pre

v io u s ly  reported from th e upper part o f the Graneros in C olorado and 

from th e Greenhorn o f South D ak ota , C olorado , and K ansas . A lso  re

ported from the G ulf C o a st C retaceou s and from E urope.

G enus M arg in u lin op sis S ilv e s tr i ,  1904  
M arq in u lin op sis am plaspira Young 

Figure 16J-K

M arq in u lin op sis am plasp ira Young, 1951 , p . 5 4 , p i .  11 , f ig s .  15 ,
1 7 -2 1 , p i .  12 , f ig s .  1 -4 ,  6 , 8 -1 4 , te x t  f i g . 5 , n o s .  1 4 -1 6 , 1 8 -2 1 ,  
tex t f ig . 6 , n o s . 2 -1 6 , 2 0 . F ox , 1 9 5 4 , p . 11 5 , p i .  2 5 , f i g s . 13 ,
1 4 . E icher and W o r s te ll ,  1970b , p . 2 8 6 , p i .  3 , f ig s .  3 , 4 (addi
tion a l sy n o n y m y ).

D e sc r ip t io n . T est short to  lo n g , sm ooth; c o ile d  portion c ircu lar  

to  p o lygon al in peripheral o u t lin e , many sp ec im en s  sh ow in g  marked 

a n g le s  at juncture of suture w ith  periphery; su tu res flu sh  to  ra ised  in  

c o il;  u n iser ia l s e r ie s  stra igh t to  a r cu a te , la ter  cham bers more or l e s s  

in fla ted ; aperture v a r iab le  in  p o s it io n  but s itu a ted  on low  neck b elow  

peripheral a n g le .

R em arks. The la rg e  amount o f v a r ia b ility  in nearly  a l l  ch arac

te r is t ic s  found in  th is  s p e c ie s  led  E icher and W o rste ll (1960b , p . 286) 

to  lump sev era l o f Y oung's (1951) s p e c ie s  in to  M . a m p la sp ira . The var i

a b ility  found in th is  form in th e  Black M esa  m aterial tend  to  confirm  th e  

c o n c lu s io n s  of th e s e  w ork ers.

D im e n s io n s . Length from about 0 .4 0  mm to  over 1 .5 0  mm.

O ccu rren ce . W idespread  and lo c a l ly  common in th e  H ed b ergella  

d e lr io e n s is  zon e in a ll  s e c t io n s  at Black M e s a . P rev io u sly  reported from 

th e  Frontier Formation of southern  M ontana and from th e Greenhorn o f 

W yom ing, South D a k o ta , and C olorad o .
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Fam ily T urrilinidae C ushm an, 1927  
Subfam ily TurrUininaje C ushm an, 1927  

G enus N eobulim ina Cushm an and W ick en d en , 1928  
N eobulim ina a lb e r te n s is  (S telck  and W all)

Figure 17A-B

G uem belitria cre ta cea  Cushm an var . a lb e r te n s is  S te lck  and W a ll, 1954  
p . 2 3 , p i .  2 , f ig .  1 9 .

G uem belitria cre ta cea  Cushm an var. sp ir ite n s is  S te lck  and W a ll, 1955 , 
p . 4 4 , p i . 2 , f i g . 1 1 .

N eobulim ina a lb e r te n s is  (S telck  and W a ll) , Tappan, 1962 , p . 1 8 4 , p i.
4 8 , f ig s .  3 - 6 .  E icher, 1966 , p . 2 6 , p i .  5 , f ig s .  5 - 8 .  E icher and 
W o r ste ll, 1970b , p . 2 9 0 , p i .  4 , f ig s .  2 - 4 .

Bulimina w y o m in g en sis  F ox . 1954 , p . 118 , p i .  2 6 , f ig s .  8 - 1 1 .  
Praebulim ina w y o m in g en sis  (F ox), E icher, 1 9 6 5 , p . 9 0 3 , p i .  106 , f ig . 4 .  

E icher, 1967 , p . 1 8 5 , p i .  1 9 , f ig .  7 .

D e sc r ip t io n . T est e lo n g a te , variab ly  f la r in g , m ost o f t e s t  tr i

s e r ia l ,  w ith  la s t  tw o or three cham bers lo o s e ly  tr iser ia l or irregularly  

b iser ia l;  cham bers in f la te d , g lob u lar , in crea sin g  in s i z e  s lo w ly ,  c lo s e ly  

packed  at f ir s t , la ter  becom ing a lm ost bu lbous; su tu res d is t in c t ,  d e 

p ressed ; w a ll ca lca r e o u s  w ith  f in e ly  roughened appearance; aperture an  

asym m etrica l arch on one s id e  of a d e p r e ss io n  in apertural fa c e .

Remarks. M any sp ec im en s  c r u sh e d , e s p e c ia l ly  la ter  ch am b ers. 

V ariable in s iz e  and d egree  o f b is e r ia lity  of la ter  ch am b ers.

D im e n s io n s . L en gth , from about 0 .1 5  mm to  about 0 .4 5  mm. 

O ccu rren ce . W id esp read  and lo c a l ly  common in  th e  H edberqella  

d e lr io e n s is  zo n e  in a l l  B lack M esa  s e c t io n s .  P rev io u sly  reported in  th e  

Greenhorn and in th e  Fairport M em ber of the C a r lile  in  many w estern  in 

terior l o c a l i t i e s .



Figure 17 . Foram iniferida: T urrilin idae, H e te ro h e lic id a e , 
P lanom alin idae

A-B • N eobulim ina a lb e r te n s is  (S telck  and W a ll): s id e  v ie w s  
o f tw o in d iv id u a ls  . X 75.

C -D . G uem belitria Harrisi Taopan: C . s id e ,  and D . anertural 
v ie w . X 90 .

E -F . H etero h elix  q lob u losa  (Ehrenberq): E. s id e ,  and F . 
apertural v ie w . X 75.

G -H . H etero h e lix  pulchra (Brotzen): s id e  v ie w s  o f  tw o in d i-  
v id u a ls . X 75.

I. P lanoqlobulina o f . P . qlabrata (Cushman): s id e  v ie w .  
X75.

J-K. L unatriella sp in ifera  Eicher and W orst e ll:  s id e  v iew  o f  
tw o in d iv id u a ls . X 90.

L -M . G lo b iq er in e llo id es  b en to n en sis  (Morrow): L . s id e ,  and 
M , apertural v ie w . X 75.
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Figure 17. Foraminiferida: Turrilinidae, H e terohelic idae, 
Planomalinidae
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G enus Praebulim ina H ofker. 1953 
Praebulim ina ovulum  (Reuss)

Bulimina ovulum R e u ss . 1 8 4 4 , p . 2 1 5 . R e u ss , 1845 , p . 3 7 , p i .  8 , f ig .
5 7 , p i .  13 , f ig . 3 (non Bulimina ovula D 'O rb ign y).

Bulimina r e u ss i M orrow, 1934 , p . 19 5 , p i .  2 9 , f ig .  12 . C ushm an,
1946 , p . 120 , p i .  5 1 , f i g s .  1 -5  (additional sy n o n y m y ).

Bulimina r e u ss i Morrow var. n avarroen sis Cushm an and Parker, 1935 , 
p . 100 , p i .  15 , f ig .  11 . C ushm an, 1946 , p . 12 1 , p i .  51 , f ig . 6 .  
F r iz z e ll ,  1954 , p . 11 5 , p i .  17 , f ig . 1 (additional syn on ym y).
M e llo , 1969 , p . 75 , p i .  9 ,  f ig .  1 (additional sy n on ym y).

Bulimina r e u ss i Morrow var. ovulum R e u ss . F r iz z e ll ,  1954 , p . 115 , 
p i.  17 , f ig .  2 (ad d ition al sy n on ym y).

D e sc r ip t io n . T est sm a ll, o v a te , su b g lob u lar , nearly  c ircu lar  in

tra n sv erse  s e c t io n , tapering rapidly to  a sharp ly  rounded in it ia l end;

cham bers tr ise r ia l th rou ghout, s l ig h t ly  in f la te d , en larging rapidly;

su tu res d e p r e sse d , w a ll sm ooth; aperture sm a ll , su b term in al.

Remarks . D iffers from N eobulim ina a lb e r te n s is  in  that th e t e s t

is  tr iser ia l throughout, in  it s  su b glob u lar s h a p e , and its  sm a ller  s i z e .

D im e n s io n s . L ength , about 0 .2 0  mm; breadth about 0 .1 8  mm.

O ccu rren ce . Found on ly  in one sam p le  in th e  H ed b ergella  d e l -

r io e n s is  zon e o f the K ayenta s e c t io n , rep resen ted  by four sp e c im e n s .

P rev iou sly  reported from many Upper C retaceou s lo c a l i t ie s  in th e  G ulf

C o a st and throughout th e  w o r ld .

Fam ily D isco rb id a e  Ehrenberq. 1838  
Subfam ily B agqin inae C ushm an. 1927  

G enus V alvu lineria  C ushm an, 1926 
V alvulineria  lo e t te r le i  (Tappan)

G yroidina lo e t te r le i  Tappan. 1 9 4 0 , p . 1 2 0 , p i .  19 , f ig .  1 0 . Tappan, 
1943 , p . 5 1 2 , p i .  8 2 , f ig .  9 .

V alvulineria  lo e t te r le i  (Tappan), Ten Dam and S ch ijfsm a , 1 9 4 4 , p . 1 4 3 . 
Tappan, 1962 , p . 1 9 4 , p i .  5 4 , f ig s .  1 - 4 .  E icher, 1 9 6 6 , p . 2 6 , 
p i.  5 , f ig .  11 (ad d ition al sy n o n y m y ). E icher and W o r ste ll, 1970b , 
p . 291, p i .  4 , f ig s .  13 , 1 4 .

D e sc r ip t io n . T es t s m a ll , th ic k , periphery rounded , g en tly  

co n v ex  d o r sa lly , ventra l u m b ilicu s covered  w ith  flap; about s e v e n
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cham bers in fin a l w h o r l, cham bers gradually  in crea sin g  in s iz e ;  su tu res  

f lu sh , s l ig h t ly  curved d o r sa lly , n early  stra igh t ven tra lly ; w a ll sm ooth , 

ca lca reo u s; aperture o b sc u r e .

R em arks. S p ecim en s are som ew h at corroded and co a ted  w ith  

secon d ary  m ater ia l. N one w e ll  enough p reserved  to  i l lu s t r a t e .

D im e n s io n s . D iam eter, about 0 .2 0  mm, and 0 .1 0  mm th ic k .  

O ccu rren ce. A to ta l o f f iv e  sp ec im en s  w ere found in tw o  

sam p les from th e  Gaudryina b en to n en sis  zon e at Blue C anyon . P rev io u sly  

reported from th e G reenhorn and C a r lile  o f  th e  w estern  in terior and from 

C reta ceo u s strata  o f T e x a s , w estern  C anad a, and A la sk a .

Fam ily H e tero h e lic id a e  C ushm an, 1927  
Subfam ily Gugmjgeji^Nnajs M o n ta n a r o -G a llite lli, 1957  

G enus G uem belitria C ushm an, 1933 
G uem belitria h arrisi Tappan 

Figure 17C -D

G uem belitria h arrisi Tappan. 1940 , p . 11 5 , p i .  19 , f ig .  2 .  Tappan,
1943 , p . 5 0 7 , p i .  8 1 , f ig s .  13 , 14 . F r iz z e ll ,  1 9 5 4 , p . 1 1 0 , p i .
1 5 , f ig .  4 6 .

G uem belitria h arrisi T appan. P e s sa g n o , 1 9 6 7 , p . 2 5 8 , p i .  4 8 , f ig s .
12 , 1 3 . Richer and W o r s te ll , 1970b , p . 2 9 6 , p i .  8 , f ig s .  1 , 2 .

D e sc r ip t io n . T est sm a ll, tr iser ia l throughout; cham bers in 

f la te d , g lo b u la r , in crea sin g  in s i z e  rapidly; su tu res d is t in c t ,  d ep ressed ;  

w a ll c a lc a r e o u s , perforate; aperture an inter!© m arginal arch at b a se  o f  

la s t  cham ber.

R em arks. C on sid ered  by Richer (1969b , p . 167) and by 

P e ssa g n o  (1967 , p . 258) to  be ty p ic a l o f  th e  "R otalipora" A ssem b lage  

Zone (C enom an ian).

D im e n s io n s . L en gth , about 0 .1 2  mm.
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O ccu rren ce . Rare but w id esp read  in th e  b a sa l part o f a ll  Black  

M esa s e c t io n s  e x cep t H o w ell M e s a . P rev iou sly  reported from th e  lo w er  

part of th e  Greenhorn Formation in  th e  w estern  in terior and from the  

G rayson Form ation and E agle Ford Group o f th e  G ulf C o a s t ,  w here it  

d o es  not seem  to  occu r  ab o v e  th e  L ozerian  S u b stage  o f P e ssa g n o .

Subfam ily H e tero h e lic in a e  C ushm an, 1927  
G enus H etero h elix  Eh re nb e r g , 1843 
H etero h e lix  o lo b u lo sa  (Ehrenberg)

Figure 17E-F

T extularia q lo b u lo sa  Ehrenberg. 1 8 4 0 , p .  1 3 5 , p i .  4 ,  f i g s .  IB , 2B, 4B, 
5B, 7B, 8B .

Gum belina q lo b u lo sa  (Ehrenberg), Egger, 1900 , p . 3 2 , p i .  14 , f ig . 4 3 .  
C ushm an, 1 9 4 6 , p . 1 0 5 , p i .  4 5 , f ig s .  9 -1 5  (additional sy n o n y m y ). 
F r iz z e ll ,  1954 , p . 1 0 9 , p i. 15 , f ig s .  2 4 -2 7  (ad d ition al syn on ym y). 

H etero h elix  q lo b u lo sa  (Ehrenberg). M o n ta n a ro -G a llite lli, 1 9 5 7 , p . 137 , 
p i.  3 1 , f ig s .  1 2 -1 5 . Tappan, 1962 , p . 19 6 , p i .  5 5 , f ig s .  1 , 2 
(additional sy n o n y m y ). E icher, 1965 , p . 9 0 4 , p i .  106 , f ig .  3 .  
E icher, 1 9 6 6 , p . 2 6 , p i .  5 , f ig s .  9 ,  1 0 . E ich er, 1967 , p . 1 8 5 , 
p i.  19 , f ig .  1 1 . P e s sa g n o , 1967 , p . 2 6 0 , p i .  8 7 , f ig s .  5 -9  and 
11-13  (ad d ition al sy n o n y m y ). M e llo , 1 9 6 9 , p . 7 0 , p i .  8 , f ig .  5 . 
Eicher and W o r ste ll, 1970b , p . 2 9 6 , p i .  8 , f ig s .  3 - 6 .

D e sc r ip t io n . T est b is e r ia l ,  tapering m oderately  to  rapidly from 

pointed  or broadly rounded b a s e ,  g r ea te s t  w idth  at la s t  pair o f cham bers; 

cham bers g lob u lar , in c r ea s in g  in  s i z e  fa irly  rap id ly , four to  s e v e n  

pairs; su tu res d is t in c t ,  d e p r e sse d ; w a ll sm ooth , c a lca r e o u s  , f in e ly  per

forate; aperture a low  sym m etrical arch at b a se  o f apertural f a c e .

R em arks. P e s sa g n o  (1969 , p . 2 6 0 , and te x t  f ig . 3 ,  p .  253) 

co n sid ers  H_. q lo b u lo sa  to  be a T aylor-N avarro s p e c ie s  and a s s ig n s  s im 

ila r  s p e c ie s  occurring in th e  E agle Ford and A ustin  to  H . moremani or H . 

r e u s s i . M any other w orkers co n s id e r  th is  s p e c ie s  to  be var ia b le  and 

long ran g in g , intergrading in c h a r a c te r is t ic s  w ith  in d iv id u a ls  w hich  

cou ld  rea so n a b ly  be p la ced  in I I . moremani on th e  one hand a n d , through  

a ten d en cy  to  m ultip ly  la ter  ch a m b ers, in to  P lanoq lob ulin a  on th e  o th er .
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M ost Black M esa  r ep resen ta tiv e s  are th e  more ty p ic a l stubby forms 

u su a lly  a s s ig n e d  to  £[. q lo b u lo sa  and have b een  s o  d e s ig n a te d , a lth ough  

co n sid era b le  varia tion  e x i s t s .

D im e n s io n s . S p ecim en s range in  s iz e  from th e very sm all in 

d iv id u a ls  w hich  w ould h ave p a s s e d  through th e  15 0 -m esh  sc r e e n  ( le s s  

than 105 m icrons), i f  not stu ck  to  other foram in ifera, to  large  on es about 

0 .5 0  mm in le n g th .

O ccu rren ce . W id esp read  and abundant throughout th e  H e d -  

b ergella  d e lr io e n s is  zon e  o f a l l  B lack M esa  s e c t io n s . An extrem ely  

w id esp read  C retaceou s s p e c i e s .

H e te ro h e lix  pulchra (Brotzen)
Figure 17G -H

G um belina pulchra B rotzen. 1 9 3 6 , p . 121 , p i .  9 ,  f i g s .  2 , 3 .
G um belina te s s e r a  (Ehrenberg), C ushm an, 1932b , p . 3 3 8 , p i .  5 1 , 

f ig s .  4 , 5 .
G um belina p se u d o te sse r a  C ushm an, 1938 , p . 14 , p i .  2 , F ig s .  1 9 -2 1 .  

C ushm an, 1946 , p . 1 0 6 , p i .  4 5 , f i g s . 1 6 -2 0  (ad dition al sy n o n y m y ). 
F r iz z e ll ,  1954 , p . 10 9 , p i .  1 5 , f ig s .  3 3 , 34 (ad d ition al sy n o n y m y ). 

H etero h e lix  pulchra (B rotzen), M o n ta n a r o -G a llite lli, 1 9 5 7 , p . 137 , p i .  
3 1 , f ig . 2 0 . P e s sa g n o , 1967 , p . 2 6 2 , p i .  8 7 , f ig .  4 .
E icher and W o r ste ll, 1 9 7 0 a , p . 118 , p i .  1 , f ig s .  1 - 4 .  E icher and 
W o r ste ll , 1970b , p . 2 9 6 , p i .  8 , f ig s .  9 , 1 0 .

D e sc r ip t io n . T est b is e r ia l ,  c o m p r e sse d , about tw ic e  a s  lon g

a s  broad, rapidly ta p er in g , w ith  g r e a te s t  w idth  a t la s t  pair o f cham bers;

cham bers in fla te d , in crea sin g  in  s i z e  rap id ly , la te  cham bers reniform;

su tu res d is t in c t ,  cu rved , d ep ressed ; w a ll sm ooth , c a lca r e o u s; aperture

a sym m etrical arch w ith  la tera l f la p s .

R em arks. T his s p e c ie s  is  v a r ia b le , grading from in d iv id u a ls

w ith  nearly  g lob u lar  cham bers resem b lin g  sm a ll H_. q lo b u lo sa  w ith  on ly  a

ten d en cy  toward reniform  sh a p e  o f  la s t  cham bers to  in d iv id u a ls  w ith m ost

cham bers reniform .
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D im en sio n s . Sm aller than El. q lo b u lo sa ; len g th  from 0 .1 5  mm 

to  about 0 .3 0  mm.

O ccu rren ce . L o ca lly  common in  th e  upper part o f th e  H ed b erq e l-  

la  d e lr io e n s is  zo n e  o f a l l  B lack M esa  s e c t io n . In th e  G ulf C o a s t ,  

P essa g n o  (1967, p . 262) c o n sid ers  th is  s p e c ie s  to  be restr ic ted  to  th e  

Taylor and Navarro (C a m p a n ia n -M a estr ich tia n ), but it is  co n sid ered  to  

appear in  th e  Turonian in th e  w estern  in terior (E icher, 1969b , p . 167; 

Eicher and W o r ste ll, 1970b , p . 2 9 6 ).

G enus L unatriella  E icher and W o r ste ll, 1970  
L unatriella  sp in ifera  Eicher and W o rste ll  

Figure 17J-K

L unatriella  sp in ifera  Eicher and W o r s te ll .  1 9 7 0 a , p . 118 , p i .  1 , f ig s .
5 -1 7 .  E icher and W o r ste ll , 1970b , p . 29 6 , p i .  8 , f ig s .  7 , 8 , 1 2 .

D e sc r ip t io n . T est e lo n g a te , co m p ressed , in it ia l  b ise r ia l por

tio n  c o n s is t in g  o f up to  four pairs o f su b glob u lar  ch a m b ers, la ter  cham 

bers becom ing e lo n g a te  v e r t ic a lly  w ith  curved a x e s  co n v ex  outw ard, 

fin a l cham bers may becom e irregularly  u n iser ia l; la s t  cham ber or tw o  

cham bers may bear a la rg e  sp in e lik e  e lo n g a tio n  w h ich  protrudes a t a 

variab le  an g le; su tu res d is t in c t ,  d ep ressed ; aperture a h igh  arch  

bounded by la tera l l i p s , w h ich  may jo in  b e lo w  aperture in to  a trou gh lik e  

flan ge; w a ll c a lc a r e o u s .

R em arks. M any sp ec im en s  not w e ll  p reserved  and h ave s e c o n 

dary m aterial d e p o s ite d  in th e  su tu res and a p e r tu r e s . This is  a n ew ly  

d escr ib ed  s p e c ie s  from strata  o f low er  and m iddle Turonian a g e  from 

K an sas, C olorad o , and South D akota  (Eicher and W o r s te l l , 1 9 7 0 a ). Its  

p r e se n c e  in  th e  M an cos S h a le  o f B lack M esa  ex ten d s  its  known g e o 

graphic occu rren ce to  n orth eastern  A rizon a .
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D im en sio n s . L ength , from about 0 .2 0  mm to  0 .3 5  mm. 

O ccu rren ce . Rare in  Black M esa  m ater ia l, b ein g  found on ly  in  

th e  upper part o f  th e  H ed b ergella  d e lr io e n s is  zon e  at L ohali P o in t.

G enus P lan oglob u lin a  C ushm an, 1927 
P lanoglobu lina  c f . JP. glabrata (Cushman)

Figure 171

V entilab rella  eg g er i var. g labrata C ushm an. 1 9 3 8 , p . 2 6 , p i .  4 ,  f ig s .  15 - 
17 . C ushm an, 1 9 4 6 , p .  I l l ,  p i .  4 7 , f ig s .  2 0 -2 2 .  F r iz z e ll ,  1 9 5 4 , 
p . I l l ,  p i .  16 , f ig s .  11 , 12 .

V entilab rella  eg g er i C ushm an. 1946 , p . I l l ,  p i .  4 7 , f ig s .  1 7 -1 9  (addi
tio n a l sy n o n y m y ).

V entilab rella  eg g er i C ushm an var . eg g er i C ushm an. F r iz z e ll ,  1954 , 
p . I l l ,  p i .  16 , f ig .  10 (additional syn on ym y).

P lanoglobu lina  glabrata (C ushm an). M o n ta n a ro -G a llite lli, 1957 , p . 141 , 
p i.  3 2 , f ig s .  1 0 -1 2 . P e s sa g n o , 1 9 6 7 , p . 2 7 2 , p i .  8 8 , f i g s .  12 ,
13 , 17 (additional syn on ym y).

D e sc r ip t io n . T est short and broad, fla b e llifo rm , early  portion  

b is e r ia l ,  la ter  cham bers p ro lifera te  in p lan e o f b ise r ia lity ;  cham bers 

g lo b u la r , in crea sin g  gradually  in s iz e ;  su tu res d ep ressed ; w a ll c a l 

c a r e o u s , sm ooth; aperture m u ltip le , o b scu re .

Rem arks. The s p e c ie s  d e s ig n a tio n  is  som ew h at u n certa in  b e 

c a u se  o f dearth o f m a ter ia l. S p ecim en s at hand seem  to  la ck  th e  lo n g i

tu d in al c o s ta e  w h ich  ornament m ost £ .  g la b ra ta . The m aterial found in  

th e  Black M esa  M an cos may p o s s ib ly  be w hat C ushm an (1946 , p . I l l )  

referred to  P,. a u stin ia n a  C ushm an.

D im e n s io n s . L en gth , about 0 .2 0  mm.

O ccu rren ce . Rare in  B lack M esa  M an cos but occu rs sp o r a d ic a l

ly  in  th e  H ed b ergella  d e lr io e n s is  zo n e  of a l l  s e c t io n s  e x ce p t Blue C an

y o n .
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Fam ily P lanom alin idae B o lli. L o eb lich , and T appan, 1957
G enus G lo b ig er in e llo id e s  Cushm an and Ten D am , 1948  

G lo b iq er in e llo id es  b en to n en sis  (Morrow)
Figure 17L-M

Anomalina b en to n en s is  M orrow, 1 9 3 4 , p . 2 0 1 , p i .  3 0 , f ig . 4 .  C ushm an, 
1 9 4 6 , p . 1 5 4 , p i .  6 3 , f ig . 7 .

G lo b iq er in e llo id es  b en to n en s is  (M orrow), L oeb lich  and T appan, 1 9 6 1 , 
p . 2 6 7 , p i .  2 , f ig s .  8 -1 0  (ad d ition al sy n o n y m y ). E icher, 196 5 , 
p . 9 0 4 , p i .  1 0 6 , f ig .  10 . P e s sa g n o , 1 9 6 7 , p . 2 7 5 , p i .  76 , f ig .
1 0 , 1 1 . E icher and W o r s te ll , 1970b , p .  29 7 , p i .  8 , f ig s .  17 , 19 , 
p i .  9 , f ig . 3 .

D e sc r ip t io n . T e s t  p la n isp ir a l, in v o lu te  to  partly e v o lu te , b i -  

u m b ilica te , s ix  to  e ig h t cham bers in fin a l w h orl, cham bers in crea sin g  

gradually  in  s i z e ,  peripheral o u tlin e  lo b a te; su tu res d is t in c t ,  ra d ia l, 

n early  straight; w a ll c a lc a r e o u s , f in e ly  perforate; aperture a broad , 

lo w , in teriom arginal eq u atoria l arch w ith  narrow l ip , la tera l portion s o f  

p reviou s apertures rem aining un covered  by la te r  ch am b ers, s o  th at r e l ic t  

supplem entary apertures are p reserved  around u m b ilica l r eg io n .

D im e n s io n s . G rea test d iam eter , from about 0 .2 5  mm to  about

0 .4 0  mm.

O ccu rren ce. Rare in  Black M e sa , only  found in  th e  low er part 

o f th e  H ed b ergella  d e lr io n e n s is  zon e a t L oh ali P o in t. This s p e c ie s  is  

co n sid ered  to  be lim ited  to  th e  C enom anian by L oeb lich  and Tappan  

(1961, p . 2 6 7 ), E icher (1967 , p . 1 6 7 ), P e ssa g n o  (1967 , p . 2 7 5 ), and 

Bandy (1967, p . 12 ).
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Fam ily R otaliporidae S ig a l , 1958  
Subfam ily H ed b erg e llin a e  L oeb lich  and Tappan, 1961 

G enus H ed b erq ella  Bronniman and Brown, 1958  
H ed b ergella  d e lr io e n s is  (Cars ey)

Figure 18A-C

G lob igerina cre ta cea  D 'O rbigny v a r . d e lr io e n s is  Cars e y , 1 9 2 6 , p . 4 3 . 
G lobiqerina d e lr io e n s is  C a r se y . F r iz z e ll ,  1 9 5 4 , p . 127 , p i .  2 0 , f ig .  1 

(additional syn on ym y).
H edberqella  d e lr io e n s is  (C a rsey ), L oeb lich  and Tappan, 1961 , p . 2 7 5 , 

p i.  2 , f ig s .  1 1 -1 3  (ad d ition al sy n on ym y). E icher, 1 9 6 5 , p . 9 0 4 , 
p i. 106 , f ig s .  2 , 6 .  E icher, 1966 , p . 2 7 , p i .  5 , f ig .  12 . E ich er, 
1967 , p . 186 , p i .  19 , f ig .  6 .  P e s sa g n o , 1 9 6 7 , p . 2 8 2 , p i .  4 8 , 
f ig s .  1 -5  (ad d ition al sy n on ym y). E icher and W o r ste ll, 1970b , 
p . 3 0 2 , p i .  9 , f i g s . 10 , 1 1 .

D e sc r ip t io n . T est tro ch o sp ira l, lo w , about tw o w h o r ls , early  

whorl s l ig h t ly  ra ised  to  s l ig h t ly  d e p r e sse d  b e low  fin a l whorl on sp ira l 

s id e ,  ven tra l s id e  u m b ilica te , peripheral o u tlin e  lob ate; cham bers in 

fla te d , sp h e r ic a l, in crea sin g  rapid ly  in  s i z e ,  four to  s ix  in  fin a l w h orl, 

m ost com m only fiv e ; su tu res d is t in c t ,  nearly  stra igh t; w a ll c a lc a r e o u s , 

p erfora te , w ith  no k e e l  or p o r e le s s  margin; aperture an arch , in te r io -  

m arginal and ex tra u m b ilica l-u m b ilica l in p o s it io n , covered  w ith  sp a tu -  

la te  fla p .

R em arks. In d iv id u a ls  p la ced  in th is  s p e c ie s  sh ow  c o n s id e ra b le  

v a r ia tio n , and many p o s s ib ly  sh ou ld  b e  referred to  H_. a m a b ilis , w h o se  

d ia g n o st ic  c h a r a c te r is t ic s  intergrade w ith  th o se  o f H . d e lr io e n s is . T h ose  

in d iv id u a ls  d ev e lo p in g  h igh er sp ires  intergrade w ith  H.. p o r tsd o w n e n s is .

D im e n s io n s . G rea test d iam eter , from about 0 .2 0  to  0 .6 0  mm.

O ccu rren ce . Abundant and w id esp read  in th e  H ed b erq ella  d e l

r io e n s is  zon e o f B lack M esa  M a n c o s , w here it w as c h o se n  as n am e-  

bearer for th e  z o n e . A w id esp read  and lo n g-ran g in g  C retaceou s s p e c i e s .



Figure 18 . Foram iniferida: R otaliporidae: H e d b e r g e lla . C la v i-  
h ed b ergella

A -C . H edberqella  d e lr io e n s is  (C arsey): A, d o r sa l, B. e d q e r 
and C , ventral v ie w s .  X 85 .

D -F . H edberqella  p ortsd ow n en sis  fW illia m s-M itc h e ll): 
A, d o rsa l, B, e d g e , C , ventral v ie w s . X 85.

G . C lav ih ed b erq ella  moremani (Cushman): d orsa l v ie w . 
X 85.

H -J . C lav ih ed b erq ella  s im p lex  (Morrow): H . d o r sa l, I. e d o e r 
and J, ventral v ie w s  . X85



Figure 18. Foraminiferida: Rotaliporidae: H edberge lla , C lav i-  
hedberqella
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H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll)
Figure 18D -F

G lob igerina p o rtsd o w n en sis  W illia m s-M itc h e ll .  1948 , p . 9 6 , p i .  8 ,
F ig . 4 .

H ed b ergella  b r itto n en sis  L oeb lich  and T appan, 1961 , p . 2 7 4 , p i .  4 ,
f ig s .  1 - 8 .  P e s sa g n o , 1 9 6 7 , p . 28 2 , p i .  5 2 , f ig s .  9 -1 2  (ad d ition al 
synonym y) .

H ed b ergella  p ortsd o w n en sis  (W illia m s-M itc h e ll) . L oeb lich  and Tappan, 
1961 , p . 2 7 7 , p i. 5 , f ig .  3 .  E icher and W o r ste ll, 1970b , p . 3 0 4 , 
p i.  10 , f ig s  . 1 ,  2 .

D e sc r ip t io n . T est tro ch o sp ira l, medium to  h ig h , tw o  to  three  

w h o r ls , a l l  v is ib le  on sp ira l s id e ,  on ly  f iv e  to  s ix  cham bers v is ib le  on 

u m b ilica l s id e  surrounding w id e and d eep  u m b ilicu s; cham bers in c r e a s 

ing in  s i z e  gradually; su tu res d is t in c t ,  d ep ressed ; w a ll c a lc a r e o u s ,  

perforate; aperture an arch opening in to  u m b ilic u s , covered  w ith  f la p .

Rem arks. B eca u se  o f th e  marked s im ila r ity  o f H . b r itto n en sis  

to  H . p o r tsd o w n e n s is , m ost workers think that H . b r itto n en sis  is  a 

junior syn on ym . In d iv id u a ls w ith  low er sp ires  intergrade in  ch aracter

i s t ic s  w ith  JH. d e lr io n e n s is .

D im e n s io n s . G rea test d iam eter , from about 0 .2 5  mm to

0 .5 0  mm.

O ccu rren ce. Common to  abundant and w id esp read  in the  

H ed b ergella  d e lr io e n s is  zon e o f th e  Black M esa  M a n c o s . A w id esp read  

and lo n g -ra n g in g  C reta ceo u s s p e c ie s  .
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G enus C la v ih ed b erg e lla  Banner and B low , 1959 
C la v ih ed b erg e lla  moremani (Cushman)

Figure 18G

H a stig e r in e lla  m oremani C ushm an. 1931 (part), p . 8 6 , p i .  11 , f ig s ,  
l a - c  (not f i g s . 2 , 3 ) .  C ushm an, 1946 (part), p . 1 4 7 , p i .  6 1 , 
f ig s ,  l a - c  (not f i g s .  2 , 3 ) .  F r iz z e ll ,  1954 (part), p . 12 7 , p i .  2 0 , 
f i g . 11 (not f i g . 1 2 ).

C la v ih ed b erg e lla  moremani (C ushm an), L o eb lich  and Tappan, 1961 , 
p . 2 7 9 , p i. 5 , f ig s .  1 2 -1 6 . P e s sa g n o , 1 9 6 7 , p . 2 8 5 , p i .  5 3 , 
f ig s .  1 , 2 . E icher and W o r ste ll , 1970b , p . 3 0 4 , p i .  10 , f ig . 5 .

D e sc r ip t io n . T est tro ch o sp ira l, lo w , early  portion w ith  g lo b u 

la r  ch am b ers, about four or f iv e  per w h orl, la ter  cham bers becom ing  

e lo n g a te  to  c la v a te  w ith  f in a l cham ber g rea tly  e lo n g a te  w ith  bulbous  

term ination; su tu res d is t in c t ,  d ep ressed ; w a ll c a lc a r e o u s , perforate; 

aperture an in teriom argin al arch w ith  l ip , u m b ilica l to  peripheral in  

p o s it io n .

R em arks. D e lic a te  and e a s i ly  broken, e s p e c ia l ly  th e  e lo n g a te  

la s t  cham ber.

D im e n s io n s . G rea test d iam eter , to  about 0 .5 0  mm.

O ccu rren ce . Rare to  lo c a lly  common in  th e  H ed b ergella  d e l -  

r io e n s is  zon e  o f L on gh ou se V alley  and L ohali Point s e c t io n s  in  B lack  

M e s a . A som ew h at uncom mon but w id e ly  d istr ib u ted  upper C en om an ian - 

Turonian form.

C la v ih ed b erg e lla  s im p lex  (Morrow)
Figure 18H -J

H a stig e r in e lla  s im p lex  M orrow. 1 9 3 4 , p . 19 8 , p i. 3 0 , f ig .  6 . C ushm an, 
1946 , p . 1 4 8 , p i .  6 1 , f ig .  1 0 . F r iz z e ll ,  1954 , p . 1 2 7 , p i. 2 0 , 
f ig . 13 .

C la v ih ed b erg e lla  s im p lex  (M orrow), L oeb lich  and T appan, 1 9 6 1 , p . 2 7 9 , 
p i. 3 , f i g s .  1 1 -1 4  (ad d ition al sy n o n y m y ). P e s sa g n o , 1 9 6 7 , p . 2 8 5 , 
p i.  5 2 , f ig s .  1 , 2 (ad d ition al syn on ym y). E icher and W o r ste ll , 
1970b , p . 3 0 8 , p i .  1 0 , f ig s .  4 , 6 , 7 .

D e sc r ip t io n . T es t tro ch o sp ira l, lo w , early  portion w ith  about 

f iv e  g lob u lar ch a m b ers , fin a l w horl w ith  about four to  s ix  cham b ers, th e
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la s t  one to  three b ein g  ra d ia lly  e lo n g a te  to  su b c la v a te ; su tu res d is t in c t ,  

d ep ressed ; w a ll c a lc a r e o u s , f in e ly  perforate; aperture an in teriom ar- 

g in a l arch from periphery to  u m b ilic u s , w ith  narrow l ip .

Remarks . Stouter and l e s s  c la v a te  cham bers than C .  m orem ani, 

and no bulbous term ination  o f fin a l cham ber.

D im e n s io n s . G rea test d iam eter from about 0 .1 5  mm to  0 .5 5  mm.

O ccu rren ce . R e la tiv e ly  common in  th e  H ed b ergella  d e lr io e n s is  

zon e  o f th e  Black M esa  M a n c o s . A fa ir ly  common and w id e ly  spread  

C enom anian-T uronian p lan k ton ic  form .

C la v ih ed b erg e lla  su b d ig ita ta  (Carman)
Figure 19A-C

G lobiqerina su b d ig ita ta  Carm an. 1929 , p . 3 1 5 , p i. 3 4 , f ig s .  4 ,  5 . 
C la v ih ed b erg e lla  s im p le x  (M orrow). E icher, 1966 , p . 2 7 , p i .  6 , f ig .  3 .  
C la v ih ed b erg e lla  su b d ig ita ta  (Carman). E icher and W o r ste ll , 1970b , 

p . 3 0 6 , p i .  10 , f i g s .  3 , 4 .

D e sc r ip t io n . T est tro ch o sp ira l, lo w , early  portion w ith  about 

f iv e  g lob u lar cham b ers, th e  la s t  tw o  or th ree  becom ing ta n g en tia lly  

e lo n g a te  to  su b c la v a te ; su tu res d is t in c t ,  d e p r e sse d ; w a ll  c a lc a r e o u s , 

f in e ly  perforate; aperture an in teriom arginal arch from periphery to  

um bilicus , w ith  l i p .

R em arks. This s p e c ie s  has p rev io u sly  b een  in c lu d ed  in C.. 

s im p lex  by m ost w o rk ers . E icher (1969b , p . 168) and E icher and W o rste ll 

(1970b , p . 306) h ave rec e n tly  sep arated  th e  tw o  s p e c ie s  on th e  b a s is  o f  

th e  ta n g en tia l v ersu s  rad ia l a lign m en t o f  th e  c la v a te  la te r  ch a m b ers, and  

th e  b e l ie f  that th ey  are derived  from a d ifferen t l in e a g e . D o u g la s  (1969 , 

p . 163) has noted  s im ila r  d if fe re n c e s  in C aliforn ia  sp e c im e n s . E icher1 s 

u sa g e  has b een  fo llo w ed  in th is  s tu d y , a s  th ere see m s  to  be a



Figure 19 . Foram iniferlda: R otaliporidae: C la v ih e d b e r o e lla . 
P raeglob otru n can a. R otalipora

A -C . C la v ih ed b erg e lla  sub d ig ita ta  (Carman): A, d o r sa l,
B, e d g e , and C , ventral v ie w s . X 8 5 .

D - F . Praeglobotruncana d ifform is (Gandolfi): E, d orsa l v iew ;  
D and F ed ge v ie w s  show ing dou ble k e e l . X 8 5 .

G -I . Rotalipora q reen h o m en sis  (Morrow); A, d o r sa l, B, e d g e ,  
and C , ventral v ie w s;  ventral s id e  p lu g g ed . X 85 .
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stratigrap h ic s ig n if ic a n c e ,  w ith  C .  su b d ig ita ta  appearing som ew h at 

higher in s e c t io n  than C .  s im p le x .

D im e n s io n s . G rea test d iam eter from about 0 .2 0  mm to  0 .4 5 m m .  

O ccu rren ce . L o ca lly  common in th e  upper portion o f th e  H ed -  

b erg ella  d e lr io e n s is  zon e in  a l l  s e c t io n s  a t B lack M e s a .

G enus Praeglobotruncana Berm udez, 1952 
Praeglobotruncana step h a n i (Gandolfi)

G lobotruncana step h a n i G a n d o lfi. 1942 , p . 13 0 , p i .  3 , f ig s .  4 ,  5 , p i .  4 ,  
f ig s .  3 6 , 3 7 , 4 1 , 4 5 , p i .  6 ,  f ig s .  4 , 6 , p i .  9 , f i g s .  5 , 8 , p i .  13 , 
f ig .  5 , p i .  14 , f ig .  2 .

Praeglobotruncana step h a n i (G andolfi). B o lli, L o eb lic h , and Tappan, 
1957 , p . 3 9 , p i .  9 , f ig .  2 . L oeb lich  and Tappan, 1 9 6 1 , p . 2 8 4 , 
p i.  6 , f ig s .  1 -8  (ad d ition al sy n o n y m y ). E ich er, 1 9 6 6 , p . 2 8 , 
p i.  6 , f ig .  4 .  P e s sa g n o , 1967 , p . 2 8 7 , p i .  5 0 , f i g s .  9 -1 1  (addi
tio n a l sy n o n y m y ). E icher and W o r ste ll, 1970b , p . 3 0 8 , p i .  10 , 
f ig .  9 , p i. 11 , f ig s .  2 a - c ,  3 .

D e sc r ip t io n . T est tro ch o sp ira l, co n v ex ; a l l  cham bers o f tw o  to  

th ree  w horls v is ib le  on sp ir a l s id e ,  f iv e  to  s ix  cham bers v is ib le  on um

b il ic a l  s id e ; early  cham bers subround, la ter  cham bers becom ing su b -  

an gu lar, um b ilicu s narrow; su tu res d is t in c t ,  d e p r e sse d , rad ia l on  

u m b ilica l s id e ,  curved backward on sp ira l s id e ; w a ll c a lc a r e o u s , w ith  

a beaded s in g le  k e e l bordering early  w h o r ls , l e s s  d is t in c t  in  la s t  tw o  or 

th ree  cham bers; aperture in teriom arginal from u m b ilicu s to  h a lfw a y  up to  

periphery, w ith  l ip .

R em arks. C o n sid era b le  v a r ia b ility  in  sp ire  h e ig h t and d egree  

o f lo b a te n e ss  in o u t lin e . The few  sp ec im en s  a t hand w ere p lu gged  w ith  

foreign  m ateria l, and none w ere su ff ic ie n t ly  w e ll  p reserved  to  i l lu s tr a te .

D im e n s io n s . G rea test d iam eter about 0 .4 5  mm.

O ccu rren ce . Rare in low er part o f  th e H ed b ergella  d e lr io e n s is

zon e  in  th e  L ohali Point s e c t io n ,  w ith  R otalipora g reen h orn en sis  and
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G lo b iq er in e llo id es  b e n to n e n s is . The tem poral range o f th is  s p e c ie s  is  

con sid ered  to  term inate a t th e  top o f th e  C enom anian .

Praeglobotruncana d ifform is (Gandolfi)
Figure 19D -F

R osalina m arginata R e u s s , 1 8 4 5 , p . 3 6 , p i .  1 3 , f ig .  6 8 .
G lobotruncana m arginata (R eu ss). C ushm an, 1 9 4 6 , p . 1 5 0 , p i. 6 2 , 

f ig s .  1 , 2 (ad d ition al sy n o n y m y ).
G lobotruncana (G lobotruncana) interm edia B o lli s u b sp . d ifform is  

G an d olfi, 1 9 5 5 , p . 4 9 , p i. 3 , f ig s .  4 ,  5 .
G lobotruncana m arginata (R eu ss). E icher, 1 9 6 6 , p . 2 9 , p i. 6 , f ig s .

5 , 6 (ad d ition al sy n o n y m y ).
Praeglobotruncana ren z i (Thalm ann). E icher, 1 9 6 6 , p . 2 8 , p i .  6 , f ig . 9 

(ad d ition al sy n o n y m y ). D o u g la s , 1 9 6 9 , p . 172 , p i .  2 , f ig . 8 (addi
tio n a l sy n on ym y).

M arginotruncana m arginata (R eu ss). P e s sa g n o , 1 9 6 7 , p . 3 0 7 , p i .  5 4 ,
f ig s .  7 -1 2 , 1 6 -1 8 , p i .  56 , f ig s .  1 0 -1 2 , p i .  9 9 , f ig s .  5 -7  (ad d ition
a l sy n o n y m y ).

Praeglobotruncana d ifform is (G an d olfi). E icher and W o r ste ll , 1970b , 
p . 3 0 8 , p i .  11 , f i g s .  4 ,  5 , 6 .

D e sc r ip t io n . T est tro ch o sp ira l, dors a lly  s l ig h t ly  to  m oderately  

c o n v e x , v en tra lly  u m b ilic a te , com posed  of up to  three w horls w ith  four 

to  s ix  cham bers in  fin a l w h orl, tw o c lo s e ly  sp a c ed  peripheral k e e ls  rim

ming th e  en tire  p erip h ery , so m etim es becom ing l e s s  d is t in c t  in  th e  fin a l 

chamber; cham bers m oderately  fla tten ed  dors a l ly ,  in fla ted  ven tra lly ;  

su tu res cu rv ed , r a ise d  and beaded  d o r sa lly , d e p r e sse d  and rad ia l v e n 

tra lly ; um b ilicu s w id e  and sh a llo w ; w a ll c a lc a r e o u s , perforate; aperture  

apparently extra u m b ilic a l-u m b ilica l in  p o s it io n , p lu gged  in  a l l  B lack  

M esa  s p e c im e n s .

R em arks. This d is t in c t iv e  s p e c ie s  is  regarded by m ost workers 

as having a w id e  geograp h ic  d istr ib u tio n  and b ein g  r es tr ic ted  in tim e to  

th e  Turonian or som e portion o f i t .  U n fortu n ately , c o n s id e ra b le  ta x o 

nom ic co n fu sio n  surrounds th is  s p e c i e s ,  and its  nom enclature is  p r e s

en tly  in  a s ta te  of f lu x . The s p e c ie s  has b een  p r e v io u s ly , and is
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cu rren tly , referred to  by d ifferen t authors a s  G lobotruncana m arginata  

(R eu ss), Praeqlobotruncana m arginata (R eu ss), Praenlobotruncana ren zi 

(Thalm ann), Praeqlobotruncana a lgerian a  C aron, G lobotruncana in ter

m edia difform is G a n d o lfi, M arqinotruncana m arginata (R eu ss), and 

Praeqlobotruncana d if  form is  (G an d olfi), An ad eq u ate  treatm ent o f th e  

ev o lu tio n  of th is  nom enclatural ta n g le  is  beyond th e  s c o p e  o f th is  in 

v e s t ig a t io n , and th o se  in tere sted  are referred to  d is c u s s io n s  by E icher  

(1966, p . 2 8 -2 9 ; 1969b , p . 1 6 9 ), D ou g las (1969 , p . 1 7 2 ), P e ssa g n o  

(1967 , p . 3 0 6 -3 1 0 , and fo o tn o te , p . 3 0 6 ), and Eicher and W o rste ll 

(1970b , p . 3 0 8 ) . In th is  s tu d y , the s p e c ie s  is  te n ta tiv e ly  referred to  

Praeqlobotruncana d ifform is (G an d olfi), fo llo w in g  th e  u sa g e  o f E icher  

(1969b) and E icher and W o r ste ll (1970b ).

D im e n s io n s . G rea test d iam eter from about 0 .4 0  mm to  0 .6 0 m m .

O ccu rren ce . G en era lly  rare in th e  B lack M esa  M ancos but 

occu rs sp a r se ly  in  th e  upper part o f  th e  H ed b ergella  d e lr io e n s is  zo n e  in  

th e  H o w ell M e s a , B lue C an yon , and Kayenta s e c t io n s .  P rev io u sly  re 

ported from Turonian strata  o f th e  w estern  in terior and G u lf C o a st o f  th e  

U nited S ta te s , M e x ic o , South A m erica, and Europe.
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Subfam ily R otaliporinae S ig a l , 1958  
G enus R otalipora B rotzen , 1942  

Rotalipora green h o rn en sis  (Morrow)
Figure 19G -I

G loborotalia  green h orn en sis  M orrow. 1934 , p . 1 9 9 , p i .  3 1 , n o . 1 . 
Planulina green h orn en sis  (M orrow). C ushm an, 1 9 4 6 , p . 159 , p i .  6 5 ,  

f ig .  3 .
Rotalipora green h orn en sis  (M orrow). L oeb lich  and Tappan, 1 9 6 1 , p . 2 9 9 ,  

p i.  7 , f i g s .  5 -1 0  (ad d ition al sy n o n y m y ). R icher, 1965 , p . 9 0 6 , 
p i.  106 , f ig .  1 1 . P e s sa g n o , 1967 , p . 2 9 5 , p i .  5 0 , f ig s .  3 , 4 (addi
tio n a l synonym y) . Richer and W o r ste ll , 1970b , p . 3 1 2 , p i .  1 2 , 
f ig .  2 , p i .  13 , f ig . 3 .

D e sc r ip t io n . T es t tro ch o sp ira l, b ic o n v e x , approxim ately  tw o  

w h o r ls , prom inent peripheral k e e l ,  ven tra l s id e  u m b ilica te; cham bers 

nearly  fla t d o r sa lly , in fla ted  v e n tr a lly , about s ix  in  la s t  whorl; su tu res  

d is t in c t ,  e le v a te d  curved and ob liq u e  d o r sa lly , d e p r e sse d  to  nearly  flu sh  

ven tra lly ; w a ll c a lc a r e o u s , fin e ly  p erforate , su rfa ce  rough on early  cham 

b e r s , sm ooth on la ter  o n es; primary aperture interiom argina 1, ex tr a -  

u m b ilic a l-u m b ilica l in  p o s it io n , sutural secon d ary  apertures arched w ith  

bordering l ip , ju st  b en eath  u m b ilica l sh o u ld er .

Remarks . R xcept for p lu gged  u m b ilica l s id e s ,  th e  sp ec im en s  

found in  B lack M esa  are fa ir ly  w e ll  p reserved  and r e c o g n iz a b le , a lthough  

sm aller  than som e re feren ce  sp ec im en s from th e  G reenhorn of C olorado  

w hich  w ere k indly  furn ished  by D . L . R icher.

D im e n s io n s . G rea test d iam eter about 0 .3 0  mm to  0 .4 5  mm.

O ccu rren ce . G en era lly  rare in th e  Black M esa  M a n c o s . Found 

only in  th e  low er part o f th e  H ed b ergella  d e lr io e n s is  zo n e  at L ohali 

P oin t. This s p e c ie s  is  co n sid ered  by m ost w orkers to  be a d is t in c t iv e ,  

w orldw ide C enom anian marker.
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Fam ily C a u c a sin id a e  N . K. B ykova, 1959 
Subfam ily F u rsen k oin in ae L oeb lich  and Tappan, 1961 

G enus C oryphostom a L oeb lich  and T appan, 1962 
C oryphostom a p la it a (Cars ey)

Figure 20A-B

B olivina p la ita  C a r se y . 1 9 2 6 , p . 2 6 , p i .  4 ,  f i g . 2 .
Loxostom um  plaitum  (C a rsey ). C ushm an, 1 9 4 6 , p . 13 0 , p i .  5 4 , f ig s .  

1 0 -1 4  (ad d ition al sy n on ym y).
Loxostom um  plaitum  var. plaitum  (C arsey ). F r iz z e l, 1 9 5 4 , p . 118 , p i.

17 , f ig .  38 (ad d ition al syn on ym y).
C oryphostom a p la ita  (C a rsev ). L oeb lich  and Tappan, 1 9 6 2 , p . 1 1 1 . 

L o eb lich , T appan, and o th e r s , 1 9 6 4 , p . C 7 3 2 -C 7 3 3 , p i .  6 0 0 ,  
f ig s .  8 , 9 .

Loxostom a p la ita  (C a rsey ). M e llo , 1 9 6 9 , p . 8 2 , p i .  9 ,  f ig s .  9 , 10 .

D e sc r ip t io n . T es t e lo n g a te , narrow, b is e r ia l throughout, th ree  

to  four tim es a s  long a s  b road , co m p ressed , rounded in  s e c t io n , s l ig h t ly  

tw is te d  to  s tr a ig h t, la ter  cham bers tend  to  b ecom e u n iser ia l; cham bers 

nu m erou s, s l ig h t ly  in f la te d , su tu res d e p r e ss e d , curved tow ard proxim al 

end; w a ll c a lc a r e o u s , f in e ly  perforate; aperture term in a l, loop  sh a p ed , 

ob scu re in  m ost s p e c im e n s .

R em arks. The t e s t  is  ty p ic a lly  tw is te d  and th us sh ow s a ff in i

t ie s  to  C a s s id e l la , a lth ou gh  th ere  is  no o b serv a b le  tr is e r ia l s t a g e .  A 

certa in  amount o f c o n fu sio n  e x is t s  in  th e literatu re  regarding th e  ta x o 

nom ic s ta tu s  o f C a s s id e l la . C oryp h ostom a, and L oxostom um . as has  

recen tly  b een  poin ted  out by Kent (1967, p . 1 4 5 0 ), and by E icher and 

W o rste ll (1970b , p . 2 9 2 ) . The sp ec im en s at hand are referred to  

C oryphostom a b e c a u se  th ey  m ost c lo s e ly  resem b le  illu stra tio n s  in  th e  

literature w hich  d e p ic t  Loxostom um  plaitum  (C a rsey ), and b e c a u s e  

L oeb lich  and Tappan (1962) u sed  B oliv ina (= Loxostom um ) p la ita  C a rsey  

a s th eir  g en o ty p e  for C oryp h ostom a.

D im e n s io n s . L en g th , from about 0 .1 5  mm to  0 .4 0  mm, m ostly

around 0 .2 0  mm.



Figure 20 . Foram iniferida; C a u c a sin id a e , A nom alinidae

A -B . Coryphostom a p la ita  (Carsey): s id e  v ie w s  o f  tw o  
in d iv id u a ls . X 75 .

C -E . G a v e lin e lla  d a k o ten sis  (Fox): C , d o r sa l, D , e d g e ,  
E, ventral v ie w s  . X 75.
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Figure 20. Foraminiferida: C aucasin idae , Anomalinidae
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O ccu rren ce . L o ca lly  common in th e  H ed b ergella  d e lr io e n s is  

zon e o f a l l  B lack M esa  s e c t io n s .

Fam ily A nom alinidae C ushm an, 1927  
Subfam ily A nom allninae C ushm an. 1927  

G enus G a v e lin e lla  B rotzen , 1942 
G a v e lin e lla  d a k o te n s is  (Fox)

Figure 20D —F

Planulina d a k o te n s is  F ox , 1 9 5 4 , p . 119 , p i .  2 6 , f i g s . 1 9 -2 1 .
G a v e lin e lla  d a k o ten s is  (Fox) . E icher, 1 9 6 6 , p . 3 0 , p i .  6 , n o . 7 .

Eicher and W o r s te ll , 1970b , p . 2 9 3 , p i .  5 , f ig s .  5 , 6 .

D e sc r ip t io n . T est s m a ll, co m p ressed , sp ira l s id e  e v o lu te , 

ventral s id e  nearly  in v o lu te  w ith  sm a ll portion o f p reced in g  w horls sh o w 

ing in th e  c e n te r , periphery narrowly rounded, la ter  cham bers o f many 

sp ec im en s lob ate; cham bers d is t in c t ,  in crea sin g  in  s i z e  g ra d u a lly , 

e igh t to  te n  in fin a l w horl; su tu res d is t in c t ,  g e n tly  cu rved , g e n tly  d e 

p r e sse d , in  som e sp e c im en s  lim bate in  early  s p ir a l- s id e  cham bers; w a ll  

c a lc a r e o u s , sm ooth , perforate; aperture a low  peripheral s l i t  exten d in g  

from periphery to  u m b ilica l s id e .

R em arks. V ariable in o u t lin e , th e  sm a ller  in d iv id u a ls  tend ing  

to  be nearly  c ircu lar  and th e  larger on es  more lo b a te .

D im e n s io n s . G rea test d iam eter from about 0 .1 2  mm to  0 .3 5 m m .

O ccu rren ce . One o f  th e  m ost w id esp read  and frequently  occu r

ring s p e c ie s  in the Black M esa  m a ter ia l. Common through th e  H ed -  

berq ella  d e lr io e n s is  zon e  in a l l  s e c t i o n s . A lso  reported in abundance  

through th e  upper G reenhorn and th e  Fairport M em ber o f th e  C a r lile .
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G enus L in g u lo g a v e lin e lla  M alapris , 1965  
L in g u lo g a v e lin e lla  a s te r ig e r in o id es  (Plummer)

V alvulineria  a s te r ig e r in o id es  Plummer. 1 9 3 1 , p . 19 0 , p i .  14 , n o . 6 .  
T appan, 1 9 4 0 , p . 120 , p i .  19 , f ig .  9 .  T appan, 1 9 4 3 , p . 5 1 1 , 
p i. 82 , f i g s .  10 , 1 1 . F r iz z e l, 1 9 5 4 , p .  1 2 3 , pi 18 , f ig .  3 4 . 

L in g u lo g a v e lin e lla  a s te r ig e r in o id es  (Plummer). E icher and W orst e l l ,  
1970b , p . 2 9 3 , p i .  7 , f i g s .  2 , 4 .

D e sc r ip t io n . T est p la n o tro ch o sp ira l, but sp ire  d e p r e sse d ,  

partly e v o lu te , periphery round ed , o u tlin e  s l ig h t ly  lo b a te , oral s id e  

nearly  flat; cham bers in f la te d , s e v e n  or e igh t in  fin a l whorl; su tu res  

d e p r e s s e d , s l ig h t ly  curved on sp ira l s id e ,  s in u o u s on oral s id e  and 

grooved w here not co vered  by fla p s; w a ll c a lc a r e o u s , perforate; aper

ture a peripheral arch opening in to  s l i t  that ex ten d s partw ay around 

um bilicus under f la p s .

R em arks. M ost sp ec im en s  are broken, none w e ll  enough pre

served  to  i l lu s tr a te .

D im e n s io n s . G rea test d iam eter about 0 .3 0  mm.

O ccu rren ce. Very rare in  Black M e s a , a to ta l o f th ree s p e c i 

m ens w ere found in th e  b a s a l part o f th e  H ed b ergella  d e lr io e n s is  zon e  

at L onghouse V a lle y .



a p p e n d ix  I

CONTENTS OF FAUNAL ASSEMBLAGE SLIDES

Numbers to  th e  right o f  s p e c ie s  name refer to  num bers o f  ind i 

vidua Is o f  that s p e c ie s  on th e  s l id e  for that particu lar sa m p le .

P:B stan d s for p lan k ton ic  to  ben th on ic  r a tio , determ ined by 

a ctu a l count o f  the fir st 100 foram inifera en co u n tered .

L ocation  for s l id e  numbers:

H o w ell M esa H M 1-H M 35

Blue C anyon BC1-BC66

L onghou se V alley LHV1-LHV64

Kayenta K1-K54

L oh ali Point LP1-LP43
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H o w ell M esa

H M -1 Top o f D akota (?) S an d ston e  

Barren. No m ic r o fo s s i ls .

H M -2 1 1 .2  fe e t  ab ove  D akota (?) P:B 1 /5

C y th ere is  e a g le fo r d e n s is  A lexander 7
H ed b erq ella  d e lr io e n s is  (Carsey) 4
C itharina k o c h ii (Roemer) 5
D en ta lin a  g r a c ilis  D 'O rbigny 4
G a v e lin e lla  d a k o ten s is  (Fox) 3
N odosaria  b iq h orn en sis Young - 4
H aplophraqm oides co lly ra  N auss 1
Reophax inordinatus Young 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1
M is c e l la n e o u s — shark s c a le ,  g la u c o n ite

H M -3 1 6 .8  fe e t  a b o v e  D akota (?) P:B 2

C y th ere is  e a g le fo r d e n s is  A lexander 3
H ed b erq ella  d e lr io e n s is  (Carsey) 10
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 2
D en ta lin a  g r a c il is  D 'O rbigny 1
Q u in q u ilocu lin a  moremani Cushm an 1
Reophax s p .  c f .  R. recta  (B e isse l) 1
H aplophraqm oides co lly ra  N au ss 3
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H M -4 95 fe e t  ab ove  D akota  (?) P:B 7 /1 0

H ed b erq ella  d e lr io e n s is  (Carsey) 28
H etero h e lix  g lo b u lo sa  (Ehrenberg) 1
D en ta lin a  g r a c il is  D 'O rbigny 6
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 11
R eophax s p .  c f .  R. recta  (B e isse l) 1
Trochammina w ick en d en i L oeb lich  21
M is c e lla n e o u s — sim p le  to o th , bone fragm ents

H M -5 1 0 0 .8  fe e t  a b o v e  D akota (?) P:B 1 /2

H ed b erq ella  d e lr io e n s is  (Carsey) 25
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll)  2
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
H etero h e lix  g lo b u lo sa  (Ehrenberg) 3
D en ta lin a  g r a c ilis  D 'O rbigny 13
G a v e lin e lla  d a k o te n s is  (Fox) 13
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
Reophax s p .  c f .  R. rec ta  (B e isse l) 10
Trochammina w ick en d en i L oeb lich  15
Saccam m ina a lex a n d er i (L oeblich and Tappan) 5



H ed b erq ella  d e lr io e n s is  (Carsey) 16
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 10
H etero h e lix  g lo b u lo sa  (Ehrenberg) 7
P lanoq lob ulin a  s p . c f .  P . g labrata (Cushman) 1
D en ta lin a  g r a c ilis  D 'O rbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) 16
Frondicularia im bricata Young 1
C oryphostom a p la ita  (Carsey) 4
N eobulim ina a lb e r te n s is  (S telck  and W all) 3
Reophax s p .  c f .  R. recta  (B e isse l) 3
Trochammina w ick en d en i L oeb lich  8
H aplophraqm oides co llyra  N au ss 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 5
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H M -6 1 1 2 .0  fe e t  ab ove  Dakota (?) P:B 2

H M -7 1 2 3 . 2  fe e t  ab o v e  D akota (?) P:B 19

H ed b erq ella  d e lr io e n s is  (Carsey) 16
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 7
H etero h e lix  g lo b u lo sa  (Ehrenberg) 5
H etero h e lix  pulchra (Brotzen) 3
C itharina k o c h ii (Roemer) 6
Frondicularia im bricata Young 5
G a v e lin e lla  d a k o te n s is  (Fox) 9
D en ta lin a  g r a c il is  D' Orbigny 1
C oryphostom a p la ita  (Carsey) 3
N eobulim ina a lb e r te n s is  (S telck  and W all) 3
Reophax s p .  c f .  R. recta  (B eisse l) 1
Ammomarginulina c a r li le n s is  Lamb 2
Haplophragm ium  arenatum Lamb 2
Saccam m ina a lex a n d er i (Loeblich and Tappan) 4
Reophax inordinatus Young 1

H M -8 1 6 2 . 4  fe e t  a b o v e  D akota (?) P:B 32

H ed b erq ella  d e lr io e n s is  (Carsey) 17
H ed b ergella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 14
C la v ih ed b erg e lla  s im p lex  (Morrow) 4
H etero h e lix  g lo b u lo sa  (Ehrenberg) 4
H etero h e lix  pulchra (Brotzen) 2
D en ta lin a  g r a c ilis  D 'O rbigny 3
Frondicularia im bricata Young 2
G a v e lin e lla  d a k o te n s is  (Fox) 6
N eobulim ina a lb e r te n s is  (S telck  and W all) 4
N od osaria  b iq h orn en sis Young 1
C oscinophragm a ? c f .  C.. c o d v e n s is  (Fox) 7
Saccam m ina a lex a n d er i (L oeblich and Tappan) 8
Trochammina w ick en d en i L o eb lich  5



H ed b erq ella  d e lr io e n s is  (Carsey) 19
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 7
H etero h e lix  g lo b u lo sa  (Ehrenberg) 1
D en ta lin a  g r a c ilis  D 'O rbigny 2
Frondicularia im bricata Young 2
G a v e lin e lla  d a k o te n s is  (Fox) 1
Nod os aria b igh orn en sis  Young 3
M arginulinops is  am plaspira Young 6
Ammomarginulina c a r li le n s is  Lamb 6
Haplophraqm ium  arenatum  Lamb 3
C oscin ophragm a ? c f .  C.. c o d y e n s is  (Fox) 2
Trochammina w ick en d en i L oeb lich  9
Saccam m ina a lex a n d er i (Loeblich and Tappan) 6
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H M -9 1 7 3 .6  fe e t  ab ove D akota (?) P:B 5

H M -10 1 8 4 .8  fe e t  ab ove  D akota (?) P:B over 100

H ed b erq ella  d e lr io e n s is  (Carsey) 24
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 14
C la v ih ed b erg e lla  s im p lex  (Morrow) 6
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 3
H e te ro h e lix  g lo b u lo sa  (Ehrenberg) 8
H etero h e lix  pulchra (Brotzen) 2
P lan og lob u lin a  s p .  c f .  £ .  glabrata (Cushman) 1
G a v e lin e lla  d a k o te n s is  (Fox) 2
M a rg in u lin o p sis  am plasp ira Young 1
R eophax s p .  c f .  R. recta  (B e isse l) 1
Trochammina w ick en d en i L oeb lich  3
Saccam m ina a lex a n d er i (Loeblich and Tappan) 5

H M -11 1 9 6 .0  fe e t  ab ove D akota (?) P:B 32

H ed b erq ella  d e lr io e n s is  (Carsey) 17
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll)  11
C la v ih ed b erq e lla  s im p lex  (Morrow) 3
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 7
Praeqlobotruncana difform is (Gandolfi) 2

(= £ . marqinata (Reuss))
H e te ro h e lix  g lo b u lo sa  (Ehrenberg) 6
H etero h e lix  pulchra (Brotzen) 6
G a v e lin e lla  d a k o te n s is  (Fox) 7
N eobulim ina a lb e r te n s is  (S telck  and W all) 2
M a rg in u lin o p sis  am plasp ira Young 6
Trochammina w ick en d en i L oeb lich  4
Saccam m ina a lex a n d er i (L oeblich and Tappan) 2

H M -12 2 0 7 .2  fe e t  ab ove D akota (?) P;B 9

H ed b erq ella  d e lr io e n s is  (Carsey) 23
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 19
C la v ih ed b erg e lla  s im p le x  (Morrow) 1



1 1 0

H etero h e lix  q lo b u lo sa  (Ehrenberg) 7
H etero h e lix  pulchra (Brotzen) 1
G a v e lin e lla  d a k o te n s is  (Fox) 4
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n s is  (S telck  and W all) 5
N od osaria  b ig h o rn en sis  Young 1
Trochammina w ick en d en i L oeb lich  7

H M -1 2 - -C ontinued

H M -1 3  2 1 8 .4  fe e t  ab ove  D akota (?) P:B 1 .5 /1

H ed b ergella  d e lr io e n s is  (Carsey) 33
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 12
G a v e lin e lla  d a k o te n s is  (Fox) 8
M a rg in u lin o p sis  am plaspira Young 6
H aplophraqm oides co lly ra  N au ss  3
Trochammina w ick en d en i L oeb lich  5

H M -14 2 2 9 ,6  fe e t  ab ove  D akota (?) P:B 1 /5

H ed b erq ella  d e lr io e n s is  (Carsey) 8
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 2
G a v e lin e lla  d a k o te n s is  (Fox) 10
R eophax c f . R. recta  (B e isse l) 3
H aplophraqm oides co lly ra  N au ss 1
H aplophraqm oides c f . H_. h ow ard en se  (S telck  and W all) 1 
Trochammina w ick en d en i L oeb lich  32

H M -15 2 4 0 .8  fe e t  ab ove  D akota (?) P:B —

Reophax recta  (B e isse l) 24
Trochammina w ick en d en i L oeb lich  15
Trochammina w etter i S te lck  and W a ll 3
Saccam m ina a lex a n d er i (Loeblich and Tappan) 10

H M -16 2 5 2 .0  fe e t  ab o v e  D akota (?)

H ed b erq ella  d e lr io e n s is  (Carsey) w eath ered  2
Trochammina w ick en d en i L oeb lich  8

H M -17 2 6 3 .2  fe e t  ab ove  D akota (?)

H ed b erq ella  d e lr io e n s is  (Carsey) w eathered  2
Reophax recta  (B e isse l) 8
Trochammina w ick en d en i L oeb lich  28
M is c e lla n e o u s — fish (? )  s c a l e ,  bone fragm ents



I l l

H M -18 2 7 4 .4  fe e t  ab ove D akota (?)

H aplophraqm oides c f . H . co llv ra  N a u ss  8
Reophax recta  (B e isse l) 20
Trochammina w ick en d en i L oeb lich  32
Saccam m ina a lex a n d er i (Loeblich and Tappan) 3

H M -19 2 8 5 .6  fe e t  ab ove  D akota (?)

H ed b eraella  d e lr io e n s is  (C arsey), w ea th ered ,
broken, and corroded 6

H M -20 2 9 6 .8  fe e t  ab ove  D akota (?)

H ed b erq ella  d e lr io e n s is  (C a rsey ), badly w eathered  5
M is c e lla n e o u s — w eathered  s h e l l  hash  and bone

H M -21 3 0 8 .0  fe e t  ab ove  D akota (?)

G a v e lin e lla  d a k o te n s is  (Fox) 4
Trochammina w ick en d en i L oeb lich  34

H M -22 3 1 9 .2  fe e t  ab ove D akota (?)

Barren— m isc e lla n e o u s  w eathered  s h e ll  and bone  
fragm ents

H M -23 3 4 7 .2  fe e t  ab ove D akota (?) 

Barren

H M -24 3 6 4 .0  fe e t  ab ove D akota (?) 

Barren

H M -25 3 7 5 .2  fe e t  ab ove  D akota (?) 

Barren

H M -26 3 8 6 .4  fe e t  ab ove D akota (?) 

Barren

H M -27 3 9 7 .6  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  19
M egasp ores , s p e c ie s  A 7
M is c e lla n e o u s — internal gastropod  m o ld s , f ish (? )  

s c a le ,  bone fragm ents



1 1 2

M e g a sp o r e s , s p e c ie s  A 20
M eg a sp o r e s , s p e c ie s  B 9
M is c e lla n e o u s — internal gastropod  m olds

H M -29 420 fe e t  ab ove D akota (?)

H aplophragm oides c f . H.. g ilb er t! E icher 1
Trochammina w ick en d en i L oeb lich  11
M eg a sp o r e s , s p e c ie s  A 11
M eg a sp o r e s , s p e c ie s  B 7

H M -30 4 3 1 .2  fe e t  ab ove D akota (?)

G audrvina b en to n en s is  (Carman) 15
A m m onbaculites im pexus Eicher 1
Trochammina c f .  T. w etter i S te lck  and W a ll 4
Trochammina w ick en d en i L oeb lich  18
M e g a sp o r e s , s p e c ie s  A 1

H M -31 4 4 2 .4  fe e t  ab o v e  D akota (?)

G audryina b en to n en s is  (Carman) 2
Trochammina w ick en d en i L oeb lich  10

H M -32 4 5 3 .6 fe e t  ab ove  D akota (?)

G audrvina b en to n en s is  (Carman) 1
Trochammina w ick en d en i L oeb lich  31

H M -33 4 6 4 .8  fe e t  ab ove  D akota (?)

G audrvina b en to n en s is  (Carman) 30
Trochammina w ick en d en i L oeb lich  20

H M -34 4 7 6 .0  fe e t  ab ove  D akota (?)

Gaudrvina b en to n en s is  (Carman) 1

H M -35 4 7 7 . 6  fe e t  ab o v e  D akota ( ? ) .  B ase  o f Toreva S a n d sto n e .

H M -28 4 0 8 .8  fe e t  ab ove D akota (?)

Barren
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Blue C anyon

BC-1 Top o f D akota (?) S an d ston e  

Barren

BC -2 5 .6  fe e t  ab ove  D akota (?)

Barren

BC-3 9 .8  fe e t  ab o v e  D akota (?)

Barren

BC -4 1 5 . 4  fe e t  ab o v e  D akota (?) P:B 1 /2 5

C y th ere llo id ea  ozanana S exton  (RV, M ale) 
H ed b ergella  d e lr io e n s is  (Carsey)
D en ta lin a  g r a c il is  D 'O rbigny  
Frond icu la r ia  im bricata Young 
L en ticu lin a  c f .  L . gau ltin a  (Berthelin)
Reophax recta  (B eisse l)
Reophax inordinatus Young 
H aplophraqm oides c f .  H.. q ilb erti Eicher  
Trochammina w ick  end en i L oeb lich  
Saccam m ina a lex a n d er i (Loeblich and Tappan) 
M is c e l la n e o u s — c opr e l i t e s , bone fra gm en ts, 

g la u c o n ite

BC-5 2 1 . 0  fe e t  ab o v e  D akota (?) P:B 1 /4

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  
Reophax c f .  R. minuta Tappan 
C oscin op h raq m a? c o d v e n s is  (Fox) 
H aplophraqm oides c f .  JH. b e n d erso n en se  (S telck  

W all)
Trochammina w ick en d en i L oeb lich  
Saccam m ina a lexan d eri (Leoblich and Tappan) 
M is c e lla n e o u s — bone fragm ents

BC-6  2 8 . 6  fe e t  ab o v e  D akota (?)

Barren

BC-7 3 9 . 8  fe e t  ab o v e  D akota (?) P:B —

C v th ere is  e a g le fo r d e n s is  A lexander  
C ytheropteron c a s to r e n s e  Butler and Jones 
Paracypris s p .
D en ta lin a  g r a c ilis  D 'O rbigny  
G a v e lin e lla  d a k o te n s is  (Fox)
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B C -7— C ontinued

H aplophraqm oides co lly ra  N au ss  
A m m obaculites im pexus E icher  
Trochammina w ick en d en i L o eb lich  
M is c e lla n e o u s — bone fragm ents

BC-8  5 1 . 0  fe e t  ab ove  D akota (?) P:B —

G a v e lin e lla  d a k o te n s is  (Fox)

BC-9 6 2 . 2  fe e t  ab o v e  D akota (?) P:B 3 /2

H ed b ergella  d e lr io e n s is  (Carsey)
H etero h elix  q lo b u lo sa  (Ehrenberg)
G uem belitria  Harrisi Tappan 
C itharina k o c h ii (Roemer)
D en ta lin a  g r a c il is  D 'Orbigny 
G a v e lin e lla  d a k o te n s is  (Fox)
N eobulim ina a lb e r te n s is  (S telck and W all) 
Reophax inordinatus Young 
Ammomarginulina c a r ll le n s is  Lamb 
H aploohragm ium  arenatum  Lamb 
Trochammina w ick en d en i L oeb lich

BC -10 7 3 . 4  fee t a b o v e  D akota (?) P:B 1 /2

H ed b ergella  d e lr io e n s is  (Carsey)
H etero h e lix  q lo b u lo sa  (Ehrenberg)
C itharina k o c h ii (Roemer)
D en ta lin a  g r a c il is  D 'O rbigny  
G a v e lin e lla  d a k o te n s is  (Fox)
N eobulim ina a lb e r te n s is  (S telck  and W all) 
Reophax c f . R. minuta Tappan  
Reophax inordinatus Young 
Trochammina w ick en d en i L oeb lich

BC -11 8 4 . 6  fe e t  ab o v e  D akota (?) P:B 1 /1 5

H ed b erg ella  d e lr io e n s is  (Carsey)
H etero h e lix  q lo b u lo sa  (Ehrenberg)
D en ta lin a  g r a c il is  D 'O rbigny  
G a v e lin e lla  d a k o te n s is  (Fox)
N eobulim ina a lb e r te n s is  (S telck  and W all) 
H aplophraqm oides co lly ra  N a u ss  
Reophax recta  (B e isse l)
Reophax minuta Tappan  
Reophax inordinatus Young 
Trochammina w ick en d en i L oeb lich

49
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Barren

BC -13 9 5 . 8  fe e t  ab o v e  D akota (?) P:B 1 /9 0

H ed b ergella  d e lr io e n s is  (Carsey) 1
C itharina k o c h ii (Roemer) 1
Frondicularia im bricata Young 1
D en ta lin a  g r a c ilis  D 'O rbigny 4
G a v e lin e lla  d a k o te n s is  (Fox) 52
Reophax recta  (B e isse l) 10
Reophax minuta Tappan 2
Reophax inordinatus Young 1
Trocham mina w ick en d en i L oeb lich  19

B C -14 1 0 7 . 0  fe e t  ab ove D akota (?) P:B 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 45
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 11
D en ta lin a  g r a c il is  D 'O rbigny 1
Frondicularia im bricata Young 3
G a v e lin e lla  d a k o te n s is  (Fox) 41
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
H aplophraqm oides co llv ra  N au ss  1
Reophax recta  (B e isse l) 1
Haplophragm ium  arenatum  Lamb 3
Trochammina w ick en d en i L oeb lich  3
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

115

BC -12 9 0 .2  fe e t  a b o v e  D akota (?)

B C -15 1 1 8 . 2  fe e t  ab ove  D akota (?) P:B 7 /2

H ed b ergella  d e lr io e n s is  (Carsey) 36
H ed b erg ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 6
C la v ih ed b erg e lla  s im p lex  (Morrow) 7
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 5
H etero h elix  g lo b u lo sa  (Ehrenberg) 9
H etero h e lix  pulchra (Brotzen) 4
C itharina k o c h ii (Roemer) 2
D en ta lin a  g r a c il is  D ')rb ign y 4
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 5
C oryphostom a p la ita  (Carsey) 4
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
H aplophraqm oides co lly ra  N au ss 1
Reophax recta  (B e isse l) 10
Reophax inordinatus Young 2
Haplophragm ium  arenatum  Lamb 6
Trochammina w ick en d en i L oeb lich  7
Saccam m ina a lex a n d er i (L oeblich and Tappan) 5
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H ed b erq ella  d e lr io e n s is  (Carsey) 32
H etero h e lix  g lo b u lo sa  (Ehrenberg) 3
G a v e lin e lla  d a k o te n s is  (Fox) 12
Haplophragm ium  arenatum  Lamb . 1
Saccam m ina a lex a n d er i (L oeblich and Tappan) 4

BC-16 1 2 9 .4  fe e t  ab ove  D akota (?) P:B 2 /1

BC -17 1 4 0 . 6  fe e t  ab ove  D akota (?) P:B 3 /2

H ed b erq ella  d e lr io e n s is  (Carsey) 17
H etero h e lix  g lo b u lo sa  (Ehrenberg) 10
D en ta lin a  g r a c il is  D 'O rbigny 2
Frondicularia im bricata Young 2
G a v e lin e lla  d a k o te n s is  (Fox) 10
H aplophragm oides c f . H_. h ow ard en se S te lck  and W a ll 2 
C oscin op h ragm a? c f .  C.. c o d y e n s is  (Fox) 18
Haplophragm ium  arenatum  Lamb 1
Trocham mina w ick en d en i L oeb lich  1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 6
M is c e l la n e o u s — bone fragm en ts, f ish (? )  s c a le

BC -18 1 5 1 . 8  fe e t  ab ove D akota (?) P:B 2 4 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 49
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 24
H etero h e lix  pulchra (Brotzen) 1
G a v e lin e lla  d a k o te n s is  (Fox) 10
C oryphostom a p la ita  (Carsey) 3
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

B C -19 1 6 3 . 0  fe e t  ab ove D akota (?) P:B 3 2 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 34
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 7
H etero h elix  g lo b u lo sa  (Ehrenberg) 4
D en ta lin a  g r a c il is  D 'O rbigny 11
G a v e lin e lla  d a k o te n s is  (Fox) 10
C osc in op h ragm a? c f .  C_. c o d y e n s is  (Fox)
Trocham mina w ick en d en i L oeb lich  
Saccam m ina a lex a n d er i (L oeblich and Tappan)

BC -20 1 7 4 . 2  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey)
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll)  
H etero h e lix  g lo b u lo sa  (Ehrenberg)
H etero h elix  pulchra (Brotzen)
D en ta lin a  g r a c il is  D 'O rbigny
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B C -20— C ontinued

G a v e lin e lla  d a k o te n s is  (Fox) 4
M arg in u lin o p sis  am plasoira Young 2
Reophax recta  (B e isse l) 1
Trochammina w ick en d en i L o eb lich  3
Saccam m ina a lex a n d er i (Loeblich and Tappan) 4

BC-21 1 8 5 . 4  fe e t  ab ove  D akota  (?) P:B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 40
H ed b erg ella  p ortsd ow n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 2
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 21
H e te ro h e lix  pulchra (Brotzen) 2
D en ta lin a  g r a c il is  D 'O rbigny 3
Frond icu la r ia  im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 5
N eobulim ina  a lb e r te n s is  (S telck  and W all) 3
M a rg in u lin o p sis  am plaspira Young 4
Reophax inordinatus Young 1
A m m obaculites c f . A . im pexus E icher 1
Trocham mina w ick en d en i L oeb lich  3

BC -22 1 9 6 . 6  fe e t  ab o v e  D akota (?) P:B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 56
H ed b ergella  portsdow nens is (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 2
H etero h e lix  g lo b u lo sa  (Ehrenberg) 5
H etero h e lix  pulchra (Brotzen) 5
G a v e lin e lla  d a k o te n s is  (Fox) 12

BC -23 2 0 7 . 8  fe e t  ab ove D akota (?) P:B over 100

H ed b ergella  d e lr io e n s is  (Carsev) 36
H ed b ergella  portsdow nens is  (W illia m s-M itch e ll) 5
H etero h e lix  g lo b u lo sa  (Ehrenberg) 20
G a v e lin e lla  d a k o te n s is  (Fox) 5
Trochammina w ick en d en i L oeb lich  1

B C -24 2 1 9 . 0  fe e t  ab ove  D akota (?) P:B 1 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 32
H ed b erg ella  portsdow nens is  (W illia m s-M itch  ell) 6
H etero h e lix  g lo b u lo sa  (Ehrenberg) 3
L en ticu lin a  c f .  L . q au ltin a  (Berthelin) 1
G a v e lin e lla  d a k o te n s is  (Fox) 7
M arq in u lin op sis  am p lasoira  Young 3
Ammomarginulina c f .  A. p a tere lla  E icher 2



Reophax c f .  R. recta  (B e isse l) 1
Trochammina w ick en d en i L oeb lich  12
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B C -24— C ontinued

BC -25 2 3 0 . 2  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b era ella  d e lr io e n s is  (Carsey) 40
H ed b era ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 7
H etero h e lix  g lo b u lo sa  (Ehrenberg) 4
G a v e lin e lla  d a k o te n s is  (Fox) 8
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
Reophax c f . R. recta  (B e isse l) 1

BC -26 2 4 1 . 4  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 43
H ed b eroella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 13
H etero h e lix  g lo b u lo sa  (Ehrenberg) 5
G a v e lin e lla  d a k o te n s is  (Fox) 13
M arq in u lin op sis  am plaspira Young 2

BC -27 2 5 3 . 6  fe e t  ab ove D akota (?) P:B 5 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 31
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 7
G a v e lin e lla  d a k o te n s is  (Fox) 13
M arq in u lin op sis  am plaspira Young 1
Reophax c f . R. recta  (B eisse l) 24
Trochammina w ick en d en i L oeb lich  16
M is c e l la n e o u s — bone fragm ents

B C -28 2 6 4 . 8  fe e t  ab ove  D akota (?) P:B 5 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 28
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 3
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
C la v ih ed b erg e lla  su b d io ita ta  (Carman) 1
H etero h elix  g lo b u lo sa  (Ehrenberg) 6
H etero h elix  pulchra (Brotzen) 1
G a v e lin e lla  d a k o te n s is  (Fox) 3
C oryphostom a p la ita  (Carsey) 4
N eobulim ina a lb e r te n s is  (S telck  and W all) 3

BC -29 2 7 6 . 0  fe e t  ab ove D akota (?) P:B —

Saccam m ina a lex a n d er i (L oeblich and Tappan) 2



H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  10
G a v e lin e lla  d a k o te n s is  (Fox) 14
H aplophragm oides co lly ra  N au ss 2
H aplophraqm oides c f .  H_. g ilb er ti E icher 4
Reophax recta  (B eisse l) 10
Trocham mina w ick en d en i L oeb lich  69
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BC -30 2 8 7 .2  fe e t  ab ove D akota (?) P:B 1 /2 0

BC -31 2 9 4 . 8  fe e t  ab ove  D akota (?)

H ed b erg ella  d e lr io e n s is  (C arsey), w eath ered  19
H ed b erg ella  p ortsd ow n en sis  (W illia m s-M itc h e ll) ,

w eathered  2
H etero h e lix  q lo b u lo sa  (Ehrenberg), w eath ered  2
G a v e lin e lla  d a k o te n s is  (Fox) 2
H aplophraqm oides c f .  H_. g ilb er t! E icher 1
Reophax recta  (B eisse l) 1
Trochammina w ick en d en i L oeb lich  7

BC -32 2 9 8 . 4  fe e t  ab o v e  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eath ered  39
H ed b erg ella  p o rtsd o w n en sis  (W illia m s-M itc h e ll) ,

w eath ered  10
H etero h e lix  q lo b u lo sa  (Ehrenberg), w eath ered  4
G a v e lin e lla  d a k o te n s is  (Fox) 6
Trochammina w ick en d en i L o eb lich  8

B C -33 3 0 9 . 6  fe e t  ab o v e  D akota (?)

G a v e lin e lla  d a k o te n s is  (Fox) 5
Trochammina w ick en d en i L oeb lich  19
Saccam m ina a lex a n d er i (L oeblich and Tappan) 1

B C -34 3 2 0 . 8  fe e t  a b o v e  D akota (?)

H ed b erg ella  d e lr io e n s is  (C a rsey ), broken and
w eath ered  12

H e te ro e h e lix  q lo b u lo sa  (Ehrenberg), w eathered  1

B C -35 3 3 2 . 0  fe e t  ab o v e  D akota (?)

Barren

BC -36 3 4 3 . 2  fe e t  ab ove  D akota (?)

Barren

B C -37 3 5 4 . 4  fe e t  ab ove  D akota (?)

Barren



1 2 0

H ed b erq ella  s p . ,  probably H . d e lr io e n s is  (C a rsey ),
broken and corroded 6

H etero h e lix  q lo b u lo sa  (Ehrenberg), w eathered  1

B C -39 3 7 6 . 8  fe e t  ab ove  D akota (?)

Barren

BC -40 3 8 8 . 0  fe e t  ab ove D akota (?)

H ed b erq ella  s p . , probably H . d e lr io e n s is  (C a rsey ),
broken and corroded 2

M e g a sp o r e s , s p e c ie s  A 24

BC -41 3 9 9 . 2  fe e t  ab ove  D akota (?)

M eg a sp o res  , s p e c ie s  A 11

B C -42 4 1 0 . 4  fe e t  ab ove  D akota (?)

Barren

BC -43 4 2 1 . 6  fe e t  ab ove D akota (?)

M eg a sp o res  , s p e c ie s  A 12
M e g a sp o r e s , s p e c ie s  B 3

B C -44 4 3 2 . 8  fe e t  ab ove  D akota (?)

M eg a sp o res  , s p e c ie s  A 20
M eg a sp o res  , s p e c ie s  B 4
M is c e l la n e o u s — broken in ternal c a s t s  o f sm a ll 

gastrop od s

B C -45 4 4 4 . 0  fe e t  ab o v e  D akota (?)

M e g a sp o r e s , s p e c ie s  A 9
M e g a sp o r e s , s p e c ie s  B 5

B C -46 4 5 5 . 2  fe e t  ab o v e  D akota (?)

M ega s p o r e s , s p e c ie s  A 9
M e g a s p o r e s , s p e c ie s  B 8

BC -47 4 6 6 . 4  fe e t  ab o v e  D akota (?)

B C -38 3 6 5 .6  fe e t  ab o v e  D akota (?)

Barren



1 2 1

Barren

BC -49 4 8 8 . 8  fe e t  ab ove D akota (?)

Barren

BC -50 5 0 0 . 0  fe e t  ab o v e  D akota (?)

Trochammina o f .  T . w ick en d en i L o eb lich , cru sh ed  8
M is c e l la n e o u s — bone fragm ents

BC-51 5 1 1 . 2  fe e t  ab o v e  D akota (?)

Barren

BC -52 5 2 2 . 4  fe e t  a b o v e  D akota (?)

Trochammina w ick en d en i L o e b lic h . cru sh ed  14

BC -53 5 3 3 . 6  fe e t  ab o v e  D akota (?)

H ed b erq ella  d e lr io e n s is  (C arsey), w eathered  1
Trochammina w ick en d en i L o eb lic h . cru sh ed  8

B C -54 5 4 4 . 8  fe e t  a b o v e  D akota (?)

H aplophraqm oides c f . H . g ilb er t! E icher 8
Trachammina w ick en d en i L o e b lic h , cru sh ed  19
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

B C -55 5 5 6 . 0  fe e t  ab o v e  D akota (?)

H ed b erq ella  d e lr io e n s is  (C a rsey ), w eathered  1
V alvu lin eria  lo e t te r le i  (Tappan) 4
Reophax c f .  R. inordinatus Y oung. broken 2
Trochammina w ick en d en i L o eb lic h . cru sh ed  25
M is c e l la n e o u s — bone fragm ents

BC -56 5 6 7 . 2  fe e t  ab o v e  D akota (?)

V alvu lineria  lo e t te r le i  (Tappan) 1
Ammomarqinulina c f . A . p a tere lla  E icher 3
H aplophraqm oides c f .  H . q ilb erti E icher 19

B C -57 5 7 8 . 4  fe e t  ab ove  D akota (?)

Praeglobotruncana d ifform is (Gandolfi)
( = P .  m arqinata (R eu ss)), w eathered  1

G audryina b en to n en s is  (Carman) 5
Ammomarqinulina c f .  A . p a tere lla  E icher 6

BC -48 4 7 7 .6  fe e t  ab ove  D akota (?)



1 2 2

H aplophragm oides x f . H . q ilb erti E icher 26
Trochammina w ick  end en i L oeb lich  2

BC -58 5 8 9 . 6  fe e t  ab ove  D akota (?)

H aplophragm oides c f .  H . q ilb erti E icher 30
Ammomarqinulina c f . A . p aterella  Eicher 13
A m m obaculites ju nceu s Cushm an and Applin 2
Reophax c f .  R. recta  (B eisse l) 1

BC -59 6 0 0 . 8  fe e t  ab ove D akota (?)

G audryina b en to n en sis  (Carman) 9
H aplophragm oides c f . H . q ilb erti Eicher 18
Ammomarqinulina c f .  A. p a tere lla  Eicher 5
Trochammina w ick en d en i L oeb lich  20

BC -60 6 1 2 . 0  fe e t  ab ove D akota (?)

H aplophragm oides c f .  H . q ilb erti E icher 25
Ammomarqinulina c f . A . p a tere lla  E icher  
A m m obaculites ju n ceu s Cushm an and Applin  
Reophax c f .  R. recta  (B eisse l)
Trochammina w ick en d en i L oeb lich  35

BC -61 6 2 3 . 2  fe e t  ab ove  D akota (?)

G audryina b en to n en s is  (Carman) 35
H aplophragm oides c f .  H . q ilb erti E icher 21
Reophax c f . R. recta  (B eisse l) 3
Trochammina w ick en d en i L oeb lich  16
Saccam m ina a lexan d eri (L oeblich and Tappan) 1

B C -62 6 3 4 . 4  fe e t  ab o v e  D akota (?)

G audryina b en to n en s is  (Carman) 26
H aplophragm oides c f . H . q ilb erti E icher 24
Reophax recta  (B eisse l) 3
M is c e l la n e o u s — sim p le  tooth

B C -63 6 4 5 . 6  fe e t  ab o v e  D akota (?)

G audryina b en to n en s is  (Carman) 42
H aplophragm oides c f .  H . q ilb erti E icher 14
Trochammina w ick en d en i L oeb lich  16

B C -64 6 5 6 . 8  fe e t  ab ove D akota (?)

Gaudryina b en to n en sis  (Carman) 33
H aplophragm oides c f .  H . q ilb erti E icher 12
Trochammina w ick en d en i L o eb lich  13

03 CD
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B C -65 6 6 8 . 0  fe e t  ab ove D akota (?)

Barren

BC-66  6 7 6 . 9  fe e t  ab ove D akota ( ? ) .  B ase  o f Toreva S a n d sto n e .

Barren



L onqhouse V aliev

LHV-1 Top o f D akota (?) S an d ston e  

Barren

LHV-2 4 .9  fe e t  ab ove D akota (?)

G audrvina s p ir ite n s is  S te lck  and W all 7
Trochammina rutherfordi S te lck  and W all 17
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LHV-3 9 .8  fe e t  ab ove D akota (?)

M is c e lla n e o u s — in tern al m olds o f sm a ll gastrop od s 5

LHV-4 1 4 . 7  fe e t  ab ove D akota (?)

Barren

LHV-5 1 9 . 6  fe e t  ab ove D akota (?)

C v th ere is  ea q le fo r d e n s is  A lexander 1
G a v e lin e lla  d a k o te n s is  (Fox) 8
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1
M is c e lla n e o u s — g la u c o n ite

LHV-6  2 9 . 4  fe e t  ab ove D akota (?) P:B 1 /4

C v th ere is  ea q le fo r d e n s is  A lexander 20
H ed b ergella  d e lr io e n s is  (Carsey) 5
C itharina k o c h ii (Roemer) 1
D en ta lin a  g r a c ilis  D 'O rbignv 2
N odosaria  b iq h orn en sis Young 3
G a v e lin e lla  d a k o te n s is  (Fox) 6
Q u in q u ilocu lin a  moremani C ushm an 5
L in q u lo q a v e lin e lla  a s te r ig e r io id e s  (Plummer) 3

LHV-7 3 9 . 2  fe e t  ab ove D akota (?) P:B 1 /4

C vtheropteron c f .  C.. c a s to r e n se  Butler and Jones
( l .v .)  1

H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
D en ta lin a  g r a c ilis  D 'O rbigny 6
G a v e lin e lla  d a k o ten s is  (Fox) 25
Trochammina w ick en d en i L oeb lich  3

LHV-8  4 9 . 0  fe e t  ab ove D akota (?) P:B 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 26
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 2
H etero h e lix  g lo b u lo sa  (Ehrenberg) 5
C itharina k o c h ii (Roemer) 4



G a v e lin e lla  d a k o te n s is  (Fox) 22
N eobulim ina a lb e r te n s is  (S telck and W all) 2
H aplophragm oides o f .  H_. h ow ard en se S te lck  and

W a ll, co a ted  11
Haplophragm ium  arenatum Lamb 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1
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LHV-8— C ontinued

LHV-9 5 8 . 8  fe e t  ab ove  D akota (?) P:B 2 /1

H ed b eroella  d e lr io e n s is  (Carsey) 28
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 3
H etero h e lix  q lo b u lo sa  (Ehrenberg) 11
G uem belitria  harrisi Tappan 6
C itharina k o c h ii (Roemer) 7
D en ta lin a  g r a c ilis  D 'O rbigny 8
G a v e lin e lla  d a k o te n s is  (Fox) 21
C oryphostom a p la ita  (Cars ey) 3
N eobulim ina a lb e r te n s is  (S telck  and W all) 5
A m m obaculites c f .  A. im pexus E icher 1
H aplophragm oides c f . H . b en d erso n en se  S te lck

and W a ll, co a ted  2
H aplophragm ium  arenatum Lamb 4

LHV-10 68.6  fe e t  ab ove  D akota (?) p;B 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 38
H ed b ergella  portsdow nens is  (W illia m s-M itch e ll) 4
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 8
G uem belitria  h arrisi Tappan 1
C itharina k o c h ii (Roemer) 3
D en ta lin a  g r a c ilis  D 'O rbigny 2
G a v e lin e lla  d a k o te n s is  (Fox) 21
C oryphostom a p la ita  (Carsey) 3
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
Trochammina w ick en d en i L oeb lich  7
Saccam m ina a lexan d eri (L oeblich and Tappan) 1

LHV-11 7 8 . 4  fe e t  ab ove  D akota (?) P:B 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 32
H ed b ergella  portsdow nens Is (W illia m s-M itch e ll) 2
C la v ih ed b erg e lla  s im p lex  (Morrow) 4
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
H etero h elix  q lo b u lo sa  (Ehrenberg) 11
H etero h elix  pulchra (Brotzen) 1
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 18
C oryphostom a p la ita  (Carsey) 6
N eobulim ina a lb e r te n s is  (S telck  and W all) 5



H aplophraom oides co llvra  N au ss 1
Trochammina w ick en d en i L oeb lich  3
Saccam m ina a lexan d eri (Loeblich and Tappan) 2
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LH V-11— C ontinued

LHV-12 8 8 . 2  fe e t  ab ove  D akota (?) P:B 5 /1

H ed b ergella  d e lr io e n s is  (Carsev) 21
C la v ih ed b erq e lla  s im p lex  (Morrow) 5
H etero h e lix  q lo b u lo sa  (Ehrenberg) 6
H etero h elix  pulchra (Brotzen) 1
G uem belitria harrisi Tappan 3
Frondicularia im bricata Young 6
N odosaria  b iq h orn en sis Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 17
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n s is  (S telck  and W all) 7
Trochammina w ick en d en i L oeb lich  3

LHV-13 9 8 . 0  fe e t  ab ove  D akota (?) P:B l / l

H ed b ergella  d e lr io e n s is  (Carseyj 22
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 2
C la v ih ed b erq e lla  s im p lex  (Morrow) 5
C la v ih ed b erq e lla  su b d iq ita ta  (Carman) 1
H etero h elix  q lo b u lo sa  (Ehrenberg) 7
H etero h e lix  pulchra (Brotzen) 2
D en ta lin a  g r a c ilis  D 'O rbigny 2
G a v e lin e lla  d a k o te n s is  (Fox) 6
Haplophraqmium arenatum  Lamb 1
Trochammina w ick en d en i L oeb lich  11
Saccam m ina a lexan d eri (L oeblich and Tappan) 1

LHV-14 1 0 7 . 8  fe e t  ab ove  D akota (?) P:B 1 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 27
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 2
C la v ih ed b erq e lla  s im p lex  (Morrow) 1
C la v ih ed b erq e lla  su b d iq ita ta  (Carman) 4
H etero h elix  q lo b u lo sa  (Ehrenberg) 21
H etero h elix  pulchra (Brotzen) 4
G a v e lin e lla  d a k o ten s is  (Fox) 8
N eobulim ina a lb e r te n s is  (S telck  and W all) 2
Trochammina w ick en d en i L oeb lich  5

LHV-15 1 1 7 . 6  fe e t  ab ove D akota (?) P:B 2 /1

H ed b ergella  d e lr io e n s is  (Carsey) 29
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 6
C la v ih ed b erq e lla  s im p lex  (Morrow) 4
C la v ih ed b erq e lla  su b d iq ita ta  (Carman) 2
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C la v ih ed b erg e lla  moremani (Cushman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 16
H etero h e lix  pulchra (Brotzen) 3
P lan oglob u lin a  o f .  JP. glabrata (Cushman) 1
Frond icu lar ia  im bricata Young 4
G a v e lin e lla  d a k o ten s is  (Fox) 32
C oryphostom a p la ita  (Cars ey) 2
N eobulim ina a lb e r te n s is  (Stelck and W all) 5
A m m obaculites o f .  A . im pexus E icher, co a ted  1
Haplophraqm ium arenatum  Lamb 4
Saccam m ina a lexan d eri (Loeblich and Tappan) 3

LHV-16 1 2 7 . 4  fe e t  ab ove D akota (?) P:B 1 4 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 41
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 7
C la v ih ed b erg e lla  s im p lex  (Morrow) 4
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
H etero h elix  pulchra (Brotzen) 4
G a v e lin e lla  d a k o te n s is  (Fox) 5
C oryphostom a p la ita  (Carsey) 4
N eobulim ina a lb e r te n s is  (S telck  and W all) 6
Trochammina w ick en d en i L oeb lich  1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

L H V -15— C ontinued

LHV-17 1 3 7 . 2  fe e t  ab ove  D akota (?) P:B 2 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 56
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 3
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d iq ita ta  (Carman) 2
H etero h e lix  g lo b u lo sa  (Ehrenberg) 11
H etero h e lix  pulchra (Brotzen) 4
D en ta lin a  g r a c ilis  D 'O rbigny 2
Frond icu lar ia  im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 10
N eobulim ina a lb e r te n s is  (S telck  and W all) 2
Reophax c f . R. recta  (B e is s e l ) , crushed  2
Saccam m ina a lex a n d er i (L oeblich and Tappan) 1

LHV-18 1 4 7 . 0  fe e t  ab ove D akota (?) P:B 5 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 42
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll)  8
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d iq ita ta  (Carman) 2
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
H etero h elix  pulchra (Brotzen) 2
G a v e lin e lla  d a k o te n s is  (Fox) 6
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

✓
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H ed b erq ella  d e lr io e n s is  (Cars ey) 48
H ed b erq ella  p ortsd ow n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 2
H etero h e lix  pulchra (Brotzen) 1
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 11
C oryphostom a p la ita  (Carsey) 1
H aplophraqm oides co llvra  N au ss 1
Haplophraqm ium arenatum Lamb 5
Trochammina w ick en d en i L oeb lich  2
Saccam m ina a lexan d eri (Loeblich and Tappan) 1

LHV-19 1 5 6 .8  fe e t  ab o v e  D akota (?) P:B 4 /1

LHV-20 1 6 6 . 6  fe e t  ab ove  D akota (?) P:B over 100

H ed b erq ella  d e lr io e n s is  (Carsey) 42
H ed b erq ella  portsdow nens is (W illia m s -M  itch  ell) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d iq itata  (Carman) 1
H etero h elix  q lo b u lo sa  (Ehrenberg) 7
H etero h elix  pulchra (Brotzen) 2
G a v e lin e lla  d a k o te n s is  (Fox) 3
C oryphostom a p la ita  (Carsey) 2

LHV-21 1 7 6 . 4  fe e t  ab o v e  D akota (!) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 46
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 1
C la v ih ed b erg e lla  su b d iq ita ta  (Carman) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 16
H etero h e lix  pulchra (Brotzen) 3
G a v e lin e lla  d a k o te n s is  (Fox) 7
Saccam m ina a lex a n d er i (L oeblich and Tappan) 1

LHV-22 1 8 6 . 2  fe e t  ab ove D akota (?) P:B over 100

H ed b erq ella  d e lr io e n s is  (Carsey) 61
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 4
C la v ih ed b erg e lla  s im p lex  (Morrow) 4
C la v ih ed b erg e lla  su b d iq ita ta  (Carman) 2
H etero h elix  q lo b u lo sa  (Ehrenberg) 1
H etero h elix  pulchra (Brotzen) 1
D en ta lin a  g r a c ilis  D 1 Orbigny 3
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 4
M arq in u lin op sis am plasp ira Young 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1
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H edberqella  d e lr io e n s is  (Carsey) 49
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 9
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
H etero h elix  g lo b u lo sa  (Ehrenberg) 12
H etero h e lix  pulchra (Brotzen) 3
D en ta lin a  g r a c ilis  D 'O rbiqnv 4
N odosaria  b igh orn en sis  Young 1
N eobulim ina a lb e r te n s is  (S telck and W all) 1
M arq in u lin op sis am plaspira Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 4
Trochammina w ick en d en i L oeb lich  2
Saccam m ina a lexan d eri (Loeblich and Tappan) 2

LHV-23 1 9 6 .0  fe e t  above D akota (?) P:B 1 0 0 /1

LHV-24 205 fe e t  above D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 42
H ed b ergella  portsdow nens is  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
D en ta lin a  s p . , broken, probably D . g r a c il is  1
M arq in u lin op sis am plasp ira Young 1
Trochammina w ick en d en i L oeb lich  2

LHV-25 2 1 5 . 6  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H edberqella  d e lr io e n s is  (Carsey) 34
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 10
H etero h elix  g lo b u lo sa  (Ehrenberg) 9
H etero h e lix  pulchra (Brotzen) 1
G a v e lin e lla  d a k o te n s is  (Fox) 3
Trochammina w ick en d en i L oeb lich  1

LHV-26 2 2 5 . 4  fe e t  ab ove D akota (?) P:B 3 2 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 40
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 8
H etero h elix  g lo b u lo sa  (Ehrenberg) 25
H etero h e lix  pulchra (Brotzen) 3
D en ta lin a  g r a c ilis  D 'O rbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) 11
Reophax c f .  R. recta  (B e isse l)  1
Trochammina w ick en d en i L oeb lich  4
Saccam m ina a lexan d eri (Loeblich and Tappan) l

LHV-27 2 3 5 . 2  fe e t  ab o v e  D akota (?) P:B over 100

H ed b erq ella  d e lr io e n s is  (Carsey) 40
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 1



H etero h e lix  q lo b u lo sa  (Ehrenberg) 8
H etero h elix  pulchra (Brotzen) 5
D en ta lin a  g r a c il is  D 'O rbigny 4
Nod os aria b igh orn en sis  Young 2
G a v e lin e lla  d a k o te n s is  (Fox) 5
M arq in u lin op sis am plaspira Young 3
Reophax inordinatus Young 1
Trochammina w ick en d en i L oeb lich  9
Saccam m ina a lexan d eri (Loeblich and Tappan) 2
M is c e lla n e o u s — shark s c a le

LHV-28 2 4 5 . 0  fe e t  ab ove D akota (?) P:B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 45
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 9
C la v ih ed b ero e lla  s im p lex  (Morrow) 4
C la v ih ed b ero e lla  su b d io ita ta  (Carman) 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 7
H etero h e lix  pulchra (Brotzen) 4
N odosaria  b igh orn en sis  (Young) 1
G a v e lin e lla  d a k o te n s is  (Fox) 15
N eobulim ina a lb e r te n s is  (S telck  and W all) 1
M arq in u lin op sis am plaspira Young 1
H aoloohraqm oides co llyra  N au ss 2
Trochammina w ick en d en i L oeb lich  1
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LH V -27— C ontinued

LHV-29 2 5 4 . 8  fe e t  ab ove D akota (?) P;B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 35
H ed b ergella  portsdow nens is (W illia m s-M itch e ll) 11
C la v ih ed b ero e lla  s im p lex  (Morrow) 2
C la v ih ed b ero e lla  su b d io ita ta  (Carman) 1
H e te ro h e lix  q lo b u lo sa  (Ehrenberg) 8
H etero h elix  pulchra (Brotzen) 6
G a v e lin e lla  d a k o ten s is  (Fox) 10
M arq in u lin op sis am plaspira Young 1
H aoloohraqm oides co llyra  N au ss 1
Trochammina w ick en d en i L oeb lich  2
Saccam m ina a lexan d eri (Loeblich and Tappan) 6

LHV-30 2 6 4 . 6  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 35
H ed b ergella  portsdow nens is (W illia m s-M itch e ll) 13
C la v ih ed b ero e lla  su b d io ita ta  (Carman) 1
H etero h elix  q lo b u lo sa  (Ehrenberg) 8
H etero h e lix  pulchra (Brotzen) 1
G a v e lin e lla  d a k o te n s is  (Fox) 9
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H ed b eroella  d e lr io e n s is  (Carsey) 27
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 10
H etero h e lix  q lo b u lo sa  (Ehrenberg) 3
H etero h e lix  pulchra (Brotzen) 1
D en ta lin a  g r a c ilis  D'Orbiqnv 2
G a v e lin e lla  d a k o ten s is  (Fox) 3
Reophax s p . (R. p ep p eren sis  L oeb lich  ?), poor

p reserva tion  2
Trochammina w ick en d en i L oeb lich  15

LHV-31 2 7 4 .4  fe e t  ab ove  D akota (?) P:B 1 6 /1

LHV-32 2 8 4 . 2  fe e t  ab ove D akota (?) P:B 1 3 /1

H ed b ergella  d e lr io e n s is  (Carsey) 27
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 11
H etero h elix  q lo b u lo sa  (Ehrenberg) 1
N odosaria  b iq h orn en sis Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 11
M arq in u lin op sis am plaspira Young 5
Reophax p ep p eren sis  L oeb lich  3
Trochammina w ick en d en i L oeb lich  20

LHV-33 2 9 4 . 0  fe e t  ab ove  D akota (?) P:B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 35
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 17
C la v ih ed b erq e lla  s im p lex  (Morrow) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 4
Frondicularia im bricata Young 2
G a v e lin e lla  d a k o te n s is  (Fox) 17
M arq in u lin op sis am plaspira Young 4
Trochammina w ick en d en i L oeb lich  2

LHV-34 3 0 3 . 8  fe e t  ab ove D akota (?) P:B 3 2 /1

• H ed b ergella  d e lr io e n s is  (Carsey) 27
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 14
H etero h elix  q lo b u lo sa  (Ehrenberg) 2
G a v e lin e lla  d a k o te n s is  (Fox) 7
Reophax c f . R. p ep p eren sis  L oeb lich  7
Trochammina w ick en d en i L oeb lich  16

LHV-35 3 1 3 . 6  fe e t  ab ove  D akota (?) P:B 1 /1

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  23
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 7
N odosaria  b iq h orn en sis Y oung. broken 1
G a v e lin e lla  d a k o ten s is  (Fox) 3
H aoloohraqm oides c f .  H_. co llyra  N au ss 5
Reophax recta  (B e isse l) 28
Trochammina w ick en d en i L oeb lich  14
Saccam m ina a lex a n d er i (Loeblich and Tappan) 3



H ed b eraella  d e lr io e n s is  (C a rsey ), corroded 1
G a v e lin e lla  d a k o ten s is  (Fox) 10
Reophax p ep p eren sis  L oeb lich  6
Reophax recta  (B eisse l) 23
Trochammina w ick en d en i L oeb lich  25
Saccam m ina a lexan d eri (Loeblich and Tappan) 5
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LHV-36 3 2 3 .4  fe e t  ab ove  D akota (?)

LHV-37 3 3 3 . 6  fe e t  ab ove D akota (?)

G a v e lin e lla  d a k o ten s is  (Fox) 10
H aplophraom oides how ardense S te lck  and W all 2
Reophax p ep p eren sis  L oeb lich  5
Reophax recta  (B eisse l) 19
Trochammina w ick en d en i L oeb lich  14

LHV-38 3 4 3 . 8  fe e t  ab ove D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), corroded 2
G a v e lin e lla  d a k o ten s is  (Fox), w eathered  4
Reophax p ep p eren sis  L oeb lich  4
Reophax recta  (B eisse l) 9
Trochammina w ick en d en i L oeb lich  5

LEV -3 9 3 5 4 . 0  fe e t  ab ove  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eath ered  and
corroded 18

H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itc h e ll) ,
w eathered  and corroded 4

H etero h e lix  q lo b u lo sa  (Ehrenberg), w eath ered  4
M egasp ores , s p e c ie s  A 6

LHV-40 3 6 4 . 2  fe e t  ab ove D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  and
corroded 8

H ed b ergella  p ortsd ow n en sis  (W illia m s-M itc h e ll) ,
w eathered  and corroded 2

H etero h e lix  q lo b u lo sa  (Ehrenberg), corroded 2
Trochammina w ick en d en i L oeb lich  56
M ega s p o r e s , s p e c ie s  A 7

LHV-41 3 7 4 . 4  fe e t  ab ove D akota (?)

H ed b ergella  d e lr io e n s is  (C arsey , w eathered  and
corroded 15

H ed b ergella  p ortsd ow n en sis  (W illia m s-M itc h e ll) ,
w eathered  and corroded 1
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H etero h e lix  g lo b u lo sa  (Ehrenberg), corroded  
Trochammina w ick  end en i L oeb lich  
M e g a sp o r e s , s p e c ie s  A

LHV-42 3 9 9 . 9  fe e t  ab ove D akota (?)

H ed b erq ella  s p . ,  w eathered  and broken cham bers 
Trochammina w ick en d en i L oeb lich  
M e g a sp o r e s , s p e c ie s  A
M is c e lla n e o u s — bone fragm ents , s h e ll  hash

LHV-43 4 1 0 . 1  fe e t  ab ove  D akota (?)

H ed b erq ella  s p . , w ea th ered , broken cham bers 3
M e g a sp o r e s , s p e c ie s  A 5
M is c e lla n e o u s — bone fragm ents

LHV-44 4 2 0 . 3  fe e t  ab ove  D akota (?)

M e g a sp o r e s , s p e c ie s  A 10
M is c e lla n e o u s — bone fragm ents

LHV-45 4 3 0 . 5  fe e t  ab o v e  D akota (?)

M e g a sp o r e s , s p e c ie s  A 5

LHV-46 4 4 5 . 8  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  3
M e g a sp o r e s , s p e c ie s  A 7

LHV-47 4 5 6 . 0  fe e t  ab ove D akota (?)

M e g a sp o r e s , s p e c ie s  A 19
M is c e lla n e o u s — iron ox id e  (?) co n cretio n s

LHV-48 4 6 6 . 2  fe e t  ab ove D akota (?)

M eg a sp o r e s , s p e c ie s  A 31
M e g a sp o r e s , s p e c ie s  B 1

LHV-49 4 7 6 . 4  fe e t  ab ove  D akota (?)

M eg a sp o r e s , s p e c ie s  A 36
M eg a sp o r e s , s p e c ie s  B 6

LHV-50 4 8 6 . 6  fe e t  ab ove D akota (?)

M eg a sp o r e s , s p e c ie s  A 12
M eg a sp o r e s , s p e c ie s  B 6

LH V-41— C ontinued
CO
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H ed b eroella  d e lr io e n s is  (C a rsey ), w eathered and  
corroded

H ed b eroella  p ortsd ow n en sis  (W illia m s-M itc h e ll) , 
w eathered  and corroded  

Trochammina w ick en d en i L oeb lich  
M ega s p o r e s , s p e c ie s  A 
M e g a sp o r e s , s p e c ie s  B
M is c e lla n e o u s — bone fragm en ts, iron o x id e  (?) 

co n cretio n s

LHV-52 5 0 7 . 0  fe e t  ab ove  D akota (?)

H ed b eroella  d e lr io e n s is  (C a rsey ), w eathered  
H ed b eroella  p ortsd ow n en sis  (W illia m s-M itc h e ll) , 

w eathered
M e g a sp o r e s , s p e c ie s  A 
M e g a sp o r e s , s p e c ie s  B

LHV-53 5 1 7 . 2  fe e t  ab ove  D akota (?)

M e g a sp o r e s , s p e c ie s  A 
M e g a sp o r e s , s p e c ie s  B

LHV-54 5 2 7 . 4  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i 
M e g a sp o r e s , s p e c ie s  A 
M e g a sp o r e s , s p e c ie s  B 
M is c e lla n e o u s — tooth  (?)

LHV-55 5 3 7 . 6  fe e t  ab ove  D akota (?)

Barren

LHV-56 5 4 7 . 8  fe e t  ab ove D akota (?)

Barren

LHV-57 5 5 8 . 0  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich

LHV-58 5 6 8 . 2  fee t ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  
M is c e lla n e o u s — bone fragm ents

LHV-59 5 7 8 . 4  fe e t  ab ove D akota (?)

Ammomarginulina perim pexus Eicher 
Trochammina w ick en d en i L oeb lich

LHV-51 4 9 6 .8  fe e t  ab ove D akota (?)

6

1 ,

1

1
3
1

14
8

21
1
1

17

3

19
16

co 
co
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G audryina b en to n en sis  (Carman) 15
Trochammina w lck en d en i L oeb lich  2
M is c e lla n e o u s — bone fragm en ts, iron o x id e  (?) 

co n cre tio n s

LHV-61 5 9 8 . 8  fe e t  above D akota (?)

G audryina b en to n en sis  (Carman) 24
Trochammina w ick en d en i L oeb lich  2

LHV-60 5 8 8 .6  fe e t  ab ove D akota (?)

LHV-62 6 0 9 . 0  fe e t  ab ove D akota (?)

G audryina b en to n en sis  (Carman) 9
Trochammina w ick en d en i L oeb lich  12
M is c e lla n e o u s — bone fragm ents

LHV-63 6 1 9 . 2  fe e t  ab ove  D akota (?)

Gaudryina b en to n en sis  (Carman) 12
Trochammina w ick en d en i L oeb lich  11
M is c e lla n e o u s — bone fragm ents

LHV-64 6 2 9 . 4  fee t ab o v e  D akota (?)

G audryina b en to n en sis  (Carman) 5
Trochammina w ick en d en i L oeb lich  8

5 8 . 8  fe e t  (corrected) o f M ancos S h a le  ab ove  LHV-64 
co vered  by s l id e  from overly in g  Toreva S a n d sto n e , 
unsam pled

<



Kaventa

K -l Top o f D akota (?) S an dstone

Barren

K-2 1 6 . 8  fe e t  ab ove  D akota (?) P:B 2 /1

C v th ereis  e a g le fo rd en sis  A lexander 8
C ytheropteron o f .  C.. c a s to r e n se  Butler and Jones 4
Paracypris s o . ,  broken 2
H ed b erq ella  d e lr io e n s is  (Carsey) 39
H ed b eroella  p ortsd ow n en sis  (W illia m s-M itch e ll) 3
C la v ih ed b erq e lla  s im p lex  (Morrow) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 13
G uem belitria  harrisi Tappan 1
C itharina k o ch ii (Roemer) 3
D en ta lin a  g r a c ilis  D 'O rbignv 21
G a v e lin e lla  d a k o ten s is  (Fox) 15
C orvohostom as p la ita  (Carsey) 2
H aplophragm oides co lly ra  N au ss 22
Haplophragm ium  arenatum  Lamb 3
Trochammina s o . .  crushed 4
Saccam m ina a lexan d eri (Loeblich and Tappan) 1
M is c e lla n e o u s — shark s c a le ,  f ish (? )  s c a le

K-3 2 2 . 4  fe e t  ab ove D akota (?) P;B 9 /1 0

C ytheropteron c f .  C . c a s to r e n se  Butler and Jones 2
H edberqella  d e lr io e n s is  (Carsey) 34
H etero h elix  g lo b u lo sa  (Ehrenberg) 1
D en ta lin a  g r a c ilis  D' Orbigny 4
G a v e lin e lla  d a k o ten s is  (Fox) 31
H aplophragm oides how ardense S te lck  and W all 3
Ammomarginulina c a r li le n s is  Lamb 12
Haplophragm ium  arenatum Lamb 7
Reophax p ep p eren sis  L oeb lich  1
Reophax inordinatus Young 3
Trochammina w ick en d en i L oeb lich  22
M is c e lla n e o u s — sim p le  te e th , bone fragm ents

K-4 2 8 . 0  fe e t  ab ove  D akota (?) P:B 4

B ythocypris c f . _B. w indham i Butler and Jones 2
H ed b erq ella  d e lr io e n s is  (Carsey) 42
H ed b erq ella  p ortsd ow n en sis  (W illia m s-M itch e ll) 8
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
C itharina k o ch ii (Roemer) 10
D en ta lin a  g r a c ilis  D 'O rbignv 7
C oryphostom a p la ita  (Carsey) 5
G a v e lin e lla  d a k o te n s is  (Fox) 14
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N eobulim ina a lb e r te n s is  (S telck  and W all) 3
Ammomarginulina c a r li le n s is  Lamb 2
Haplophragm ium  arenatum Lamb 12
A m m obaculites c f .  _A. su b creta ceo u s  Cushm an

and Applin 1
Trochammina w ick en d en i L oeb lich  3
Saccam m lna a lexan d eri (Loeblich and Tappan) 4
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K -4— C ontinued

K-5 3 9 . 2  fe e t  ab ove  D akota (?) P:B 1 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 34
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 9
C la v ih ed b erg e lla  s im p lex  (Morrow) 4
G uem belitria h arrisi Tappan 1
C itharina k o c h ii (Roemer) 2
D en ta lin a  g r a c ilis  D 1 Orbigny 12
Frondicularia im bricata Young 3
G a v e lin e lla  d a k o ten s is  (Fox) 15
C oryphostom a p la ita  (Cars ey) 3
N eobulim ina a lb e r te n s is  (S telck  and W all) 3
H aplophragm oides co llyra  N auss 7
Reophax c f . R. recta  (B e isse l) 1
R eoohax inordinatus young 16
Trochammina c f . T . w etter i S te lck  and W all 1
Trochammina w ick en d en i L oeblich 14
Saccam m ina a lex a n d er i (Loeblich and Tappan) 5
M is c e lla n e o u s — sim p le  te e th , s c a le s

K-6  5 0 . 4  fe e t  ab o v e  D akota (?) P;B 3 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 25
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 4
C la v ih ed b erg e lla  s im p lex  (Morrow) 8
H etero h e lix  q lo b u lo sa  (Ehrenberg) 11
G uem belitria harrisi Tappan 2
P lan oglob u lin a  c f .  £ .  glabrata (Cushman) 2
H etero h elix  pulchra (Brotzen) 3
C itharina k o c h ii (Roemer) 1
Frondicularia im bricata Young 3
G a v e lin e lla  d a k o te n s is  (Fox) 19
C oryphostom a p la ita  (Carsey) 11
N eobulim ina a lb e r te n s is  (S telck  and W all) 9
H aplophragm oides c f .  H . co llyra  N a u ss  1
Reophax recta  (B e isse l) 3
Trochammina w ick en d en i L oeb lich  12
Saccam m ina a lex a n d er i (Loeblich and Tappan) 5



H ed b erq ella  d e lr io e n s is  (Carsev) 31
H ed b ergella  p ortsd ow n en sis  (W illiam s-M itch ell) 1
C la v ih ed b erq e lla  s im p lex  (Morrow) 4
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 7
H etero h e lix  g lo b u lo sa  (Ehrenberg) 15
H etero h elix  pulchra (Brotzen) 2
P lanoglobu lina  c f . P . qlabrata (Cushman) 2
G a v e lin e lla  d a k o ten s is  (Fox) 20
C oryphostom a p la ita  (Carsey) 3
N eobulim ina a lb e r te n s is  (S telck and W all) 7
A m m obaculites c f . A. ju nceu s Cushm an and Applin 1
Trochammina w ick en d en i L oeb lich  5
Saccam m ina a lexan d eri (Loeblich and Tappan) 6
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K-7 6 1 . 6  fe e t  ab ove D akota (?) P:B 8 /1

K-8  7 2 . 8  fe e t  ab ove D akota (?) P:B 4 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 28
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 6
C la v ih ed b erq e lla  s im p lex  (Morrow) 1
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 5
H etero h elix  g lo b u lo sa  (Ehrenberg) 7
H etero h elix  pulchra (Brotzen) 4
D en ta lin a  g r a c ilis  D 'O rbiqnv 5
Frondicularia im bricata Young 7
G a v e lin e lla  d a k o te n s is  (Fox) 13
C orvohostom a p la ita  (Cars ev) 4
N eobulim ina a lb e r te n s is  (S telck  and W all) 4
Ammomarginulina c a r li le n s is  Lamb 3
H aoloohraqm ium  arenatum  Lamb 6
Reophax recta  (B e isse l) 6
Reophax inordinatus Young 5
Trochammina w ick en d en i L oeb lich  4
Saccam m ina a lex a n d er i (Loeblich and Tappan) 7
M is c e lla n e o u s — sim p le  to o th , shark s c a le

K-9 8 4 . 0  fe e t  ab ove  D akota (?) P:B 4 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 20
H ed b erq ella  portsdow nens is  (W illia m s-M itch e ll) 7
C la v ih ed b erq e lla  s im p lex  (Morrow) 7
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 7
H etero h elix  pulchra (Brotzen) 5
D en ta lin a  g r a c ilis  D 'O rbiqnv 3
C ltharina k o c h ii (Roemer) 1
Frond icu laria  im bricata Young g
L en ticu lin a  gau ltin a  (Berthelin) 1
G a v e lin e lla  d a k o te n s is  (Fox) 12
C oryphostom a p la ita  (Carsey) 6
N eobulim ina a lb ertn e is  (S telck  and W all) 5



Praebulim ina ovulum (Reuss) 4
C oscinophragm a ? c f .  C . c o d v e n s is  (Fox) 15
Haplophraam ium  arenatum Lamb 5

K-10 95.2  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 31
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erq e lla  s im p lex  (Morrow) 2
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 12
H etero h elix  pulchra (Brotzen) 3
G a v e lin e lla  d a k o ten s is  (Fox) 2
C orvphostom a p la ita  (Cars ey) 3
A m m obaculites c f .  A. im pexus E icher 2
C oscinophragm a ? c f .  C . c o d v e n s is  (Fox) 2
Reophax inordinatus Young 5
Saccam m ina a lexan d eri (Loeblich and Tapp an) 1

K - l l  1 0 6 . 4  fe e t  ab o v e  D akota (?) P;B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 34
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 4
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 17
D en ta lin a  g r a c il is  D ' Orbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) 10
Reophax inordinatus Young 1
Trochammina- w ick en d en i L oeb lich  3
Saccam m ina a lexan d eri (Loeblich and Tappan) 3
M is c e lla n e o u s — sim p le  te e th , bone fragm ents

K -12 1 1 7 . 6  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 36
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 2
C la v ih ed b erq e lla  s im p lex  (Morrow) 4
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 23
G a v e lin e lla  d a k o te n s is  (Fox) 1

K-13 1 2 8 . 8  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H edberqella  d e lr io e n s is  (Carsey) 42
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 7
C la v ih ed b erq e lla  s im p lex  (Morrow) 2
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 4
H etero h elix  g lo b u lo sa  (Ehrenberg) 9
H etero h elix  pulchra (Brotzen) 3
P lanoqlobulina c f .  £,. qlabrata (Cushman) 1
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K -9— C ontinued



D en ta lin a  g r a c ilis  D*Orbianv 3
Frondicularia im bricata Young 4
N od osaria  b iq h orn en sis Young 3

1 G a v e lin e lla  d a k o ten s is  (Fox) 9
C oryphostom a p la ita  (Cars ey) 1
M ara in u lin op sis  am plaspira Young 14
Trochammina w ick en d en i L oeb lich  1
Saccam m ina a lexan d eri (Loeblich and Tappan) 2
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K -13— C ontinued

K-14 1 4 0 . 0  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 40
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 11
D en ta lin a  g r a c ilis  D 'O rbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) ■ 1
M is c e lla n e o u s — shark s c a le ,  bone fragm ents

K-15 1 5 1 . 2  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 46
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 4
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 2
H etero h e lix  q lo b u lo sa  (Ehrenberg) 11
H etero h e lix  pulchra (Brotzen) 3
P lanoqlob ulin a  c f .  £ .  qlabrata (Cushman) 1
G a v e lin e lla  d a k o te n s is  (Fox) 2

K-16 1 6 2 . 4  fe e t  ab ove  D akota (?) P;B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 43
H ed b ergella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 13
H etero h e lix  pulchra (Brotzen) 2
D en ta lin a  g r a c ilis  D 'O rbigny 4
M arq in u lin op sis am plasp ira Young 8
A m m obaculites c f .  A . ju n ceu s C ushm an and Applin 7
Trochammina w ick en d en i L oeb lich  1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

K -17 1 7 3 . 6  fe e t  ab ove D akota (?) P:B 1 3 /1

H ed b ergella  d e lr io e n s is  (Carsey) 34
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 5
H etero h e lix  q lo b u lo sa  (Ehrenberg) 6
H etero h e lix  pulchra (Brotzen) 4
D en ta lin a  g r a c ilis  D 'O rbigny 2
Frondicularia im bricata Young 1

v



/

G a v e lin e lla  d a k o ten s is  (Fox) 13
M arg in u lin op sis  am plasp ira Young 3
Reophax inordinatus Young 1
Trocham m inoides apricarius Eicher 1
Trochammina w ick en d en i L oeb lich  18
Saccam m ina a lexan d eri (L oeblich and Tappan) 2
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K -l 7 — Continued

K-18 1 8 4 .8  fe e t  ab ove D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 33
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 4
H etero h elix  q lo b u lo sa  (Ehrenberg) 18
H etero h elix  pulchra (Brotzen) 4
G a v e lin e lla  d a k o ten s is  (Fox) 4

K-19 1 9 6 . 0  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 34
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 6
H etero h e lix  q lo b u lo sa  (Ehrenberg) 10
H etero h e lix  pulchra (Brotzen) 2
G a v e lin e lla  d a k o te n s is  (Fox) 4
C oryphostom a p la ita  (Carsey) • 1
Trochammina w ick en d en i L oeb lich  3

K-20 2 0 7 . 2  fe e t  ab ove D akota (?) P;B 1 9 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 30
H ed b erq ella  p o rtsd o w n en sis  (W illia m s-M itch e ll) 6
C la v ih ed b erg e lla  s im p lex  (Morrow) 9
Praeqlobotruncana difform is (Gandolfi)

( = £ .  m arginata (Reuss)) 3
H etero h e lix  q lo b u lo sa  (Ehrenberg) 12
H etero h elix  pulchra (Brotzen) 3
Frondicularia im bricata Young 4
G a v e lin e lla  d a k o te n s is  (Fox) 17
C oryphostom a p la ita  (Carsey) 1
N eobulim ina a lb e r te n s is  (S telck  and W all) 6
M a rg in u lin op sis  am plasp ira Young 4
Trochammina w ick en d en i L oeb lich  2

K-21 2 2 4 . 0  fe e t  ab ove D akota (?) P:B 1 3 /1

H ed b erq ella  d e lr io e n s is  (Carsev) 35
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erg e lla  s im p lex  (Morrow) 2
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 2
D en ta lin a  g r a c ilis  D 1 Orbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) 13
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Reophax recta  (B eisse l) 14
Trochammina w ick en d en i L oeb lich  23
Saccam m ina a lexan d eri (Loeblich and Tappan) 4

K -2 1— Continued

K-22 2 3 5 . 2  fe e t  ab ove  D akota (?) P:B 1 /6

H ed b erq ella  d e lr io e n s is  (Carsey) 13
G a v e lin e lla  d a k o te n s is  (Fox) 8
Reophax recta  (B eisse l) 22
Gaudrvina sp r ite n s is  S te lck  and W a ll 2
Trochammina a lex a n d er i L oeb lich  35
Saccam m ina a lex a n d er i (Loeblich and Tappan) 13
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th ,  

sp in e s

K-23 2 4 6 . 4  fe e t  a b o v e  D akota (?) P:B over 100

H ed b erq ella  d e lr io e n s is  (C a rsey ), w eathered  33
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 3
C la v ih ed b erg e lla  s im p lex  (M orrow), w eathered  1
H etero h e lix  g lo b u lo sa  (Ehrenberg), w eathered  27
H etero h elix  pulchra (B rotzen), w eathered  3
Reophax recta  (B eisse l) 1

K -24 2 5 7 . 6  fe e t  ab ove  D akota (?)

H ed b erq ella  d e lr io e n s is  (C a rsey ), w eathered  24
H ed b erq ella  p ortsd o w n en sis  (W illia m s-M itch e ll) 4
H etero h e lix  g lo b u lo sa  (Ehrenberg), w eathered  16
H etero h elix  pulchra (B rotzen), w eathered  1
M egasp ores , s p e c ie s  A 3
M is c e lla n e o u s — iron o x id e  (?) c o n c r e t io n s , s im p le  

te e th , bone fragm ents

K -25 2 6 8 . 8  fe e t  ab o v e  D akota (?)

M e g a sp o r e s , s p e c ie s  A 4
M is c e lla n e o u s — bone fragm en ts, sp in e s

K-2 6 2 8 0 . 0  fe e t  a b o v e  D akota (?)

H ed b erq ella  d e lr io e n s is  (C arsey), corroded 9
Reophax recta  (B e isse l) 10
Trochammina w ick en d en i L oeb lich  23
M eg a sp o r e s , s p e c ie s  A 2
M is c e lla n e o u s — sim p le  te e th , b o n e , sp in e s
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H ed b eroella  d e lr io e n s is  (C a rsey ), corroded 12
H etero h elix  pulchra (B rotzen), corroded 1
M e g a sp o r e s , s p e c ie s  A 3
M is c e lla n e o u s — iron o x id e  (?) c o n c r e t io n s , bone  

fragm ents , s im p le  te e th , sp in e s

K -28 3 0 2 . 4  fe e t  ab ove D akota (?)

H ed b eroella  d e lr io e n s is  (C a rsey ), corroded 14
H etero h e lix  g lo b u lo sa  (Ehrenberg), corroded 5
M e g a sp o r e s , s p e c ie s  A 5
M is c e lla n e o u s — bone fragm ents

K-29 3 1 3 . 6  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  4
M eg a sp o res  , s p e c ie s  A 9
M is c e lla n e o u s — iron o x id e  (?) c o n c r e t io n s , bone  

fra gm en ts, s im p le  te e th

K -30 3 2 4 . 8  fe e t  ab ove D akota (?)

M e g a sp o r e s , s p e c ie s  A 32
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th

K-31 3 3 6 . 0  fe e t  ab ove D akota (?)

H ed b eroella  d e lr io e n s is  (C a rsey ), corroded 1
H ed b eroella  p ortsd o w n en sis  (W illia m s-M itch e ll) 1
H etero h elix  o lo b u lo sa  (Ehrenberg) 1
M e g a sp o r e s , s p e c ie s  A 21
M egasp ores , s p e c ie s  B 1
M is c e lla n e o u s — iron o x id e  (?) c o n c r e t io n s , s im p le  

t e e th , bone fragm ents

K-32 3 4 7 . 2  fe e t  ab ove D akota (?)

H ap locvth erid ea  (c f. H . nanifaba Crane) L.V.  1
C v th ere is  (c f . C.. r u o o s iss im a  Alexander) L.V.  1
H ed b eroella  d e lr io e n s is  (C a rsey ), w eathered  1
O u in ou ilocu lin a  s o . . corroded 1
M e g a sp o r e s , s p e c ie s  A 36
M is c e lla n e o u s — broken and corroded sca p h o p o d , 

iron o x id e  (?) c o n c r e tio n s , sm a ll corroded  
g a str o p o d s , b o n e , s c a le

O lig o steo in a  (P ithon ella ) ‘ 1

K-27 2 9 1 .2  f e e t  above Dakota (?)
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H ed b eraella  d e lr io e n s is  (C a rsey ), corroded ' 1
Trochammina o f .  T . w ick en d en i L oeb lich  90
H aplophragm oides s p . 1
Saccam m ina a lexan d eri (Loeblich and Tappan) 2
O liq o steq in a  (Pithonella) 5
M e g a sp o r e s , s p e c ie s  A 1
M is c e lla n e o u s — bone fra gm en ts, s im p le  te e th ,  

shark s c a le

K -34 3 6 9 . 6  fe e t  ab ove  D akota (?)

Trochammina c f .  £ .  w ick en d en i L oeb lich  2
M e g a sp o r e s , s p e c ie s  A 77
M eg a sp o r e s , s p e c ie s  B 17
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th ,  

s c a le

K-35 3 8 0 . 8  fe e t  ab o v e  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  2
Trochammina w ickend  en i L oeb lich  3
M e g a sp o r e s , s p e c ie s  A 70
M eg a sp o r e s , s p e c ie s  B . 1 0
O liq o steq in a  (P ithon ella) 1
M isc e lla n e o u s  — iron o x id e  (?) c o n c r e t io n s , bone  

fragm en ts, s im p le  te e th , s c a le

K -36 3 9 2 . 0  fe e t  ab ove  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  1
Trochammina w ick en d en i L oeb lich  12
M e g a sp o r e s , s p e c ie s  A 34
M eg a sp o r e s , s p e c ie s  B 5
M is c e lla n e o u s — bone fragm ents

K-37 4 0 3 . 2  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i L oeb lich  5
M e g a sp o r e s , s p e c ie s  A 24
M egasp ores , s p e c ie s  B 9
M is c e lla n e o u s — bone fragm ents

K-38 4 1 4 . 4  fe e t  ab ove D akota (?)

G a v e lin e lla  d a k o te n s is  (Fox), w eathered  1
Trochammina w ick en d en i L oeb lich  27
M e g a sp o r e s , s p e c ie s  A 17
M e g a sp o r e s , s p e c ie s  B 13
M is c e lla n e o u s — bone fragm en ts, three shark s c a le s

K-33 3 5 8 .4  fee t  ab ove  Dakota (?)
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H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  1
H aplophraqm oides o f .  H,. g ilb er ti E icher 1
Trochammina w ick en d en i L oeb lich  3
M e g a sp o r e s , s p e c ie s  A 16
M e g a sp o r e s , s p e c ie s  B 9
M is c e lla n e o u s — bone fragm ents

K-40 4 3 6 . 8  fe e t  ab o v e  D akota (?)

G audrvina b en to n en sis  (Carman) 1
Trochammina w ick en d en i L oeb lich  5
M e g a sp o r e s , s p e c ie s  A 24
M e g a sp o r e s , s p e c ie s  B 9
M is c e lla n e o u s — bone fragm ents

K-41 4 4 8 . 0  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i L oeb lich  76
M e g a sp o r e s , s p e c ie s  A 2
M e g a sp o r e s , s p e c ie s  B 1
M is c e lla n e o u s — gastrop od , corroded and etch ed ; 

bone fragm ents

K-42 4 5 9 . 2  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  98
M e g a sp o r e s , s p e c ie s  A 2
M e g a sp o r e s , s p e c ie s  B 3
M is c e lla n e o u s — w eathered  and corroded gastropod; 

worm tu b e (?)

K-43 4 7 0 . 4  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i L oeb lich  30

K-39 4 2 5 .6  fe e t  ab ove  D akota (?)

K-44 4 8 1 . 6  fe e t  ab o v e  D akota (?)

Trochammina w ick en d en i L oeb lich  26

K -45 4 9 2 . 8  fe e t  ab ove D akota (?)

Gaudrvina b en to n en s is  (Carman) 27
H aplophraqm oides c f . H_. g ilb er ti E icher 19
Trochammina w ick en d en i L oeb lich  5
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th ,  

s p in e s ,  shark s c a le



K-46 5 0 4 . 0  fe e t  ab ove  D akota (?)

H ed b eraella  d e lr io e n s is  fC a rsev ). w eathered  2
D en ta lin a  g r a c ilis  D 'O rbigny, w eathered  1
G audrvina b en to n en sis  (Carman) 5
Trochammina w ick en d en i L oeb lich  15
M is c e lla n e o u s — bone fragm en ts, s im p le  t e e th , 

s c a le

K-47 5 1 5 . 2  fe e t  ab o v e  D akota (?)

H ed b eraella  d e lr io e n s is  (C a rsey ), w eath ered  1
M arq in u lin op sis am plaspira Y oung, w eathered  1
G audrvina b en to n en s is  (Carman) 5
Trochammina w ick en d en i L oeb lich  31
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th ,  

shark s c a le

K-48 5 2 6 . 4  fe e t  ab ove  D akota (?)

G audrvina b en to n en s is  (Carman) 13
H aplophragm oides c f . H . g ilb ert! E icher 2
Trochammina w ick en d en i L oeb lich  56
Trochammina w etter! S te lck  and W all 12
M is c e lla n e o u s — bone fragm en ts, s im p le  t e e t h , 

sp in e s

K-49 5 3 7 . 6  fe e t  a b o v e  D akota (?)

H ed b eraella  d e lr io e n s is  (C arsevl f w eath ered  1
Gaudrvina b en to n en s is  (Carman) 17
Trochammina w ick en d en i L oeb lich  20
Trochammina w etter! S te lck  and W a ll 3
M is c e lla n e o u s — bone fragm en ts, s im p le  te e th ,  

sp in e s

K-50 5 4 8 . 8  fe e t  a b o v e  D akota (?)

Gaudrvina b e n to n e n s is  (Carman) 28
Trochammina w ick en d en i L oeb lich  1
Trochammina w etter! S te lck  and W all 1
Spiroplectam m ina c f .  S . a c o s ta i Tappan 1
M is c e lla n e o u s — bone fragm en ts, s p in e s ,  s e v e r a l  

"pavem ent" ty p e  s c a le s

K-51 6 2 7 . 2  fe e t  ab ove D akota (?)

G audrvina b en to n en s is  (Carman) 27
H aplophragm oides c f .  H . g ilb er ti E icher 13
A m m obaculites iu n ceu s Cushm an and Applin 2
Reophax inordinatus Young 8
Trochammina w ick en d en i L oeb lich  5

146



K -51— C ontinued

Saccam m ina a lex a n d er i (Loeblich and Tappan) 6
M e g a sp o r e s , s p e c ie s  B 2
M is c e lla n e o u s — bone fragm en ts, w eathered  and 

corroded gastropods

K-52 6 3 8 . 4  fe e t  ab o v e  D akota (?)

G audrvina b en to n en s is  (Carman) 3
H aplophragm oides c f .  H . g ilb ert! E icher 38
H aploohragm oides H owardense S te lck  and W all 8
A m m obaculites iu n ceu s Cushm an and Applin 8
A m m obaculites c f . A . im pexus Eicher 3
Reophax inordinatus Young 2
Reophax p ep p eren sis  L oeb lich  1
Saccam m ina a lex a n d er i (L oeblich and Tappan) 9
Splroplectam m ina a c o s ta i  Tappan 20
M is c e lla n e o u s — bone fragm ents

K-53 6 4 9 . 6  fe e t  ab ove D akota (?)

G audrvina b en to n en s is  (Carman) 33
H aplophragm oides c f .  H . g ilb ert! E icher 31
H aplophragm oides h ow ard en se S te lck  and Wal l  2
A m m obaculites iu n ceu s Cushm an and Applin 7
Reophax inordinatus Young 11
Reophax p ep p eren sis  L oeb lich  3
Saccam m ina a lex a n d er i (L oeblich and Tappan) 18
Spiroplectam m ina a c o s ta i  Tappan 2
M is c e lla n e o u s — bone fragm en ts, sp in e s

K-54 6 5 5 . 2  fe e t  ab o v e  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  2
Gaudrvina b en to n en s is  (Carman) 26
H aplophragm oides c f .  H . g ilb er t! E icher 8
H aplophragm oides h ow ard en se  S te lck  and W all 4
A m m obaculites iu n ceu s Cushm an and Applin 7
A m m obaculites c f . A . im pexus E icher 7
Reophax recta  (B e isse l) 1
Reophax inordinatus Young 15
Reophax p ep p eren sis  L oeb lich  3
Saccam m ina a lex a n d er i (L oeblich and Tappan) 21
Spiroplectam m ina a c o s ta i  Tappan 10
M is c e l la n e o u s — bone fragm en ts, s c a le s
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L ohali Point

LP-1  Im m ediately  on top  o f D akota (?) S an d ston e P:B 3 2 /1

C v th ere is  e a q le fo rd en s is  A lexander 5
C ytheropteron c f . C.. c a s to r e n se  Butler and Jones 1
H ed b ergella  d e lr io e n s is  (Carsey) 27
H edberge 11a p ortsd o w n en sis  (W illia m s-M itch e ll) 8
H etero h elix  g lo b u lo sa  (Ehrenberg) 5
D en ta lin a  g r a c ilis  D'O rbiqnv 2
G a v e lin e lla  d a k o te n s is  (Fox) 5
H aolooh ragm oides co llvra  N a u ss  1
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LP-2 5 .7  fe e t  ab ove  D akota (?) P:B 5 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 36
H etero h e lix  g lo b u lo sa  (Ehrenberg) 1
G uem belitria harrisi Tappan 1
G a v e lin e lla  d a k o te n s is  (Fox) 2
H aplophraqm oides co llvra  N auss 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 1

LP-3 1 1 . 3  fe e t  ab o v e  D akota (?) P:B 6 /1 0

C v th ereis  e a q le fo r d e n s is  A lexander 1
H ed b ergella  d e lr io e n s is  (Carsey) 19
H etero h e lix  g lo b u lo sa  (Ehrenberg) 3
D en ta lin a  g r a c ilis  D'Orbiqnv 1
L en ticu lin a  c f .  L. gau ltin a  (Berthelin) 2
G a v e lin e lla  d a k o te n s is  (Fox) 2
Reophax minuta Tappan 9
H aplophraqm oides co llv ra  N a u ss  6
Trochammina w ick en d en i L oeb lich  1
Saccam m ina a lex a n d er i (L oeblich and Tappan) 17

LP-4 1 7 . 0  fe e t  ab ove  D akota (?) P:B 7 /1

C v th ereis  e a q le fo r d e n s is  A lexander 6
C ytheropteron c f .  C,. c a s to r e n se  Butler and Jones 2
H ed b ergella  d e lr io e n s is  (Carsey) 19
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 6
C la v ih ed b erq e lla  s im p lex  (Morrow) 3
G uem belitria h arrisi Tappan 3
G lo b ig er in e llo id e s  b en to n en s is  3
Rotalipora green h orn en sis (Morrow) 2
Praeglobotruncana step h a n i (Gandolfi) 1
H etero h elix  g lo b u lo sa  (Ehrenberg) 4
C itharina k o c h ii (Roemer) 1
Frond icu lar ia  im bricata Young 4
D en ta lin a  g r a c ilis  D 'O rbigny 5
L en ticu lin a  c f .  L. gau ltina  (Berthelin) 2



L P -4— C ontinued

G a v e lin e lla  d a k o te n s is  (Fox) 6
N eobulim ina a lb er ten se  (Stelck  and W all) 1
Q u in q u ilocu lin a  moremani Cushm an 5
Trochammina w ick en d en i L oeb lich  7
Saccam m ina a lexan d eri (Loeblich and Tappan) 7

LP-5 2 2 . 7  fe e t  ab ove D akota (?) P:B 5 /1

Cvth ere is  e a q le fo r d e n s is  A lexander 5
H ed b eraella  d e lr io e n s is  (Carsey) 12
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 4
C la v ih ed b ero e lla  s im p lex  (Morrow) 3
G uem belitria harrisi Tappan 6
G lo b ig er in e llo id e s  b en to n en s is  (Morrow) 7
Rotalipora green h orn en sis  (Morrow) 1
Praeglobotruncana s teo h a n i (Gandolfi) 3
H etero h elix  g lo b u lo sa  (Ehrenberg) 4
D en ta lin a  g r a c ilis  D 'O rbiqnv 3
L en ticu lin a  c f . L. gau ltin a  (Berthelin) 1
G a v e lin e lla  d a k o te n s is  (Fox) 3
Q u in q u ilocu lin a  moremani Cushm an 1
H aplophraqm oides co llyra  N au ss 3
Reophax minuta Tappan 4
A m m obaculites c f . A . im pexus E icher 7
Saccam m ina a lex a n d er i (Loeblich and Tappan) 3
M is c e lla n e o u s — shark s c a le s  (2)

LP-6  2 8 . 4  fe e t  ab o v e  D akota (?) p;B 1/1

C y th ereis  ea q le fo rd en s is  A lexander 5
C ytheropteron c f . C . c a s to r e n se  Butler and Jones 1
H ed b ergella  d e lr io e n s is  (Carsey) 45
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 2
C itharina k o ch ii (Roemer) 5
Frond icu laria  im bricata Young 1
G a v e lin e lla  d a k o ten s is  (Fox) 2
Q u in q u ilocu lin a  moremani Cushm an 38
H aplophraqm oides co llyra  N au ss 2
Trochammina w ick en d en i L oeb lich  2

LP-7 3 4 . 0  fe e t  ab ove  D akota (?) P:B 1 /3

C y th ere is  ea q le fo rd en s is  A lexander 2
H ed b ergella  d e lr io e n s is  (Carsey) 6
Q u in q u ilocu lin a  moremani Cushm an . 20
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LP-8  3 9 . 7  fe e t  ab ove  D akota (?) P:B 1 /7

C ytheropteron c f . C . c a s to r e n se  Butler and Jones 6
H ed b ergella  d e lr io e n s is  (Carsey) 9
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
G uem belitria Harrisi Tappan 8
C itharina k o c h ii (Roemer) 5
D en ta lin a  g r a c ilis  D 'O rbignv 2
N od osaria  b igh orn en sis  Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 20
C oryphostom a p la ita  (Carsey) 2
H aplophragm oides co llvra  N auss 19
H aplophragm oides c f . H . b en d erso n en se  S te lck

and W all 2
H aplophragm oides c f . H.. g ilb er ti Eicher 4
Trochammina w ick en d en i L oeb lich  5

LP-9 5 1 . 0  fe e t  ab ove  D akota (.) P;B 4 /1

H ed b ergella  d e lr io e n s is  (C arseyl 25
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 5
G uem belitria Harrisi Tappan 4
G lo b iq er in e llo id es  b en to n en sis  (Morrow) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 8
C itharina k o ch ii (Roemer) 3
D en ta lin a  g r a c ilis  D 'O rbiony 12
G a v e lin e lla  d a k o te n s is  (Fox) 18
N eobulim ina a lb e r te n s is  (S telck  and W all) 6
Q u in q u ilocu lin a  moremani C ushm an 1
H aplophragm oides co llyra  N au ss 2

LP-10 6 2 . 4  fe e t  ab ove  D akota (?) P;B 4 /1

H ed b ergella  d e lr io e n s is  (Carsey) 20
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erq e lla  s im p lex  (Morrow! 3
C la v ih ed b erq e lla  su b d lc ita ta  (Carman) 4
G uem belitria  h arrisi Tappan 4
H etero h elix  g lo b u lo sa  (Ehrenberg) 9
H etero h e lix  pulchra (Brotzen) 4
D en ta lin a  g r a c ilis  D 'O rbigny 9
G a v e lin e lla  d a k o te n s is  (Fox) 17
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n s is  (S telck  and W all) 6
Reophax inordinatus Young 1
Trochammina w ick en d en i L oeb lich  6
Saccam m ina a lex a n d er i (Loeblich and Tappan) l
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LP-11 7 3 . 7  fe e t  ab o v e  D akota (?) P:B 4 /1

H ed b eraella  d e lr io e n s is  (Carsey) 20
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 4
C lavihedbercrella  s im p lex  (Morrow) 7
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 4
G uem belitria harrisi Taooan 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 8
H etero h e lix  pulchra (Brotzen) 4
C itharina k o c h ii (Roemer) 3
D en ta lin a  g r a c ilis  D'Orbiqnv 2
N odosaria  b igh orn en sis  Young 3
G a v e lin e lla  d a k o ten s is  (Fox) 16
C oryphostom a p la ita  (Cars ey) 3
N eobulim ina a lb e r te n se  (Stelck  and W all) 7
H aplophraqm oides co llyra  N au ss 1

L P-12 8 5 . 1  fe e t  ab ove D akota (?) P;B 3 /2

H ed b ergella  d e lr io e n s is  (Carsey) 20
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erq e lla  s im p lex  (Morrow) 9
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 5
H etero h e lix  q lo b u lo sa  (Ehrenberg) 7
H etero h elix  pulchra (Brotzen) 4
C itharina k o ch ii (RoemerV 1
Frondicularia im bricata Young 6
D en ta lin a  g r a c ilis  D 'O rbiqnv 1
G a v e lin e lla  d a k o te n s is  (Fox) 18
C oryphostom a pla it a (Cars ey) 6
N eobulim ina a lb e r te n se  (S telck  and W all) 7
H aplophraqm oides co llyra  N au ss 2
Trochammina w ick en d en i L oeb lich  2
Saccam m ina a lexan d eri (Loeblich and Tappan) 6

LP-13 9 6 . 4  fe e t  ab ove D akota (?) p;B 4/1

H ed b ergella  d e lr io e n s is  (Carsey) 20
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 5
C la v ih ed b erq e lla  s im p lex  (Morrow) 1
H etero h e lix  q lo b u lo sa  (Ehrenberg) 6
H etero h e lix  pulchra (Brotzen) 6
C itharina k o ch ii (Roemer) 1
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 9
C oryphostom a p la ita  (Carsey) 7
N eobulim ina a lb e r te n se  (S telck  and W all) 6
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H ed b erq ella  d e lr io e n s is  (Carsey) 20
H ed b erq ella  p ortsd ow n en sis  (W illia m s-M itch e ll) 10
C la v ih ed b erq e lla  s im p lex  (Morrow) 3
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 11
H etero h e lix  pulchra (Brotzen) 7
L unatriella  sp in ifera  E icher and W o rste ll 1
P lan oglob u lin a  o f .  £ .  glabrata (Cushman) 2
D en ta lin a  g r a c ilis  D 'O rbiqnv 1
G a v e lin e lla  d a k o te n s is  (Fox) 7
C oryphostom a p la ita  (Cars ey) 5
N eobulim ina a lb e r te n se  (Stelck  and W all) 4
Saccam m ina a lexan d eri (L oeblich and Tappan) 3
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LP-14 1 0 7 .7  fe e t  ab ove  Dakota (?) P:B 1 0 0 /1

LP-15 1 1 9 . 1  fe e t  ab ove  D akota (?) P;B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (C arsevl 21
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 6
C la v ih ed b erq e lla  s im p lex  (Morrow) 9
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 3
H e te ro h e lix  q lo b u lo sa  (Ehrenberg) 10
H etero h e lix  pulchra (Brotzen) 7
L unatriella  sp in ifera  E icher and W o r ste ll 7
G a v e lin e lla  d a k o te n s is  (Fox) 2
C oryphostom a p la ita  (Carsey) 1
N eobulim ina a lb e r te n se  (S telck  and W all) 1

LP-16 1 3 0 . 4  fe e t  ab ove  D akota (?) p;B 2 4 /1

H ed b erq ella  d e lr io e n s is  (Carsey) 21
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 12
C la v ih ed b erq e lla  s im p lex  (Morrow) 8
C la v ih ed b erq e lla  su b d ig ita ta  (Carman) 6
H etero h e lix  q lo b u lo sa  (Ehrenberg) 7
H etero h e lix  pulchra (Brotzen) 5
D en ta lin a  g r a c ilis  D ' Orbigny 1
G a v e lin e lla  d a k o te n s is  (Fox) 9
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n se  (Stelck  and W all) 1
Saccam m ina a lex a n d er i (Loeblich and Tappan) 7

L P-17 1 4 1 . 8  fe e t  ab ove  D akota (?) P:B 1 0 0 /1

H ed b erq ella  d e lr io e n s is  (C arsevl 25
H ed b erq ella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 12
C la v ih ed b erq e lla  s im p lex  (Morrow) 4
H etero h e lix  q lo b u lo sa  (Ehrenberg) 8
H etero h e lix  pulchra (Brotzen) 6



L P -17— C ontinued

D en ta lin a  g r a c ilis  D 'O rbianv 1
G a v e lin e lla  d a k o te n s is  (Fox) 3
Saccam m ina a lex a n d er i (L oeblich and Tappan) 9

L P-18 1 5 3 . 1  fe e t  ab ove  D akota (?) P:B 3 2 /1

H ed b ergella  d e lr io e n s is  (Cars ey) 20
H ed b ergella  p ortsd ow n en sis  (W illia m s-M itch e ll) 8
C la v ih ed b erg e lla  s im p lex  (Morrow) 6
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 5
C la v ih ed b erg e lla  moremani (Cushman) 1
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
H etero h elix  pulchra (Brotzen) 7
L unatriella  sp in ifera  Eicher and W orst e l l  3
D en ta lin a  g r a c ilis  D 'O rbionv 1
Frondicularia im bricata Young 1
G a v e lin e lla  d a k o ten s is  (Fox) g
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n se  (Stelck  and W all) 4
N odosaria  b iq h orn en sis Young 3
M a rg in u lin op sis  am plasp ira Young 4
H aplophragm oides co llv ra  N au ss 3
Trochammina w ick en d en i L oeb lich  1
Saccam m ina a lex a n d er i (L oeblich and Tappan) 2

LP-19 1 6 4 . 4  fe e t  ab ove  D akota (?) p;B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 20
H ed b ergella  p o rtsd ow n en sis  (W illia m s-M itch e ll) 7
C la v ih ed b erg e lla  s im p lex  (Morrow) 8
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 7
H etero h e lix  g lo b u lo sa  (Ehrenberg) 10
H etero h elix  pulchra (Brotzen) 7
G a v e lin e lla  d a k o te n s is  (Fox) 5
C oryphostom a p la ita  (Carsey) 2
M arginulinops is  am plasp ira Young 1
Trochammina w ick en d en i L oeb lich  1

L P-20 1 7 5 . 8  fe e t  ab o v e  D akota (?) P:B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (Carsey) 24
H ed b ergella  p ortsd o w n en sis  (W illia m s-M itch e ll) 13
C la v ih ed b erg e lla  s im p lex  (Morrow) 5
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 5
H etero h elix  g lo b u lo sa  (Ehrenberg) 11
H etero h e lix  pulchra (Brotzen) 6
N od osaria  b iq h orn en sis Young 1
G a v e lin e lla  d a k o te n s is  (Fox) 7
N eobulim ina a lb e r te n s is  (S telck  and W all) 2
Trochammina w ick en d en i L oeb lich  1
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LP-21 1 8 7 . 1  fe e t  ab ove  D akota (?) P:B 2 4 /1

H ed b ergella  d e lr io e n s is  (Carsey) 22
H ed b ergella  p ortsd ow n en sls  (W illia m s-M itch e ll) 6
H etero h e lix  g lo b u lo sa  (Ehrenberg) 6
G a v e lin e lla  d a k o ten s is  (Fox) 14
M arq in u lin op sis am plaspira Young 6

L P-22 1 9 8 . 5  fe e t  ab ove D akota (?) P:B 2 4 /1

H ed b ergella  d e lr io e n s is  (Carsey) 21
H ed b ergella  p o rtsd ow n en sls  (W illia m s-M itch e ll) 13
C la v ih ed b erg e lla  s im p lex  (Morrow) 7
C la v ih ed b erg e lla  su b d ig ita ta  (Carman) 5
C la v ih ed b erg e lla  moremani (Cushman) 5
H etero h e lix  g lo b u lo sa  (Ehrenberg) 9
H etero h e lix  pulchra (Brotzen) 7
P lan oglob u lin a  c f .  £ .  qlabrata (Cushman) 2
G a v e lin e lla  d a k o ten s is  (Fox) 10
C oryphostom a p la ita  (Carsey) 2
N eobulim ina a lb e r te n se  (Stelck and W all) 4
Reophax inordinatus Young 2
H aplophragm oides co llyra  N au ss 3
Trochammina w ick en d en i L oeb lich  g
Soiroolectam m ina c f .  S.. a c o s ta i  Tappan 1

L P-23 2 0 9 . 8  fe e t  ab ove D akota (?) P;B 1 0 0 /1

H ed b ergella  d e lr io e n s is  (C arseyl 25
H ed b ergella  p o rtsd o w n en sls  (W illia m s-M itch e ll) 12
C la v ih ed b erg e lla  s im p lex  (Morrow) 2
H etero h elix  g lo b u lo sa  (Ehrenberg) 11
H eteroh elix  pulchra (Brotzen) 4
G a v e lin e lla  d a k o te n s is  (Fox) g
Trochammina w ick en d en i L oeb lich  1

L P-24 2 2 1 . 1  fe e t  ab ove D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  21
H ed b ergella  p o rtsd ow n en sls  (W illia m s-M itch e ll) 11
H etero h e lix  g lo b u lo sa  (Ehrenberg), w eathered  10
H etero h e lix  pulchra (B rotzen), w eathered  3

L P-25 2 3 2 . 5  fe e t  ab ove D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  23
H ed b ergella  p o rtsd ow n en sls  (W illia m s-M itch e ll) 2
H etero h elix  g lo b u lo sa  (Ehrenberg), w eathered  7
H etero h elix  pulchra (Brotzen), w eathered  3
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H ed b eraella  d e lr io e n s is  (C a rsey ), w eathered  3
Trochammina w ick en d en l L oeb lich  15
M egasp ores , s p e c ie s  A 1

L P-27 2 5 5 . 2  fe e t  ab ove D akota (?)

Barren

L P-28 2 6 6 . 5  fe e t  ab ove D akota (?)

Barren

L P-29 2 7 7 . 8  fe e t  ab ove D akota (?)

Barren

L P-30 2 8 9 . 2  fe e t  ab ove  D akota (?)

LP-26 2 4 3 .8  fee t  ab ove  Dakota (?)

H ed b eraella  d e lr io e n s is  (C a rsey ), w eathered  3
M e g a sp o r e s , s p e c ie s  A 15

LP-31 3 0 0 . 5  fe e t  ab o v e  D akota (?)

H ed b eraella  d e lr io e n s is  (C a rsey ), w eathered  1
M e g a sp o r e s , s p e c ie s  A 9

LP-32 3 1 1 . 9  fe e t  ab ove D akota (?)

H ed b eraella  d e lr io e n s is  (C arsey , w eathered  4
Trochammina w ick en d en i L oeb lich  22
M e g a sp o r e s , s p e c ie s  A 8

LP-33 3 2 3 . 2  fe e t  ab ove D akota (?)

M e g a sp o r e s , s p e c ie s  A 31
M eg a sp o r e s , s p e c ie s  B 2

L P-34 3 3 4 . 5  fe e t  ab ove  D akota (?)

M eg a sp o r e s , s p e c ie s  A 34
M eg a sp o r e s , s p e c ie s  B 5

L P-35 3 4 5 . 9  fe e t  ab ove D akota (?)

M eg a sp o r e s , s p e c ie s  A 36
M eg a sp o r e s , s p e c ie s  B 2
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M e g a sp o r e s , s p e c ie s  A 29
M eg a sp o r e s , s p e c ie s  B 5

L P-37 3 6 8 . 6  fe e t  ab ove  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  1
M e g a sp o r e s , s p e c ie s  A 10
M eg a sp o res  , s p e c ie s  B 7

LP-38 3 7 9 . 9  fe e t  ab ove D akota (?)

M e g a sp o r e s , s p e c ie s  A 26
M ega s p o r e s , s p e c ie s  B 5

LP-39 3 9 1 . 2  fe e t  ab ove D akota (?)

M e g a sp o r e s , s p e c ie s  A 18
M eg a sp o r e s , s p e c ie s  B 5

LP-40 4 0 2 . 6  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i L oeb lich  4

LP-41 4 1 3 . 9  fe e t  ab ove  D akota (?)

Trochammina w ick en d en i L oeb lich  34
M eg a sp o r e s , s p e c ie s  A 2

L P-42 4 2 5 . 3  fe e t  ab ove D akota (?)

Trochammina w ick en d en i L oeb lich  20

LP-43 4 2 7 . 6  fe e t  ab ove  D akota (?)

H ed b ergella  d e lr io e n s is  (C a rsey ), w eathered  3
G audryina b en to n en sis  (Carman) 1
Trochammina w ick en d en i L oeb lich  10
O lig o steq in a  (P ith on ella ) 1

LP-36 3 5 7 . 2  fe e t  ab ove  Dakota (?)



APPENDIX II

LOCATION AND DESCRIPTION OF MEASURED AND 

SAMPLED OUTCROP SECTIONS OF MANGOS 

SHALE, BLACK MESA, ARIZONA

The lo c a tio n s  o f  th e  f iv e  outcrop s e c t io n s  d escr ib ed  in th is  

s e c t io n  are show n on Figure 2 (in p o c k e t) .

C olors are d es ig n a ted  accordin g to th e  M u n se ll sy stem  o f  

co lor  c la s s if ic a t io n  (N ational R esearch  C o u n cil Rock C olor C hart, 

G oddard, 1948) .
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H o w ell M esa  S ec tio n

S e c tio n  of M an cos S h a le  on ea stern  s id e  o f H o w ell M e s a ,  10 m iles  
north w est o f H o te v illa , C ocon in o  C ounty, Arizona; lin e  o f s e c t io n  
N . 8 5 °  W .,  d ip s 2 °  W .

(M easured by G . C . H a zen b u sh , July 15, 16 , 1969)

T h ick n ess
(feet)

Top o f s e c t io n ;  not top of exp osu re

Toreva S an d ston e (unm easured):

14 . S a n d sto n e , dark y e llo w is h  orange (10YR 6/ 6) ,  
w eathering ligh ter  oran ge, m edium - to  f in e 
gra in ed , fa ir  to  poor sorting; com p osed  o f  
angular to  subround quartz, dom inantly  
su b an gu lar , w eathered  fe ld sp ar  and b lea ch ed  
b io tite ; forms th in  f la t - ly in g  h orizon ta l beds  
from 1 /4  inch  to  about 4 in ch es  th ick ; forms 
top  of north east portion o f H ow ell M esa

M an cos Shale:

13 . S ilty  s h a le  and s h a le ,  50%/50%; s i l t y  s h a le ,
g ra y ish -o ra n g e  (10YR 7 /4 );  s h a le ,  p a le -b row n
(5YR 5 /2 ) ,  interbedded in 1 /8 - in c h  to  1 /2 -
inch  b ed s; f i s s i l e  to  b lo c k y , medium s o f t ,
appears h o r izo n ta lly  lam inated; w eath ers to
form r e c e s s  under overly in g  T o r e v a .......................... . 1 .6

1 2 . S ilty  s h a le ,  m oderate-brow n (SYR 3 /4  and SYR 
4 /4 ) ,  w eathers lig h ter  brown; c la y  and s i l t ,  
fair to  poor sorting; th in  h or izon ta l lam in ation s;  
poor to  fa ir  cem en t, hard to  medium so ft; f i s s i l e  
to  b locky; co n ta in s  b lea ch ed  b io tite  fla k es  and 
gypsum  in fractures; forms s te e p  s lo p e .......................... 5 6 . 0

11.  S h a le , dark y e llo w ish  brown (10YR 4 / 2 ) ,  w eath ers  
lig h ter  brown; c la y  and som e s i l t ,  fair so r tin g , 
th in  h orizon ta l la m in a tio n s, s o f t ,  poorly c e 
m ented , f i s s i l e ,  p la ty , gypsum  in fractures; 
forms irregular s lo p e ; co n ta in s 8- in c h  bed o f  
fin e -g ra in ed  sa n d sto n e  6 fe e t  ab ove b a se;
sa n d sto n e  is  hard, b lo ck y , q u a r t z e s e ..........................  5 6 . 0

10 . C overed in terv a l, forms s lo p e  b a s e ....................................  33.6
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9 . S h a le , m oderate y e llo w ish  brown (10YR 5/ 4) and 
dark y e llo w ish  brown (10YR 4 /2 ) ,  w eathers  
lig h ter  brown; th in  h orizontal lam in ation s;  
c la y  and som e s ilt ;  s o f t ,  poorly cem en te; 
co n ta in s  se v e r a l th in  (to 1/ 2- in c h  th ick) f in e 
grained sa n d sto n e  and san d y  s i l t s  to n e  beds  
that con ta in  am m onite (C ollicrnoniceras) im
prints; forms g e n t le ,  nearly  fla t s lo p e ...........................  3 9 .2

8 . S h a le , d u sk y -y e llo w  (5Y 6 /4 ) ,  w eathers g r a y ish -  
orange (10YR 7 /4 );  s i l t y ,  so ft; th in  h orizon ta l 
la m in a tio n s , f i s s i l e ;  forms v e r t ica l c l i f f .
Top 2 in ch es  of unit are a fin e-g ra in ed  sa n d 
s to n e , q u a r tze se , m a ssiv e; forms top  of c l i f f .  . . 5 .6

7 . S h a le , lig h t o liv e  gray (5Y 5 /2 ) and lig h t o liv e  
brown (5Y 5 /6 ) ,  w eath ers m oderate y e llo w ish  
brown (10YR 5 /4 ) ,  s i l t y ,  medium so ft; th in  
h orizon ta l lam in ation s; b locky; co n ta in s  
numerous very th in  (to 1- in c h  th ick) r ip p le -  
marked fin e  q u artzose  sa n d s to n e s . Ripple 
marks resem b le  current r ip p les on a beach; 
forms v e r t ica l c l i f f ......................................................................  22.4

6 . S h a le , b row n ish -gray  (SYR 4 / 1 ) ,  w eath ers gray ,
w e ll- s o r te d , c la y ; th in  h orizon ta l lam in ation s;
f i s s i l e  to  m a ss iv e  and b lock y  w hen broken;
w hen b lo c k y , com m only sh ow s su b co n ch o id a l
to  nearly  co n ch o id a l fracture; im prints o f p e le -
cyp od s; hard to  medium so ft;  co n ta in s  s e v e r a l
th in  (to 1/ 2-in ch ) orange b en to n ite  b ed s; forms
s te e p  s lo p e ....................................................................................... 6 1 . 6

5 S h a le , dark g reen ish  gray (5G 4 /1 ) ,  w eathers
m edium -gray (N 5); th in  h orizon ta l lam in ation s;  
hard to  medium so ft; f i s s i l e  to  b locky; con ta in s
a 1/ 2- in c h  orange b en ton ite  bed 15 fe e t  ab ove
b a se ; forms s te e p  s lo p e ........................................................... 39 .2

4 .  C overed in terv a l, s l id e  d e b r is .....................................................  2 8 . 0

3 .  S h a le , dark g reen ish  gray (5GY 4 /1 ) ,  w eathers
m edium -gray (N 5); c la y ; th in  h orizon ta l lam i
n a tio n s; medium so ft; f i s s i l e ;  forms g e n tle  
s lo p e ....................................................................................................  39 .2

2 . C overed in t e r v a l ...................................................................   7 2 . 8
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1 . S h a le , g r a y ish -o liv e  (10YR 4 /2 ) ,  w eath ers ligh t
o liv e  gray (5Y 5 /2 );  so ft; th in  h orizon ta l lam i
n ation s; f i s s i l e ,  th in  ch ip s; co n ta in s  G ryphaea
new berrvi: forms g e n tle  s lo p e ..............................................  22 .4

T otal o f M ancos S h a l e ..................... 4 7 7 . 6

D akota (?) S an d ston e (unm easured):

S a n d sto n e , g ra y ish -o ra n g e  ( 10YR7/ 4 ) ,  f i n e - t o  
m ediu m -grained , poor sorting; dom inantly  
q u artz, angular to  subround, dom inantly su b -  
an gu lar, d ecom p osed  fe ld sp ars and dark-brown  
lim o n ite (? ) cem en ted  co n cre tio n s . P etrified  
w o o d .

B ase o f se c t io n ;  not b a se  o f ex p o su re .
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Blue C anyon S ectio n

S ec tio n  o f M an cos S h a le  at northw est fork of Blue C anyon , 14 m iles
sou th  of T o n a le a , C ocon in o  C ou n ty , Arizona; lin e  o f s e c t io n  N . 3 0 °  E . ,  
d ip s 2 °  NE.

(M easured by G . C . H a zen b u sh , R. F . W ilso n , and 
J. W . Brown, July 3 0 , 3 1 , 1968)

F eet

Top of se c t io n ;  not top  o f exp osu re

Toreva S an d ston e (unm easured);

1 3 . S a n d sto n e , lig h t o liv e  gray (5Y 5 /2 ) ,  w eathering  
y e llo w ish -g r a y  (5Y 7 / 2 ) ,  f in e -g ra in ed , fa ir  
sorting; predom inantly subangular quartz w ith  
w eathered  feldspar; 2-fo o t  th ick  m a ssiv e  bed  
at b a se  grading upward through th in  (1/ 2-  to  
4 -in ch ) s i l t y  s h a le s  in to  th ick  (5-  to  20-fo o t)  
h o r izo n ta lly  bedded m edium -grained sa n d sto n e  
u n its w ith  in tern al h orizon ta l beds and lo w -  
a n g le  c ro ss  b ed s; forms c l i f f .

M an cos Shale:

1 2 . S ilts to n e  and s i l t y  s h a le ,  lig h t o l iv e  brown (5Y
5 /6 ) and m oderate o liv e  brown (5Y 4 /4 ) ,  in ter -  
bedded , w eathering lig h t o liv e  gray (5Y 5 / 2 ) ,  
th in ly  lam in ated , hard, b lo c k y , lim on ite  s ta in 
in g , co n ta in s  fin e  subangular quartz sand; 
som e carb on aceou s fragm ents; forms s te e p
s lo p e ....................................... ............................................................  7 0 . 5

11 . S h a le , o liv e -g r a y  (5Y 4 /1 ) and g r a y is h -o liv e
(10Y 4 /2 ) ,  w eathering m olderate o liv e  brown 
(5Y 4 /4 ) ,  c la y  and s i lt ;  th in ly  b ed d ed , hard, 
blocky; lim on ite  sta in in g ; forms s te e p  s lo p e .  . . 2 2 . 4

10.  S h a le , dark g reen ish  gray (5GY 4 / 1 ) ,  w eathering  
brow nish gray (SYR 4 / 1 ) ,  c la y  and s ilt ;  th in ly  
b ed d ed , hard , b lock y  to  hackly; gypsum  in  
fractures; w eath ers in to  ch ip s; forms s te e p  
s lo p e ........................ ...........................................................................  2 2 . 4
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9 .  S ilty  s h a le ,  g r a y ish -o liv e  (10Y 4 /2 ) ,  w eathering  
m oderate o liv e  brown (5Y 4 /4 ) ,  d irty , poor 
so r t in g , c la y  and s ilt ;  th in ly  lam in ated , 
medium hard, b lo ck y  to  f i s s i l e ;  forms s te e p  
s lo p e .................................................................................................... 3 9 . 2

8 . S h a le , l ig h t -o l iv e  (10Y 5 /4 ) and o liv e -g r a y
(5Y 4 /1 ) in terbedded in  th in  b e d s , c la y  and 
som e s ilt ;  th in ly  lam inated; medium hard to  
medium so ft; h a ck ly  fracture; am m onite  
(C o lliq n o n icera s) im prints; forms ro llin g
s lo p e .  ...........................................................................................  2 8 . 0

7.  S ilty  sh a le  and s i l t s t o n e ,  m oderate y e llo w ish
brown (10YR 5 /4 ) and d u sk y -y e llo w  (5Y 6 /4 ) ,  
in terbedded in  th in  b e d s , c la y  and s i l t  c o n 
ta in in g  th in  streak s of fin e  angular quartz 
sand w ith  current r ip p les; th in ly  lam inated; 
common am m onite (C o lliq n o n icera s) im p rin ts , 
e s p e c ia l ly  in  th e  th in  sand zo n es; forms
g e n tle  s lo p e ..................................................................................... 2 2 . 4

6 . S h a le , dom inantly o liv e -g r a y  (5Y 4 /1 ) w ith  beds  
of m oderate y e llo w ish  brown (10YR 5 /4 ) ,  c la y  
and som e s ilt ;  th in ly  lam in ated , firm to  hard, 
p la ty  and f i s s i l e  to  b locky; con ta in s am m onite  
im prints (C o lliq n o n icera s) and p e lecy p o d  im 
prints throughout; c o n e - in -c o n e  structure  
toward top; lo c a l  th in  (to 2 in ch es) fin e  quartz 
sa n d sto n e  beds co n ta in in g  am m onite im prints; 
forms ro llin g  s lo p e ......................................................................  1 6 8 .0

5.  S ilty  s h a le  and s i l t s t o n e ,  m oderate y e llo w ish  
brown (10YR 7 / 4 ) ,  interbedded in th in  beds; 
c la y  and s i l t ,  con ta in in g  th in  strea k s of fin e  
angular quartz sa n d sto n e  w ith  current r ip p les  
w ith  h e ig h ts  as large as 1 /4  inch; s o f t ,  
brittle; am m onite (C o lliq n o n icera s) im prints 
throughout; forms fla t s lo p e  at top  of c l i f f 
forming unit b e lo w .  .............................................................  2 2 . 4

4 .  S h a le , g r e e n ish -b la c k  (5G 2 /1 ) and o liv e -g r a y  
(5Y 4 /1 )  at bottom , grading upward in to  s i l ty  
s h a le  and s i l t s t o n e ,  g ra y ish -o ra n g e  (10YR 7 /4 )  
and dark y e llo w ish  orange (10YR 6/ 6) at to p .
G ypsum  in  fractures throughout. Entire unit 
co n ta in s  about 20 orange b en ton ite  beds 1 inch  
to  4 in ch es  th ic k , sp a ced  4 to  5 fe e t  apart at 
bottom  of unit and about 2 fe e t  apart near to p .



163

F eet

S h a le  and s i l ty  sh a le  are th in ly  la m in a ted , 
hard, p la ty  and f i s s i l e .  Top 2 fe e t  o f unit is  
a bundle o f th in  (as much as 2 in ch es  th ic k ) , 
fin e-g ra in ed  quartz sa n d sto n e  beds w ith  cur
rent r ipp le  marks on upper s u r fa c e s , w a v e 
len gth  o f r ip p les is  1 to  3 in c h e s , h e igh t is  
1 /4  in c h . Entire unit co n ta in s sca ttered  p e le -  
cypod im prints and s h e l l  fragm ents; forms 
nearly  v e r t ica l c l i f f ........................................... ..... 7 3 . 8

3 .  S h a le , g r e e n ish -b la c k  (5G 2 /1  and 5GY 2/ 1) pre
d om in an tly , w ith  s h a le ,  dark g reen ish  gray  
(5GY 4 /1 ) in terb ed d ed , w eathering lig h t o liv e  
gray (5Y 6 /1 ) ,  c la y  and minor s i lt ;  th in ly  
lam in a ted , so ft  to  medium hard, f i s s i l e  to  
blocky; th in  (as th ick  as 3 in ch es) y e llo w -  
orange b en ton ite  beds erra tica lly  in terb ed d ed .
U nit co n ta in s  sc a r c e  am m onite im prints and
lo c a lly  p len tifu l sm a ll p e lecy p o d  im prints;
forms ro llin g  s lo p e .................................................. ....  100.8

2 . S h a le , dark-gray (N 3) to  m edium -gray (N 5 ), 
w eath erin g  predom inantly medium lig h t gray  
(N 6); co n ta in s  y e llo w ish -o r a n g e  b en ton ite  
b ed s a s  much a s  4 in c h e s  th ick  sp a r se ly  
in terb ed d ed . S h a le  is  c la y ,  th in ly  la m in ated , 
hard and b lock y  to  f i s s i l e ,  w ith  gypsum  in  
fractures; many Gryphaea new berrvi s h e l ls  w e  
w eathered  out on s lo p e ,  and a s  lo c a l  beds of 
c lo s e -p a c k e d  s h e l ls  a s  th ick  a s  1.5  fee t; im 
prints o f other p e le cy p o d s  and gastrop od s; 
forms rolling  g e n tle  s lo p e .......................................................  86 .0

1 . S h a le , b lack  (M l) to  d u sk y-brow n (SYR 2 / 2 ) ,  
c la y  w ith  carb on aceou s m aterial; hard and 
p la ty , w ith  gypsum  and lim on ite  or ja r o s ite  
in  fractures; con ta in s sm a ll am ounts o f p etr i
fied  w ood near b a se ; forms g e n tle  s lo p e .......................  21 .0

T ota l o f M an cos S h a l e ..................... 6 7 6 . 9

D akota (?) S an d ston e (unm easured);

S a n d sto n e , m oderate y e llo w ish  brown (10YR 5 /4 ) ,  
m edium - to  f in e -g r a in e d , poor sorting; dom
in a n tly  quartz, angular to  subround, dom inantly



su b an gu lar, co n ta in s  w eathered  fe ld sp a rs;  
forms c l i f f .

B ase o f se c t io n ;  not b a se  o f ex p o su re .
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L onghouse V alley  S ec tio n

S ec tio n  o f M ancos S h ale  a t L onghouse V a lley , im m ed iately  e a s t  o f S tate  
H ighw ay 164,  25 m iles  north east of T o n a lea , N avajo  C ounty , Arizona; 
lin e  o f s e c t io n  N . 8 5 °  E . , d ips 2 8 °  NE.

(M easured by G . C . H azen b u sh , August 2 3 , 2 4 , 1968)

F eet

Top of s e c tio n ; not top  o f exp osu re

Toreva S an d ston e (unm easured);

15 . S a n d sto n e , d u sk y -y e llo w  (5Y 6 /4 ) ,  w eathering  
y e llo w ish  gray (5Y 7 / 2 ) ,  f in e -  to  medium
g ra in ed , poor to  fa ir  sorting; predom inantly  
q u artz, angular to  round, predom inantly su b -  
an gu lar, w eathered  fe ld sp a rs  and b lea ch ed  
b io tite ; forms f la t - ly in g  2 . 5 -fo o t  beds w ith  
s i l t y  sh a le  partings 2 to  6 in ch es  th ic k , 
grading upward in to  5 -  to  15-fo o t sand units  
w ith  in tern al lo w -a n g le  c ro ss  b e d s .

M ancos Shale:

14 . C overed in terv a l, M esa  Verde d e b r is ...................................... 5 8 . 8

13.  S h a le , b ro w n ish -b la ck  (SYR 2 /1 ) dam p, b row n ish -  
gray (SYR 4 /1 ) dry; c la y  w ith som e s i l t ,  medium  
so ft; th in ly  lam in ated , f i s s i l e  to  b lo ck y , b r itt le , 
w ith  lim on ite  s ta in s  in fractures; forms s te e p  
s lo p e ..................................................................................... 8 1 . 6

12.  S h a le , du sk y y e llo w ish  brown (10YR 2 /2 ) dam p, 
dark y e llo w ish  brown (10YR 4 /2 ) dry; c la y  
w ith  som e s i l t ,  medium so ft to  hard; th in ly  
lam in a ted , f i s s i l e  to  b locky; forms s te e p
s lo p e .......................................................................................... 5 6 . 1

11.  S h a le , o l iv e -b la c k  (5Y 2 /1 ) dam p, o liv e -g r a y
(5Y 4 /1 ) dry; c la y  w ith som e s i l t ,  medium s o f t ,
th in ly  lam in ated , f i s s i l e ;  forms s te e p  s lo p e .  . . . 5 1 . 0

10.  C overed in terv a l, M esa  Verde d e b r is ........................... ..... . 1 0 . 2
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9 .  S h a le , o l iv e -b la c k  (5Y 2 /1 ) dam p, o liv e -g r a y  
(5Y 4 /1 ) dry; c la y  w ith som e s i lt ;  medium  
so ft  to  hard, th in ly  lam in ated , f i s s i l e  to  
blocky; am m onite (C o llig n o n icera s) imprint 
10 fe e t  ab ove b a se  of unit; forms s te e p  s lo p e .  . .

8 . C overed in terv a l. M esa  Verde d e b r is .....................................

7 . S h a le , o liv e -g r a y  (5Y 4 /1 ) dry; c la y ; very th in ly  
lam in a ted , so ft  to  medium hard, b r itt le , f i s 
s i le ;  forms s te e p  s lo p e ............................................................

6 . S h a le , du sk y  y e llo w ish  green (10GY 3 /2 ) ,  m ottled  
lig h ter  color; c la y ; very th in ly  la m in a ted , so ft  
and som ew h at so a p y , b r itt le , f i s s i l e ;  unit co n 
ta in s  th ree th in  (1/ 2-  to  1-in ch ) y e llo w  b en 
to n ite  beds and tw o 1/ 2- inch  fin e-g ra in ed  
sa n d sto n e  beds; forms b a se  of s te e p  s lo p e .  . . .

5 .  S h a le , dark g reen ish  gray (5GY 4 /1 );  c la y ; so ft  
to  medium hard, th in ly  lam in ated , f i s s i l e .
U nit co n ta in s  approxim ately  th irty 1 /2 -  to  3 -  
in ch  o r a n g e -y e llo w  b en ton ite  b ed s; forms 
ro llin g  s lo p e ....................................................................................

4 .  S h a le , g r a y ish -g r ee n  (5G 5 /2  and 10G 4 /2 ) 90%, 
and g r a y ish -o liv e  (10Y 4 /2 ) 10%, interbedded; 
c la y ; th in ly  lam in ated , hard to  medium s o f t ,  
f i s s i l e  to  b locky; co n ta in s  approxim ately  ten  
1- in c h  to  4 - in c h  b en ton ite  beds and s e v e r a l  
th in  ( 1 /4 - in c h ) , f in e-g ra in ed  sa n d sto n e  b ed s; 
foram inifera v is ib le  under hand le n s ; forms a 
ro llin g  s lo p e ....................................................................................

3 . S h a le , g r a y ish -o liv e  (10Y 4 /2 ) 80% and p a le  y e l 
lo w ish  brown (10YR 6 /2 ) 20%, interbedded; 
c la y ; th in ly  lam in ated , so ft  to  medium hard, 
f i s s i l e  to  b locky; fora m in if era v is ib le  under 
hand le n s ; forms ro llin g  s lo p e .............................................

2 . S h a le , p a le  y e llo w ish  brown (10YR 6 /2 ) and
m oderate y e llo w ish  brown (10YR 5 /4 );  b en 
to n it ic  w ith  som e fin e  quartz sand; so a p y , 
s o f t ,  f i s s i l e ;  G ryphaea new berryi w eathering  
out on s lo p e ; forms ro llin g  s lo p e .......................................

1 . S h a le , b lack  (N 1) and o liv e -b la c k  (5Y 2/ 1) in  
b a sa l ha l f ,  grading upward to  b row n ish -gray  
(5YR 4 /1 ) in top half; b a sa l h a lf  is  c a rb o n a c eo u s ,

F ee t

3 5 . 7

1 5 . 3

5 1 . 0

1 9 . 8  

68.6

1 1 2 . 7

68.6

3 4 . 3
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w ith  lim on ite  or ja r o s ite  in fra c tu res , hard, 
and s e m i- f i s s i le ;  top  h a lf co n ta in s th in  
g ra y ish -o ra n g e  s i lt s to n e  beds; en tire unit 
co n ta in s  G ryphaea new berryi fragm ents and  
d isco n tin u o u s le n s e s  of s h e l ls  a s  th ick  as  
one foot; im prints o f sm a ll p e lecy p o d s  through
out; g y p sifero u s; forms s te e p  s lo p e ................................. 2 4 . 5

T otal o f M ancos S h a l e ..................... 6 8 8 . 2

D akota (?) S an d ston e (unm easured);

S a n d sto n e , g ra y ish -o ra n g e  (10R 7 /4 ) ,  f in e 
gra in ed , fair sorting; predom inantly qu artz, 
suban gular to  w e ll-ro u n d ed  and fro sted , dom
in an tly  subround; d ecom p osed  feldspar; w e ll  
cem en ted  and hard, probably carb onate cem ent; 
co n ta in s  G ryphaea fragm ents; forms c l i f f .

B ase o f sec tio n ; not b a se  o f ex p o su r e .
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Kaventa S ec tio n

S ec tio n  o f M ancos S h a le , northern part of Black M e s a ,  4 m iles  so u th 
e a s t  o f K ayenta , N avajo  C oun ty , Arizona; lin e  of s e c t io n  N . 1 0 °  E . , 
d ip s 4 °  NE.

(M easured by G . C . H azen bush  and J. B. H o lly ,
June 3 , 4 ,  1969)

F eet

Top of se c t io n ;  not top  o f exp osu re

Toreva S an d ston e (unm easured);

1 4 . S a n d sto n e , m oderate y e llo w ish  brown (10YR 5 /4 ) ,  
w eathering gra y ish  orange (10YR 7 /4 ) ,  f in e -  to  
m edium -grained; predom inantly quartz, su b -  
angular to  subround, dom inantly su b an gu lar, 
w eathered  fe ld sp ar  and b lea ch ed  b io tite ; in  
f la t - ly in g  1-  to  2-fo o t  s e t s  w ith  in tern al lo w -  
a n g le  c r o ss -b e d d in g  sep arated  by 4 -  to  6 - in c h  
sh a le  p a r tin g s , grading upward to  medium
grained  sa n d sto n e  un its 5 to  20 fe e t  th ic k .

M an cos Shale:

1 3 . C overed in terv a l, M esa  Verde d e b r is ................................ ..... 5 6 . 0

12.  S h a le , o l iv e -b la c k  (5Y 2/ 1) dam p, o liv e -g r a y
(SYR 4 /1 )  dry; c la y  and s i l t ,  th in ly  lam in ated ,
so ft  to  medium hard, f i s s i l e  to  b locky; forms
s te e p  s lo p e ......................................................................................  33 .6

11 . C overed in ter v a l, M esa  Verde d e b r is . . .......................... 7 2 . 8

10.  S h a le , b row n ish -b la ck  (SYR 2 /1 ) dam p, b row n ish -  
gray (SYR 4 /1 ) dry; c la y ; th in ly  lam in ated , s o f t ,  
f i s s i l e ;  forms s te e p  s lo p e .  ...................................................5 6 . 0

9.  S h a le , b row n ish -gray  (SYR 4 /1 ) dam p, lig h t brown
ish  gray (SYR 6 /1 ) dry at b a s e , grading upward 
to  m oderate brown (SYR 3 /4 ) at top; th in ly  lam i
nated  and f i s s i l e  to  b lo ck y , l im o n ite -s ta in e d , 
c o n e - in -c o n e  structure in  se v e r a l 2 - in c h  to  3 -  
inch  b ed s; forms s te e p  s lo p e ...................................... 3 9 . 2
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8 . S h a le , o liv e -b la c k  (5Y 2 /1 ) dam p, o liv e -g r a y

(5Y 4 /1 ) dry, w eathering o liv e -g r a y  (5Y 4 /1 ) ;  
c la y  w ith  som e s ilt ;  th in ly  lam in ated , so ft  to  
medium hard, f i s s i l e .  U nit con ta in s sca ttered  
th in  (as much a s  1/2  inch) b en ton ite  beds 
throughout, a few  th in  (as much a s  3 in ch es) 
b ed s sh ow in g  c o n e - in -c o n e  stru ctu re, and  
se v e r a l th in  (1/4  to  1/2  inch) fin e-g ra in ed  
sa n d sto n e  beds w ith  current r ip p les and c o n 
ta in in g  am m onite (C ollign on iceras) imprints 
near top; am m onite imprints a ls o  found sp o 
ra d ica lly  through th e  sh a le ; forms s te e p  s lo p e .  . . 100.8

7 . S h a le , dark g reen ish  gray (5GY 4 /1 ) and g r a y ish -  
o liv e  (10Y 4 /2 ) in terb ed d ed , w eath ers g ray ish  
o liv e  (10Y 4 /2 ) dry; c la y ; th in ly  lam in ated , 
s o f t ,  broken, f i s s i le ;  forms b a se  o f s te e p  
s lo p e .................................................................................................... 6 1 . 6

6 . S h a le , b row n ish -b la ck  (SYR 2 /1 ) dam p, g r a y ish -  
o liv e  (10Y 4 /2 )  dry; c la y ; th in ly  lam inated; 
b a sa l 4 fe e t  hard and b lo c k y , rest of unit 
s o f t ,  broken, f i s s i l e .  Unit con ta in s tw o th in  
(1/ 4-  to  1/ 2-in ch ) b en ton ite  b e d s , one near  
b a se  and one near top; forms g en tly  ro llin g  
s lo p e ....................................... ............................................................  8 9 . 6

5 .  S h a le , o liv e -b la c k  (5Y 2 /1 ) dam p, o liv e -g r a y
(5Y 4 /1 ) dry; c la y ; ca lca reo u s  in  part; th in ly  
lam in a ted , hard to  medium so ft; b lock y  to  
f i s s i l e .  U nit co n ta in s  one th in ly  bedded f in e 
grained sa n d sto n e  bed 3 in ch es  th ick  near b a se  
and one 3 - in c h  orange b en to n ite  bed 5 fe e t  b e 
low  top; forms s te e p  s lo p e ..................................................... 5 0 . 4

4 .  S h a le , g r e e n ish -b la c k  (5GY 2 /1 ) and o liv e -b la c k  
(5Y 2 /1 ) dam p, predom inantly dark g reen ish  
gray (5GY 4 /1 ) dry; c la y ; in  part ca lca reo u s;  
th in ly  lam in ated , hard and b lock y  to  so ft  and 
f i s s i l e ;  tw o  current-ripp led  fin e-g ra in ed  sand  
beds con ta in in g  broken s h e l l  h ash  in low er 8
fee t; P tvchodus te e th  and one vertebra of
H ybodont shark; forms ro llin g  s lo p e .  ..........................  6 7 . 2

3 .  S h a le , o liv e -g r a y  (5Y 4 /1 ) dam p, dark g r ee n ish  
gray (5G 4 /1 ) dry; c la y ; th in ly  lam in ated ,
f i s s i l e ;  forms g e n tly  ro llin g  s lo p e ..................................... 33 .6
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2 . S h a le , o liv e -b la c k  (5Y 2/ 1) and brow n ish -gray  
(SYR 4 /1 )  dam p, predom inantly ligh t o liv e  
gray (5Y 6 /1 ) dry; c la y ; th in ly  lam in ated , 
f i s s i l e ,  broken in to  sm a ll ch ip s; co n ta in s  
G ryphaea new berryi in  p la c e  and w eathering
out on s lo p e ; forms g e n tly  ro llin g  s lo p e ........................  39 ,2

1 . C overed in terv a l, s lo p e  w a sh  and mud; co n 
ta in s  G ryphaea s h e l ls  and fragm en ts................................ 1 1 . 2

T otal o f M ancos S h a l e ..................... 7 1 1 . 2

D akota (?) San dstone:

S a n d sto n e , g ra y ish -o ra n g e  (10YR 7 /4 ) ,  f in e 
gra in ed , fair sorting; predom inantly quartz, 
subangular to  w e ll  rounded and fr o sted , dom 
in an tly  subround; d ecom p osed  feld sp ar; w e l l -  
cem en ted  and hard, probably carb onate cem ent; 
co n ta in s  broken Gryphaea fragm ents and lo c a l  
w e ll-r o u n d e d , gray , b la c k , and brown chert 
p eb b les  as large a s  1 inch  in  diam eter; forms 
c l i f f .  C arbonaceous s h a le  and sh a le  unit b e low  
sa n d sto n e  co n ta in s  abundant p etr ified  l o g s .

B ase  o f se c t io n ;  not b a se  o f e x p o su r e .
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L ohali Point S ectio n

S e c tio n  o f M an cos S h a le  on ea stern  s id e  of Black M e s a ,  so u th w e st s id e  
o f L ohali P oin t, 16 m iles  w e s t  o f C h in le , A pache C ou n ty , Arizona; 
lin e  o f s e c t io n  N . 8 0 °  E . , d ip s 2 °  NE.

.(M easured by G . C . H a zen b u sh , June 2 3 , 2 4 , 1968)

F eet

Top o f se c t io n ;  not top  o f exp osu re

Toreva S an d ston e (unm easured):

11 . S a n d sto n e , y e llo w ish -g r a y  (5Y 7/ 2) ,  m edium - to  
f in e -g r a in e d , fair to  poor sorting; com posed  
predom inantly o f quartz, suban gular to  w e l l -  
rounded and fr o s ted , dom inantly su b an gu lar , 
w ith  w eathered  fe ld sp a r  and b lea ch ed  b io tite ;  
in  a 4 - fo o t  th ic k , broken and cra ck ed , nearly  
m a ss iv e  unit; poorly  cem en ted  and friab le; 
co n ta c t w ith  M an cos is  abrupt, not gra d a tio n a l, 
on sh a le  and s i l t y  s h a le ,  the top  3 fe e t  o f w h ich  
has b een  ro lled  in to  b a lls  a s  large  a s  2 fe e t  in  
d iam eter , and m ixed w ith  sand from th e  o v e r -  
ly in g  Toreva; co n ta c t appears to  be a lo w -a n g le  
s l id e ,  w ith  unknown amount o f M an cos S h a le  
m iss in g  from th e  top  o f th e  se c t io n ;  forms a 
v e r t ic a l c l i f f .

M ancos Shale:

10 . S h a le , dark y e llo w ish  brown (10YR 4 /2 ) 90%, and
d u sk y  y e llo w ish  brown (10YR 2 /2 ) 10%, in terb ed d ed , 
c la y  and s i l t ;  th in ly  lam in a ted , medium hard, 
b lock y  to  f i s s i l e  e x cep t top  3 or 4 fe e t  w hich  is  
so ft  and friab le; gypsum  in fr a c tu res . U nit c o n 
ta in s  numerous th in  (1/ 8- in c h  to  maximum of 2-  
inch) d is c r e te , y e l lo w is h , fin e-g ra in ed  sa n d 
s to n e  b e d s , many of w hich  show  current r ip p les;  
forms very s te e p  s lo p e ..................... ......................... ....  1 1 5 . 7

9 .  S h a le , m oderate-brow n (SYR 3 /4 ) 80%, and dark 
y e llo w is h  brown (10R 4 /2 )  20%, interbedded; 
c la y ; th in ly  lam in ated , hard, f i s s i l e ;  forms 
bottom  of very s te e p  s lo p e ................................. ..... 79.4
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8 . S h a le , p a le  y e llo w ish  brown (10YR 6 /2 );  c la y ; c a l 
ca reou s in  part; th in ly  lam in ated , medium so ft  
to  hard , f i s s i l e ,  brittle; forms g e n tle  s lo p e .  . . .

7 . S h a le , ligh t-b row n  (SYR 6 /4 ) in  b a sa l h a lf , and 
dark-gray (N 3) in top h a lf , a l l  w eathering  
medium lig h t gray (N 6); c lay ; th in ly  lam in ated , 
hard, f i s s i l e ;  forms g e n tle  s lo p e .......................................

6 . S h a le , o liv e -g r a y  (5Y 3 /2 );  c lay ; th in ly  la m in ated ,
medium s o f t ,  f i s s i l e ;  forms s te e p  s lo p e ........................

5 . S h a le , p a le  y e llo w is h  brown (10YR 6 /2 ) at b a s e ,  
grading upward to  dark y e llo w ish  brown (10YR 
4/ 2) at to p , a l l  w eath erin g  m oderate y e llo w ish  
brown (10YR 5 /4 );  c la y ; th in ly  la m in ated , 
medium hard to  medium so ft; f i s s i l e ;  G ryphaea  
new berryi fragm ents w eath erin g  out of b a se  o f  
unit; forms s te e p  s lo p e ............................................................

4 .  S h a le , medium b lu ish  gray (SB 5 / 1 ) ,  w eathering
brow nish gray (SYR 4 /1 );  c lay ; th in ly  la m in ated , 
medium hard to  medium s o f t ,  b lo ck y  to  f i s s i l e ;  
one 2- in c h  fin e -g ra in ed  sa n d sto n e  bed in  m iddle  
of unit sh o w s ripple m arks, w a v e len g th  about 
1 /2  to  1 in c h , h e ig h t is  1 /4  inch; too th  o f shark  
(Isurus c f .  L  d eso r ii) w eathered  out on s lo p e  
near m iddle o f unit; forms b a s e  o f s te e p  s lo p e .  . .

3 .  S h a le , lig h t b lu ish  gray (SB 7 /1 ) 80%, w ith  s h a le ,  
m oderate dark red d ish  brown (10R 3 /4 ) 20%, 
interbedded in bottom  29 fe e t ,  top  5 fe e t  s h a le ,  
lig h t o liv e  gray (5Y 5 /2 );  a l l  w eath erin g  ligh t  
brow nish gray (SYR 6/ l ) ;  c lay; gypsum  in frac
tu res; th in ly  la m in a ted , s o f t ,  f i s s i l e ;  forms 
g e n tle  ro llin g  s lo p e ; common G ryphaea frag
m ents ...................................................................................................

2 . S h a le , o liv e -g r a y  (5Y 3 /2 ) 95% w ith s h a le ,
m oderate dark red d ish  brown (10R 3 /4 ) 5%, 
interbedded; a l l  w eathering ligh t gray (N 7); 
c la y  w ith  som e gypsum  in fractures; many 
Gryphaea s h e l ls  and fragm ents; th in ly  lam i
n a ted , s o f t ,  f i s s i l e ;  forms g e n tle  s lo p e .  . . . .

1 . S ilts to n e  and s i l ty  s h a le ,  variegated  and in ter 
b ed d ed , b la c k ish -r e d  (SR 2 /2 ) and m oderate  
red d ish  orange (10R 6/ 6) ,  c la y  w ith  c o n s id e ra b le

F eet

3 9 . 7

22.6

1 7 . 0

4 5 . 4

3 9 . 6

3 4 . 0

2 8 . 6



173

F eet

s i l t  and fine  sand; th in ly  lam inated , hard,
f i s s i l e ;  forms b a se  o f g e n t le  s lo p e  above
Dakota ( ? ) .......................................................................................... 5 .6

Total o f M an cos  Sh ale  . . . . .  4 2 7 .6

Dakota (?) San dstone  (unmeasured);

S a n d sto n e , moderate y e l lo w ish  brown (10YR 5 / 4 ) ,  
c o a r s e -  to  m ediu m -gra ined , poor sorting;  
predominantly quartz, subangular to  w e l l -  
rounded, dom inantly subangular , con ta in s  
s p a r s e ,  rounded chert peb b les  a s  large as  
1 /4  inch and carb onaceou s material; upper 
unit i s  5 fe e t  th ic k ,  internally  cro ssb ed d ed  
at low  a n g le s ;  o v e r l ie s  2 fee t  o f  c o a ly  sh a le ;  
forms c l i f f .

B ase  o f s e c t io n ;  not b a s e  o f ex p o su r e .
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