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ABSTRACT

The Pennsylvanian Naco Formation in the sou theaste rn  Dripping 

Spring M ountains near W inkelm an, Arizona, c o n s is ts  of a lower dolomite 

member and an  upper lim estone member. A strip  approxim ately one mile 

w ide a c ro ss  the m ountains w as mapped and two stra tig raph ic  sec tions of 

405 and 538 fee t w ere m easured and are described  in  d e ta il . The form

a tion  contains an  abundant and varied  fauna of Derryan and D esm oinesian 

age which is  described  and illu s tra te d .

Thirty sp ec ie s  a ss ig n ed  to e igh teen  genera of brachiopods and 

seven sp ec ies  a ss ig n ed  to four genera of co ra ls are  described  and 

illu s tra te d  from the upper lim estone member of the  Naco Form ation.

Three sp ec ies  a ss ig n ed  to two genera of co ra ls are  described  and 

illu s tra ted  from the  top of the  Escabrosa Lim estone w hich disconform ably 

underlies the Naco Form ation. These co ra ls ind ica te  th a t the age of the  

Escabrosa Lim estone is  Late Kinderhookian or Early O sag ian .

Thin sec tio n s w ere cu t from rep resen ta tive  rocks of each  un it and 

stud ied  under a b inocular m icroscope to  aid  in the in terp retation  of the  

paleoecology and depositional environment of the form ation.

v i i i



INTRODUCTION

L o c a t i o n

The area investiga ted  is  loca ted  in  the sou theastern  end of the 

Dripping Spring M ountains in the extreme southw estern corner of Gila 

C ounty, in so u th -cen tra l A rizona. The area of de ta iled  exam ination 

is  a strip  approxim ately one mile w ide ac ro ss  the m ountains, along 

the w e st bank of the Gila River, one and one-ha lf m iles north of 

W inkelm an, a s  shown in the index map (Fig. 1).

The Gila River has cut a deep canyon through the southern end 

of the m ountains, exposing the folded M iss iss ip p ian  and Pennsylvan

ian  s t r a ta . In the steep  w alls  of the canyon the an tic lin a l structure 

of the southern Dripping Spring M ountains is  w ell exposed .

Several im portant mining D istric ts  are located  near th is  area; to 

the north is  the Superior-G lobe-M iam i D is tr ic t, to  the south is  the San 

M anuel D is tric t, to the w e st is  the Ray D istric t, and the Banner Mining 

D istric t borders the area of study on the e a s t .  M ost of the geologic 

work done in the W inkelm an-C hristm as area has been re la ted  to  th is  

mining a c tiv ity .

1
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P u r p o s e  a n d  s c o p e  o f  i n v e s t i g a t i o n

The Naco Formation in the area investiga ted  c o n s is ts  predom inantly 

of light to medium gray carbonate rocks w ith  minor amounts of s ilts to n e . 

The formation con ta ins abundant chert and is  re la tive ly  thin bedded , 

which d istin g u ish es i t  from other form ations in the a re a . The abundant 

and d iversified  fauna includes fu su lin id s , echinoderm s, tr ilo b ite s , 

b ryozoans, b rach iopods, and c o ra ls . The faunal study is  re s tric ted  to 

the la s t  two groups a s  they are the b est for age determ inations and as 

ecologic ind icators w ith the exception of the fusu lin ids w hich have 

already been studied  in th is  area (W ells, 1965). This study w as under

taken to e s ta b lish  a foundation for future stra tig raph ic  and paleontologic 

investiga tions in sou th -cen tra l Arizona, since the  area is  located  midway 

betw een the Supai d e lta ic  sedim ents to the north and the  th ick  Horquilla 

carbonate sequence to the sou th .

H i s t o r y  o f  N a c o  F o r m a t i o n  i n  A r i z o n a

The name Naco Limestone w as orig inally  proposed by Ransome 

(1904, p . 44) for a ll  of the Pennsylvanian lim estones overlying the 

Escabrosa Lim estone in the Naco H ills near B isbee, A rizona. This 

sequence con ta ins both Pennsylvanian and Permian s tra ta , but the Permian 

System w as not recognized by the United S tates G eological Survey a t tha t
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tim e. Ransome estim ated  th a t before erosion the th ick n ess  of the Naco 

Limestone w as a t le a s t  3,000 fe e t .

G illu ly , Cooper, W illiam s (1954, p . 16) e levated  the  Naco Lime

stone (as defined by Ransome) from a formation to group s ta tu s  and 

divided it  into six  form ations. In ascending order th ese  are  the  Horquilla 

L im estone, the Earp Form ation, the  Colina Lim estone, the Epitaph Dolo

m ite, the Scherrer Form ation, and the Concha Lim estone. The type 

lo c a litie s  for th ese  form ations are in C ochise County, A rizona.

In the area  described  by Ransome, how ever, the Epitaph, Scherrer, 

and Concha Formations are  not p resen t (Kottlowski, 1960, p . 112). This 

means th a t the en tire  sequence of Pennsylvanian and Permian sedim ents 

in southern A rizona, w ith the exception of the Rainvalley L im estone, is  

included in  the  Naco Group, but not the Naco as  orig inally  defined by 

Ransome.

F o ssils  from the  type area of the  Naco Formation w ere exam ined 

by Girty for Ransome (1904, p . 46) and found to fa ll into two age groups; 

the older fauna ind ica ted  an  o lder (true) Pennsylvanian age w hereas the  

younger co rre lated  w ith  the Late Pennsylvanian fauna of the Hueco Form

ation  of T exas, now known to be Perm ian. On the b a s is  of G irty 's  fo s s il  

id en tifica tions and h is own stud ies in  southern Arizona Stoyanow (1936, 

p . 522) advocated  the re s tric tio n  of the term Naco to the lower part of 

the formation a s  described  by Ransome.
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Northward in  cen tra l and e a s t-c e n tra l  Arizona the Naco Group th in s , 

and the Permian carbonates d isap p ea r. In th ese  a reas the Pennsylvanian 

sedim ents are  ca lled  the Naco Form ation. The f irs t published paper to 

u se  the name Naco for the  Pennsylvanian lim estones near Superior, 

A rizona, w as by G albraith (1935, p . 49).  In 1943, Short e t a l .  (p. 31) 

used  the term for the  upper part of the Tornado Limestone (Early Pennsyl

vanian  in age) in  so u th -cen tra l A rizona. Farther north the Naco Form

ation  th ins and in terfingers w ith  the  Supai Formation in the Mogollon 

Rim a re a .

At the p resen t time there are  two u se s  for the  term N aco, one a s  

the Naco Formation of Pennsylvanian age in  cen tra l and northern A rizona, 

a s  intended by Ransome, and the other a s  the Naco Group, embracing 

alm ost a ll  of the la te  Paleozoic sedim ents in  the sou theaste rn  part of 

the s ta te .  The dual u se  of th is  term has continued to the  p resen t, a s  

illu s tra ted  by Huddle and Dobrovolny (1945), Jackson (1951), W ilson 

(1952), W an less (1955), Peterson and Swanson (1956), Kottlowski 

(I960), Horvath (1960), W inters (1963), and W illden (1964). To d a te , 

how ever, no one has described  and designated  a ty p ica l sec tion  for the

Naco Formation of so u th -cen tra l A rizona.
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H i s t o r y  o f  N a c o  F o r m a t i o n  i n  s o u t h - c e n t r a l  A r i z o n a

M ost of the  geologic work done in sou th -cen tra l Arizona has been 

done in the in te re s t of the mining industry  of the a re a . For th is  reason  

the stratigraphy has received  l i t t le  a tten tio n . The f irs t d e ta iled  s tra ti

graphic work w as done in th is  area  by Ransome (1903), who named the 

D evonian, M iss iss ip p ian , and Pennsylvanian rocks of the G lobe-M iam i 

area  the Globe L im estone. In 1916 (p. 142) he renamed the  M iss iss ip p ian  

and Pennsylvanian rocks of the  Ray-Superior-G lobe area the  Tornado Lime

stone from the  exposure on Tornado Peak in the Dripping Spring M ounta ins. 

Ransome divided th is  form ation into th ree  parts and co llec ted  fo ss ils  

from each p a rt. Girty (in Ransome, 1916, p . 140) iden tified  the faunal 

co llec tions and reported th a t the  upper member contained  a Lower 

Pennsylvanian fauna sim ilar to the Naco fauna near B isbee, w hile  the 

lower two members contained  a M iss iss ip p ian  fauna sim ilar to  the 

Escabrosa Limestone of the Bisbee reg ion . In 1925 Ross mapped the 

C hristm as quadrangle, and iden tified  the Tornado Lim estone in th a t a re a . 

Girty iden tified  the fauna and a ss ig n ed  an Early Pennsylvanian age to i t .

W ebber (1925) and Stoyanow (1936, p . 517), u sed  the  name 

Galiuro Limestone for the Pennsylvanian portion of the Tornado Lim estone, 

from the exposure on Saddle M ountain in the  Galiuro M ountains so u th east 

of W inkelm an, A rizona. Stoyanow reported 950 fee t of fo ss ilife ro u s .



7

vari-co lo red  lim estones and sh a les  w ith an abundant Lower Pennsylvan

ian fauna in  the Galiuro M ountains.

Two other papers have recen tly  been published on th is  a re a , 

concerning the m ineral d e p o s its . Peterson and Swanson (1956, p . 358) 

m easured a sec tion  one mile north of C hristm as, Arizona, and s ta ted  

th a t the  fusu lin id  fauna in d ica tes  a Late Pennsylvanian a g e . W illden 

(1964, p . 24) s ta te d  that the  Naco Formation in  the  M escal M ountains 

a tta in s  a th ick n ess  in  ex ce ss  of 1500 fee t w ith a Virgilian fusulin id  

fauna 30 fee t from the  to p .

The la s t  paper w ritten  on the  area  w as by W ells  (1965), who 

s ta ted  tha t the  se rie s  rep resen ted  in the Naco Formation in the  southern 

Dripping Spring M ountains are Upper Derryan (Upper Atokan), Lower 

D esm oinesian , and Lower M issourian . W ells a lso  de linea ted  severa l 

p e rs is ten t and e a s ily  dated  fusu lin id  zones in th is  a re a .

M e t h o d s

The area  in v estig a ted  w as mapped by the Brunton and pace 

m ethod, using  the Ray Quadrangle Topographic map a s  a b a s e . The 

mapping de linea ted  major fau lts  and igneous in tru s io n s , thus indicating  

the b e s t lo c a litie s  for m easuring the  two stra tig raph ic  se c tio n s . The 

sec tions w ere m easured w ith  a Brunton com pass and broken up into un its 

of continuous or c lo se ly  re la ted  litho log ic  c h a ra c te r is tic s . A sam ple
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w as co llec ted  from each of th ese  units and th in -sec tio n ed  for m icroscopic 

exam ination . The carbonate sedim ents w ere c la ss if ie d  according to 

Fo lk 's carbonate c la ss if ic a tio n  (1959) a s  modified by W ilde (1962).

Figure 2 is  a sligh t rev ision  of W ild e 's  c la ss if ic a tio n  w hich w as used  

in  th is  re p o rt. Rock colors are  designated  after com parison w ith  the 

N ational Research Council Rock-Color Chart (Goddard, 1948).

The fauna w as co llec ted  and taken  to the laboratory for id en tifi

c a tio n . S ilic ified  fo s s ils  w ere removed from the  lim estone m atrix by 

leach ing  in w eak a c e tic  a c id . Poorly s ilic if ie d  or n o n -s ilic ified  

specim ens w ere removed from the m atrix w ith hammer and c h is e l .

C orals w ere th in -sec tio n e d  for iden tifica tion  w hen s ilic if ie d , and 

a c e ta te  p ee ls  w ere used  for u n silic ified  specim ens.

Thin sec tio n s  of rock sam ples w ere sta ined  to determ ine the  

p resence  and re la tiv e  abundance of dolom ite. Dolomite c ry s ta ls  w ere 

then  m easured to  determ ine the ir s i z e .

Several sam ples of sha le  and poorly conso lida ted  lim estones w ere 

d isaggregated  and examined m icroscopically  for Foram inifera, but none

w ere found .



CLASSiriCATIOH OF CASBOHATS BOCKS (S im plified  from Folk, 1959)

T Y M  I TYPE II TIPS III
Allockema (Qrain Type*) Sparry Matrix Mlerocryatalllme Microcryatalline

1. Intraelaatic Book*
Sand-aimed grain* ((2am) Intraaparit* latramlcrlte

gralma (>2mm) Imtramlcradlt#

2. Oolitic Beck* te
43

Sand-aimod grain* Ooaparite Oomiorlt# a
e

5. foaailiferona Beck*
5
r4

# *Sand-aimod foeeil fragment* Biomparlt# Biemlcrlt# 4 *  43
-H ®

Orarel-ained emd larger Bioaparradlt# Blomicrudite
£  2

fe
4. Pellet Beck* s

Sand-alsed pellet* Pelaparite P#lmlcrite
iFoeelllferoae pellet Beck*

Sa^-*i*ed grain* Biopelaparlte Biopalmlcrite

Imirmelmeim -  reform to  fragmemto o f pemoeemteeporemeemo medimemte redepeeited to form mew eediment. 
C a le l l tk l te  -  terrlgom eee rook wkeee o ilt-oaB d-gravol fra c tio n  eontain  aoro than 50% carbonate rock 

fragment* ( a llta to n e  -  aandatone -  conglom erate).
H e U tk i te  --(TIPS I f )  -  In-p laee roof rock, non-fragmented. (Ex: a lg a l b io l i th i t e ) .
S lam lorlto  -  mack term fo r  a i e r i t l e  rocka contain ing  patehem of oparry cement ( diveree o r ig in ) , 

fem ail nmmm prefixed  to  "b ie"  reek* am in  "Braehiopodal b io a p a r ito .n

•  a lig h tly  rorimed from Wild* (1962)

Figmr* 2



GENERAL GEOLOGY

G e n e r a l  s t a t e m e n t

Several form ations are  exposed in  the  mountain ranges in the  

v ic in ity  of the a rea  s tu d ied , ranging in age from Precambrian to T ertiary . 

N orthw est in the Dripping Spring M ountains the Younger Precambrian 

Apache Group and the  Troy Q uartzite  are exposed , unconformably 

overlain  by Cambrian quartz ites (Kiersch, 1958, p . 97). The Upper 

Devonian M artin L im estone, the  Lower M iss iss ip p ian  Escabrosa 

Limestone and the  Naco Formation are  a lso  p resen t. W here erosion 

has not removed them C retaceous vo lcan ics overlie  the Paleozoic 

sec tion  unconform ably.

In the  M escal M ountains to the north , the  Older Precambrian Pinal 

S ch ist and Younger Precambrian Apache Group and Troy Q uartzite 

are  w idely exposed (W illden, 1964, p . 9 -20 ). Unconformably over- 

lying the  Precam brian form ations a re  undifferentiated  Cambrian q u a rtz ite s , 

sh a le s , and c a rb o n a te s . The M artin , E scabrosa , and Naco lim estones 

are  a lso  p resen t, each  separa ted  by an  unconform ity. Overlying the 

Paleozoic sec tio n  are  unnamed C retaceous sedim ents and vo lcan ics 

(W illden, 1964, p . 25).

10

/
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In the va lley s betw een the  mountain ranges the  Gila Conglomerate 

crops out ex tensively  (Ransome, 1923), overlain in many a reas  by Q uater

nary and Recent a lluv ia l gravels and s a n d s .

Heindl (1963, p . 14-26) has studied  the Tertiary sedim ents in the 

San Pedro valley  near Mammoth, sou theast of W inkelm an, and ra ised  

the term Gila Conglomerate to Gila Group w ith three d is tin c t fo rm ations. 

Each form ation contains severa l members and rep resen ts a change in 

sedim entation co n d itio n s . The sedim ents here referred to the Gila 

Conglomerate are  probably equivalen t in part to the three form ations of 

the Gila Group.

S t r a t i g r a p h y  o f  t h e  N a c o  F o r m a t i o n

The Naco Formation overlies the  Escabrosa Limestone disconform - 

a b ly . The eroded upper surface of the  Naco Formation dips eastw ard  

under a th ick sequence of brown, brownish b lack , or dark gray, f in e 

grained vo lcanic ro c k s . Ross (1925, p . 11-14) a ss ig n s  th is  volcanic 

sequence a C retaceous age on the b a s is  of stra tig raph ic  correlations 

w ith known C retaceous sedim ents farther south and e a s t .  The formation 

appears to have been truncated  by erosion from w est to e a s t and from 

north to south prior to the deposition  of the v o lc a n ic s . On the south

w estern  side of the area stud ied , any Paleozoic sedim ents tha t might
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be presen t are covered by va lley  f i l l .  The predominant formation is  a 

Tertiary conglom erate, termed the Gila Conglomerate (Ransome, 1923).

The Naco Formation a tta in s  a maximum th ickness of 538 fee t in the 

area s tu d ied , a s  only the lower portion of the formation is  p rese rv ed .

Farther north , near C h ristm as, a higher portion of the Naco Formation 

w as described  by W ells (1965, Appendix). Sections m easured in 

ad jacen t mountain ranges by W ild en (1964, p . 24), and St oy a now (1936, 

p . 518), ind icate  an  orig inal th ick n ess  for the Naco Formation in the 

Dripping Spring M ountains in ex cess  of 1,000 fe e t. Huddle and Dobrovolny 

(1945) reported tha t the Naco Formation of so u th -cen tra l Arizona ranges 

from 400 to 800 fee t in  th ic k n e ss .

In so u th -cen tra l Arizona the Naco Formation c o n s is ts  of th in  to 

medium bedded lim estone, sh a le , and sandstone which typ ically  forms a 

ledge and slope topography (Huddle and Dobrovolny, 1945). In the area  

of study the b a sa l 70 to  75 fee t of the formation c o n s is ts  of brown dolo

m ite. The re s t of the formation is  lim estone w hich becom es increasing ly  

s ilty  higher in the  sec tio n , and contains abundant th in  bands and nodules 

of red chert.

The Naco Formation in  th is  area  is  a corre lative  of the Horquilla

Limestone of sou theastern  A rizona.
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S t r u c t u r e

The Dripping Spring Range is  reported by Ransome (1923) and a ll 

subsequent authors to be a complexly fau lted , an tic lin a l struc tu re . In 

the area s tud ied , the northeastern  limb is  steep ly  fo lded , the south

w estern  limb is  fau lted , and the structure  plunges to the so u th e as t. The 

dominant structural fea tu res are  a se rie s  of normal fau lts tha t trend north

w est and a se rie s  of steep ly  dipping fe ldspar-m ica  porphyry d ikes th a t 

trend no rtheast.

The southw estern  border of the sou theastern  Dripping Spring

M ountains appears to be a normal fa u lt. W herever mining operations

have removed the  Gila Conglomerate from the face of the sca rp , s lick e n -

sid es are  exposed . In a few a reas  fau lt breccia  may be observed .

Owing to  the plunge of the an tic lin e , older form ations are  exposed to

the northw est, w hile the Naco is  thinned by e rosion .

The northeastern  border of the range is  formed by a dip slope of

lim estone w hich plunges under the C retaceous vo lcan ics in  the  Dripping
o o

Spring Valley. The beds dip 30 to 40 near the top of the s lo p e , the dip 

in c reases  to approxim ately 70° near the b a se , then  returns to about 30°. 

This side of the an tic lin e  con ta ins d isto rted  bedding and sm all fo lds w hich 

are  para lle l to the main fold a x i s .

A se rie s  of d ikes trending approxim ately N . 70° E. cu ts  ac ro ss  

the an tic lin a l s tru c tu re . These d ikes dip s teep ly  e ither to the north or
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south and range up to 10 fee t in  th ic k n e ss . They are  com posed of fe ld spar 

mica porphyry (W illden, 1964, p . 28), a s  are the numerous s il ls  in jected  

betw een the lim estone b e d s . The d ikes appear to be filling  frac tu res 

along w hich minor v ertica l and horizontal d isplacem ent has occu rred . 

Biotite from a fe ldspar-m ica  porphyry dike in  the Christm as mine has been 

dated  a s  62 m illion years old by the potassium -argon method (W illden, 

1964, p . 30). This da te  in d ica te s  an  early  Tertiary age for the  in trusion  

of the d ik e s .

The a ttitu d e  of the Naco Formation in the  area studied  varies 

g rea tly  due to fau lting  and fo ld ing . The average strike  is  N . 30° W .

The beds along the  southw estern  portion of the mountain range dip gently  

to  the northeast or sou thw est. Along the  no rtheast border the dips are  

much steeper to the n o rth east. The cen tra l ax is  of the mountain range is  

broadly sy n c lin a l, w ith  the dips not exceeding 6° excep t w hen affec ted  

by minor struc tu res (Fig. 4 ).



DISCUSSION OF MEASURED SECTIONS

L i t h o l o g i c  a n d  P a l e o n t o l o g i c  c o r r e l a t i o n s

The Naco Formation in  the  area  stud ied  is  divided into two members: 

a b a sa l dolom ite member and an  upper lim estone member. Although 

severa l d is tin c tiv e  un its  are  described  w hich may prove usefu l in  

correlating  betw een ad jacen t mountain ran g es , it  is  believed  th a t the  

members them selves w ill not be u sab le  over a large a re a .

The E scabrosa-N aco  con tac t is  exposed in both of the  m easured 

se c tio n s , and in many lo c a litie s  betw een the  se c tio n s . The Escabrosa 

Limestone is  a crinoidal b iosparite  w ith a Lower M iss iss ip p ian  fau n a . 

Several specim ens of Vesiculophylum sed a lien se  w ere found in the  upper 

two fee t of the form ation, identify ing the time of deposition  a s  Late 

Kinderhookian or Early O sagian a g e .

The con tac t is  a disconform ity and the  bedding of the ad jacen t 

stra ta  is  e sse n tia lly  p a ra lle l w ith in  the  two form ations. The eroded 

surface of the  Escabrosa Lim estone show s up to  two fee t of re lie f  w ith 

so lu tion  p its  and c re v ic e s . The b a sa l dolom ite of the Naco Formation 

f i lls  th ese  holes and irre g u la ritie s . Sub-rounded c la s ts  of the  Escabrosa 

Limestone w hich have not been dolom itized, are  found in the  low est Naco 

b e d s . Lenses and stringers of c a lc ite  g ra in s , crinoid co lum nals, and 

coral fragm ents be lieved  to be w eathered  from the Escabrosa Limestone

15
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may a lso  be found, partly s illc if ie d , but not dolom itized. W ith the excep

tion  of m aterial be lieved  derived from the  underlying form ation, the b a sa l 

dolomite member of the Naco Formation is  barren of f o s s i l s . The member 

could be e ither Morrowan or Derry an  (Atoka n) in  a g e , but is  probably 

Derryan a s  there  are  no Morrowan rocks known from th is  part of A rizona.

In sec tion  II the  top 5 1 /2  fee t of the 75 foot th ick  dolom ite member 

c o n s is ts  of chert bands and a chert pebble conglom erate. This un it is  m iss 

ing in sec tion  I where a fe ldspar-m ica  porphyry s ill  has been  in jec ted  a t 

th is  horizon. The conglom erate crops out ag a in , how ever, a few hundred 

yards to the  northw est of sec tion  I a t the  same stra tig raph ic  p o sitio n .

The con tac t betw een the b a sa l dolom ite member and the upper lim e

stone member appears to be conformable a t  a ll  exposures in v es tig a te d . 

Approximately 18 fee t above th is  con tac t a conspicuous band of C haetetes 

exim ius occurs throughout the a re a . The coral co lon ies have been tran s

ported , or ro lled  around a s  the outer su rfaces are  ab raded . The unit they  

are  found in  c o n s is ts  of 4 to 8 fee t of lam inated biom icrite w ith  red chert 

nodu les, in  w hich the  chert appears to have hardened before the ca lc ite  

a s  the m icrite lam inae bend to conform to the  shape of the n o d u les .

The th in  bedded lim estones and sh a les  above and below the  

C haetetes exim ius zone in sec tion  II a re  abundantly  fo ss ilife ro u s . The 

equivalen t beds in  sec tio n  I con tain  a lm ost no iden tifiab le  f o s s i l s .

U nits 12 and 13 in sec tion  I, unit 17, and the b a sa l half of unit 18

in sec tion  II are composed of oosparite  and oo litic  b io sp a rite . The oo lite
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zone may be seen  throughout the  area  but appears to th icken  toward the  

sou theast (Fig. 3).

The top of unit 17 in sec tion  I and the  base  of unit 21 in  sec tion  II 

c o n s is ts  of 0 to 1 1/2 fee t of orange-w eathering dolom ite . The bed 

appears to th in  by non-deposition  and storm erosion on the upper surface 

during deposition , a s  ind icated  by in tra c la s ts .

From the  dolom ite bed up to un it 33 in  both se c tio n s , the  lim estones 

are  shaly  and s i l ty . In sec tion  II over 90 fee t is  covered , un it 28, w ith 

fe ldspar-m ica  porphyry floa t near the middle w hich in d ica te s  a s i l l .  Since 

the marker beds in  sec tio n  II w ere no longer a t  the  same stra tig raph ic  

leve l a s  in sec tion  I, 60 fee t w as gaped out of un it 28 in sec tion  II in  

Figure 3 . This is  probably c lo se  to  the  th ick n ess  of the  s i l l ,  a s  the  

marker beds w ere then  a t  the same stra tig raph ic  lev e l (F ig. 3).

Unit 34 in both sec tio n s c o n s is ts  of fo ss ilife rous m icrite nodules 

and s ilts to n e  w hich w eathers m ottled gray ish  orange pink and ligh t g ray .

Unit 36 in  sec tion  I and un its  38 and 40 in  sec tion  II a re  sim ilar 

to  unit 34, mixed m icrite and s il ts to n e . The reddish  brown beds form a 

th ick , conspicuous band th a t s tands out w ell ag a in st the  gray lim estones 

above and below i t .  This band can  be seen  e a s ily  a t  a d is tance  and is  

usefu l in correlating  beds th a t have been  d isp laced  by the numerous 

sm all fau lts  in the  a r e a . In both sec tio n s th is  band conta ins abundant 

fo s s i ls ,  but iden tifiab le  specim ens are  hard to remove in sec tion  I. Large



rugose cora ls including the  genus Pseudozaphrentoides are  esp ec ia lly  

abundant a t  th is  horizon.

Unit 34 in  both sec tio n s exhib its the same litho logy , but is  u sua lly  

covered w ith floa t from higher u n i ts . The entire  s ilty  m icrite sequence 

contains a h igher proportion of c la s tic  to  carbonate m aterial in sec tion  I 

than  in sec tion  II.

U nits 37 through 50 in  sec tion  I c o n s is t of m assive lim estone near 

the  b a se , becoming more s ilty  and cherty  higher in the se c tio n . This 

resem bles c lo se ly  the  lithology of un its 41 through 57 in  sec tion  II, 

although sec tion  II con ta ins le s s  c la s tic  m ateria l.

A s ilty  band w ith redd ish  brown chert nodules occurs near the middle 

of unit 50 in sec tion  I and unit 57 in  sec tion  II, and a t two lo c a litie s  

betw een the se c tio n s , indicating  th a t it  is  continuous in  much of the  a re a .

The re s t of sec tion  I becom es increasing ly  s ilty  tow ards the  top , 

w hile sec tion  II con ta ins l it t le  c la s tic  m aterial in the  re la tiv e ly  pure 

carbonate seq u en ce . The h ig h est fo s s ils  in  sec tion  II are D esm oinesian 

a g e , and none ind ica te  an  age younger than  D esm oinesian .

F a u n a l  z o n a t i o n

The fauna iden tified  from the  area  investiga ted  in d ica te s  th a t the 

rocks belong to the  Derryan and D esm oinesian Series of the Pennsylvanian 

System . The lower parts of the sec tio n s are  Derryan in age and the upper

18

parts are  D esm oinesian .
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Splrifer rockym ontanus, S_. o cc id u u s , S_. opim us, and N eospirifer 

cam eratus are  known to be re s tric te d  to the Morrowan through D esm oines- 

ian  S e rie s . Unit 68, near the  top of sec tion  II y ielded  Spirifer occiduus 

and N eospirifer camera t u s , ind icating  th a t no M issourian or Virgilian 

stra ta  are  p resen t in  the area in v es tig a ted .

The fauna iden tified  from the  beds im m ediately below the C haete tes 

exim ius zone in sec tion  II is  probably Derryan in a g e . Com posita derrya 

and C.  malaya w ere previously  known only from the Derryan of New 

M exico (G ehrig, 1958). Com posita ovata is  not known to range below 

the D erryan. H ustedia m iser!, found in  unit 12, section  II, w as 

previously believed  to  be re s tric te d  to Morrowan rocks (Dunbar and C ondra, 

1932, p . 358), but has been reported from the Derryan of Nevada (Coogan, 

1962, p . 26).  Schizophoria texana and j3. resup ino ides are  ty p ica l of 

the Derryan or Lower D esm oinesian in the  so u th -cen tra l United S ta te s , 

but have a lso  been reported from the  Morrowan of Nevada (Lane, 1962, 

p . 18). For the above m entioned rea so n s , the fauna seem s to be 

Derryan, although a Morrowan age can  not be e lim inated .

The fauna iden tified  from the upper beds is  D esm oinesian in  a g e . 

Phricodothyris perplexa w hich f irs t  appears in  unit 38 of sec tion  I and 

unit 43 of sec tion  II, is  ty p ica l of the  Desm oines Series although it  

occurs in the Derryan of C olorado. D esm oinesia m uricatina appears in

unit 43 of sec tion  II, and is  re s tric te d  to  rocks of D esm oinesian a g e .
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The exact Derry a n -D esm oinesian  boundary w as not loca ted  for the 

same reasons tha t sa tis fac to ry  fo ss il  zones w ere not e s ta b lish e d . The 

fauna w as too scarce  in many c ritic a l u n its . In order to se t up a zonation 

on the b as is  of the megafauna it  would be necessa ry  to co llec t from a 

much larger a re a . W ells (1965, F ig . 2) w as ab le  to loca te  the  Derryan- 

D esm oinesian boundary by m eans of fu su lin id s . By com parison w ith  th is  

work the boundary should occur betw een un its 31 and 36 of sec tion  I and 

un its  31 and 40 of sec tion  II. This ag rees w ith the  megafauna in te rp re ta 

tio n .

On the b a s is  of th is  boundary determ ination the  age  range for three 

brachiopods and one coral sp e c ie s  may be ex tended . These sp ec ie s  w ith 

the ir extended ranges are  lis te d  in Table I .



TABLE I

F a u n a l  A g e  R a n g e s

Species Previous range Extended range

Com posita derrya Derrya n D erryan-D esm oinesian

Com posita m alaya Derrya n D erryan- De sm oine sia  n

Retaria la s a lle n s is D esm oinesian-M issourian Derrya n -  Mi s s ouria n

L ophophy llid ium  idonium M orrow an M orrow a n -D e s m o in e s ia n
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R e g i o n a l  c o r r e l a t i o n s

North of the area  in v es tig a ted , near Superior, A rizona, the Naco 

Formation has been studied by many a u th o rs . Harshman (1939, p . 48) 

m easured a section  in the Queen Creek area  and described  a chert pebble 

conglom erate up to 4 fee t th ick a t the base  of the N aco. The a lternating  

sh a les  and lim estones underlying the conglom erate were included in the 

Escabrosa L im estone. Short e t a l .  (1943, p . 30) m easured 71 fee t of 

a lternating  pink and w hite lim estones and purple siliceous shale  beneath  

the conglom erate bed and included them in the Escabrosa L im estone. 

Huddle and Dobrovolny (1945) have placed a ll of the beds here described  

in the Naco Form ation. The to ta l th ickness of th ese  beds ranges from 

0 to 60 fee t, and they c o n s is t of redd ish  sandy sh a le , purple siliceous 

sh a le , and chert b recc ia . This m aterial appears to be reworked residual 

sedim ents derived under k a rs t conditions from the underlying Escabrosa 

L im estone. These b asa l sedim ents resem ble the M olas Formation of 

sim ilar origin in  southw estern  C olorado, w hich is  a lso  of Derry an ag e .

The b asa l member of the Naco Formation near W inkelman appears 

to be equivalent to the b a sa l portion of the Superior sec tio n . These beds 

are not presen t in a ll a re a s , probably reflecting  the Early Pennsylvanian 

topography developed on the Escabrosa Lim estone. As the Pennsylvanian 

sea encroached over the p o st-M is s is  sipp ian  land su rface , res idua l so ils
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w ere w ashed from high a re a s , and deposited  in  the intervening v a lle y s . 

These beds are  m issing on Tornado Peak, only 3 m iles northw est of the 

area in v es tig a ted .

Stoyanow (1936, p . 518) m easured a section  of the Naco Formation 

a t  Saddle M ountain in  the  Galiuro M ountains. The b a sa l 40 fee t of th is  

section  c o n s is ts  of a lternating  arenaceous and arg illaceous sh a le s , w ith 

layers of lim estone near the top . The upper lim estone beds contain 

fu su lin id s , but the  lower arenaceous beds are probably in part equ ivalen t 

to  the  un fossiliferous b a sa l dolomite beds near W inkelm an.

In sou theaste rn  Arizona, the Black Prince Limestone appears to 

ind ica te  a sim ilar environment and mode of deposition , but is  of 

Morrowan a g e , according to  N ations (1963).

The upper member of the Naco Formation near W inkelm an resem bles 

the sec tions a t Queen C reek , Tornado Peak, and Saddle M ountain very 

c lo se ly . The lim estones becom e increasing ly  s ilty  upwards in  the sec tion  

and contain  abundant redd ish  brown chert nodu les . In genera l, the entire 

Pennsylvanian sec tion  becom es increasing ly  s ilty  to the  north , and le s s  

s ilty  to the  south and w e s t.

Many of the  brachiopods co llec ted  by Stoyanow (1936, p . 519) a t  

Saddle M ountain are  the same sp e c ie s  a s  those  co llec ted  near W inkel

m an, and ind ica te  a Derryan and D esm oinesian a g e . The w riter has 

co llec ted  brachiopods from the Superior sec tio n , and th ese  a lso  ind ica te  

a Derryan and D esm oinesian a g e .



DEPOSITIONAL ENVIRONMENT

S e d i m e n t a t i o n  a n d  P a l e o e c o l o g y

The Pennsylvanian sedim ents near W inkelm an, Arizona, w ere 

deposited  mainly in  shallow  w ater a few m iles from the nearest lan d .

The fauna in d ica tes  a marine environm ent w ith l i t t le  influence from 

te rre s tr ia l so u rc e s . This environm ent changed throughout Pennsylvanian 

tim e in  response  to  struc tu ra l contro ls elsew here in the s ta te .

Thin sec tio n s w ere cu t from each un it of the  dolom ite member a t 

the  base  of the Naco Form ation, and examined under both binocular and 

petrographic m icroscopes. The bulk of th is  m aterial fa lls  in  the finely 

c ry s ta llin e  c la s s ,  0.0156 mm to  0.0625 mm in d iam eter. The grains 

rep lacing  fo ss il  fragm ents are  dom inantly in  the  medium c ry s ta llin e  

c la s s ,  0.0625 mm to 0 .250  mm. Folk (1961, p . 153) s ta te d  th a t m ost 

dolomite w ith  g rea ter than  0 .01  mm grain  s ize  is  formed by secondary 

replacem ent, w hile  dolom ites w ith  an  average grain s iz e  le s s  than  0 .01  

mm may be primary in  o rig in . This ag rees  w ith the  observations of 

Alderman and Skinner (1957, p . 562-565) who found extrem ely fine-g ra ined  

dolomite being p rec ip ita ted  a t  the p resen t tim e in  sm all sa lin e  lak es  and 

the shallow  end of the  Coorong along the  sou theast c o a s t of A u s tra lia .

24
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The low est beds of the dolom ite se rie s  contain  rounded c la s ts  of 

Escabrosa Limestone w hich show li t t le  or no do lom itiza tion . Individual 

rounded sparite  grains up to 2 mm in diam eter form le n se s  and stringers 

in  th e se  lower u n its . F o ss il fragm ents in the higher beds have been 

rep laced  com pletely by dolom ite , but the  ou tlines are  s ti l l  v is ib le .

In g e n e ra l, the  beds become more calcareous toward the  top of the  

lower member, a lthough the allochem s have been rep laced  by dolom ite.

The c a lc ite  seem s to be concentrated  betw een the c ry s ta l faces  of the 

dolomite g ra in s . The only fo s s il  fragm ents recognized  in th is  member 

are  crinoid colum nals and rare coral fragm ents. The abundant fauna of 

the upper lim estone member does not appear in th ese  lower b e d s .

The disconform able b a sa l con tac t w ith  the  underlying Escabrosa 

Limestone is  extrem ely sharp . The finely  c ry s ta llin e  dolom ite f ills  

dep ress ions and irregu laritie s in  the E scabrosa, and contains no c a lc ite  

except fragm ents of lim estone from the  underlying M iss iss ip p ian  ro c k s . 

Thin sec tions cut a c ro ss  the  con tact show Naco dolom ite in  d irec t 

con tact w ith Escabrosa bio sparite  w ith alm ost no tran s itio n  zone, although 

the top 5 to 10 mm of bio sparite  has dolomite betw een the  sp arite  g ra in s . 

No terrig inous m aterial w as observed in  the lower member of the  Naco 

Form ation.

The p resence  of c a lc ite  in tra c la s ts  from the Escabrosa Limestone 

included in  the dolomite of the lower member of the Naco Formation, in
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addition to  the c h a rac te ris tic s  of the lower co n ta c t, in d ica te s  tha t e ither 

the dolomite w as p rec ip ita ted  d ire c tly , or that the dolom ite formed by 

replacem ent before conso lida tion . The com plete absence  of typ ica l 

Naco fo ss ils  ind ica tes that the depositional environment w as h o stile  

to normal marine life  a s  i t  is  in a reas w here dolom ite is  forming today 

(Alderman and Skinner, 1959, p . 3 -9 ). The p resence of dolom itized 

allochem s and the s iz e  of the dolom ite c ry s ta ls  is  ag a in st the idea tha t 

the dolom itization took p lace after deposition , but the other factors 

c ited  above appear to ind ica te  a primary origin for the b a sa l Naco 

dolom ite, or replacem ent by dolomite shortly a fte r deposition .

The top 10 fee t of the lower dolomite member c o n s is ts  of d a rk , 

banded cherts and th in  dark sh a le s , w ith  a chert pebble conglom erate 

one foot th ick a t the top . The change from dolomite to chert is  g radational, 

and the chert does not occur in a ll  a re a s . Although the chert pebble 

conglom erate is  s t i ll  p resen t, the banded chert d isappears le s s  than a 

mile to the northw est from section  II, probably due to n o n -d ep o sitio n .

The change from dolom ite to cherts and conglom erate in d ica te s  a change 

in the depositional environm ent, possib ly  due to the advance of the 

Pennsylvanian sea  w hich broached the re s tric ted  environment in w hich 

the lower member probably w as d eposited .

The base  of the upper lim estone member is  g radational from limy 

shale  to biom icrite and overlies the chert pebble conglom erate w ith
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apparent conform ity. The a lternating  biom icrite and b iosparite  beds 

above th is  tran sitio n  zone are abundantly fo ss ilife ro u s . Ecologic 

conditions w ere favorable to  benthonic marine life , w ith a re la tive ly  

hard bottom and a ra te  of sedim entation slow enough to allow bryozoans , 

c rino ids, c o ra ls , and brachiopods to surv ive. These organism s are 

a ttached  to  the substratum  and cannot survive w ell on an unstab le  

bottom . Pelecypods are ra re , supporting the idea that the depositional 

environment w as not ad jacen t to  a land a re a . W ave and current action  

must have been fairly  strong , a s  illu s tra ted  by the transported  and 

abraded C haete tes exim ius colon ies found near the  b ase  of th is  member.

A few un its have in tra c la s ts , and severa l fee t of oo litic  beds occur in 

the lower half of the member.

Approximately 20 fee t above the base  of the upper lim estone member 

is  a 5 to 10 foot zone of redd ish  brown chert nodules in  lam inated b io 

m icrite and b io sp a rite . The lim estone lam inae conform to the shape of 

the chert n o d u les , indicating  th a t the chert formed before the carbonates 

w ere conso lida ted . This in d ica te s  th a t the sea  w ater from w hich th ese  

beds w ere deposited  w as rich  in  s i l ic a .

Approximately 80 fee t above the base  of the lim estone member the 

proportion of c la s tic  m aterial begins to in c re a se . Shales and s ilty  lim e

stones are more common, w ith le n se s  and stringers of s i l t  and sand 

appearing sp o rad ica lly . The in c rease  in c la s tic  m aterial reaches a
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maximum in un its 34 to  36 of sec tion  I and un its 34 to 40 of sec tion  II, 

where th ick  un its of calcareous s ilts to n e  crop ou t. These un its com prise 

the red marker band th a t may be seen  throughout the a re a . Although the  

c la s tic  content increased  sharp ly , bottom conditions must have rem ained 

e sse n tia lly  the sam e, a s  c o ra ls , bryozoans, and brachiopods w ere s till  

abundant. Even though s i l t - s iz e  c la s tic  p a rtic le s  were being d ep o sited , 

the w ater w as s t i l l  c lea r enough to  allow  th ese  f ilte r  feeders to surv ive . 

This in d ica te s  th a t the  source of the c la s tic  m aterial w as s t i l l  some 

d is tan ce  aw ay, allow ing tim e for sorting and winnowing by w ave and 

current a c tio n .

The age  of th ese  s ilts to n es  is  upperm ost Derryan and low est 

D esm oinesian . The in c rease  in c la s tic  m aterial probably ind ica tes a 

sligh t reg ress ion  of the  advancing Pennsylvanian s e a . The d ecrease  of 

c la s tic  m aterial in  the  top of sec tion  II a s  compared w ith the  amount in 

sec tion  I is  d ifficu lt to explain  w ith  the lim ited stra tig raph ic  con tro l, 

but it  is  probably due to lo ca l c o n tro ls .

P a l e o g e o g r a p h y

In Late M iss iss ip p ian  and Early Pennsylvanian tim e a k a rs t topog

raphy w as developing on the Escabrosa L im estone, w hich had been 

deposited  in Early M iss iss ip p ian  tim e. Pennsylvanian se a s  encroaching 

from sou theaste rn  Arizona apparently  deposited  Morrowan rocks a s  far
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north a s  the Johnny Lyons H ills in sou theastern  Arizona (N ations, 1963). 

By the end of Derry an (Atoka n) tim e the  Pennsylvanian sea had advanced 

a s  far north a s  Superior, Arizona and by the end of D esm oinesian time 

most of Arizona w as subm erged, excep t th a t the D efiance Uplift rem ained 

above sea le v e l, a s  did m ost of northw estern Arizona (Havener, 1958, 

p . 52). During M issourian and Virgilian time a ll of Arizona w as inundated 

by the advancing sea  except for part of the D efiance U p lift. During 

Virgilian tim e, how ever, the tran sg ress io n  w as stopped and the sea w as 

being pushed back by the deposition  of red s ilts to n es  and sandstones of 

the Supai Form ation. This m ate ria l, eroded from the ac tive ly  rising  

Uncom pahgre-San Luis U plifts of Colorado and New M exico, spread 

southward over Arizona like a b lan k e t.

In cen tra l and e a s t-c e n tra l  Arizona D esm oinesian and younger 

rocks grade la te ra lly  northeastw ard into the Supai redbeds (Jackson,

1951, p . 14). These sedim ents w ere spreading south and southw est 

a c ro ss  Arizona during Late Pennsylvanian tim e, and reached a s  far south 

a s  the Salt River in cen tra l Arizona and even farther south in easte rn  

Arizona during Virgilian tim e. This southward advance of d e lta ic  

m aterial w as not recorded in southern Arizona un til Early Permian tim e.



SUMMARY

The top beds of the  Escabrosa Limestone in the area investiga ted  

are crinoidal b iosparite  w ith  an  abundant coral fau n a . Iden tification  of 

the coral fauna a llow s a da te  of Late Kinderhookian or Early O sagian , or 

both , to be a ss ig n ed  to the form ation w hich agrees w ith the age determ in

a tions for the  Escabrosa Lim estone in most other a reas  of A rizona.

The Escabrosa Lim estone underwent subaeria l erosion during Late 

M iss iss ip p ian  and Early Pennsylvanian tim e to produce a k a rs t topog

raphy w hich w as buried under sedim ents deposited  by the  advancing 

Pennsylvanian s e a . The con tact betw een the  Escabrosa Limestone and 

the Naco Formation is  d isconform able.

The b a sa l 75 fee t of the Naco Formation near W inkelm an, A rizona, 

is  finely  c ry sta llin e  dolom ite w ith inc lusions of w eathered  Escabrosa 

L im estone. This dolom ite appears to be primary, or formed shortly  a fte r 

deposition , and prior to conso lida tion .

The b a sa l portion of the upper lim estone member w as deposited  

in  a shallow  marine environm ent w ith  a m oderately hard bottom . The 

w ater w as c lea r and bottom life  w as d iversified  and abundant. C onstant 

c lean , w ell-oxygenated  w ater w as supplied by w ave and current a c tio n . 

The sea  w ater w as apparently  rich  in  s ilic a  a t th is  tim e since  chert 

nodules formed before the lim estones w ere conso lida ted .

30
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Near the middle of the upper member the lim estones become 

increasing ly  s il ty , possib ly  ind icating  a sligh t reg ress ion  of the Pennsyl

vanian  s e a . The terrig inous m aterial is  fine g ra in ed , and did not a ffec t 

the co ra l, bryozoan, and brachiopod fauna a d v erse ly .

The fauna in d ica te s  th a t the age  of the Naco Limestone in th is  area 

is  Late Derry an and Early D esm oinesian .

The geologic h isto ry  of the  area from the Late Pennsylvanian to 

the C retaceous is  not known, a s  there are  no sedim ents represen ting  

th is  in terval of tim e rem aining today . Before the C retaceous vo lcan ics 

on the northeast flank of the m ountains w ere d ep o sited , the upper part 

of the Naco Formation and any sedim ents w hich may have overlain  it  

w ere uplifted  and eroded . In Early Tertiary time the rocks in the area 

w ere folded and intruded by fe ldspar-m ica  porphyry d ikes and s i l l s . 

Overlying the C retaceous v o lca n ic s , and filling  the  valley  on the  

southw est side  of the  mountain range are  Tertiary sedim ents of the  Gila 

Group, and Quaternary alluvium .



SYSTEMATIC PALEONTOLOGY

Phylum BRACHIOPODA 

C lass  INARTICULATA 

Order ATREMATA 

Family LINGULIDAE 

Genus LINGULA Bruguiere 1792

Lingula carbonaria Shumard 

Plate I, no . 1

Lingula carbonaria Shumard, 1858, S t. Louis A cad. S c i. T ran s ., v o l. I, 

p . 215.

D escrip tion—The she ll is  sm all, e llip tica l in ou tline , w ith the  

g rea tes t w idth near the m idlength. The same proportions a re  kept 

throughout growth, a s  shown by the  regular growth l in e s . The sh e ll is  

sligh tly  over half a s  w ide a s  long . M easurem ents of one specim en are:

Specimen___________ 1

Length (mm) 13.5

W idth (mm) 7

Thickness (mm) 2 .5

The va lves are ornam ented by c lo se ly  spaced , fine growth lin es 

and by exceedingly fine rad ia l s tr ia e .

32
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D iscussion—There is  no other Pennsylvanian Lingula w ith  w hich 

th is  sp ec ies  might be co n fu sed .

M aterial and occurrence—This species ranges throughout the 

Pennsylvanian in the M iss iss ip p i Valley region and is  found throughout 

much of the w estern  United S ta te s .

One specim en w as co llec ted  from unit 12 of section  II, and is  

Derry an in a g e .

Order NEOTREMATA 

Family DISCINIDAE 

Genus ORBICULOIDEA D'Orbigny 1847

O rbiculoidea capuliform is (M cChesney)

Plate I, no . 2

P isc in a  capuliform is M cC hesney, 1860, D esc . of New Paleozoic F o s s i ls , 

p . 72; (extract from; Chicago A cad. Sci. T ra n s ., vo l. 1; p rivately  

p rin ted ).

P isc in a  convexa W hite . 1884, Indiana G eol. Survey, 13th R e p t., p . 121, 

p i. 25, f ig . 9 .

Orbiculoidea capuliform is (M cChesney) Dunbar and C ondra, 1932,

N ebraska G eol. Survey Bull. 5 , 2nd s e r . , p . 46 -47 , p i. 1, f ig s .

2 0 - 2 2
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D escrip tion—The she ll is  large for sp ec ies  of th is g en u s, and 

c ircu lar in ou tline . M easurem ents of two brachial va lves are:

Specimen___________ 1_________ 2______

Length (mm) 36 26

W idth (mm) 35 .5  26.5

The brachial valve is  broadly subcon ica l, approaching dome shaped . 

The prominent apex is  s itu a ted  a l it t le  to  one side  of the cen te r, sligh tly  

infla ted  on the an terio r slope and contracted  on the posterior s lope , 

giving the beak an appearance of being incurved.

The surface is  marked by fin e , irregular concen tric  l in e s , apparently  

of growth, but no radiating  s tr ia e . The in ternal sh e ll layer c o n s is ts  of 

thin lam inae and the external layer is  mainly e x fo lia ted .

No pedicle  va lves were c o llec ted .

D iscuss ion— This sp ec ies  is  d ifferen tiated  from other Pennsylvanian 

Orbiculoidea sp ec ies  by the c ircu lar ou tline , lack of rad iating  s tr ia e , 

and the p resence  of concentric  growth l in e s .

M aterial and occurrence—This sp ec ies  is  w idely d istribu ted  and 

ranges throughout the  Pennsylvanian rocks of the United S ta te s .

Three specim ens w ere co llec ted  from s ilty  and shaly  lim e sto n es , 

one from unit 12, sec tion  II, of Derry an age , and two other specim ens 

were found a s  f lo a t, ju s t below unit 40, section  II.
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C lass  ARTICUIATA 

Order ORTHIDA 

Superfamily DALMANELLACEA 

Family SCHIZOPHORIDAE 

Genus SCHIZOPHORIA King 1850

Schizophoria resupino ides (Cox) 

Plate I, no . 3-5

Orthis resupinoides Cox, 1857, G eol. Survey of Kentucky, vo l. 3, p . 570. 

p i. 9, f ig s . 1 - lb .

Schizophoria resup ino ides (Cox) M ather, 1915, D enison Univ. Sci. Lab. 

B u ll., vo l. 18, p . 145-146.

D escrip tion—The she ll is  la rg e , strongly biconvex, sligh tly  w ider 

than lo n g , w ith a rounded-subquadrate  o u tlin e . The g rea te s t w idth is  

an terior to the m idlength and the g rea te s t th ick n ess is  posterio r to i t .

The hinge line  equals about half the w idth of the she ll and the card inal 

ex trem ities are  broadly rounded. The dim ensions of one specim en are:

Specimen____________ 1_

Length (mm) 28

W idth (mm) 31

Thickness (mm) 17

The b rach ial valve is  strongly and regularly  convex from beak to 

anterior m argin, w ith  a broad umbo and steep  poste ro la te ra l s lo p e s . No
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fold is  p resen t, even where the ped ic le  sinus is  produced into the 

brachial va lve . The beak is  la rg e , arching over a broadly triangular 

card inal area w hich curves beneath  i t .

The ped ic le  valve is  m oderately convex from beak to umbo, and 

slopes gently  to the an terio r m argin. It is  gently  convex tran sv e rse ly , 

w ith  the posterio r slopes becoming sligh tly  steeper and curving under 

the prominent beak w hich a rches over the  broadly triangular fla t in te r

a re a . A shallow  sinus o rig inates high on the  an terio r s lo p e , becoming 

very broad but s t i l l  shallow  a t the an terio r m argin . This sinus is  

produced into an em argination a t  the line of com m issure.

The ornam entation c o n s is ts  of fine , tubu lar, rad ia l co stae  w hich 

have minute holes along the c re s ts ,  w here sp ines were a ttach ed .

D iscuss ion— This sp ec ies  resem bles S. te x a n a , but a t a com parable 

growth stage £>. texana has a w ell developed ped icle  sinus w hereas 

£>. resupinoides does not, and S_. resupino ides a tta in s  nearly  tw ice the 

size  of £>. texana a t m aturity .

M aterial and occurrence—This sp ec ie s  appears to  be re s tric te d  to 

Lower Pennsylvanian ro ck s , where it is  rare  (Dunbar and C ondra, 1932, 

p . 58), and is  known to occur in the cen tra l and so u th -cen tra l United 

S ta te s .

Two specim ens w ere found in unit 12 of section  II, and are Derryan

in a g e .
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Schizophoria texana Girty 

Plate I, no . 6-9

Schizophoria texana G irty, 1927, U. S. G eol. Survey Prof. Paper 152, 

p . 432, p i. 27 , f ig s . 1 -8 .

D escrip tion—The she ll is  sm all to medium s iz e d , broadly sub- 

c ircu lar in ou tline , and unequally  biconvex, w ith the b rach ial valve 

m ost in fla ted . The g rea te s t w idth is anterior to the m idlength, w ith  the  

hinge a lit t le  more than  half the w idth of the  sh e ll. The g rea te s t th ick n ess  

is  posterio r to the m idlength. M easurem ents of one specim en are:

Specimen___________ 1

Length (mm) 20.5

W idth (mm) 25

Thickness (mm) 11

The b rach ial valve is  m oderately and evenly convex from beak to  

an terio r m argin. The poste ro la te ra l s lopes are m oderately s te e p , and 

the beak is  sm all, projecting about 2 mm beyond the narrow, f la t in te r

area w hich is  in the plane of the v a lv e . No fold is  p resen t.

The ped ic le  valve is  gently  concave from beak to umbo, sloping 

gently  to the an terio r and poste ro la te ra l m argins, and curving under the 

large , e levated  beak w hich overarches the h igh , triangular in te ra rea . 

The in terarea  is  inclined  a t about 45° to the plane of the v a lv e s , is  f la t 

near the bottom, curving gently  under the beak , w ith an open delthyrium
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th a t is  triangular and alm ost a s  w ide a s  h igh . The sinus begins on the 

umbo, and becom es broad, shallow  and gently concave on the an terio r 

portion of the s h e ll.

The surface of each  valve is  covered w ith f in e , rad ia l c o s ta e , w ith  

sm all, lin ear holes along the  c r e s t s . Growth lin e s  are  w idely sp aced .

D iscussion— This sp ec ie s  resem bles jJ. re su p in o id e s , w hich is  

about tw ice a s  la rg e , but has a d is tin c t sinus w hich j>. resup ino ides 

lack s a t  a com parable growth s ta g e .

M aterial and occurrence— This sp ec ie s  seem s to have the same 

geographic d istribu tion  and stra tig raph ic  range a s  -S. re su p in o id e s .

One specim en w as found in unit 12 of sec tion  II, of Derryan a g e .

Order SPIRIFERIDA.

Superfamily PUNCTOSPIRACEA 

Family RHYNCHOSPIRINIDAE 

Genus HUSTEDIA H all and C larke 1893

H ustedia mormon! (Marcou)

Plate I, no . 10-13

Terebratula mormon! M arcou, 1858, Geology of North America; p . 51, 

p i. 6 , f ig s .  1 1 - l l c .

H ustedia mormoni (M arcou), W elle r, 1898, U . S. G eol. Survey Bull. 153,

p . 308.
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D escrip tion—The she ll is  sm all, longer than w id e , and sub -ovate  

in  o u tlin e . The g rea tes t w idth is  an terio r to  the m idlength , the g rea te s t 

th ickness is  posterio r to  i t .  M easurem ents of three specim ens are:

Specimen____________1__________2_________ 3________

Length (mm) 12 10 8

W idth (mm) 10 8 .5  7

Thickness (mm) 7 7 4 .5

The b rach ial valve is  u sua lly  a s  deep or deeper than the ped ic le  

v a lv e . It is  strongly convex tra n sv e rse ly , m oderately convex from beak 

to umbo and gently  convex from the umbo to the an terio r m argin. The 

beak is  sm all and inco n sp icu o u s, m ostly hidden by the ped icle  b eak .

The ped ic le  valve is  sim ilar in shape to the b rach ia l, but has a 

median fla t area running the length of the sh e ll, w hich is  dep ressed  into 

a fain t sinus on the an terio r s lo p e . The umbonal slopes are  s te ep . The 

beak is  narrow , e lev a ted , w ith a term inal round foram en, and arches 

over a sm all, triangular symphytium.

The surface of the b rach ial valve is  ornam ented by 13 to 17 sh a rp , 

angular p lica tio n s , and the  ped ic le  valve has 12 to 16 sim ilar p lic a tio n s . 

All of the p lica tions on both va lves rad ia te  from the b eak s , excep t on 

the an terio r m argins of large sh e lls  w here one p lica tion  may b ifurcate  

on each v a lv e . The p lica tions cause  a jagged line  of com m issure.
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D iscussion—This sp ec ie s  resem bles H. m iseri, but has few er 

and coarse r p lic a tio n s .

M aterial and occurrence—H . mormoni ranges throughout the 

Pennsylvanian in  the M iss iss ip p i Valley reg ion , and is  found in many 

of the w estern  s t a t e s .

Several specim ens w ere found, but the  m ost abundant occurrence 

w as in un it 12 of sec tion  II. One specim en w as found in unit 62 of 

section  II, illu stra tin g  th a t the sp ec ies  ranges throughout the sec tion  

and spans the D erryan-D esm oinesian boundary.

H ustedia m iseri M ather 

Plate I, no . 14-16

H ustedia m iseri M ather, 1915, Denison Univ. S ci. Lab. B u ll., vo l. 18,

p . 196, p i. 13, f ig s . 5 -6 c .

D escrip tion— The she ll is  sm all, subovate, longer than  w id e , w ith 

the g rea tes t w idth near m idlength and the g rea tes t th ick n ess  sligh tly  

posterio r to the m idlength . The dim ensions of three specim ens are:

Specimen___________ 1__________2_________ 3________

Length (mm) 10.5 10 10

W idth (mm) 8 .5  8 .5  7.5

Thickness (mm) 5 6 5 .5
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The b rach ial valve is  most convex from beak to umbo, and le s s  

convex to the an terio r m argin. The umbonal slopes are s te ep , curving 

back to the sm all beak w hich is  incurved beneath  the ped ic le  b e a k .

The ped icle  valve is  m ost convex from beak to umbo, and le s s  

convex to the an terio r m argin . The umbonal slopes are steep  and curve 

back to  the sm all sym phytium . The beak is  prom inent, narrow , and 

arches over the in terarea  stro n g ly . At the apex of the beak is  a sm all, 

round, term inal foram en. A fa in t median sinus runs from the umbo to 

the an terior m argin, caused  by the depression  of the middle two 

p lic a tio n s .

Ornamentation on the ped ic le  valve c o n s is ts  of 20 to 22 even, 

subangular p lica tions w hich rad ia te  from the  beak and become fain t 

toward the poste ro la te ra l m argins. The brachial valve has 19 to 23 

id en tica l p lica tions w hich a lso  rad ia te  from the b e a k .

D iscuss ion—This sp ec ie s  resem bles H. mormon! but has more 

numerous p lica tions w hich are sm aller and finer.

M aterial and occurrence—This sp ec ie s  is  not known to range into 

rocks younger than  Morrowan in  Arkansas and Oklahoma (Dunbar and 

C ondra, 1932, p . 358). H . m iser! is  abundant in unit 12 of sec tion  II,

of Derryan ag e , but w as not found anywhere above i t .
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Family SPIRIT ERINIDAE 

Genus PUNCTOSPIRIFER North 1920

Punctospirifer ken tuckyensis (Shumard)

Plate I, no . 17-20

Spirifer ken tuckyensis Shumard, 1855, G eol. Survey of M issouri, Ann. Rept. 

II, p . 203.

Spiriferina ken tuckensis  (Shumard) M eek, 1872, U. S. G eol. Survey of

N ebraska, Final R e p t., p . 185, p i. 6 , f ig s . 3 a -d , p i. 8, f ig s , l l a - b .  

Punctospirifer ken tuckyensis (Shumard) Dunbar and Condra, 1932, N ebraska 

G eol. Survey Bull. 5 , 2nd s e r . , p . 351-355, p i. 38, f ig s . 1 -5 . 

D escrip tion—The sh e ll is  sm all, about tw ice a s  w ide a s  long, 

w idest a t the h ingeline , and strongly biconvex. The card inal ex trem ities 

are  extended or tru n ca ted , depending on the ind iv idual. Dim ensions of 

three specim ens are:

Specimen 1 2 3

Length (mm) 9 10 8

W idth (mm) 19 16 16

Thickness (mm) 9 .5 8 8

The b rach ial valve is  m oderately convex from beak to  umbo, and 

gently  convex from the umbo to the an terio r m argin. The valve slopes 

gently  from the narrow , high, f la t-to p p ed  fold to the card inal ex trem ities .



43

The beak is  sm all, barely projecting beyond the h ingeline , and the 

card inal area is  narrow and lin e a r . The fold may have a slig h t dep ression  

or groove along the  middle in mature sp ec im en s.

The ped ic le  valve is  strongly and regularly  convex from beak to 

an terio r margin and s lopes m oderately to the card inal e x tre m itie s . The 

beak is  conspicuous and a rches over a h igh , trian g u la r, in terarea  th a t 

is  f la t except where it  curves sligh tly  a t  the apex under the b e a k . A 

deep , narrow sinus begins a t the  beak and continues to the anterior 

m argin, w ith a s ligh t ridge along the m idd le .

On each la te ra l slope of the ped icle  valve there  are  5 to 9 co a rse , 

subangular p lic a tio n s , w hile on the b rach ial valve there  a re  rarely  more 

than  7 . Only the innerm ost 3 or 4 p lica tions rad ia te  from the b e a k .

The surface of both va lves is  covered w ith  very c lo se ly  sp aced , fine , 

regular growth lam ellae , w hich are  finely  fim brate . There are  4 or 5 

of th ese  per mm along the summit of the p lica tions a t  m idlength of the 

v a lv e . The sh e ll substance  is  coarse ly  p u n c ta te , w ith the punctae 

appearing a s  l it t le  granules w hen the surface of the she ll is  w eathered .

D iscuss ion—The only other sp ec ie s  w ith w hich th is  might be 

confused in the Pennsylvanian is  P. tra n sv e rsu s . w hich is  w ider, and 

has more numerous and finer p lic a tio n s . All Spiriferina and Reticulariina

lack the d is tin c tiv e  surface ornam entation of th is  s p e c ie s .
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M aterial and occurrence—This sp ec ie s  is  w idely d istribu ted  through

out the m idw estern and w estern  United States and ranges throughout the 

Pennsylvanian.

Specimens w ere co llec ted  from un its 12, 27, and 43 of sec tion  II, 

of Derryan and D esm oinesian a g e .

Genus RETICUIARIINA Fredericks 1916

Reticulariina a f f . R. cam pestris (White)

Plate I, no . 21-24

Spiriferina sp inosa var. cam pestris W hite , 1874, U. S. Geog. and G eol. 

Survey W . of 10Oth M er. (W heeler), Prelim . Rept. Inv. F o s s i ls , 

p . 21

Spiriferina oc top lica ta  W h ite , 1877, U. S. Geog. Explor. W . 100th M e r . , 

vo l. 4 , p . 139, p i. 10, f ig s . 8 a -c .

Spiriferina gonionota M eek, 1877, U . S. G eol. Explor. of 40th P a r . , 

vo l. 4 , p . 85.

Spiriferina cam pestris W hite , G irty, 1903, U. S. G eol. Survey Prof.

Paper 16, p . 396.

Reticulariina cam pestris (White) E aston , 1962, U. S. G eol. Survey 

Prof. Paper 348, p . 84.

D escrip tion—The she ll is  sm all, strongly biconvex, w ider than 

long, w ith the  g rea tes t w idth a t  or ju s t an terio r to  the h ingeline . The
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card inal extrem ities are e ither pointed or sligh tly  rounded. The g rea tes t 

th ickness is  sligh tly  posterior to the m idlength. D im ensions of four 

specim ens are:

Specimen 1 2 3 4

Length (mm) 10 10 10 9

W idth (mm) 15 15 15 13

Thickness (mm) 7.5 7 8 6

The b rach ial valve is  le s s  convex than  the ped ic le  v a lv e , w ith  a 

sm all, but d is tin c t, beak barely projecting beyond the h ingeline . A 

high, round-topped fold o rig inates a t the beak and w idens an terio rly .

The fold has very l it t le  longitudinal curvature from the umbo to the 

an terio r m argin, a t  w hich point it is  much higher than any other part of 

the v a lv e . The in terarea  of th is  valve is  reduced , and lie s  in the same 

plane a s  the v a lv e .

The ped icle  valve is  strongly and regularly  convex from the beak 

to  the anterior m argin , and slopes m oderately to the card inal extrem 

i t ie s .  The beak is  la rg e , prom inent, and e levated  over the broadly 

triangular in te ra rea . This area is  f la t near the bottom , but gently  concave 

under the beak , m eeting the plane of the va lves a t  about 4 5 ° . An open 

triangular delthyrium  is  p resen t. A deep , round-bottom ed sinus begins 

on the beak and w idens toward the an terio r margin where it is  produced 

in a tongue-like  ex tension  in the corresponding fo ld .
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The ped icle  valve has 6 or 7 h igh, subangular p lica tions on each  

la te ra l s lo p e , w ith  the two bounding the sinus being much larger than 

the re s t .  The outer p lica tions are low and do not reach  the b e a k . The 

same number and type of p lica tions occur on the brachial v a lv e , but 

the round-bottom ed grooves bounding the fold are not d isproportionately  

larger than the other g rooves.

The su rfaces of both va lves are ornamented w ith rows of fine sp ines 

which are para lle l to the obscure and rare growth lam ellae . These sp ines 

seem to grow out of p u n c ta e . There are 10 to 15 of th ese  sp ine rows per 

mm on the an terio r slope of the b rach ial v a lv e . Although the  growth 

lam ellae are in d is tin c t and rare on the valve  su rfa c e s , they are  common 

and finely fim brate a t  the an terio r m arg ins. The sp ines and corresponding 

punctae on the ped ic le  valve are  coarse r than th o se  on the b rach ial 

v a lv e . There are  only 6 to  8 rows of sp ines per mm on the ped ic le  v a lv e .

D iscussion—The specim ens co llec ted  c lo se ly  resem ble the 

descrip tions and illu s tra tio n s  of R. cam p es tr is . One major d ifference is 

th a t th is  sp ec ies  normally exceeds 20 mm in  diam eter (Easton 1962, p . 84), 

w hereas none of the specim ens co llec ted  during th is  study exceeds 10 

mm in d iam eter. R. cam pestris c lo se ly  resem bles R. sp in o sa , but has 

finer sp in e s , a higher in te ra re a , more angular p lic a tio n s , and is  larger 

and proportionately w ider than R. sp in o sa .
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M aterial and occurrence—This sp ec ies  is  known from Morrowan 

rocks of Arkansas and Oklahoma, and has been reported from the Hermosa 

and W eber Formations of Morrowan, Derryan, and D esm oinesian age in 

Colorado, New M exico, and N evada.

Several specim ens w ere co llec ted  from unit 12 of sec tion  II, of 

Derryan a g e .

R eticulariina a f f . R. sp inosa (Norwood and Pratten)

Plate I, no . 25-26

Spirifer sp inosus Norwood and Pratten , 1855, Philadelphia Acad. N at.

Sci. J o u r ., s e r . 2 , v o l. 3, p . 71, p i. 9 , f ig s . l a - d .

Spiriferina sp inosa (Norwood and Pratten) H all, 1883, New York State 

G eologist Rept. (1882), p i. 60, f ig s . 26-29 .

Reticulariina sp inosa (Norwood and Pratten) F redericks, 1916, G eol.

Korn. Trudy, novaia s e r . , vo l. 156, p . 16 (designated genotype 

of R eticulariina) .

Spiriferina browni Branson and Gregor, 1918, G eol. Soc. of America 

B u ll., v o l. 29, p . 312, 316, p i. 18, f ig s . 15, 17.

Reticulariina sp inosa  (Norwood and Pratten) Easton, 1962, U. S. G eol. 

Survey Prof. Paper 348, p . 83-85, p i. 10, f ig s . 12-16.

D escrip tion—The sh e ll is  sm all, subtriangular in  o u tlin e , b iconvex , 

w idest a t the rounded card inal ex trem itie s , and sligh tly  w ider than  lo n g .
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The g rea tes t w idth is  sligh tly  an terio r to the h ingeline and the  g rea te s t 

th ick n ess  is  a t m idlength . The m easurem ents of one specim en are:

Specimen____________1

Length (mm) 9 .5

W idth (mm) 11

Thickness (mm) 7

The brach ial valve is  sligh tly  le s s  convex than  the ped icle  v a lv e , 

w ith  a sm all beak w hich barely  p ro jec ts over the h ingeline . A very 

narrow , high, round-topped fold runs from the beak to  the anterio r 

m argin, w ith  a deep , w ide groove on each  s id e . There are 5 rounded 

p lications on each la te ra l s lo p e , w ith the  outer ones becoming le s s  

d is t in c t .

The ped ic le  valve is  strongly convex from beak to umbo and 

m oderately convex from the umbo to the an terior m arg in . The la te ra l 

slopes are steep  and curve in to  the la rg e , poin ted , e levated  beak w hich 

arches over the high, curved in te ra rea . A deep , round-bottom ed sinus 

orig inates a t the beak and w idens to the an terior margin w here i t  is  

produced in a tongue-like  ex tension  w ith  the  corresponding b rach ial 

fo ld . The p lica tions bounding th is  sinus are  the la rg est on the v a lv e . 

There are six  rounded p lica tions on each  la te ra l slope of the v a lv e , 

dim inishing in s iz e  tow ards the ex trem itie s , and the outer two do not

reach  the beak .
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The su rfaces of both va lves are ornamented w ith  irregularly  

d isposed  lam ellose  growth lines  w hich loop posteriorly  over the  p lic a tio n s . 

Prominent punctae occur in rows p ara lle l to the growth lam ellae , and 

there  appear to be 6 or 7 rows of punctae per mm. The punctae have 

sm all sp ines growing out of them , but th e se  may only be seen  in the  

grooves betw een p lica tions where sedim ent s till  p ro tec ts them .

D iscuss ion—This sp ec ie s  resem bles some sp ec ie s  of P unctosp irifer, 

but lacks the c lo s e , regular spacing of the growth lam ellae  and the  

extreme w idth of th a t g e n u s . R. sp inosa a lso  resem bles R. cam pestris 

rather c lo se ly , but the  la tte r  is  u su a lly  la rger, w ith  a g rea ter w idth to 

length  ra tio , is  more tum id, has only rare  growth lam ellae and sm aller, 

more numerous punctae and s p in e s .

M aterial and occurrence—This sp ec ies  is  w idely d istribu ted  in 

rocks of the C hester Series in the m idcontinent reg ion . The sp ec ie s  is  

a lso  known from the Amsden Formation of W yoming, and the  Cameron 

Creek Formation and Alaska Bench Limestone of M ontana. The M ontana 

occurrence may be e ither Late M iss iss ip p ian  or Early Pennsylvanian 

(Easton, 1962, p . 15-16).

Only one specim en w as found, in  un it 12 of sec tion  II, and is

Derryan in a g e .
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Superfamily ROSTROSPIRACEA 

Family ATHYRIDAE 

Genus COMPOSITA Brown 1845

Com posita argentea (Shepard)

Plate II, no . 1-5

Terebratula argenta Shepard, 1838, American Jour. S c i . , vo l. 34, p . 152, 

f ig . 8 .

Seminula argentea (Shepard) W elle r, 1898, U. S. G eol. Survey Bull. 153, 

p . 561.

Composita argentea (Shepard) Dunbar and C ondra, 1932, N ebraska G eol. 

Survey Bull. 5 , 2nd s e r . , p . 367, p i. 43, f ig . 1 -6 .

D escrip tion— Individuals of th is  sp ec ie s  may be large or sm all, 

are subovate to subcircu lar in ou tline , and have the ir g rea te s t w idth and 

th ickness a t or near the m idlength of the v a lv e . M easurem ents of four 

specim ens are:

Specimen 1 2 3 4

Length (mm) 24 20.5 20 19

W idth (mm) 21 18 18 17

Thickness (mm) 11 10.5 10.5 10

The b rach ial valve is  subcircu lar in outline w ith  a sm all, incon

spicuous beak . The valve is  m oderately convex from beak to umbo,
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sloping gently to the anterior margin and more steep ly  to the postero 

la te ra l m argins. A low , rounded fold appears on the umbo and continues 

to the anterior m argin.

The ped ic le  valve is  broadly subovate to subcircu lar in o u tlin e , 

w ith a short, blunt beak w hich term inates in a round foram en. Viewed 

from ab o v e , the outline  of the  valve is  gently  concave where the beak 

pro jects p a s t the posterio r m argin . A shallow , narrow sinus developes 

high on the umbo, continuing to be shallow  and narrow to the an terio r 

margin where it  may be s ligh tly  produced into the corresponding b rach ial 

fo ld .

On w ell preserved sh e lls  fine concentric  growth lin e s  and rad ia l 

s triae  may be se e n . Many specim ens exhibit larger sublam ellose 

growth l in e s , e sp ec ia lly  near the an terior m argin .

D iscussion— This sp ec ies  resem bles and grades into C . sub tilita  

(Grinnell and A ndrews, 1964, p . 242). In its  most typ ica l developm ent, 

however, i t  is  sm aller, th inner, more ovate , w ith  the g rea tes t w idth 

near the m idlength, not an terio r to i t ,  a s  compared w ith C . su b tili ta .

C . arqentea is  sm aller, th icker, le s s  c ircu lar in o u tlin e , and has a 

more pronounced sinus and fold than  C . ovata , in to  w hich it  a lso  g ra d e s . 

The developm ent of the fold and sinus is  midway betw een th a t of C . ovata

and C . su b ti l i ta .
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M aterial and occurrence—In the  Pennsylvanian rocks throughout 

the United S ta te s , th is  sp ec ies  is  known to  range from the base  of the 

D esm oinsian to the top of the V irgilian.

Numerous specim ens were co llec ted  from units 12, 18, 27, 43, 

and 68 of section  II. These co llec tions show that th is  sp ec ie s  is  

found in rocks of Derry an a s  w ell a s  D esm oinesian age in A rizona.

Com posita derrya Gehrig 

Plate II, no . 6-9

Composita derrya G ehrig, 1958, New M exico State Bur. M ines and M in.

R esources, Mem. 3, p . 12, p i. 4 , f ig s . 9 -27 .

D escrip tion—The sh e ll is  broadly subovate, w ider than long, w ith 

the g rea tes t w idth s ligh tly  an terio r to the m idlength of the sh e ll. The 

she ll is  deep , w ith  the g rea te s t th ick n ess  occurring a t or near the  

m idlength. M easurem ents of two specim ens are:

Specimen 1 2

Length (mm) 16 (reconstructed) 23 (reconstructed)

W idth (mm) 19 23

Thickness (mm) 11.5 17

The b rach ial valve is  broadly subovate w ith  a sm all, inconspicuous 

beak tha t barely p ro jec ts over the h ingeline . The valve is  strongly convex 

from beak to umbo, sloping sligh tly  to  the an terior margin and curving
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sharply to the poste ro la te ra l m arg ins. A sm all, narrow, ill-d e fin ed  

fold develops on the anterior portion of the umbo, w idening to the front 

of the valve where i t  has a shallow  sinus on each  side  of it and is 

sligh tly  produced into the corresponding ped icle  s in u s .

The ped ic le  valve is  deeper and more convex than  the b rach ial 

v a lve , w ith a broadly ovate o u tlin e . The convexity is  g rea te s t from 

beak to umbo w ith  a f la t s teep  slope to the anterior m argin. The la te ra l 

slopes are  m oderately s te ep , converging to form a beak which is  m issing 

in both the specim ens c o llec ted . A narrow sinus develops on the umbo, 

remaining shallow  but w idening to  the an terior margin where it is  

sligh tly  produced into the corresponding b rach ial fo ld .

The su rfaces of both va lves are ornam ented by concen tric , sub - 

lam ellose lin e s  of grow th .

D iscussion—These specim ens resem ble c lo se ly  the descrip tion  

and illu s tra tio n s  of G ehrig. The sm aller specim en is  imm ature, w hich 

is  why the w idth so g rea tly  exceeds the length (Gehrig, 1958, p . 12). 

This sp ec ies  resem bles no other Com posita in the sec tio n . Its great 

th ickness and sublam ellose growth lin e s  d ifferen tia te  it  from other 

sp ec ies  in the Pennsylvanian.

M aterial and occurrence—This sp ec ies  has previously  been 

reported only from Derryan and D esm oinesian rocks of New M exico.

Two specim ens w ere found, one from unit 13, sec tion  II and one 

from unit 37, sec tion  I, spanning the D erryan-D esm oinesian boundary.
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Com posita m alaya Gehrig 

Plate II, no . 10-16

Compos ita  m alaya Gehrig, 1958, New M exico State Bur. M ines and M in. 

R esources, Mem. 3 , p . 13, p i. 4 , f ig s . 32-36 .

D escrip tion— Individuals of th is  sp ec ies  may be large or sm all, 

are elongate in ou tline , and have their g rea te s t w idth a t or ju s t an terio r 

to the m idlength of the s h e l l . The sh e lls  are  th ic k , w ith a subcylindrical 

c ross sec tio n . M easurem ents of four specim ens are:

Specimen 1 2 3 4

Length (mm) 22 23 21.5 20

W idth (mm) 16 17 15 15

Thickness (mm) 14.5 13 14 12

The b rach ial valve is  elongate suboval in  outline w ith  a sm all, 

inconspicuous b e a k . The valve is  of low but regular convexity from 

beak to  an terio r m argin, sloping more steep ly  to the poste ro la te ra l 

m argins. A low , poorly defined , rounded fold develops on the an terio r 

s lo p e .

The ped icle  valve is  suboval in ou tline , strongly and regularly  

convex from beak to an terio r m argin, and hem ispherical in outline as 

seen  from the s id e . The beak is  sho rt, b lunt, and strongly incurved. 

The sinus is  shallow  and narrow , occupying the an terio r half of the 

va lve , and is  m oderately produced into the corresponding b rach ial fo ld .
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The su rfaces of w ell preserved sh e lls  exhib it fine rad ia l and 

concentric s tr ia e , and coarser growth lin es  which become sublam ellose 

on the anterior portions of the s h e l ls .

D iscussion—This sp ec ie s  c lo se ly  resem bles C . elongata of 

M issourian a g e , but is  la rger, th ick er, and has a more regularly  curved 

b rach ial va lve .

M aterial and occurrence—This sp ec ie s  has previously been 

reported only from the Derryan of New M exico.

Numerous specim ens w ere found in un its 13 and 43 of sec tion  II, 

spanning the D erryan-D esm oinesian boundary. This is  the f irs t report 

of th is  sp ec ies  in D esm oinesian ro c k s .

Com posita ovata M ather 

Plate II, no . 17-20

Composita ovata M ather, 1915, D enison Univ. S ci. Lab. B u ll., vo l. 18,

p . 202, p i. 14, f ig s . 6 a -c .

D escrip tion— Individuals of th is  sp ec ies  may be large or sm all, 

are subovate to subcircu lar in ou tline , longer than  w ide , w ith  the  

g rea te s t w idth a t  or sligh tly  an terio r to the m idlength of the sh e ll. The 

sh e lls  are typ ically  th in  for th is  g en u s, w ith  the g rea te s t th ick n ess  

occurring a t  m idlength. M easurem ents of four specim ens are:
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Specimen 1 2 3 4

Length (mm) 22 20 20.5 17

W idth (mm) 20 20 20.5 16.5

Thickness (mm) 10 9.5 9 8 .5

The b rach ial valve is  m oderately convex from the beak to the umbo, 

sloping gently  from the umbo to  the  an terio r and la te ra l m arg ins. A very 

low , rounded, alm ost obso le te  fold occupies the an terior portion of the 

v a lv e . The beak is  sm all, barely interrupting the c ircu lar outline of 

the v a lv e .

The ped ic le  valve is  suboval in outline  w ith  a sligh tly  longer, 

incurved, blunt beak w hich has a round, term inal foram en. The valve 

is  m ost convex from the beak to  the umbo, sloping gently  to the anterio r 

margin and more s teep ly  to the poste ro la te ra l m arg ins. A shallow  median 

sinus develops near the umbo and continues to the an terio r margin w here 

it  sligh tly  d ep re sses  the line  of com m issure.

On w ell preserved sh e lls  fine concentric  growth lin es  and rad ia l 

s triae  may be se en . A few specim ens exhibit la rg e r , sublam ellose 

growth l in e s , e sp ec ia lly  near the an terio r margin of the sh e ll.

D iscussion—This sp e c ie s  resem bles C. argentea but is  larger, 

le s s  convex, and has a more c ircu la r outline  w ith  a le s s  pronounced

anterio r fold and s in u s .



M aterial and occurrence—This sp ec ies  is  found in  rocks of 

Morrowan to W olfcam pian age in much of the m idw estern and w estern  

United S ta te s .

Several specim ens w ere found in un its 13 and 27 of sec tion  II, 

of Derryan a g e .
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Com posita su b tilita  (Hall)

Plate II, no. 21-26

Terebratula sub tilita  H all, 1852, S tansbury 's Exped. to Great Salt Lake, 

p . 409, p i. 4 , f ig s . l a - 2 c .

Com posita su b tilita  (Hall) Dunbar and C ondra, 1932, N ebraska G eol. 

Survey, Bull. 5 , 2nd s e r . , p . 363, p i. 43, f ig s . 7-13 

D escrip tion— Individuals of th is  sp ec ies  may be large or sm all, are 

subovate in  outline and are u su a lly  s ligh tly  longer than w ide . The 

g rea tes t w idth is  normally about tw o-th irds the d is tan ce  from the beak 

to the an terior m argin, w hile the  g re a te s t th ickness occurs a t m idlength. 

M easurem ents of three specim ens are:

Specimen___________ 1_________ 2_________ 3________

Length (mm) 30 26 24

W idth (mm) 28 26 23

Thickness (mm) 15 13 12.5
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The brach ial valve is  most convex from the beak to the umbo, 

then  slopes gently to the  an terio r margin and more sharply to  the postero 

la te ra l m argins. The beak is  sm all and inconsp icuous, barely  incurved 

over the h inge line . A low , broad fold occup ies the an terio r half of the 

v a lv e .

The ped ic le  valve is  more regularly  convex , w ith the postero

la te ra l slopes converging to form a prom inent, tigh tly  incurved beak 

which conceals  the  in terarea  and term inates in a sm all round foram en.

A narrow, shallow  dep ress ion  appears on the  umbo and continues along 

the bottom of the b ro a d ,. shallow  sinus to  the  an terio r margin of the 

v a lv e . The broad sinus occupies only the  an terior half of the valve and 

is  produced into the  corresponding b rach ial fold a t  the an terio r m argin.

On w ell p reserved sh e lls  the su rfaces of both va lves are  ornam ented 

w ith  fine rad ia l s tria tio n s  and much more prominent concentric  growth 

l in e s .  The growth lin es  are  more common near the  an terio r w here they 

may be sub lam ellose .

D iscuss ion— C . su b tllita  resem bles and in tergrades w ith  C . ovata 

and C . a rg e n tea . C . ovata is  th inner and more c ircu lar in ou tline  than 

C . su b tilita , w hile C . argentea is  most e a s ily  d istingu ished  by i ts  

sm aller s ize  and shallow er, narrow er, le s s  accen tuated  s in u s .

M aterial and occurrence— This sp ec ie s  is  very common in rocks 

of Derryan to Leonardian age  throughout much of the United S ta te s .
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Several specim ens w ere found in unit 14 of section  I, and in un its 

13, 18, 27, 42, and 43 of section  II, spanning the D erryan-D esm oinesian 

boundary.

Superfamily SPIRIFERACEA 

Family SPIRITERIDA.E 

Genus NEOSPIRIFER Fredericks 1924

N eospirifer cam eratus (Morton)

Plate III, no . 1-4

Spirifer cam eratus M orton, 1836, American Jour. S c i . , vo l. 29, p . 150, 

p i. 2, f ig . 3 .

N eospirifer cam eratus (Morton) Dunbar and C ondra, 1932, Nebraska 

G eol. Survey Bull. 5 , 2nd s e r . , p . 334-336, p i. 39, f ig s . 4,

6 -9b .

D escrip tion—The she ll is  la rge , w ider than long, w ith  the g rea tes t 

w idth a t the h in g e lin e . The card inal ex trem ities may be pointed or blunt 

and the g rea tes t th ick n ess  is  a t  m idlength. M easurem ents of two

specim ens are:

Specimen___________ 1__________ 2_

Length (mm) 35 30

W idth (mm) 56 58

Thickness (mm) 21 23
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The b rach ial valve is  strongly convex from beak to  umbo, then 

regularly  and gently  convex from the  umbo to the an terio r m argin . The 

la te ra l slopes are  gen tle  to the poste ro la te ra l m arg ins. The beak is  

sm all but prom inent, and curls over the narrow, linear card inal a re a .

A fold appears a t  the beak as  a fa sc ic le  of p lica tio n s , w hich begin to 

sp lit alm ost a t  once . The fold is  low and rounded, w ith 12 to 14 

rounded p lica tions on i t .  Each la te ra l slope has 8 or 9 p lica tions per 

centim eter a t m idlength .

The ped ic le  valve is  sim ilar in shape and convexity to  the b rach ial 

v a lv e . The prominent beak is  la rg e , sh a rp , incurved, and arches over 

the w ide card inal a re a . The card inal area is  lin e a r, about one-ten th  

a s  high a s  w ide , gently  curved near the top for i ts  en tire  span . The 

area  is  inclined  a t about 45° to  the plane of the v a lv e , v e rtica lly  

s tr ia ted , w ith  fa in t horizontal s tr ia e , and an  open triangular delthyrium . 

A narrow sinus appears on the beak and becom es b road , sh a llo w , and 

round-bottom ed on the an terio r s lo p e . The sinus is  produced into the  

corresponding b rach ial fold a t  the an terio r m argin . The p lica tio n s on 

both valves are low and rounded, w ith exce llen t fa sc icu la tio n  near the 

beak , but the fa sc ic le s  become more obscure on the re s t  of the v a lv e . 

There are 12 to  14 p lica tions in the sinus of the ped ic le  valve and 8 or 

9 p lica tions per centim eter on each  la te ra l s lo p e , a t m idlength .
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W hen w ell p reserved , the surface of the she ll shows extrem ely 

fine rad ia l s tr iae  and sligh tly  coarser concentric  s t r ia e .

D iscuss ion—This sp e c ie s  resem bles N. tr ip l ic a tu s , but th a t 

sp ec ies  has more angular p lica tions w ith much stronger fa sc ic u la tio n .

The fold and sinus on N . cam eratus are  more rounded and le s s  pronounced 

than on N . t r ip l ic a tu s . N . goreli a lso  resem bles th is  s p e c ie s , but has 

finer and more numerous p lica tio n s  w hich are more angu lar. The grouping 

of the p lica tions into fa sc ic le s  is  su ffic ien t to d is tingu ish  members of 

th is  genus from any other sp iriferid .

M aterial and occurrence—This sp e c ie s  appears to  be confined 

to  rocks of Derryan and D esm oinesian age  in  the  m idw estern and 

w estern  United S ta te s .

The sp e c ie s  is  ra re , but a few specim ens w ere co llec ted  from 

un its 27, 40, and 68 of sec tion  II, spanning the D erryan-D esm oinesian 

boundary.

N eospirifer qoreii (Mather)

Plate III, no . 5-6

Spirlfer goreii M ather, 1915, D enison U niv. Sci. Lab. B u ll., v o l. 18, 

p . 186, p i . 12, f ig s . 1 0 - l l a .

N eospirifer qoreii (Mather) Dunbar and C ondra, 1932, N ebraska G eol. 

Survey Bull. 5 , 2nd s e r . ,  p . 341-342, p i. 39, f ig s .  1 -3 .
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D escrip tion—The she ll is  la rg e , about tw ice a s  w ide a s  long, 

w ith the g rea tes t w idth along the  h in g e lin e , and the g rea tes t convexity 

near m idlength . D im ensions of two crushed specim ens are:

Specimen___________ 1_________ 2_____

Length (mm) 37 26

W idth (mm) 52 50

The brach ial valve is  crushed on a ll  specim ens co llec ted  so tha t 

d e ta il is  d ifficu lt to  s e e .

The ped ic le  valve is  m oderately and regularly  convex from beak 

to umbo, and gently  convex from the umbo to the an terior m argin. The 

la te ra l s lopes are  g e n tle , and give a concave profile a s  the card inal 

ex trem ities are approached. The beak is  prom inent, sh a rp , and arches 

over a triangu lar, open delthyrium in the linear card inal a re a . The 

area is  about o ne-ten th  a s  w ide a s  long, gently  concave, v e rtica lly  

and horizontally  s tr ia te d , and has a crenulated  b a se . A w ell defined 

sinus appears on the b e a k , bounded by a strong p lica tion  on each  s id e . 

On the umbo it is  s t i l l  w ell defined , and contains 2 or 3 p lic a tio n s , 

but on the an terio r slope th is  sinus becom es shallow  and in d is tin c t.

The p lications are  fin e , subrounded to  subangular, fain tly  fa sc ic u la te d , 

except near the beak , w here the fasc icu la tio n  is  s tro n g . There are  11 

or 12 p lications per centim eter a t  m idlength on each  la te ra l s lope .
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On w ell preserved sh e lls , the surface shows fine rad ia l and 

concentric  s tr iae  and ra re , coarse  growth lin e s .

D iscussion—This sp ec ies  resem bles N. cam era tu s, but has 

finer and more numerous p lic a tio n s . N . trip lica tu s  has larger, le s s  

num erous, more angu lar, and strongly fasc icu la ted  p lic a tio n s .

M aterial and occurrence—This sp ec ies  is  known to range from 

Morrowan to D esm oinesian age in the m idw estern United S ta te s , and 

T ex as.

A few crushed specim ens w ere found in unit 43, sec tion  II, of 

D esm oinesian a g e .

Genus PHRICODOTHYRIS George 1932

Phricodothyris perplexa (M cChesney)

Plate III, no . 7-10

Spirifer perplexa M cC hesney, 1860, Chicago Acad. S ci. T rans. , v o l. I, 

p • 43.

Reticularia perplexa (M cChesney) W elle r, 1898, U. S. G eol. Survey 

Bull. 153, p . 520

Squamularia perplexa (M cChesney) G irty, 1903, U. S. G eol. Survey 

Prof. Paper 16, p . 392, p i. 6 , f ig s . 8 -1 0 a .

Phricodothyris perplexa (M cChesney) Shimer and Shrock, 1944, Index 

F o ssils  of North Am erica, p . 327-328, p i . 126, f ig s . 9 -1 0 .
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D escrip tion—The she ll is  of medium s iz e , subcircu lar in out

lin e , g ibbous, and a lit t le  w ider than long . The g rea tes t w idth is  a t 

m idlength and the g rea te s t th ick n ess  is  ju s t  posterio r to the m idlength. 

M easurem ents of two specim ens are:

Specimen 1 2

Length (mm) 13.5 14

W idth (mm) 14.5 15

Thickness (mm) 8 damaged

The brach ial valve is  m oderately convex from beak to  umbo, and 

gently convex to the anterior m argin. The umbonal slopes are  m oderately 

steep  to the poste ro la te ra l m arg ins, where the card inal ex trem ities are  

broadly rounded . The beak is  broad and low , barely arching over the 

hingeline w hich is  approxim ately equal to half the w idth of the sh e ll.

A d is tin c t h a ir-lik e  furrow runs from the umbo to the an terio r m argin .

The ped ic le  valve is  strongly convex from the  umbo to the 

an terior m argin, w ith  a la rg e , prom inent, m oderately sharp beak which 

a rches high over the triangular card inal area tha t curves beneath  i t .

The umbonal slopes are  steep  to  the poste ro la te ra l margins and curve 

around under the beak to meet the in te ra re a . The card inal ex trem ities 

are broadly rounded . A la rg e , open delthyrium in the shape of an  

iso sc e le s  triang le  occupies the ped ic le  in te ra rea , curving as  does the 

in te ra rea . A th in , h a ir- lik e  furrow may a lso  occur on th is  v a lve , from 

the umbo to the an terio r m argin .
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The surfaces of both va lves are  ornam ented w ith  concentric  

bands th a t become more prominent an terio rly . The bands bear para lle l 

rows of sp ines w hich lie  f la t ag a in st the surface and give a fa in tly  

s tria ted  appearance to the s h e l l . On large indiv iduals the line  of 

comm issure may show a fa in t fold and s in u s , but th is  fea tu re , if p resen t, 

is  very in d is tin c t.

D iscussion— The only other Pennsylvanian sp ec ies  w ith  w hich 

th is  sp ec ies  might be confused is  P. tra n sv e rse , and tha t sp ec ies  is  

larger, w ith a g rea ter w idth to length ra tio  than P_. p e rp lexa .

M aterial and occurrence—This sp ec ies  is  known to occur in 

rocks of D esm oinesian to M issourian age over most of the United S tates 

(Dunbar and Condra, 1932, p . 316). It has a lso  been found in Derry an 

rocks of New M exico (Gehrig, 1958, p . 17).

This sp ec ie s  w as rare  in  the sec tions m easured, but w as 

co llec ted  from unit 43 of sec tion  II, and unit 38 of sec tion  I, of

D esm oinesian a g e .
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Genus SPIRIFER Sowerby 1815

Spirifer occiduus Sadlick 

Plate III, no . 11, Plate IV, no. 1-5

? Spirifer boonensis Swallow, 1860, St. Louis Acad. Sci. T ra n s ., vo l. 1, 

p . 646.

Spirifer b o o n e n sis? Girty, 1903, U. S. G eol. Survey Prof. Paper 16, 

p . 381, p i. 6 , f ig s . 1 -3 .

Spirifer opimus Hall va r. occiden ta lis  G irty, 1927, U . S. G eol. Survey 

Prof. Paper 152, p . 433, p i. 27, f ig s . 28 -31 .

Spirifer o cc id en ta lis  Girty Dunbar and Condra, 1932, N ebraska G eol.

Survey Bull. 5, 2nd s e r . , p . 322-326, p i. 41, f ig s . 12-16.

Spirifer occiduus S ad lick , 1960, Jour, P a leon t. ,  vo l. 34, no. 6, 

p . 1210-1214.

D escrip tion—The she ll is  b road , about two-thirds a s  long a s  

w ide, of medium s iz e , w ith the g rea tes t w idth along the h ingeline and 

the g rea te s t th ick n ess  ju s t  posterior to the m idlength. The card inal 

ex trem ities are  u sua lly  sligh tly  ex ten d ed . Dim ensions of th ree

specim ens are:
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Specimen 1 2 3

Length (mm) 27 26 22

W idth (mm) 39 35 32

Thickness (mm) 18 18.5 15

The b rach ial valve curves strongly from the beak to the umbo, 

flatten ing  a n te rio rly . The la te ra l slopes are  sligh tly  concave from the 

s te ep , high umbo and fold to the f la t poste ro la te ral m argins. The beak 

is  sm all, arching over a narrow , linear area w hich contains a low, 

broad, triangular nototherium . The in te rareas of the two va lves meet 

a t right a n g le s . The prominent rounded fold begins a s  a single 

p lication  on the beak w hich b ifu rca tes alm ost im m ediately . The two 

p lica tions ju s t  formed each  bifurcate  tw ice , high on the umbo, forming 

a to ta l of 6 p lica tions on the fo ld . The la te ra l slopes each  bear 10 to 

12 c o a rse , subangular to  subrounded p lications w hich a ll  rad ia te  from 

the beak .

The ped ic le  va lve  is  strongly and regularly  convex from beak to 

umbo, then m oderately and regularly  convex from the umbo to the 

an terio r m argin. The poste ro la te ra l s lopes are gently  convex. The 

beak is  of m oderate s iz e , sh a rp , and arches over the  h in g e lin e . The 

card inal area is  la rg e , l in e a r , and fla t except a t the top w here it curves 

to meet the beak . This area is  horizontally  and vertica lly  s tr ia ted , 

and has sm all den ticu la tions on the  hinge a t the ends of the  vertica l
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s tr ia tio n s . A la rg e , open delthyrium  in the shape of an iso sc e le s  

triang le  is  p resen t. A broad shallow  sinus begins a t  the tip  of the 

beak betw een two bounding p lic a tio n s . A median p lication  appears 

about 2 mm from the beak , rem ains sim ple , but in c reases  in s ize  to 

the an terio r m argin. The bounding p lica tions b ifurcate  tw ice , giving 

a to ta l of five p lica tions in the s in u s . The m edian p lica tion  is  the 

la rg est on the valve and the sinus is  somewhat produced into the 

corresponding brach ial fo ld . On each  la te ra l slope there are  12 to  13 

c o a rse , subangular to  subrounded p lic a tio n s , of which the outerm ost 

do not reach  the b e a k .

W hen the sh e lls  are  w ell p reserved , fine rad ia l and concentric  

striae  may be se e n .

D iscu ss io n —This sp ec ies  may be d istingu ished  from both 

Z). rockym ontanus and 8 . opimus by its  much g reater w idth to length  

ra tio , even when the card inal ex trem ities are broken.

M aterial and occurrence—This sp ec ies  is  w idely d istribu ted  

throughout the m idw estern and w estern  United S tates in rocks of 

Derry an and D esm oinesian a g e .

Several specim ens were co llec ted  from un its 13, 18, 34, 43, 

and 68 of sec tion  II, and from unit 27 of sec tion  I, spanning the 

D erryan-D esm oinesian boundary .
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Spirifer opimus Hall

P late IV, no. 6-10

Spirifer opimus H all, 1858, G eol. of Iowa, vo l. I, p t . II, p . 711, 

p i. 28, f ig s . l a - b .

D escrip tion—The she ll is  u sua lly  sligh tly  w ider than long, w ith 

the g rea tes t w idth a t or near the hingeline and the  g rea te s t th ickness  

approxim ately a t m idlength. M easurem ents of two specim ens are:

Specimen___________ 1_________ 2

Length (mm) 26 20.5

W idth (mm) 32 24

Thickness (mm) 15 13

The brach ial valve is  m oderately convex, w ith a sm all pointed 

beak tha t barely arches over the  narrow , linear card inal a re a . The 

fold is  narrow and of m oderate he igh t, starting  a s  a sing le  p lication  

a t the beak , bifurcating alm ost im m ediately , and each  p lica tion  bifurcating 

again  to form a to ta l of 4 p lic a tio n s . On some sh e lls  the outer p lications 

bifurcate ag a in , giving a to ta l of 6 p lications on the fo ld . Each la te ra l 

slope has 9 to 11 b road , rounded, p lications w ith  narrow grooves 

betw een them .

The pedicle  valve is  strongly and regularly  convex from the beak 

to the umbo, then le s s  convex to the anterior m argin. The la te ra l 

slopes are  m oderately steep  from the edges of the b road , shallow  sinus
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to  the curving poste ro la te ra l m arg ins. The beak is  sharp , tigh tly  

incurved , and strongly a rches over the triangular in te ra re a . This in te r

area is  f la t except where it  curves up under the beak , and it  con tains 

an open delthyrium in the shape of an  iso sc e le s  trian g le . The in terarea  

shows fain t horizontal and v e rtica l s tr ia tio n s , and m eets the area  of 

the other valve a t  right a n g le s .

On w ell p reserved sh e lls  the  surface exh ib its very fine and 

regular concen tric  and rad ia l s tr iae  w hich form minute nodes where they 

in te rse c t. A lso, the an terio r third of the sh e ll bears sublam ellose 

growth l in e s .

D iscuss ion— This sp ec ie s  may be d istingu ished  from S. rocky-  

montanus by the  broader and much more rounded p lic a tio n s . A lso, the 

fold of S. opimus u su a lly  has only four p lica tions w hereas £>. rockymon-  

tanus has a t le a s t  6 and u sua lly  8 . jS. occiduus has a much higher 

ratio  of w idth to length than th is  s p e c ie s .

M aterial and occurrence—This sp ec ies  is  known to range from 

Derry an to  D esm oinesian age in  much of the m idw estern and w estern  

United S ta te s .

A few specim ens w ere co llec ted  from un its  13, 18, and 43 of 

section  II, and un it 27 of sec tion  I, spanning the D erryan-D esm oinesian 

boundary.



Spirifer rockym ontanus Marcou 

Plate IV, no. 11-16
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Spirifer rocky-m ontani M arcou, 1858, Geology of North Am erica, p . 50, 

p i. 7 , f ig s . 4 c -e ,  (not f ig s . 4 , 4 a , b ) .

Spirifer rockym ontanus Marcou Girty, 1903, U . S. G eol. Survey Prof. 

Paper 16, p . 383, p i. 6, f ig s . 5 -7 c .

D escrip tion— The she ll is  a li t t le  w ider than  long w ith  the h inge

line equal to or sligh tly  le s s  than  the g rea te s t w id th . The card inal 

ex trem ities are  ob tuse ly  angular or somewhat rounded . The g rea te s t 

th ickness is  ju s t  posterio r to the m idlength. M easurem ents of th ree  

specim ens are:

Specimen____________ 1_________ 2_________ 3______

Length (mm) 26 22 10

W idth (mm) 32 28 10.5

Thickness (mm) 17 13 6

The brach ial valve is  sem icircu lar in  ou tline , m oderately convex 

longitudinally  w ith  gently  sloping poste ro la te ra l s lo p e s . A strong , 

e lev a ted , narrow fold begins on the sm all incurved beak a s  a median 

p lication  w hich subdiv ides im m ediately. Each p lication  subdiv ides 

tw ice more w ithin  5 mm of the b e a k , giving a to ta l of 6 p lica tions on 

the fo ld . In large sh e lls  the  outer p lica tions subdivide a g a in , giving
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a to ta l of 8 p lic a tio n s . There are 10 to 12 high, angular p lica tions on 

each  la te ra l s lo p e .

The ped icle  valve is  strongly convex from beak to umbo, and le s s  

strongly but regularly  convex from umbo to the an terio r m argin, w ith 

m oderately steep  poste ro la te ra l s lo p e s . The beak is  la rg e , tigh tly  

incurved, and strongly a rches over the  triangular in terarea w hich curves 

beneath  i t .  This in terarea  is  v e rtica lly  s tr ia te d , contains an open 

delthyrium in the shape of an  iso sc e le s  trian g le , and m eets the 

b rach ial in terarea  a t  right a n g le s . The b road , shallow  sinus orig inates 

on the beak betw een two p lic a tio n s . Near the beak a sim ple, median 

p lica tion  a rise s  and the bounding p lica tions b ifu rca te . The m edian 

p lication  rem ains sim ple to the an terio r margin w here the sinus is  

produced into a pointed tongue in the corresponding brachial fo ld . The 

two bounding p lica tions b ifurcate  on the umbo, giving a to ta l of 5 

p lica tions in the  s in u s . On each  la te ra l slope there are 10 to 12 

angular to subangular p lic a tio n s , somewhat le s s  sharp than  those  on 

the brachial v a lv e .

On the su rfaces of w ell preserved valves fine rad ia l and concen

tric  striae  may be se e n .

D iscussion— This sp ec ie s  forms a c lo se ly  re la ted  group w ith 

£!. opimus and S . o c c id u u s . . opimus has low , rounded p lic a tio n s .
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and few er p lica tions on the fold than  S_. rockym ontanus. J3. occiduus 

has a much g reater w idth to length ra tio  than  j>. rockym ontanus.

M aterial and occurrence—This sp ec ies  is  w idely d istribu ted  in  

Derry an and D esm oinesian rocks of the m idw estern and w estern  United 

S ta te s .

A few specim ens w ere co llec ted  from un its 13 and 43 of sec tio n  

II, and unit 27 of sec tion  I, spanning the D erryan-D esm oinesian 

boundary.

Order PROTREMATA 

Superfamily PRODUCTACEA 

Family BUXTONUDAE 

Genus JURESANIA Fredericks 1928

Juresania neb rascen sls  (Owen)

Plate IV, no . 17-18, P late V, no . 1-2

Productus n eb ra scen s ls  Owen, 1852, G eol. Rept. W isco n sin , Iowa, 

and M innesota, p . 584, p i. 5 , f ig . 3 .

Pustula n eb rascen s ls  (Owen) G irty, 1915, U. S. G eol. Survey Bull. 

544, p . 65-68 , p i. 10, f ig . 7.

Juresania n eb rascen s ls  (Owen) Dunbar and C ondra, 1932, N ebraska

G eol. Survey Bull. 5 , 2nd s e r . , p . 195-198, p i . 22, f ig s . 1 -9 ,

13
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D escrip tion—The she ll is  of medium s iz e , subquadrangular in 

outline w ith  the g rea te s t w idth near the an te rio r . The h ingeline is  

sligh tly  le s s  than  the g rea tes t w idth and the  g rea tes t th ick n ess  is  ju s t 

posterior to the m idlength . M easurem ents of two specim ens are:

Specimen___________ 1__________ 2

Length (mm) 22 23

W idth (mm) 24 24

Thickness (mm) 11 13

The brach ial valve is  m oderately f la t over the v isc e ra l area but 

slopes up near the an terio r and la te ra l m arg ins, giving the valve a sligh t 

concav ity . The surface is  ornam ented w ith  fain t co stae  and concentric  

rugae, and w ith  sm all, fla t-ly in g  sp in e s .

The ped ic le  valve is  strongly convex from beak to  umbo, and 

regularly  convex from the umbo to the an terio r m argin. The poste ro la te ra l 

slopes drop s teep ly  from the umbo to the m arg ins, curving gently  back 

to the prominent beak w hich p ro jec ts sligh tly  p a s t the h inge line . The 

ears are  sm all and f la t .  The posterio r surface of the valve is  covered 

w ith fain t co stae  and rugae . Two types of sp ines are  a lso  p resen t. 

Individuals of one se t are large and pro ject from the she ll a t a high 

ang le , w hile the other se t con ta ins sm aller sp ines tha t pro ject from the 

she ll to lie  f la t on the su rfa c e . On the an terio r portion of the valve the  

sp ines are re s tric te d  to concentric  bands, w ith the sm aller, f la t-ly in g
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sp ines on the front of the  band and the  larger sp ines on the  back slope 

of the band.

D iscussion— The only other Juresania w ith w hich th is  sp ec ie s  

might be confused is  %, sym m etrica, w hich is  larger and more hem ispher

ic a l in  o u tlin e . The fla t- ly in g  sp ines are  su ffic ien t to se t th is  sp e c ie s  

apart from other Pennsylvanian p ro d u ctid s .

M aterial and occurrence—This sp e c ie s  ranges through sedim ents 

of D esm oinesian to W olfcam pian age in much of the  m idw estern and 

w estern  United S ta te s .

A few specim ens w ere co llec ted  from un its 18 and 27 of sec tio n  

II, illu stra tin g  th a t th is  sp e c ie s  occurs in the Upper Derryan of A rizona.

Family DICTYOCLOSTIDA.E 

Genus ANTIQUATONIA M iloradovich 1945

Antlquatonia co lo radoensis (Girty)

Plate V, n o . 3-7

Productus in fla tu s M cC hesney, I860 , Chicago A cad. S c i. T ra n s ., v o l. I, 

p . 40 .

Productus in fla tu s v a r . co lo radoensis G irty , 1910, New York A cad. Sci. 

A nnals, v o l. 20, no . 3 , p t. 2 , p . 215.

D ictyoclostus in fla tu s v a r. co lo radoensis  (Girty), M uir-W ood, 1930, 

Ann. M ag. N a t. H is t . ,  s e r . 10, v o l. 5 , no . 25, p . 100-108.
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Antiquatonia co lo radoensis (Girty) M iloradovich, 1945, Acad. Sci.

USSR B u ll., Biol. S e r . , no . 4 , p . 485-500 (in Russian w ith 

English sum m ary).

D escrip tion—The sh e lls  are  of medium s iz e , a l it t le  w ider than 

long if the tra il is  not p reserved , longer than w ide if i t  i s .  The g rea te s t 

w idth is  a t the h ingeline and the g rea te s t th ick n ess is  ju s t an terio r to  i t .  

M easurem ents of th ree  specim ens are:

Specimen 1 2 3

Length (mm) 38 38 35

W idth (mm) 35 40 39

Thickness (mm) 22 18 (embedded in sediment)

The brach ial valve is  f la t or gently  concave and sharply gen icu lated  

an te rio rly . The dep ressed  beak is  minute and a m edian groove runs 

from the umbo alm ost to the line  of gen icu la tion . The ears are  re la tiv e ly  

large and f la t , and sm all sp ines may be v is ib le  on the  c o s ta e . The 

in terio r of the valve con tains a b road , low , triangular e levation  that 

runs from the beak alm ost to the line  of gen icu la tion . The surface is  

ornamented w ith fine even co stae  and concentric  rugae , sim ilar to  the 

o u ts id e .

The ped ic le  valve is  strongly and evenly convex from beak to 

anterior m argin, w ith  s teep  slopes from the broad fla t umbo to the 

poste ro la te ra l m argins. The beak is  la rg e , round, and pro jects over
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posterior to the  h ingeline . The ears are  sm all, curved, and sharply 

separated  from the  s teep  umbonal s lo p e s . W hen p reserved , a t  le a s t  

two sm all sp ines occur along the  card inal m argin. A curved row of 

sp ines runs from the ear along the base  of the umbonal slope and may 

be on a narrow , e levated  rid g e . A narrow , shallow  sinus begins on 

the umbo and runs to the an terio r m argin. The surface is  ornam ented 

w ith  f in e , regu la r, rounded c o s ta e , of w hich there  are  10 to 13 per 

centim eter on the  an terio r s lo p e . The posterio r third of the she ll has 

concentric  rugae , dim inishing in prom inence an terio rly , which form 

lit t le  nodes w here they  c ro ss the  c o s ta e . Large, sca tte red  sp ine b a se s  

up to one mm in diam eter a rise  from the co stae  w hich may then  th icken  

and b ifu rca te . These sp ine b a se s  vary in abundance from she ll to sh e ll 

and u sua lly  number about s ix . The co stae  in crease  mainly by b ifurcation  

rather than by in te rca la tio n .

D iscuss ion—This sp e c ie s  c lo se ly  resem bles A. herm osana . but 

th a t sp ec ies  has coarser c o s ta e , sm aller sp in e s , and an  umbo w hich 

does not u sua lly  p ro ject so far over the  h inge line . A. portlockianus 

is  a lso  quite sim ilar, but has larger and more strongly curved e a rs , 

coarser c o s ta e , and is  le s s  rounded tra n sv e rse ly .

M aterial and occurrence—This sp ec ie s  w as reported from Lower 

Pennsylvanian rocks by Girty in  the  follow ing s ta te s :  Colorado, N ebraska,

77
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K ansas, and T ennessee . The sp ec ie s  w as found in D esm oinesian rocks 

in New M exico by G ehrig .

Several specim ens w ere co llec ted  from un its  27 and 42 of sec tion  

I, and un its 24, 27, and 40 of sec tion  II, spanning the D erryan-D esm oines

ian  boundary.

Antiquatonia herm osana (Girty)

Plate V, no . 8-11

Productus sem ire ticu la tus var. herm osanus G irty, 1903, U. S. G eol.

Survey Prof. Paper 16, p . 358-359, p i. 2 , f ig s . 1-4 

D ictyoclostus herm osanus (Girty) M uir-W ood, 1930, Ann. M ag. N at.

H is t . ,  vo l. 5 , se r . 10, no . 25, p . 100-108.

Antiquatonia herm osana (Girty) M iloradovich, 1945, Acad. Sci. USSR 

B u ll., Biol. S e r . , no . 4 , p . 485-500 (in Russian w ith  English 

summary).

D escrip tion—The sh e lls  are of medium to  large s iz e , w ider than  

long, w ith the g rea te s t w idth a t  the h ingeline and the g rea te s t th ick n ess  

ju s t  an terio r to i t .  M easurem ents of two specim ens are:

Specimen___________ 1__________ 2

Length (mm) 35 33

W idth (mm) 40 35

Thickness (mm) 20 19
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None of the  specim ens co llec ted  exhibited  the b rach ial v a lv e .

The ped icle  valve is  strongly and regularly  convex from the  beak 

to  the  anterior m argin, and has steep  la te ra l s lo p e s . The umbo is  

b road , w ith  a narrow , shallow  sinus originating on it  and continuing 

to  the  an terio r m argin. The beak is  large and b lun t, and p ro jec ts strongly 

over the  h in g e lin e . The ears a re  sm all, curved, and sharply separa ted  

from the  umbonal s lo p e s . The surface of the  valve is  covered w ith 

strong, regu lar, rare ly  bifurcating co s tae  of w hich there  a re  about 8 to 

10 per centim eter on the  an terio r s lo p e . The posterio r third of the  valve  

is  covered w ith strong concentric  rugae th a t form sm all nodes where 

they  in te rse c t the  c o s ta e . These rugae die out an terio rly , but can  s t i l l  

be de tec ted  a t  m idlength . A curved row of large spine b a se s  begins on 

the ears and runs an terio rly  along the b ase  of the  umbonal s lo p e , e levated  

on a ridge in  some sp ec im en s. A few sc a tte red , sm all to medium s ize  

spine b ases  a r is e  from co s tae  w hich may converge ju s t  posterio r to the 

b a s e s .  Anterior to the sp ine b a se , the  costae  th a t converged form one 

large c o s ta .

D iscussion-—This sp e c ie s  c lo se ly  resem bles A. co lo ra d o en s is , 

but has much coarse r co stae  and sm a lle r .sp in es . The la tte r  sp ec ie s  

u sua lly  has  a more in fla ted  umbo w hich p ro jec ts farther beyond the  

h in g e lin e .
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M aterial and occurrence—This sp ec ies  seem s to  range through 

rocks of Morrowan to M issourian age in Colorado (Girty, 1903, p . 359), 

and has been found in the  D esm oinesian of New M exico .

A few specim ens w ere co llec ted  from unit 38 sec tion  I, and unit 

43, sec tion  II, of D esm oinesian a g e . Numerous fragm ents of the genus 

Antiquatonia are  found throughout the sec tio n , but poor p reservation  

makes spec ific  iden tifica tion  im p o ssib le .

Family ECHINOCONCHIDAE 

Genus ECHINOCONCHUS W eller 1914

Echinoconchus a f f . R. angustus Easton 

Plate V, no . 12

Echinoconchus angustus E aston, 1962, U . S. G eol. Survey Prof. Paper 

348, p . 47 -48 , p i. 5, f ig s . 25, 26.

D escrip tion— The sh e ll is  sm all, sligh tly  longer than w ide , w ith 

the g rea tes t w idth an terio r to  m idlength. The dim ensions of one specim en

are:

Specimen 1

Length (mm) 23

W idth (mm) 20

No brachial va lves w ere found .
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The ped ic le  valve is  strongly convex from beak to umbo> and 

m oderately convex from the umbo to  the anterior m arg in . The umbo is  

b road , becoming narrower toward the beak and projecting posteriorly  

over the  h in g e lin e . The umbonal slopes are  steep  and the poste ro la te ra l 

margins are  broadly rounded . An in d is tin c t sinus o rig inates high on the 

umbo and becom es more d is tin c t an te rio rly .

The ornam entation c o n s is ts  of concentric  bands w ith para lle l sp ine 

row s. No co stae  w ere observed . The sp ines are  of two d is tin c t s iz e s .  

Large sp ines p ro ject out of the back slopes of the concentric  bands a t 

approxim ately right ang les to the valve su rface , and sm aller, f la t- ly in g  

sp ines occur in one or som etim es two rows along the anterior edge of 

the b a n d s . On the  lower an terio r slope there are  3 or 4 of th e se  bands 

in one cen tim eter, but they  become much more crowded toward the 

posterio r of the v a lv e .

D iscu ss io n —This sp ec ie s  resem bles E. g e n ev iev e n s is , but has a 

more prominent sinus and a shorter h ingeline  than  th is  M iss iss ip p ian  

sp e c ie s .

M aterial and occurrence—This sp ec ie s  has been reported from 

the Heath and Cameron Formations of C hester or Morrowan a g e , in 

cen tra l Montana (Easton, 1962, p . 48).

Three poorly preserved specim ens w ere co llec ted  from unit 18 of

section  II, of Derryan a g e .
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Echinoconchus sem ipunctatus (Shepard)

Plate V, no. 13

Productus sem ipunctatus Shepard, 1838, American Jour. S c i . , v o l. 34 

p . 153, f ig . 9 .

Pustula sem ipunctata (Shepard) G irty , 1915, M issouri Bur. G eol. and 

M ines, 2nd s e r . , vo l. 13, p . 349.

Echinoconchus sem ipunctatus (Shepard) Dunbar and Condra, 1932,

N ebraska G eol. Survey Bull. 5 , 2nd s e r . , p . 205-207, p i. 24, 

fig . 6; p i. 25, f ig s . l - 3 b .

D escrip tion—The she ll is  la rg e , subtriangular in o u tlin e , and 

sligh tly  longer than  w id e . The g rea te s t w idth is  an terio r to  the  m idlength 

and the g rea te s t th ick n ess  is  posterio r to the m idlength. M easurem ents 

of one specim en are:

Specimen____________ 1

Length (mm) 60

W idth (mm) 55

Thickness (mm) 27

On both specim ens co llec ted  the b rach ial valve could not be freed 

from the enclosing  lim estone .

The ped icle  valve is  strongly convex from beak to umbo w ith  a gently  

convex anterior s lo p e . The umbo is  narrow and strongly curved over the  

h ingeline , w ith a sharp beak th a t is  curled so tigh tly  th a t it  alm ost
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touches the b rach ial v a lve . A narrow , m oderately deep sinus o rig inates 

about one centim eter in front of the beak and continues to the an terio r 

margin where it may become o b so le te .

The surface of the ped icle  va lve  is  covered w ith  b road , concentric  

bands w hich have gen tle  back s lo p e s . On th ese  back slopes there are  

2 or 3 irregular, tran sv erse  rows of sp in e s , w hich are rather fine and 

lie  fla t ag a in st the  s h e l l . Four or five of th ese  bands occupy each  

centim eter along the  an terio r s lo p e , but they become more crowded 

towards the posterio r of the v a lv e .

D iscussion—The specim ens w ere poorly p reserved , and the w idth 

of the hingeline could not be determ ined, a s  the ears and b rach ial 

va lves w ere co n cea led .

The only other sp ec ies  w ith  w hich th is  might be confused are 

E. moorei and_E. sem ipunctatus v a r. k n ig h ti. The la tte r  sp e c ie s  is  

sm aller, has a le s s  pronounced s in u s , a le s s  strongly convex um bo, 

and the blunt beak is  le s s  incurved. E. moorei has a suboval o u tlin e , 

is  sm aller, and has 3 or 4 rows of finer, more numerous sp ines on each 

concentric  band than  E. sem ipunc ta tu s.

M aterial and occurrence—This sp ec ies  is  known to  range.from 

Derry an to M issourian in the  m idw estern United S ta te s .

Two specim ens w ere found in un it 28 of sec tion  II. This unit is  

covered , but approxim ately 40 fee t above the b a se  of the u n it, one
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outcrop to  the w est of the  m easured sec tion  contained  some fo s s i ls .  

This unit is  Derry an  in a g e .

Family LINOPRODUCTIDAE 

Genus LINOPRODUCTUS Chao, 1927

Linoproductus a f f . L. platyumbonus Dunbar and Condra

Plate VI, no . 1-4

Linoproductus platyum bonus Dunbar and C ondra, 1932, Nebraska G eol. 

Survey, Bull. 5 , 2nd s e r . , p . 254-255, p i. 31, f ig s . 1 -5 . 

D escrip tion—The sh e ll is  of medium to large s iz e , longer than 

w ide , w ith  the g re a te s t w idth a t  the h ingeline . D im ensions of one

specim en are:

Specimen___________ 1

Length (mm) 30

W idth (mm) 30

Thickness (mm) 14

The brach ial valve is  gently  concave over the v isc e ra l d isk  then 

sharply g en icu la ted . The ears are f la t ,  conforming to the ears of the  

pedicle  v a lv e . The ornam entation w as destroyed , excep t for low rugae 

on the e a r s .

The ped ic le  valve is  strongly convex from beak to  umbo and gently  

convex to the an terio r, where the  tra il  is  broken off. The umbo is  broad.
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w ith steep  la te ra l s lo p e s , and pro jects beyond the h ingeline , narrowing 

rapidly to form the b lu n t, incurved beak . The ears are  re la tive ly  f la t , 

w ith  d is tin c t rugae w hich die out on the umbonal s lo p e s . The umbo 

shows a very fa in t, broad sinus w hich d isappears on the an terio r s lo p e . 

The entire  surface of the valve is  covered w ith f in e , even , rounded, 

rad ia l c o s ta e . About a dozen erec t sp ine b a se s  are  sca tte red  over the 

an terio r portion of the valve .

D iscuss ion—This sp ec ie s  is  characterized  by the fla t umbo, 

fa in t s in u s , and sca rc ity  of sp in e s . All specim ens lack  the tra il and 

part of the an terio r of the  ped icle  valve so tha t the  fold described  by 

Dunbar and Condra (1932, p . 254-255) w as not p reserved . A lso, the  

ears are  w eathered  and the w idth of the hingeline could not be determ ined.

This sp ec ie s  resem bles L. m agnispinus but lacks the heavy row 

of sp ines on the an terio r s lo p e .

M aterial and occurrence—This sp ec ies  is  confined to  the  lower 

M issourian of the m idw estern United S tates (Dunbar and Condra, 1932, 

p . 255), but has been  reported from the Derryan and D esm oinesian of 

Mew M exico (Gehrig, 1958, p . 21).

Specimens w ere co llec ted  from unit 27 of sec tio n  I, and un its  27, 

40, and 68 of sec tion  II, spanning the D erryan-D esm oinesian boundary.
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Family MARGINIFERIDAE 

Genus DESMOINESIA H oare, 1960

D esm oinesia m uricatina (Norwood and Pratten)

Plate VI, no . 11-15

Productus m uricatus Norwood and Pratten (non P. m uricatus P h illip s), 

1854, Philadelphia Acad. N at. Sci. Jo u r., v o l. 3 , 2nd s e r . ,  

p . 14, p i. 1, f ig s . 8 a -e .

M arginifera m uricata (Norwood and Pratten) G irty , 1903, U . S. G eol.

Survey Prof. Paper 16, p . 373, p i . 5 , f ig s .  5 -5 b , 6 -6b .

M arginifera m uricatina (Norwood and Pratten) Dunbar and Condra, 1932, 

N ebraska G eol. Survey Bull. 5 , 2nd s e r . ,  p . 222-224, p i. 35 

f ig s . 1 -10 .

D esm oinesia m uricatina (Norwood and Pratten) H oare, 1960, Jour.

P a le o n t., v o l. 34, no. 2, p . 226-227, p i. 33, f ig s . 8 -1 3 .

Rudinia m uricatina (Norwood and Pratten) Muir-Wood and Cooper,

I960 , G eol. Soc. America Mem. 81, p . 228-229. (Rudinia is  a 

junior ob jec tive  synonym of D esm oinesia H oare).

D escrip tion— The she ll is  sm all, subrectangular in  o u tlin e , w ider 

than long, w ith  the g re a te s t w idth approxim ately a t  m idlength. M easure

m ents of th ree  specim ens are:
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Specimen____________1______  2_________ 3_________

Length (mm) 13 11 11

W idth (mm) 17 16.5 16

Thickness (mm) Not determ ined due to poor p reserva tion .

The brach ial valve is  gently  concave over the v isce ra l a re a , and 

gen icu lated  a t  the an terio r m argin. The ears are  sm all and f la t , w ith  w ell 

defined rugae . The surface of the valve has fa in t rugae and c o s ta e , 

giving it a re ticu la te  ap p ea ran ce .

The ped ic le  valve is  regularly  and strongly convex from the beak 

to the an terior m argin. The umbo is  broad , w ith steep  poste ro la te ra l 

s lo p e s . The ears a re  sm all and sligh tly  arched and the blunt beak barely 

pro jects over the h inge line . A fain t m edian sinus appears on the umbo 

of many spec im en s, and continues to the an terio r margin where it  is  

shallow  and in d is tin c t.

The ornam entation on the ped ic le  valve c o n s is ts  of co a rse , 

irregular c o s ta e , some of w hich b ifu rca te . There are  6 or 7 of th ese  

co stae  in 5 mm on the an terio r s lo p e . The posterior third of the  valve 

has concentric  rugae , strong on the ears and le s s  d is tin c t on the umbo, 

w hich give a re ticu la te  appearance . There is  a row of sp ine b a se s  along 

the posterior margin of each  ea r, and another row curving along the b ase  

of the umbonal s lo p e s . The en tire  surface of the valve is  libera lly  

sprinkled w ith  th e se  spine b a s e s .
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D iscussion— This sp e c ie s  resem bles D. nana, but has a g rea ter 

ratio  of w idth to le n g th , coarser c o s ta e , and more numerous sp in e s .

Retaria la s a lle n s is  resem bles th is  sp ec ie s  but is  la rger, has a strongly 

gen icu la ted  ped ic le  v a lv e , a long tra i l ,  and a sm aller length  to w idth 

ra t io .

M aterial and occurrence—This sp ec ies  is  confined to  the  D esm oines- 

ian  of the m idw estern U nited S ta tes and has been reported from the 

D esm oinesian and M issourian of Colorado (Girty, 1903, p . 375).

Several specim ens w ere found in  unit 43 of sec tion  II, of 

D esm oinesian a g e .

Genus RETARIA Muir-Wood and Cooper 1960

Retaria la s a lle n s is  (Worthen)

Plate VI, no. 5-10

Productus la s a lle n s is  W orthen. 1873, Illino is G eol. Survey, v o l. 5 , 

p . 569, p i . 25, f ig . 9 .

M arginifera la s a lle n s is  (Worthen) G irty, 1903, U . S. G eol. Survey Prof.

Paper 16, p . 372, p i. 5 , f ig s . 4 , 4 a .

Retaria la s a lle n s is  (Worthen) M uir-W ood and Cooper, 1960, G eol. Soc.

America Mem. 81, p . 231.
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D escrip tion—The she ll is  subquadrate in  o u tlin e , a l it t le  w ider 

than long, w ith the g rea tes t w idth e ither a t the h ingeline or a t  m idlength . 

M easurem ents of three specim ens are:

Specimen 1 2 3

Length (mm) 15 17 14

W idth (mm) 17.5 17 16

Thickness (mm) 8 8 8

The b rach ial valve is  s ligh tly  concave over the v isc e ra l area and 

strongly gen icu la ted  an te rio rly . The ears are  f la t and sligh tly  higher 

than  the re s t  of the  v a lv e . The surface is  covered w ith  low , regular 

c o s ta e , concen tric  rugae , and sca tte red  sm all sp ine b a s e s .  The beak is  

sm all and d ep re ssed .

The ped ic le  valve is  strongly g e n ic u la te , w ith  a m oderately convex 

v isce ra l d isk  th a t tends to pro ject over the h ingeline . The umbo is  low , 

the beak is  prominent and b lu n t, and the  la te ra l slopes are s te e p . 

Anterior to the line  of gen icu la tion  the curvature is  m oderate and the 

tra il is  lo n g . A w ell defined , rounded sinus begins on the umbo and 

extends to  the an terio r m argin . The ears a re  sm all.

The surface of the  ped ic le  valve is  covered w ith  f in e , even c o s ta e , 

about 12 to 15 of w hich occupy one cen tim eter. On the v isce ra l d isk  the 

co stae  are  le s s  prominent and the concen tric  rugae stand  ou t. Sm all, 

very slender, e rec t sp ines are  common on the su rface  of the s h e l l .
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The ears tend to have a row of coarser sp ines along the h ingeline and a 

row running along the b ase  of the umbonal s lo p e s . In some specim ens 

th ese  tend to be sc a tte re d , not forming ac tual l in e s .

D iscussion—This sp ec ie s  resem bles D esm oinesia m uricatina , but 

th a t sp ec ies  is  le s s  convex , not gen icu la ted  on the  ped icle  v a lv e , and 

has a shorter t ra i l .  There are a lso  im portant d ifferences in the in ternal 

structure of the b rach ial v a lv e , but no in terio rs w ere observed in e ither 

s p e c ie s .

M aterial and occurrence—This sp e c ie s  is  known to range through 

the M issourian of the  m idw estern United S tates and through the D esm oines

ia n and M issourian of the w estern  United S ta te s .

Several specim ens w ere found in un its 18, 40, and 43 of sec tion  II, 

of Derryan and D esm oinesian a g e .

Superfamily STROPHOMENACEA 

Family CHONETIDAE

Genus CHONETES F ischer de W aldheim 1837

Chonetes granulifer Owen 

Plate VI, no. 16—19

Chonetes granulifer Owen, 1853, G eol. Report W isco n sin , Iowa, and

M innesota, p . 583, p i. 5 , f ig s . 12a-d .
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D escrip tion—The she ll is  of medium s iz e , w id est a t  the h in g e lin e , 

and a lit t le  more than  half a s  long a s  w ide . The outline is  subquadra te , 

although the card inal ex trem ities may be m ucronate. M easurem ents of 

three specim ens are:

Specimen 1 2 3

Length (mm) 9 .5 8 8 .5

W idth (mm) 16 14 13.5

Thickness (mm) 3 2 .5 3

The brach ial valve is  gently  concave over the  v isce ra l a re a , except 

for the low , in d is tin c t fo ld . This is  probably a feature  of com pression, 

since  the fold is  m ost d is tin c t a t the an terio r m argin . The beak is  very 

sm all, and from th is  depends the card inal p rocess w hich is  covered w ith 

a sm all, convex chilid ium . The exposed posterio r face  of th is  chilidium  

is  marked by four sharp , diverging ridges from the beak , each  pair 

embracing one of the  m u sc les . The in terarea  is  extrem ely narrow , 

tapering to  the card inal m arg ins. The surface of the valve is  covered 

w ith  f in e , even c o s ta e , about 5 of w hich occupy 1 mm.

The ped ic le  valve is  gently  convex long itud inally , w ith  gentle  

poste ro la te ral s lo p e s . A b road , poorly defined , rounded sinus begins 

on the umbo and continues to the  an terio r margin where it  s ligh tly  d ep resses 

the line  of com m issure. In a few specim ens th is  sinus is  la c k in g . The 

beak is  sm all but consp icuous, w ith  a narrow in terarea  sloping back
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under i t .  The triangular delthyrium is  broader than h igh , w ith  a v e s tig ia l 

deltidium  filling  the apex and giving a rounded lip  to the delthyrium .

The opening is  u sua lly  filled  w ith  the card inal p rocess of the brach ial 

v a lv e . Along the posterio r margin of the valve 8  or 9 sm all spine b a se s  

point inward on each  side  of the b e a k . The shell substance  is  tran slu cen t 

in some specim ens and the spine b a se s  penetrate  the she ll substance  to  

the in terior of the v a lv e . The surface is  covered w ith f in e , regular 

c o s ta e , about 5 of w hich occur in 1 mm.

D iscussion— This sp ec ie s  has many v a rie tie s , d istingu ished  on the 

b asis  of ornam entation and she ll shape . C . granulifer var. a rm atus, has 

6 co stae  per mm w hich are so subdued a s  to be alm ost in d is tin g u ish ab le . 

This varie ty  is  a lso  narrower, more strongly curved , and sm aller than  the 

typ ica l C . g ran u life r. C . granulifer var. tran sv e rsa lis  is  much broader, 

w ith  more m ucronate card inal ex trem ities.

M aterial and occurrence—This sp ec ies  ranges throughout the 

Pennsylvanian in  outcrops over most of the United S ta te s .

Several specim ens w ere co llec ted  from un its  12, 18, 27, 34, and 

43 of section  II, spanning the D erryan-D esm oinesian boundary .
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Family ORTHOTETIDAE 

Genus ORTHOTETES F ischer 1850 

Subgenus DERBYIA. W aagen 1884

O rthotetes (Per by la ) c ra ssa  (Meek and Hayden)

Plate VII, no . 1-4

O rthislna c ra ssa  Meek and H ayden, 1858, Philadelphia Acad. N a t. S c i. 

P ro c ., v o l. 10, p . 261.

Derbyia c ra ssa  (Meek and Hayden) W aagen , 1884, Palaeontologia Ind ica , 

s e r . 13, v o l. 1 , p . 592.

For fu ll synonymy see  G irty , 1915, U . S. G eol. Survey Bull. 544, p . 54 . 

O rthotetes c ra ssa  (Meek and Hayden) Sokolskaya, 1954, Trudy P a leo .

In s t. Acad. N auk, S .S .S .R . , v o l. 51, p . 1 -187, p is .  1 -1 8 . 

O rthotetes (Derbyia) c ra ssa  (Meek and Hayden) E aston , 1962, U . S.

G eol. Survey Prof. Paper 348, p . 42.

D escrip tion— This sp ec ie s  i s  extrem ely variab le  in sh e ll form and 

ornam entation, and is  of medium to sm all s iz e . In sm aller specim ens 

the she ll is  w ider than  long, w ith  a re la tiv e ly  short h in g e lin e . Later 

growth tak es p lace m ostly on the  an terio r a s  shown by growth l in e s , so 

th a t o ld er, more mature specim ens are  alm ost a s  long a s  w id e . M easure

ments of severa l specim ens are :
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Specimen 1 2 3 4

Length (mm) 29 27 20.5 2 0

W idth (mm) 31 30 23 23

Thickness (mm) 8 9 9 8

The b rach ial valve is  m oderately convex , w ith the g rea te s t th ick n ess  

ju s t posterior to the m idlength . The beak is  sm all and inconsp icuous, 

and the card inal area is  linear and very narrow.

The ped ic le  valve is  nearly f la t , h ighest a t the beak and sloping 

toward the an terio r and poste ro la te ra l margins where it is  sligh tly  convex. 

The pedicle  beak is  low , w ith  a triangular in terarea about one-th ird  as 

high a s  w ide sloping under i t .  The area  is  u sua lly  f la t or gently  concave. 

The delthyrium is  rather broad, and covered by a strongly convex 

deltid ium .

The su rfaces of both valves are covered w ith  f in e , rounded, 

regular c o s ta e , w hich increase  by b ifurcation and in te rca la tio n . There 

are 2 or 3 of th ese  co s tae  per mm a t the anterior m argin. C oncentric 

rugae and growth lin es  are  common on many indiv iduals and rare on o th e rs .

D iscuss ion— There are  no other sp ec ie s  w ith  w hich th is  is  likely  

to be confused .

The exact placem ent of the  sp ec ie s  is  im perfectly understood, 

since Sokolskaya (1954) redescribed  O. rad ia ta  F ischer and p laced  the



genus Derbyia W aagen in synonymy w ith O rthotetes F isch e r. The in ternal 

ch a rac te ris tic s  of both genera are  im perfectly known.

M aterial and occurrence—This sp ec ies  is  known to range from 

D esm oinesian through Virgilian in  the m idw estern and w estern  U nited 

S ta te s .

Several specim ens w ere found in  un its  12, 18, 27, 43, and 6 8  of 

section  II, spanning the D erryan-D esm oinesian boundary.

95
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Phylum COELENTERATA 

C lass  ANTHOZOA 

Order RUGOSA 

Family LOPHOPHYLLIDIIDAE 

Genus LOPHOPHYLLIDIUM G rabau, 1928

Lophophyllidium idonium Moore and Jeffords 

Plate VII, no. 5 -10

Lophophyllidium idonium Moore and Jeffo rds, 1945, Univ. of Texas Pub. 

4401, p . 96-99 , te x t- f ig s . 25 -28 .

D escrip tion—The stra igh t to sligh tly  curved co ra llite s  are sm all 

and steep ly  trochoid . The epitheca has narrow but d is tin c t sep ta l grooves 

and in te rsep ta l r id g es , is  le s s  than one mm th ic k , and shows fa in t tra n s 

verse  rugae and growth l in e s . A pointed colum ella p ro jec ts above the 

floor of the c a ly x . The dim ensions of three partia lly  recovered specim ens

are:

Specimen 1 2 3

Length (mm) 25 2 0 13

W idth (base of calyx) (mm) 14 16 8

Thickness of theca (mm) 0 .4 0 .3 0 .3
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At the base  of the calyx  there are  28 to 33 major s e p ta , w ith an 

average sep ta l ra tio  of 2 .4  (the sep ta l ra tio  is obtained by dividing the 

co ra llite  w idth in mm by the number of major sep ta  a t tha t p o in t), a s  

explained by Rowett and Sutherland (1964, p . 16). The sep ta l ra tio  

d ecreases uniformly toward the apex of the c o ra llite . The major sep ta  

are  markedly rhopalo id , extend to the colum ella (to w hich they may be 

cem ented), and are  cem ented together in quadrants by stereop lasm . The 

quadrants are  sharply de linea ted  by the  card inal and counter septa and 

two a la r p seu d o fo ssu lae . The card inal septum is  short and se t in a 

d is tin c t fo s su la . The counter septum is  elongated and the d is ta l end is  

th ickened to form the  ax ia l colum n, w hich is  la te ra lly  com pressed and 

contains no rad ial e lem en ts . Minor septa w ere not observed . The a la r 

pseudofossu lae  are  narrow but d is tin c t. In the early  ephebic stage  the 

card inal septum becom es longer, approxim ately equal in  length  to  the 

major se p ta , w ith  a much narrower fo ssu la . Tabulae are p resen t, although 

they can not be seen  in the ap ica l region due to filling  by sk e le ta l 

m ate ria l. Axially the tabu lae  are  steep ly  inclined  upward and d issep im ents 

are a b sen t.

D iscuss ion— These specim ens agree c lo se ly  w ith  the sp ec ie s  

descrip tion  given by Moore and Jeffords (1945, p . 96-99) and emended 

by Rowett and Southerland (1964, p . 26-28). The la tte r  authors pointed 

out the increased  length of the card inal septum proximally and reaffirm ed
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the lack  of rad ia l elem ents in the  co lum ella . Although the specim ens 

co llec ted  show 2 to  5 more sep ta  in mature regions than  the orig inal 

sp e c ie s , the sep ta l ra tio s  ag ree  c lo se ly . The extra sep ta  are  a ttribu ted  

to the  sligh tly  larger co ra llite  s i z e .

This sp ec ie s  can  be d istingu ished  from most o ther Lophophyllidlum 

sp e c ie s , including th o se  herein  d escrib ed , by the  p resence  of d is tin c t 

a la r  p seu d o fo ssu lae . The sp e c ie s  may be d istingu ished  from L. d istinctum  

by i ts  rhopaloid se p ta , and from L. confertum by its  higher sep ta l ra tio  

and le s s  cy lind rica l sh ap e . L. idonium differs from L. minutum in i ts  

g rea ter s iz e , larger number of tab u lae , and lack  of marked curvature in 

the proximal s tag es  of the  c o ra llite .

M aterial and occurrence—This sp ec ie s  w as f irs t described  from 

the W apanucka Formation of Oklahoma and the M arble F a lls  Lim estone 

of T exas, to  w hich i t  w as believed  to be re s tr ic te d . The age of th e se  

co rals in  the aforem entioned a re a s  w as M orrowan.

Three specim ens w ere co llec ted  from un its 42 and 43 of sec tion  II. 

The un its are  Lower D esm oinesian in a g e .

Lophophyllidium a f f . L. ignotum Moore and Jeffords 

Plate VII, n o . 11-14

Lophophyllidlum ignotum Moore and Jeffords, 1945, U niv. of Texas Pub.

4401, p . 108, te x t- f ig s .  36, 57, 58.
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D escrip tion—The stra igh t or sligh tly  curved co ra llite  is  trochoid 

and w idens rapidly near the to p . The epitheca is  th ick and shows 

d is tin c t but low sep ta l grooves and in ter sep ta l rid g es . Irregular concen

tric  ru g ae , a s  w ell a s  growth lin e s  are  p resen t but inconsp icuous. The 

la te ra lly  com pressed colum ella p ro jec ts above the  base  of the ca ly x . 

M easurem ents of one specim en are:

Specimen___________ ________ l_

Length (mm) 27

W idth (base of calyx) (mm) 21

Thickness of theca (mm) 1

At the b a se  of the calyx  there are  35 th ic k , somewhat rhopaloid 

major s e p ta , w hich do not quite reach  the ax ia l colum n. The sep ta  are  

subequal in length  and no minor sep ta  w ere observed. The sep ta l ra tio  

d ecrea se s  slow ly in the ephebic s ta g e , w ith a ra tio  of 2 .5  a t a diam eter 

of 12 mm and a ratio  of 1 .7  a t the  base  of the c a ly x . Approximately 5 mm 

below the base  of the calyx  the septa  reach  the ax ia l column and are 

cem ented together and to the column by s te reo p lasm . The card inal 

septum is  short and se t in a conspicuous fossu la  w hich narrows a x ia lly . 

The elongate counter septum is  sw ollen a t the d is ta l end into a la te ra lly  

com pressed colum ella loca ted  in the ax ia l reg ion . Faint rad ia l elem ents 

may be seen  in th is  s tru c tu re , w hich rem ains thin throughout the length 

of the c o ra lli te . A few widely spaced  tabu lae  slope steep ly  upward to
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the a x is , and no d issep im ents are  p resen t. In the  early  ephebic stage  

of the co ra llite  a t  a diam eter of 7 mm, the  sep ta l ra tio  is  3 .8  and the  

d ila ted  septa f i ll  the  c o ra llite . The card inal septum  is  equal in  length 

to the other major septa and s t i l l  se t in  a fo s su la . The ep ith eca , through

out the c o ra llite , c o n s is ts  of an  outer w all about 0 .5  mm th ick  and a th in  

inner stereo  zone about 0 .5  mm th ic k .

D iscuss ion—This sp e c ie s  is  very c lo se  to L. ignotum , but d iffers 

in  the  lack  of d is tin c t rad ia l elem ents in a la rg e , round co lum ella . The 

stereo  zone of th is  sp e c ie s  is  th inner than  in  the typ ica l L. ignotum , the  

co ra llite  is  la rg e r, and has s ligh tly  higher sep ta l ra tio s  in  the proximal 

portion . More specim ens must be found and sec tioned  before th is  sp e c ie s  

can  definate ly  be a ss ig n ed  to L. ignotum .

This sp ec ie s  resem bles L. extumidum, but has few er tab u lae , no 

a la r  p seudo fossu lae , and lack s d is tin c t rad ia l elem ents in  the  co lum ella . 

M ost o ther Lophophvllidium sp ec ies  including the ones described  in  th is  

paper lack  the d is tin c tiv e  stereozone of L. ignotum .

M aterial and occurrence— This sp ec ie s  has been found in the 

W apanucka Formation in  the Ouachita area  of Oklahoma, to  w hich i t  w as 

believed to be re s tr ic te d . The age of the  W apanucka Formation is  

Morrowan.

One specim en w as co llec ted  from unit 42 of sec tion  II, and is  

Lower D esm oinesian in  a g e .



Lophophyllidium sp . A 

Plate VII, no . 15-16
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D escrip tion— The con ica l co ra llite  is  slightly  curved, la rg e , w ith  

a m oderately th in  ep itheca w hich shows narrow sep ta l grooves and w ider 

in te rsep ta l r id g e s . Growth lin e s  and concentric  rugae are a b se n t. The 

la te ra lly  com pressed colum ella p ro jec ts above the  b ase  of the deep 

ca ly x . M easurem ents of a com plete specim en are:

Specimen ________________ 1

Length (mm) 40

W idth (top of calyx) (mm) 28

W idth (base of calyx) (mm) 21

Thickness of theca (mm) 0 .7

At the  b a se  of the calyx there  are  38 major septa (sep tal ra tio  1 . 8 ) 

of th ree  d is tin c t s iz e s ,  a lte rna ting  w ith  short minor se p ta . The counter 

septum is  elongate and a ttach ed  to  the  la te ra lly  com pressed ax ia l 

colum ella w hich shows a median septum continuous w ith the  counter 

septum , but no rad ia l e lem en ts . The card inal septum  is  short and se t 

in  a d is tin c t card inal fo ssu la  w hich narrows a x ia lly . In the  counter 

quadrants major sep ta  are  of two d is tin c t leng ths and m arkedly rhopalo id . 

The long major sep ta  reach  a lm ost to the  ax ia l column and a lte rn a te  w ith 

shorter s e p ta . In the  card inal quadrants th inner, non-rhopaloid  septa 

about 5 mm long a lte rn a te  w ith two larger rhopaloid se ts  of s e p ta . The



a la r pseudofossu lae  are  in d is tin c t. At a diam eter of 8  mm there are 31 

major septa (sep ta l ratio  2 .9 ) , sligh tly  rhopalo id , subequal in  length  

and cem ented together a t their d is ta l ends w ith ste reop lasm . The 

card inal septum is  se t in a d is tin c t fo ssu la  and is  sligh tly  shorter than 

the other major se p ta . The counter septum is elongated and sw ollen a t 

the d is ta l end to  form the co lum ella . The sep ta  are  a ll  th ickened w ith  

sk e le ta l dep o sits  leaving only sm all openings betw een the s e p ta . Alar 

p seudofossu lae  are  in d is tin c t, and minor sep ta  are  o b so le te . No 

tabu lae  or d issep im en ts w ere observed .

D iscuss ion—The lack of rad ia l elem ents in the colum ella would 

p lace th is sp ec ie s  in the genus S tereosty lus Jeffords, 1947. H ow ever, 

Rowett and Sutherland (1964, p . 25), consider S tereosty lus a junior 

synonym of Lophophyllidium for the follow ing re a so n s . The d is tin c tio n  

made betw een the genera is  th a t the former has more in ternal sk e le ta l 

d e p o s its , a th icker e p ith e c a , and a larger colum ella w ith d is tin c t rad ia l 

s tru c tu re s . These fea tu res a ll  seem to vary , even w ith in  a sing le  sp ec ie s  

(Rowett and Sutherland, 1964), making it im possible  to d istingu ish  

betw een the two genera c o n s is ten tly . Other au tho rs , how ever, accep t 

the new genus a s  va lid  (Ross and R oss, 1962); (H ill, 1956). Too few 

specim ens w ere exam ined by the  w riter to support e ither concep t, so for 

convenience S tereosty lus w ill not be used  in th is  paper.

102
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M aterial and occurrence— One specim en w as found in  un it 6 8 , 

section  II, of D esm oinesian a g e .

Family CYATHOPSIDAE

Genus PSEUDOZAPHRENTOIDES Stuckenburg, 1904

Pseudozaphrentoides torguius (Owen)

Plate VIII, no. 1 - 6

Cyathophyllum torquium Owen, 1852, G eol. Rept. W isconsin , Iowa, and 

M innesota, ta b . 4 , f ig . 2 .

Campophyllum torquium (Owen) Sw allow , 1855, M issouri G eol. Survey, 

F irst and Second Ann. R ep ts. ,  Appendix B, p . 216.

Caninia torquia (Owen) Easton, 1944, Jour. Paleon t. ,  v o l. 18, no . 1, 

p . 125-128, p i. 2 2 , f ig s . 2-7; contains com plete synonomy to 

d a te , p . 125-126.

Pseudozaphrentoides torguius (Owen) Moore and Jeffords, 1945, Univ. 

of Texas Pub. 4401, p . 149.

D escription-—The la rg e , curved, co ra llite  is  co n ica l-cy lin d rica l 

w ith a b road , deep , f la t bottomed ca ly x . The theca is  w eathered  away 

but s t i l l  shows trac e s  of concen tric  rugae . M easurem ents of 2 broken

specim ens a re :
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Specimen 1 2

Length (mm) 90 40 (broken)

W idth (top of calyx) (mm) 44 — —

W idth (base of calyx) (mm) 36 36

At the  base  of the calyx  there are  45-46 major s e p ta , reaching 

about two th irds the  rad ius of the co ra llite  in le n g th . The major septa 

are thin and irregular in the d issepim entarium , th ickening and becoming 

a ttenua te  in the tabularium . Minor sep ta  are sh o rt, not a tta in ing  more 

than half the w idth of the d issep im entarium . The card inal septum is  

short and se t in a conspicuous fo ssu la  formed by the downwarping of 

the tabu lae  and an  outbending of the th ickened inner w all of the d is se p i

mentarium . In the  card inal quadrants 20 to 22 of the septa are  strongly 

d ila ted  in con trast to th o se  in the counter q u ad ran ts . The counter septum 

is  the same length a s  other major septa and ind is tingu ishab le  from them . 

The dissepim entarium  is  b road , about one third the  radius of the c o ra lli te , 

w ith  large and m oderately regular d issep im ents appearing both subparallel 

and herringbone in tran sv erse  se c tio n . In longitudinal sec tion  the d is se p 

im ents are variab le  in s iz e  and slope s teep ly  upward and outward toward 

the th ec a . W here the major sep ta  are d ila ted  in the card inal q u ad ran ts , 

a d is tin c t inner w all is  form ed. This w all is  not p resen t in  the counter 

quadran ts. Tabulae are  th in , num erous, com plete or in o scu la tin g , and
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slope upward from the edge of the dissepim entarium , then  fla tten  or are  

sligh tly  domed a x ia lly . No columnar structure is  p resen t.

D iscu ss io n —This is  the same sp ec ie s  described  by Easton (1944, 

p . 125-128) a s  sec tioned  and stud ied  from M eek 's p le s io ty p es . Meek 

(1872) co llec ted  the p les io types from the upper coal m easures a t Rock 

Bluff and Cedar Bluff, N eb rask a .

P. torguius resem bles £ .  sp a tio su s c lo se ly , but the la tte r  sp ec ie s  

has a lower w idth to length  ra tio , is  generally  sm aller, and has more 

regular d issep im ents in longitudinal and tran sv erse  sec tio n . P. spa tio su s 

has a d is tin c t th ickened  inner w all of the dissepim entarium  a ll the w ay 

around the c o ra llite . P. lep idus lack s a d is tin c t se p ta -free  tabularium ,

P. n ite llu s  has three d is tin c t zones in tran sverse  sec tio n , and P. ordinatus 

has a thin dissepim entarium  w ith an ind is tinc t card inal fo ssu la  and more 

regular arrangem ent of d issep im ents and tabu lae  than  JP. to rg u iu s .

Pseudozaphrentoides is  soperated  from C aninia on the  b a s is  of the 

w ide dissepim entarium  w hich the  generotype of C aninia l a c k s . A com plete 

d iscu ss io n  of th is  taxonom ic problem may be found in  Moore and Jeffords 

(1945, p . 143-147). Hill (1956, p . 298) considers Pseudozaphrentoides 

a junior synonym of C an in ia . Sutherland (1958), Ross and Ross (1962), 

and Rowett and Suthurland (1964) recognize the g en u s. The d is tin c tio n  

betw een the genera seem s suffic ien tly  valid  to th is  w riter to be 

recogn ized .
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M aterial and occurrence—This sp e c ie s  has a w ide stra tig raph ic  

and geographic range in Pennsylvanian rocks of the  United S ta te s .

One specim en w as co llec ted  from unit 40 and one from un it 70, 

sec tion  II, of D esm oinesian a g e .

Pseudozaphrentoides sp . A 

Plate VIII, n o . 7-8

D escrip tion—The la rg e , curved co ra llite  is  co n ica l-cy lin d rica l 

w ith a w ide , d eep , f la t bottomed ca ly x . The depth of the  calyx exceeds 

16 mm and the  septa slope upward from the edge of the  tabularium  to  the  

margin of the c a ly x . The theca is  w eathered  aw ay . M easurem ents of 

two specim ens are:

Specimen___________________ 1____________ 2_________

Length (mm) 61 75 (broken)

W idth (top of calyx) (mm) 37

W idth (base of calyx) (mm) 34 22 (middle ? - la te  ? ephebic stage)

At the  base  of the  calyx  there  are  49 major se p ta , about one half 

the radius of the c o ra lli te . The sep ta  a re  th in  and irregu lar in the 

d issep im ental zone, but th icken  a t  the  edge of the  tabularium  and then 

taper d is ta lly . Minor sep ta  are  very sho rt, le s s  than  2 mm long . The 

card inal septum is  m oderately long and se t in  a d is tin c t fo ssu la  formed 

by downbending of tabu lae  and curving of ad jacen t sep ta  around the front
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of the card inal septum . On each  side of the  card inal septum  8  to  10 

septa are  strongly d ila ted  in con trast to the septa of the  counter q u ad ran ts . 

The card inal fo ssu la  is  located  on the convex side  of both c o ra lli te s .

The dissepim entarium  w idth is  le s s  than  one half the rad ius of the  co ra llite  

a t  the base  of the  ca lyx , becom ing th inner proxim ally. The d issep im ents 

are  irregular, giving a  herringbone im pression in tran sv erse  se c tio n . In 

longitudinal sec tion  they are  irregular in s ize  and shape and slope steep ly  

upward and outward toward the th e c a . An inner w all is  formed by the  

th ickening  of the  sep ta  and sk e le ta l add ition  to  the  la s t  formed d is se p i

m ents, but is  le s s  d is tin c t in  the  counter q u ad ran ts . In longitudinal 

sec tion  the  tabularium  is  w ide and septa free , the  tabu lae  are  num erous, 

com plete or in o scu la tin g , and f la t or s ligh tly  domed in the ax ia l reg ion . 

The tabu lae  slope upward from the  edge of the d issep im entarium . No 

columnar structure  is  p re sen t. At a diam eter of 11 mm there  are  28 to 30 

sep ta , reaching  th ree  fourths the  rad ius of the c o ra llite , w ith  a short 

card inal septum se t in a d is tin c t fo s s u la . Minor septa  are a b se n t, the 

dissepim entarium  is  very th in , w ith  one or a t  most two layers  of herring

bone d issep im en ts . On each  side  of the  card inal septum there  a re  6  or 7 

d ila ted  se p ta .

D iscuss ion— This sp e c ie s  resem bles ^P. sp a tio su s but has a longer 

card inal septum , le s s  c lo se ly  spaced  tab u lae , a th inner dissepim entarium  

w ith more irregular d issep im en ts , and an  in d is tin c t inner w a ll.
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P. ordinatus resem bles th is  sp ec ie s  a ls o , e sp ec ia lly  in the  immature 

reg ion , but has a shorter card inal septum  and a th icker d issepim entarium  

w ith  more regular d issep im en ts . _P. torquius has a much w ider d is s e p i-  

m entarium , a short card inal septum , and longer major and minor se p ta .

M aterial and occurrence—Two specim ens w ere found in unit 70, 

sec tion  II, of D esm oinesian a g e .

Genus VESICULOPHYLLUM Easton, 1944

Vesiculophyllum  sed a lien se  (White)

Plate DC, no . 1-4

Chonophyllum se d a lien se  W hite . 1880, C ontr. Invertebrate Paleontology, 

no . 8 , p . 157, p i. 39, f ig . 3a . Extract from U . S. G eol. Survey 

12th Ann. Rept. (1878).

Vesiculophyllum  se d a lien se  (White) E aston , 1944, Illino is State G eol. 

Survey Rept. of Inv. no. 97, p . 52 -53 , p i. 5 , f ig s .  5 -9 , p i . 17, 

f ig . 12. This paper con ta ins a com plete synonymy a s  of 1944. 

D escrip tion— The coraH ites are  con ica l in  the  early s tag e  and 

cy lindrical in  la te r  s ta g e s . The specim ens have been w eathered  before 

buria l, a s  the  ep itheca and outer parts of the d is sepim entarium  are  gone, 

e sp ec ia lly  in the  la te r  s ta g e s . The calyx  is  deep , approxim ately 15 mm, 

w ith sep ta  sloping gently  upward forming a con ical calyx  except near
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the top where the  s id es  are  s tra ig h t. M easurem ents of two broken sp ec i

mens w ith the  a p ic a l ends m issing are:

Specimen___________________ 1____________ 2__________

Length (mm) 90 75

W idth (base of calyx) (mm) 22 28

At the b ase  of the  calyx  there  are  50 to  55 long, s inuous, sligh tly  

d ila ted  major s e p ta , subequal in  length  and reaching a lm ost to the  ax is  

of the c o ra llite . Minor sep ta  are  sho rt, never projecting beyond the 

d issep im entarium . The card inal septum  is  sligh tly  shorter than  the  other 

se p ta , se t in an  inconspicuous fo ssu la  formed by the  bending of la te ra l 

septa  around the  front of the  card inal septum . The d is  sepim entarium  is  

w ide , possib ly  a s  much a s  half the  rad ius of the  co ra llite  although half 

of th is  is  w eathered  aw ay on most of the c o ra llite . The d issep im en ts 

are  subparalle l in  tran sv erse  se c tio n . In longitudinal sec tion  they  are  

e longate , stre tch ing  up the in side  of the c o ra llite , and la te ra lly  com pressed . 

The tabu lae  are  th in , com plete or incom plete, sloping s teep ly  toward the  

apex from the  d is  sepim entarium  to the  a x is .  The numerous in te rsec tio n s  

of the tabu lae  and sep ta  make them appear more incom plete than  is  the  

ac tua l c a s e .  In the  ea rlie r s tag es the d is  sepim entarium  th ins to le s s  

than one fourth the co ra llite  ra d iu s , the card inal fo ssu la  d isa p p e a rs , the  

card inal septum  in c re a se s  in  len g th , and minor sep ta  rem ain sh o rt. Major
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septa become sligh tly  longer, s t i l l  sinuous and d ila ted , and reaching 

the ax ia l region w here they  are not u n ite d .

D iscu ss io n —This sp ec ie s  resem bles V. incrassatum  but has a 

narrower dissepim entarium , longer major se p ta , and shorter minor s e p ta .

The major septa are  more d ila ted , esp ec ia lly  in the  card inal quad ran ts.

V. Sutherland! is  a lso  sim ilar, but the sep ta  in the  card inal quadrants 

are th icker, being more d ila ted  in the  tabularium , and V. Sutherland! has 

a much narrower tabularium . V. sp . A has rhopaloid major s e p ta , w hich 

are  much le s s  s in u o u s .

M aterial and occurrence—This sp ec ies  is  not known to range above 

Early O sagian in a g e . In the M iss iss ip p i Valley area i t  is  found in Upper 

Kinderhookian and Lower O sagian ro c k s . In the Grand Canyon it  is  found 

w ith a typ ica lly  O sagian fauna (Easton and G utsch ick , 1953).

Two specim ens w ere co llec ted  a t the b ase  of sec tion  I, in  the top 

2 fee t of Escabrosa Lim estone underlying the  b a sa l dolom ite member of 

the Naco Form ation. This in d ica te s  an  Early O sagian or Late Kinderhook

ian  age for the  Escabrosa L im estone.

Vesiculophyllum  sp . A 

Plate DC, no . 5; P late X, no . 1-2

D escrip tion—The co ra lllte  is  con ical in  young s ta g e s , and cy lindrica l 

in mature s tag es sim ilar to V. se d a lie n se . The calyx  is  deep and the theca
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and outer d issep im ents are  w eathered  aw ay , probably before bu ria l. 

M easurem ents of one broken specim en w ith the a p ic a l end m issing are:

Specimen___________________ 1________

Length (mm) 100

W idth (base of calyx) (mm) 24

At the  b ase  of the calyx  there  are  47 d ila ted  major sep ta  th a t are  

rhopaloid a t  the extrem e ax ia l e n d s . The sep ta  are  long, but do not reach  

the  a x is , s ligh tly  sinuous and subequal in len g th . Minor septa are  ha lf 

the length of the  major s e p ta , projecting 2  to  5  mm out of the w ide 

d issep im en tal zone. The card inal septum  is  sligh tly  shorter than  o ther 

major septa  and se t in  an  in d is tin c t fo ssu la  formed by the  ad jacen t sep ta  

bending around in  front of the  card inal septum . In tran sv erse  sec tion  

the  d issep im ents are  concen tric , and in longitudinal sec tion  they  a re  

only sligh tly  d ep re ssed , a lm ost v e rtica l along the w a lls  of the  c o ra lli te . 

The th in  tabu lae  slope steep ly  toward the apex  of the  c o ra llite , a re  

incom plete and irregu lar. In the  early  portion of the  ephebic stage  the  

septa  are  s t i l l  d ila ted  but not s inuous, and rhopaloid a t  the  ou ter e d g es . 

The septa do not reach  the  ax ia l region and the dissepim entarium  is  le s s  

than  one fourth the  co ra llite  ra d iu s .

D iscuss ion— This sp e c ie s  does not resem ble any other sp e c ie s  of 

V esiculophyllum . The rhopaloid non-sinuous nature of the sep ta  combined
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w ith the  open space  free of septa in the ax ia l region of the co ra llite  are  

su fficien t to  d istingu ish  i t  from other s p e c ie s .

M aterial and occurrence— One specim en w as found in the upper 

two fee t of the Escabrosa Lim estone a t  the b ase  of section  I, a s so c ia te d  

w ith V. sed a lien se  of Late Kinderhookian or Early O sagian a g e .

Order TABUIATA 

Family CHAETETIDAE 

Genus CHAETETES F ischer, 1829

C haete tes exim ius Moore and Jeffords 

Plate X, no . 3-4

C haetetes m illeporaceus Edwards and H aim e, 1851; for d isc u ss io n  of 

synonymy see  Moore and Jeffords, 1944, U niv. of Texas Bull. 

4401, p . 191.

C haetetes exim ius Moore and Jeffords, 1944, U niv. of Texas Bull. 4401, 

p . 191-193, te x t- f ig s .  207-208.

D escrip tion— The coralla  a re  su b -sp h e rica l, a l i t t le  w ider than  

high, and la rg e . They a lso  occur in  irregular shaped m asses up to  two 

fee t in diam eter w hich appear to have been transported  and abraded a fte r

d e a th .
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In tran sv erse  sec tion  the co ra llite s  m easure 0 .4  to  0 .5  mm in 

diam eter, w ith th ick  w a lls , 0 .08  mm, th a t show some bead ing . The 

co ra llite s  form a honycomb pattern  of 5 or 6 sided po lygons, varying in  

shape but of approxim ately equal s iz e . Pseudosepta may be seen  in  

some c o ra lli te s . In long itud inal sec tion  the  co ra llite s  contain  c lo se ly  

and ra ther evenly  spaced  ta b u la e . These tabu lae  are  very th in  and do 

not alw ays occur a t  the  same lev e l in  ad jacen t tu b e s . There are  4 or 5 

tabu lae  per mm in  m ost of the c o ra ll i te s .

D iscuss ion— C haete tes m illeporaceus is  not now recognizab le  

(Moore and Jeffo rds, 1945) since  the sp ec ie s  w as not illu s tra ted  and 

no specim ens can be found agreeing w ith  the  orig inal d esc rip tio n .

C . exim lus d iffers from C . favosus in  having much more crowded 

tab u lae .

M aterial and occurrence— This sp ec ie s  w as orig inally  described  

from the  H ale Formation in Oklahoma and the  M arble F a lls Lim estone of 

T exas, both of Morrowan a g e . The sp ec ies  has been ten ta tiv e ly  reported 

from the Derryan and D esm oinesian Series of the M adera Formation in 

Colorado (T ischler, 1963). The sp ec ies  has been found in Arizona, in 

the Black Prince Limestone of Morrowan age (N ations, 1963).

Several specim ens were co llec ted  from a band about two fee t th ick 

in unit 14, sec tio n  II and unit 10, sec tion  I, of Derryan a g e . Two 

specim ens were a lso  found in un it 48 , sec tio n  II, of D esm oinesian a g e .
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Family AULOPORIDAE 

Genus MULTITHECOPORA Yoh, 1927

M ultithecopora sp . A 

Plate X, no . 5-6; Plate XI, no . 1-2

D escrip tion—The corallum  is  badly w eathered and partly  s ilic if ie d  

w ith only the low er two inches rem aining. The immature coraH ites a re  

rep tan t, incrusting  forign ob jec ts  to form a b a s e . They expand by la te ra l 

in c re a se , w ith  the  mature portion of the corallum  becoming fa s icu la te  

w ith subparallel cora H ites w hich are  cy lind rica l, sm all, 1 . 6  to 2 .3  mm 

in  diam eter, and generally  very th ick  w a lled , 0 . 23 to 0 .7  mm. In 

tran sv erse  sec tion  there  are  1 0  to  2 0  co ra llite s  per 1 0 0  sq . mm. 

Connecting tubu les are  sm all, approxim ately 1 mm in diam eter and 1 to  3 

mm long . The d is tan ce  betw een co ra llite s  ranges from 0 to  3 mm.

In ternally , sep ta  are  lack ing , sp ines are  rare  and extrem ely 

v ariab le , and tabu lae  are  a lso  lack in g . The th ick  w all is  formed by 

concentric  layers  of sclerenchym e added in te rn a lly . The cen tra l open 

tube is  loca ted  a t  the ax is  of the  c o ra llite , and parent coraU ites are  

connected to immature co ra llite s  by a sim ilar tu b e . The cen tra l tube 

ranges from 0 .4  to 0 .7  mm in  d iam eter.

D iscuss ion— This sp e c ie s  resem bles M . hypatiae  in s iz e  and 

density  of c o ra llite s , but lack s the  in te rnal ta b u la e . This lack  of
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tabu lae  se ts  the sp ec ies  apart from A siatic  sp ec ie s  a ls o . The coral is  

typ ically  A siatic  (W ilson, 1963), w ith only two other reports of i ts  

occurrence in North A m erica. M. paucitabu lata  is  reported from the 

lower M arble Falls Lim estone (Morrowan) of Texas (Moore and Jeffords, 

1945), and M. hypatiae  from the  Ely Limestone (Pennsylvanian) of N evada.

M aterial and occurrence— Only one specim en w as c o llec ted , in 

a sso c ia tio n  w ith  C haete tes exim ius in  un it 48, sec tion  II, of D esm oines- 

ian  a g e .

Genus SYRINGOPORA G oldfuss, 1826

Syringopora sp . A 

Plate XI, no . 3-6

D escrip tion—Fragm ents of two cora lla  about 6  inches on a side  

w ere re trieved , w eathering from a lim estone ledge in  sm all b lo c k s . In 

tran sv erse  sec tio n  the  co ra llite s  range from 3 to 3 .4  mm in d iam eter, w ith 

a density  of 5 to  6  co ra llite s  per 100 sq . mm. The w a lls  are  ra ther th ick , 

from 0 .2  to  0 .28  mm. Septal sp ines are  p resen t, in row s, but are  

irregular in s ize  and abundance in  the  c o ra lli te s . Lateral p ro cesses  

(connecting tubes) are w idely  spaced  and the  spacing of the c o ra llite s  

is  reg u la r.

Good longitudinal sec tio n s  are  d ifficu lt to get b ecause  of the 

irregular co ra llite  growth p a tte rn . Tabulae are  num erous, sloping steep ly
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toward the a p ic a l end and jo ined  along th e ir  inner edges to form a hollow 

cen tra l tube about one fourth the  diam eter of the c o ra lli te . The cen tra l 

tube is  not exactly  in  the cen ter of the co ra llite  but is  alw ays c lo se  to  

i t ,  and appears to be com pletely free  from horizontal tab u lae .

D iscu ss io n — This sp ec ie s  may be d istingu ished  from £>. se rcu laria  

by i ts  sligh tly  larger c o ra llite s  w ith th inner w alls  and lack  of f la t or 

concave tabu lae  in  the  cen tra l tu b e . rudyi has sligh tly  larger 

co ra llite s  w ith  th inner w alls  w ithout sep ta l s p in e s . j>. m aqnussoni is  

sim ilar to th is  sp e c ie s  both in co ra llite  diam eter and spacing but the 

growth of the co ra llite s  is  irregular, and they  tend to grow in iso la ted  

clumps w ith in  the  corallum . The w a lls  of j?. m aqnussoni are  th ick  a s  in  

th is  sp ec ies  but the  c o ra llite s  jo in  by anastom osing ra ther than  by 

la te ra l p ro c e sse s .

M aterial and occurrence— Two specim ens w ere found in  the  upper 

two fee t of the  Escabrosa L im estone, a t  the base  of sec tion  I . The 

sp ec ies  is  Late Kinderhookian or Early O sagian age  in  th is  a re a .

Gyringopora sp . in d e t.

Plate XI, n o . 7-8

D escrip tion— One specim en w as found, w ith the upper two inches 

p reserved . The co ra llite  diam eter ranges from 1 .8  to 2 .1  mm and 6 to  9 

co ra llite s  occur per 100 sq . mm. The w a lls  range from .09 to  .18 mm
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th ic k , w ith the  average falling  betw een .12 and .16 mm. The specim en 

is  s ilic if ie d  and in ternal fea tu res are  poorly p reserved . Spines do not 

appear to be p resen t and tabu lae  are  fairly  num erous. The position  and 

structure of an  ax ia l tube could not be determ ined .

D iscuss ion— The p resence  of the  tabu lae  in the  coraH ites in d ica te s  

tha t it belongs to the genus Syringopora „ but not enough d e ta il w as a v a il

ab le  to make carefu l sp ec ie s  com parisons. The g ross fea tu res of the  

cora H ite s , such a s  d iam eter, w all th ick n ess  and frequency resem ble 

_S. dingmanae or JS. h a rv ey i.

M aterial and occurrence— One specim en w as co llec ted  from the 

top of the Escabrosa Limestone a t  the b ase  of section  I , and is  Late 

Kinderhookian or Early O sagian in  a g e .



P la te  I

1 Lingula carbonaria Shumard; unit 12, sec tion
II, W - l .............................................................................................. 32

2 O rbiculoidea capuliform is (McChesney); brach ial
v a lv e , x l ,  unit 12, section  II, W -2 ..................................... 33

3-5 Schizophoria resup ino ides (Cox); p ed ic le ,
b rach ia l, and an terio r view s of a single
specim en, x l ,  unit 12, sec tion  II, W -4 ..............................  35

6-9 Schizophoria texana Girty; ped ic le , b rach ia l,
posterior and an terio r view s of a sing le
specim en, x l ,  unit 12, section  II, W - 6 ..............................  37

10-13 H ustedia mormon! (Marcou); p e d ic le , b rach ia l, 
an te rio r, and s ide  v iew s, each  view is  a
different specim en, un it 12, sec tion  II, W -7 .............. 38

14-16 H ustedia m iser! Mather; p ed ic le , b rach ia l, 
and side  v iew s , each  view is  a different
specim en, unit 12, sec tion  II, W -9 ..................... 40

17-20 Punctospirifer ken tuckyensis (Shumard); ped icle
view of one specim en, b rach ial and posterior 
view s of different ind iv idual, an terio r view
of third specim en, unit 12, sec tion  II, W -1 3 ................... 42

21-24 Reticulariina a ff . R. cam pestris (White);
ped ic le  (21) and an terio r (24) view s of one 
specim en, b rach ial (2 2 ) and posterio r (23) 
view s of a d ifferent ind iv idual, unit. 1 2 ,
sec tion  H, W -1 5 ............................ ........................................ .. 4 4

25-26 Reticulariina a ff . R. sp lnosa (Norwood and 
Pratten); ped ic le  and b rach ial view s of a
sing le  specim en, un it 1 2 , section  II, W -1 6 .....................  4 7

A ll m a g n if ic a tio n s  x2 e x c e p t num bers 2 th ro u g h  9 . P ag e



P l a t e  I
nr

26



P la te  II

All m a g n if ic a tio n s  x l . P age

1-5 Com posite argentea (Shepard); pedicle  and 
b rach ial view s of one ind iv idual, anterior 
view of a second specim en, and side  and 
posterior view s of a third indiv idual, unit
12, sec tion  II, W -17....................................................................... 50

6-9 Com posita derrya Gehrig; brachial (6) and
side (8) view s of one indiv idual, pedicle  (7) 
and anterior(9) view s of a different specim en;
(6,8) from unit 37, section  I, W -19; (7,9)
from unit 13, section  II, W -2 0 ..................................................... 52

10-16 Composita malaya Gehrig; pedicle  and brach ial 
view s of one specim en, an terio r, posterior 
and side view s of a second ind iv idual, and 
anterior and posterior view s of a third 
individual; (15,16) are from un it 13, section  
II, W -22, (10-14) are from unit 43, section  
II, W -2 1 ..........................................................................

17-20 Composita ovata M ather; ped ic le , b rach ia l, 
and posterior view of one ind iv idual, anterior 
view of a second specim en, un it 13, section  
II, W -2 5 ......................................................... ............... ......................  55

20-26 Composita sub tilita  (Hall); ped icle  (21),
brachial (22), and anterior (25) view s of one 
indiv idual, anterior (23) and side (26) view s 
of a second specim en, and posterior (24) 
view of a third ind iv idual, unit 27, section  
II, W -30

t

54

57



P late  II
11;



P la te  III

1-4 N eospirifer cam eratus (Morton); ped ic le , b rach ia l, 
and posterio r view s of one specim en, an terior (4) 
view of a second individual; (1-3) from unit 27, 
s e c tio n 'l l ,  W -32 , (4) from unit 40, section  II,
W -3 3 ......................... ............................................................................. 59

5-6 N eospirifer goreii (Mather); pedicle view of 
one specim en, brachial view of another
ind iv idual, unit 43, section  II, W -3 6 .......................................  61

7-10 Phricodothyris perplexa (McChesney); ped icle  (7), 
anterior (9), and side  (10) view s of one 
indiv idual, brachial (8 ) view of a second 
specim en; (8 ) is  from unit 38, section  I, W -38 ,
(7 ,9 ,10 ) is  from unit 43, section  II, W -3 9 ..............................  63

11 Spirifer occiduus Sadlick; ped icle  view ,
unit 43, section  II, W -4 0 ..............................................................  6 6

A ll m a g n if ic a tio n s  x l . P ag e



P la te  III
1

11



P la te  IV

A ll m a g n if ic a tio n s  x l . P ag e

I -  5 Spirifer occiduus Sadlick; pedicle ( l ) , b rachial
(2), and posterio r (4) view s of one specim en,
side  view (3) of a second ind iv idual, an terior
(5) view of a third specim en, unit 43, section
II, W -4 0 ................................................................................................ 6 6

6-10 Spirifer opimus Hall; pedicle  (6 ), b rachial (7) 
view s of one specim en, side  (8 ), posterior (9), 
and an terior (1 0 ) view s of a different individual;
(6,7) from unit 43, section  II, W -46 , (8-10) 
from unit 27, section  I, W -47 ..................................

I I -  16 Spirifer rockymontanus Marcou; ped ic le  (11),
brachial (13), posterior (15), and an terio r (16), 
view s of one indiv idual, side  (14) view of a 
second indiv idual, and pedicle  (1 2 ) view of 
a third specim en; (12) from unit 27, sec tion  
I, W -48 , a ll o thers from unit 43, section  II,
W -4 9 ..................................................................................

17-18 Juresania neb rascensis  (Owen); ped icle  and 
brachial view s of one specim en from unit 27, 
section  II, W -51 73



121

P late  IV



P la te  V

1-2 Juresania n eb rascen s is  (Owen); side and
posterio r view s of one ind iv idua l, unit 27,
sec tion  II, W -5 1 ..................................................................................  7 3

3-7 Antiquatonia coloradoensis (Girty); pedicle  (3) 
view of one specim en, brachial (4) view of a 
second specim en, side (5), posterior (7) view s 
of a third specim en, and anterior (6 ) view of a 
fourth individual; (4) from unit 27, sec tion  II,
W -56 , (4 ,5 ,7 ) from unit 27, section  I, W -57,
(6 ) from unit 24, section  II, W -5 5 .............................................. 7 5

8-11 Antiquatonia hermosana (Girty); ped ic le  (8 ) ,
side  (9), and anterior (1 1 ) of one ind iv idual, 
posterior (1 0 ) of a different specim en,
unit 43, section  II, W -6 1 ...................................................................7 3

12 Echinoconchus a f f . E. anqustus Easton;
pedicle v iew , unit 18, section  II, W -6 8 ..................................  8 0

13 Echinoconchus sem ipunctatus (Shepard);
pedicle v iew , unit 28, section  II, W -6 4 ..................................  0 2

A ll m a g n if ic a tio n s  x l . P age



P la te  V
122



Plate VI

All m agnifications x l
except 5-8  and 11-19, w hich are  x2 Page

I -  4 Linonroductus a f f . L. platyumbonus Dunbar and
Condra; ped icle  and side  views of one 
ind iv idua l, anterior and posterior view s of a 
d ifferent specim en, (1,2) from unit 27, 
sec tion  II, W -70 , (3,4) from unit 40,
section  II, W -7 2 ................................................................................ 84

5-10 Retaria la sa lle n s is  (Worthen); ped icle  (5) x2 
and an terio r (9) x l  view s of one ind iv idual, 
b rach ial (6 ) x 2  and posterior (1 0 ) x l  view s 
of a second specim en, brachial (7 ) x 2 .and 
side  (8 ) x 2 view s of a third indiv idual,
un it 27, section  II, W -7 5 ................................................................  8 8

I I -  15 D esm oinesia m uricatina (Norwood and Pratten);
pedicle  view , pedicle v iew , side  view , 
posterior v iew , and brachial v iew , each 
view of a different specim en, unit 43,
section  II, W -8 0 ................................................................................  85

16-19 Chonetes granulifer Owen; ped ic le  (16, 17,
18) view s of three different specim ens x 2 ,
brachial view (19) of a fourth individual x2 ,
unit 27, section  II, W -8 4 ................................................................  90
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Plate VH

A ll m a g n if ic a tio n s  x2
e x c e p t 1 -4  w h ich  a re  x l  P ag e

I -  4 O rthotetes (Derbyia) c ra ssa  (Meek and
Hayden); two ped ic le  and two brach ial 
v iew s, each  view of a  different specim en,
un it 43, sec tion  II, W -9 0 .........................................................  93

5-10 Lophophyllidium idonium Moore and Jeffords; 
tran sv erse  sec tions of specim en W -100, 
beginning a t  the  base  of the calyx (5 ) , and 
ranging down to the immature, proximal 
part of the  co ra llite  (8 ); transverse  
sec tio n s of second specim en W -1 0 1 , 
near b ase  of calyx (9), and near cen ter
of co ra llite  (10), unit 42, section  I I .....................................  96

I I -  14 Lophophyllidium a f f . L. ignotum Moore and
Jeffords; tran sv erse  sec tions beginning a t
the  base  of the calyx (1 1 ) and ranging
down to the immature, proximal part of the
co ra llite  (14), un it 42, sec tion  II, W -1 0 3 .........................  98

15-16 Lophophyllidium sp . A; tran sv erse  sec tion
near middle of co ra llite  (15), and longitudinal 
section  near middle of co ra llite  (16), un it 6 8 , 
section  II, W -104 1 0 1



P la te  V II
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P la te  VIII

All m agnifications x l  
except 4-7  w hich are  x2

Pseudozaphrentoldes torqulus (Owen); 
ex ternal view of one co ra llite  from unit 40, 
sec tio n  II, W -107; tran sverse  section  ju s t 
below base  of calyx  (2 ) and longitudinal 
sec tion  through calyx (3) of a second 
specim en, unit 70, section  II, W -108 ..........

Pseudozaphrentoldes sp . A; tran sverse  
sec tions beginning a t  the base  of the  calyx  
(4) and continuing to the early ephebic 
stage  (6 ) , longitudinal section  (7 ) betw een 
tran sv erse  sections 4 and 5, and ex ternal 
view of calyx (8 ) , unit 70, section  II, 
W -110 .......................................................................

Page

103

106
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Plate DC

All m agnifications x 2 . Page

1-4 Veslculophyllum sed a llen se  (W hite); tran sv erse  
sec tion  near middle of co ra lltte  ( l) , tran sverse  
sec tio n  one inch below firs t section  (3), and 
longitudinal section  betw een tran sv erse  sec tions 
(2 ) ,  of specim en W -l  14; longitudinal sec tion  
ju s t below calyx  (4) of a second specim en,
W -115 , Escabrosa L im estone................ .................................... 108

5 Veslculophyllum sp . A; longitudinal section
near cen ter of co ra llite , from Escabrosa 
Lim estone, W -l  16 1 1 0



P la te  IX
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P la te  X

All m agnifications x2
except 3 , w hich is  x l . Page

1-2 Vesiculophyllum  sp . A; tran sv erse  se c tio n s
in la te  ephebic stage  (l) and early ephebic
stage  (2), Escabrosa Lim estone, W -1 1 6 .............................  110

3-4 C haete tes exim lus Moore and Jeffords;
ex ternal view of one part of the rounded 
corallum  (3), x l ,  section  through corallum  
w hich is  longitudinal near the top and 
tran sv erse  near the bottom , from unit 48,
sec tion  II, W -1 2 1 ....................  1 1 2

5-6 M ultlthecopora sp . A; tran sverse  sec tions 
near the b ase  of the corallum , unit 48,
section  II, W -125 .........................................................................  1 1 4
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Plate XI

All m agnifications x2
except 3 , w hich is  x l . Page

1-2 M ultithecopora sp . A; longitudinal sec tio n s 
through the b ase  of the corallum , unit 48,
sec tio n  II, W -1 2 5 ............................................................................ 114

3-6 Syrlnqopora sp . A; ex ternal view of corallum 
(3), x l , tran sv erse  sec tion  near top of 
corallum  (4), and longitudinal sec tions of 
individual co ra llite s  (5 ,6 ), Escabrosa
Lim estone, W -126......................................................... ...............  1 1 5

7-8 Syringopora sp . in d e t.;  transverse  sec tions
near middle of corallum , Escabrosa L im estone,
W -1 2 8 ...............................................................................................  l i e
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APPENDIX I

LOCATION AND DESCRIPTION OF SURFACE SECTIONS 

OF THE NACO FORMATION (PENNSYLVANIAN)

NEAR WINKELMAN, ARIZONA

S e c t i o n  1 : com posite sec tio n  m easured in the  W 1/2N W 1/4 s e c . 12, 

T. 5 S . , R. 15 E. The bottom ha lf of the sec tio n  w as m easured from 

the top of the Escabrosa Lim estone to the b a se  of a feldspar-m ica  

porphyry s i l l .  The top half is  o ffse t about 950 fee t to the  north w here 

the top of the s il l  c ro sse s  an  old quarry road , then  continues no rtheast 

to the top of the ridge (Figure 4 ).

U p p e r  L i m e s t o n e  m e m b e r :

Upper contact; eroded dip slope a t  top of r id g e .

Unit 
N o.

55 C oncealed: appears to  be ca lcareous

s il t  stone , brow nish b lack  (SYR 3 / l ) ,  

w eathering p a le  ye llow ish  brown 

(10YR 7/2) to  pa le  red  (10R 6 /2 ) ............

Thickness 
in fee t

15 1/2

129



Biosparite: medium dark gray (N4),

T h ic k n e ss
in  f e e t

w eathering medium to  medium dark gray 

(N4-N5); th in  bedded; lo ca lly  becom es 

a Composita b iosparite ; fo s s il  rep lace 

ment by m oderate redd ish  orange and 

brown (10R 4 /6 -6 /6 )  chert; e longate 

m icrite in tr a c la s ts , 1 to  6  inches long, 

medium gray (N5) w eathering  very ligh t 

gray (N8 ) occur near the to p ............................

C oncealed: b asa l part banded s il t  s tone , 

medium dark gray (N4), w eathering ligh t 

gray (N7); h igher, the s ilts to n e  w eathers 

pale  red (5R 6 / 2 ) and grayish  orange pink 

(SYR 7/2); chert bands and nodules loca lly  

p resen t, g ray ish  black  (N2) to moderate 

redd ish  orange and brown (10R 4 /6 - 6 / 6 ) . . ,

3 1/2

Biosparite: medium dark gray (N4), 

w eathering medium to medium dark gray 

(N4-N5); thin b edded ................................... 2



Siltstone: medium to medium dark gray

T h ic k n e ss
in  f e e t

(N 4-5), w eathering p inkish  gray (SYR 8/1)

to very ligh t red (SR 7/6); th ick  bedded;

chert nodules loca lly  p re se n t................................................  4

B iosparite: medium dark gray (N4), 

w eathering ligh t gray (N7) w ith a s ilty  

layer near the middle w eathering m oderate 

redd ish  brown (10R 4/6) and containing 

chert nodules of the same color; th ick

bedded ............................................................................................ 6  1 / 2

C alcareous s ilts to n e ; medium gray (NS), 

w eathering orange pink (10YR 7/4) near 

b a se , very light gray (N8 ) near top; thick 

bedded; beds loca lly  in tra c la s tic , lumps 

of upper m aterial included in the  tan

lower b e d s .....................................................................................  6

Biosparite; s i l ty , in tra c la s tic , medium 

gray (NS), w eathering  medium to  medium 

dark gray (N4-5); in tra c la s ts , e sp ec ia lly



near base  are  common and resem ble 

the overlying s ilts to n e ; chert nodules 

loca lly  p resen t, w eathering moderate

reddish  orange to brown (10R 4 / 6 - 6/ 6 ) ..............................  4 1/2

A lternating th ick - to th in -bedded  silty  

fusu lin id  biom icrite and b iosparite : 

biom icrite is  grayish  black (N2), 

w eathering yellow ish  gray (5Y 8/1); 

b io sparite  is  dusky red (5R 4 /4 ) , 

w eathering g ray ish  pink (5R 8 / 2 ) to 

m oderate orange pink (10R 7/4); m oderate 

reddish  orange to  brown (10R 4 / 6 - 6/ 6 )

chert nodules lo ca lly  abundan t..............................................  9 1 / 2

Fusulinid b iosparite : medium dark gray

(N4), w eathering medium gray (N5)

and strongly rep laced  by dark gray (N3 )

chert; thin b edded .......................................................................  2

T h ic k n e ss
in  f e e t

Biomicrite: s i l ty , medium gray (N5), 

w eathering p ink ish  gray (SYR 8 / 1) and
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Unit
No.

b iosparite : s i l ty , brownish gray 

(SYR 5/1), w eathering medium gray (N4); 

th ick bedded becoming th in  bedded and 

nodular near the top; chert nodu les, 

w eathering moderate redd ish  orange to  

brown (10R 4 / 6 - 6 / 6 ), are  abundan t............

44 Alternating biom icrite, brownish gray

(SYR 5 / l ) , w eathering very ligh t gray 

(N8 ) , nodular, and b io sp a rite , medium 

to medium dark gray (N 4-5), w eathering 

medium to  very ligh t gray (5 - 8 ); thin 

bedded; chert sim ilar to underlying u n it, 

one th ick band near the  top is  dark gray 

(N3) to m oderate redd ish  brown (10R 4 /6 )

43 Biomicrite: medium dark gray (N4),

w eathering very ligh t gray (N8 ) near 

base ; upper half has a m ottled su rface , 

medium gray (NS) in lig h t to very light 

gray (N7-8); th in  to th ick  bedded; 

chert nodules and fo s s ils  a re  ligh t

Thickness 
in fee t

7



brown (SYR 5/6) to m oderate redd ish

brown (1  OR 4 /6 ) .........................................................................  4  l /2
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U n it T h ic k n e ss
N o . in  f e e t

42 B iosparite: dark gray to medium dark gray

(N 3-4), w eathering medium light gray (N6 ) 

in p inkish  gray (SYR 8 /1 ); a lternating  

th in - to  th ick-bedded; some beds silty ; 

b a sa l 3 fee t is  strongly in tra c la s tic  

( in trac las ts  up to 6 inches long); 

contains Antiquatonia co lo radoensis and 

corals; h igher, the b iosparite  is  s i l ty , 

g rayish  red (SR 4 / 2 ) , w eathering pale red 

(10R 6/2) to g ray ish  orange (10YR 7/4); 

top two fee t is  medium dark gray (N4), 

w eathering very light gray (N8 ); nodules 

and bands of dark gray (N3) to  pale 

redd ish  brown (10R 5/4) chert sca ttered

throughout u n i t ............................................................................ 8

41 Feldspar-m ica porphyry s i l l .....................................................  5

40 Biosparite: dark gray (N3) w eathering

light o live gray (5Y 6/ 1 ); th in -  to th ick -
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Unit
No.

bedded; some beds containing adm ixtures 

of m icrite; th in  le n se s  of biom icrite p resen t, 

dark gray (N3) w eathering ligh t to very 

ligh t gray (N7-8); abundant chert nodules 

and bands, dark redd ish  brown (10R 3/4) 

to m oderate redd ish  brown (10R 4/6); near 

top , one continuous band, black (Nl) to 

very dusky red (10R 2 /2 ) .......................................

39 Biomicrite: s i l ty , dolom itic, g ray ish  red

(5R 4 /2 ) , w eathering m oderate pink 

(5R 7/4) to m oderate orange pink (10YR 7 /4 ) , 

containing m icrite in tra c la s ts , gray ish  

black to  dark gray (N 2-3), w eathering 

ligh t gray to very ligh t gray (N7-8); top 

two fee t becom es brownish black (SYR 3 /1 ) , 

w eathering pinkish  gray (SYR 8 / l )  to 

g ray ish  pink (SR 8 /2 ); th ick  bedded ................

38 Biomicrite: s i l ty , pa le  brown (SYR 4 /2 ),

w eathering gray ish  orange (10YR 7/4) to 

m oderate yellow ish  brown (10YR 5 /4 ); thin

Thickness 
in fee t

6
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Unit
No.

bedded; very fo s s ilife ro u s , brachiopod, 

crinoid and bryozoan fragm ents forming 

a fo ss il  hash; Phricodothyris perp lexa ,

Thickness 
in fee t

Antiquatonia herm osana, w ith Composita s p ............ . . .  1 1

37 B iosparite: brownish gray (SYR 5 / l )  to

dark gray (N3), w eathering o live gray 

(5Y S / l - 6 / l ) ;  chert rep laced  fo ss ils  

locally ; lower 1 1  fee t is very th ick  

bedded; Com posita derrya near base; top 

5 fee t con tains ligh t gray (N7) m icrite 

in tra c la s ts , thin and nodular biom icrite 

beds up to  6  inches th ic k , medium dark 

gray (N4), w eathering  very ligh t gray (N8 ); 

th in -  to  th ic k -b ed d e d .......................................................

36 S iltstone: w ith  b iosparite  nodules and

len ses , dark gray (N3) in g ray ish  brown 

(SYR 3 /2 ) , w eathering  very ligh t gray (N7) 

to ligh t o live  gray (5Y 6/ 1 ) in dark reddish  

brown (10R 3/4) to pa le  red (10R 6 /2); 

th ick bedded; s ilts to n e  lo ca lly  rep laced
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Unit
No.

by chert; a 1-3 foot bed of s ilty  b io sparite  

occurs 6  fee t above the  b a se , dark gray 

(N3), w eathering medium gray (N5), and 

con tains len se s  and stringers of s ilts to n e  

partia lly  rep laced  by chert nodules, ligh t 

brownish gray (SYR 7 / l )  to ligh t olive gray 

(5Y 6 /1 ) , th a t w eathers pale  reddish  

brown (10R 5 /4 ) . This is  the  prominent 

red band th a t can  be seen  throughout the 

a re a ..............................................................................

35 B iosparite: strongly in tra c la s tic , medium

gray (N5) in tra c la s ts  w eathering very ligh t 

gray (N5-8) in a medium light gray (N6 ) 

b iosparite  w hich w eathers ligh t gray (N7); 

th ick  bedded; surface replacem ent of 

fo s s ils  by c h e r t .......................................................

34 S iltstone w ith nodular biom icrite and

biosparite: medium dark gray (N4) biom icrite 

in grayish  brown (SYR 3/2) s ilts to n e , 

w eathering ligh t to  very ligh t gray (N7-8)

Thickness 
in fee t

21

6  1/3
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in the g ray ish  orange pink (SYR 7/2) 

s ilts to n e  matrix; very fo ss ilife ro u s 

w ith brachiopod, c rin o id , and bryozoan 

fragm en ts................................................................

33 Alternating biom icrite and b iosparite

w ith  nodular fusu lin id  biom icrite 

partings: dark to medium dark gray (N 3-4), 

w eathering ligh t to  very ligh t gray (N7-8); 

th in  bedded; m oderate redd ish  brown to 

orange (10R 4/6) to (10R 6 / 6 ) chert 

nodules abu n d an t.......................................................................  6

32 B iosparite: in tra c la s tic , brownish gray

(SYR 5/1), w eathering m ottled medium 

gray (NS) in p inkish  gray (SYR 8 / 1 ); th ick  

bedded; in tra c la s ts  not alw ays v is ab le  on 

fresh  fracture; m oderate orange pink (10R 7/4) 

to m oderate redd ish  brown (10R 4/6) chert 

nodules range up to 1 foot in length

U nit
N o .

T h ic k n e ss
in  fe e t

11 1/2

5
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31 Concealed: appears to  be th in  bedded

or nodular b iosparite  and b iom icrite .......................

30 B iosparite: in tra c la s tic  in b a sa l 6 in c h e s ,

subrounded to subangular lim estone frag

m ents , poorly so rted , of varying litho log ic  

a sp e c t (mainly b io sp a rite ) , in  a b iosparite  

matrix; the overlying 2 fee t is  brownish 

gray (SYR 5 / l ) , w eathering medium to  light 

gray (N5-7); th in  bedded; the top 2 fee t 

is  medium gray (NS), w eathering medium 

to  ligh t gray (NS-7); th in  bedded, w ith 

brachiopod fragm ents; the upper 4 fee t 

con tains chert-rep laced  fo ss ils  and nodu les , 

m oderate redd ish  brown to orange (10R 4 / 6 - 6/ 6 )

29 B iosparite: nodular near b a se , m ottled

medium dark gray (N4) to brownish gray 

(SYR 4 /1 ) , w eathering  medium ligh t to  

ligh t gray (N6-7); the upper 4 fee t is  

medium dark gray (N4), w eathering 

m ottled medium ligh t gray (N6 ) and ligh t

U n it
N o .

T h ic k n e ss
in  f e e t

7

4 1/2
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Light o live gray (5Y 6 / l ) ;  th in  bedded; 

chert-rep laced  co ra l, crino id , and 

brachiopod fragm ents................................................

28 B iosparite: ligh t brownish gray (SYR 7 / l ) ,

w eathering ligh t olive gray (5Y 6/ 1 ); 

sm all, very ligh t gray (N8 ) m icrite in tra 

c la s ts ;  th in - to th ick-bedded; brachiopods 

and fusu lin id s loca lly  abundant; m oderate 

redd ish  brown to orange (10YR 4 / 6 - 6/ 6 ) 

chert nodules and chert-rep laced  brachiopods 

lo c a lly ............................................................................

27 Interbedded sh a le , th in - to th ick -bedded

nodular biom icrites and bio spa r i te s , 

partly concealed: sh a les  are b lack ish  red 

(SR 2 / 2 ); five fee t above the b ase  nodular 

biom icrites and fusu lin id  b iom icrites are 

medium dark gray (N4), w eathering light 

gray (N7) to p inkish  gray (SYR 8 / l ) ;  

biom icrite nodules are  medium dark gray 

(N4), w eathering medium to  ligh t gray (N5-7);

U nit
N o .

T h ick n e ss
in  f e e t

6 1 /2



T h ic k n e ss
in  f e e t

poorly preserved b rach iopods, bryozoans 

and crinoid fragm ents abundant; brachiopods 

include Linoproductus aff .  L. p latyum bonus,

Spirifer rockym ontanus, and S. o cc id u u s ,

and Antiquatonia c o lo ra d o en s is ......................................... .. 15

Interbedded th in  sh a les  and th in - to th ic k -

bedded b iosparite  and biom icrite: sh a les

are g ray ish  red (5R 4 /2 ); lim estones are

s ilty , m ottled ligh t brownish gray (SYR 7 / l)

in  (SYR 6 / l ) , w eathering m ottled, very

ligh t gray (N8 ) in dusky brown (SYR 2 /2 );

fo s s il  fragm ents loca lly  rep laced  by chert

w hich w eathers m oderate redd ish  brown to

orange (lOR 4 /6 - 6 /6 ) ................................................................  10

Biosparite: medium dark gray (N4) to 

brownish gray (SYR 5 / l ) , w eathering very 

ligh t gray (N8 ) to  pa le  red (10R 6 /2 ), 

lo ca lly  nodular in the  top 2  to  3  feet;

Thin- to th ick -bedded ; chert occurs a s  

nodules up to  6 inches long , and as



T h ic k n e ss
in  f e e t__

replacem ent of fo s s il  fragm ents, ligh t 

gray (N7) becoming pale  redd ish  brown 

(10R 5/4) to m oderate redd ish  orange

(10R 6/6) near the to p ..............................................................  6 l /2

A lternating th in  s h a le s , nodular and

thin-bedded biom icrites and sparry

biom icrites: sh a les  w eather grayish  red

(5R 4 /2 ); nodular lim estones are medium

dark to medium ligh t gray (N 4-6),

w eathering medium to very ligh t gray

(N 6-8), in a c la y -s i l t  m atrix resem bling

so il, pale  red (10R 6 /2 ) ...........................................................  9

Fusulinid biom icrite: ligh t o live to 

g reen ish  gray (5Y-5GY 6 /1 ) , w eathering 

very ligh t gray (N8) w ith  g ray ish  red 

(5R 4/2) sha le  near the b ase ; top 1 1 /2  

fee t are  medium ligh t gray (N6) b iosparite  

w eathering very ligh t gray (N8); th in  

bedded; abundant sm all b rachiopod, 

c rin o id , and bryozoan fragm ents 3
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Unit
No.

22

21

20

19

Thickness 
in fee t

Biomicrite: b a sa l 1 to 3 fee t is  baked 

by underlying s i l l ,  a limy sh a le , 

b lack ish  red (5R 2/2) to ligh t brownish 

gray (SYR 6 / l ) ,  w ith  m icrite nodules and 

le n s e s , medium ligh t gray (N6), w eathering 

ligh t to very ligh t gray (N7-8); the upper 

2 1/2 fee t is  s ilty  b iom icrite , m ottled, 

ligh t brownish gray (SYR 6 / l )  in  olive gray 

(5Y 5 / l )  and grayish  red (SR 4 /2 ) , w hich 

w eathers a m ottled co lo r, medium ligh t 

gray (N6) in ligh t olive gray (5Y 6 / l )  and

green ish  gray (5GY 6 /1 ) ...................".....................................  5 1/2

Feldspar-m ica porphyry s ill: variab le  in

th ic k n e s s .......................................................................................  5 1/2

C oncealed: approxim ately 5 fee t of

ca lcareous sedim ents to  b ase  of s i l l ................................... 5

Mainly concealed : a lte rna ting  th in  bedded 

sparry b iom icrite , brow nish gray (SYR 5 / l ) ,  

w eathering w hite  (N9), and m icritic
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Unit
No.

b io sp a rite , ligh t gray (N7) to  brownish 

gray (SYR 5 / l ) , w eathering ligh t o live

Thickness 
in fee t

gray (5Y 6 /1 ) ....................................................................... ___  5

18 B iosparite, w ith  some m icrite: brownish

gray (SYR 5 /1 ) , w eathering ligh t to very 

ligh t gray (N7-8); th in -  to  th ick -bedded , 

partly  covered; poorly preserved fo ss ils  

include A ntiguatonia, Com posita, and 

Spirifer; four fee t above b ase  is  a 1 foot 

th ick chert band, m oderate redd ish  brown 

(10R 4 /6 ) , chert nodules of same color 

sca tte red  to top of unit; top 3 fee t is  

thin bedded, nodular, containing some 

m ic rite ...................................................................................

17 B iosparite and bio m icrite; near b a se , th in

bedded b iosparite  containing adm ixtures of 

m icrite , brownish gray (SYR 5 / l ) ,  w eathering 

light o live gray (5Y 6 /1 ); grades upward into 

th in  bedded biom icrite and nodular b iom icrite , 

medium gray (NS), w eathering  very ligh t



U nit
N o .

gray (N9); top 1 1/2 fee t is  finely  

c ry s ta llin e  dolom ite , g ray ish  red  (5R 4/2) 

w eathering reddish  orange (10R 7 /6 ) ..........
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T h ic k n e ss
in  f e e t

16 B iosparite: ligh t brow nish gray (SYR 6 /1 ),

w eathering ligh t o live gray (5Y 6/1); thick 

bedded; b a sa l 1 foot contains some m icrite;

4 feet, above b ase  a sm all disconform ity is

loca lly  p resen t, above w hich is  sparry

biom icrite, brownish gray (SYR 5 /1 ) ,

w eathering grayish  orange pink (10R 8 /2 ) ,

and lo ca lly  containing dusky red (SR 3/4)

to m oderate redd ish  brown (10R 4/6) chert

n o d u les , about 1 foot th ic k .............................................. .... 9 1/2

15 B iosparite; brownish gray (SYR 5 /1 ) ,

w eathering ligh t olive gray (5Y 6 /1);

th ick  bedded; con ta ins some m ic rite ................................... 4 1/2

14 B iosparite and biom icrite: near b a se , th in -

bedded m icritic  b io sp a rite , p inkish  gray 

(SYR 8 /1 ) , w eathering m ottled w hite  (N9)
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in medium dark gray (N4); poorly preserved 

brachiopods include Com posita su b tilita ; 

top 2 1/2 fee t is  thin-bedded nodular b iom icrite , 

very pale  brown (10YR 6 /2 ) , w eathering very 

ligh t gray (N8) to  w hite  (N9).......................................

13 B iosparite: ligh t brownish gray (SYR 6 / l ) ,

w eathering medium to medium dark gray 

(N4-5) near b a se , con tains some m icrite; 

th in  bedded; top 2 to 3 fee t is  a fo s s i l -  

iferous oosparite  w ith  th in  brachiopod sh e ll 

b a n d s , 1/2 to 1 /4  inch thick; oo lites 

w eather w hite  (N9) in  medium gray (N5) back

ground ............................................................................................  5

12 F ossilife rous oosparite : pale  red (5R 6 /2 ),

w eathering ligh t gray (N7); th in  bedded; 

con tains m icrite in tra c la s ts  w eathering 

very ligh t gray (N8); top 2 fee t is  sparry 

biom icrite: thin bedded; fo s s ils  include 

Spirifer occiduus S . op im us, Antiquatonia s p . , 

and Com posita s p . ; p reservation  poor

U n it
N o .

T h ic k n e ss
in  f e e t

5 1/2
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N o .
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11 Bio spa rite  and biom icrite: b a sa l 2 fee t

is  th ick bedded m icritic  b io sp a rite , 

ligh t brownish gray (SYR 6 / l ) , w eathering 

m ottled very light gray (N8) in medium 

gray (NS); upper 8 fee t is  th ic k - to very 

th ick -bedded  sparry biom icrite: brownish 

gray (SYR 5 /1 ) , w eathering light to very 

ligh t gray (N7-8); two fee t above the base  

is  a 2 foot zone showing lam inated bedding; 

c h e rt, pa le  redd ish  brown (10R 5/4) to 

ligh t gray (N7) occurs throughout un it,

e sp ec ia lly  abundant near to p ................................................  10

10 Biomicrite: b a sa l 2 to 3 fee t is  nodular,

brownish gray (SYR 5 /1 ) , w eathering w hite 

(N9) to very ligh t gray (N8) in a gray ish  

pink (SR 8/2) limy sha le  m atrix; rem ainder 

of un it lam inated , sam e color a s  below , 

w ith  nodules and le n se s  of c h e r t, pale 

reddish  brown (10R 5/4) to  pa le  red 

(10R 6/2); chert appears to have hardened

T h ic k n e ss
in  f e e t
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U nit
N o .

9

before the calcium  carbonate because  

m icrite lam inae bend and conform to 

nodules; s ix  fee t above b ase  a 2 1/2 foot 

zone of C haete tes exim ius occurs; the  

C haete tes co lon ies a re  up to  6 inches in

diam eter and w eather medium gray (N5)............................  10 1/2

Biosparite: medium dark gray (N4), w eathering

olive gray (5Y 5/1); th ick bedded; moderate

reddish  brown (10R 4/6) to g ray ish  pink

(5R 8 /2 ) , chert nodules loca lly  p resen t

throughout unit; top 6 inches is  biom icrite

w ith  in tra c la s ts  of b io sparite  resem bling the

lower part of the  u n i t ................................................................  7

Biomicrite: pale red (10R 6 /2 ) , w eathering 

very ligh t gray (N8) to  p inkish  gray (SYR 8/1) 

near base ; th in  bedded; con tains some sparite ; 

top 2 fee t is  in terbedded sh a ly , nodular 

biom icrite and th in  bedded b io sp a rite , 

brownish gray (SYR 5 /1 ) , w eathering olive 

gray (5Y 5/1)

T h ic k n e ss
in  f e e t

4



7 Feldspar-m ica porphyry s i l l ................................................... 32

Total th ick n ess of Upper Limestone
member exclusive  of s i l l s .......................  332' 10"
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U n it T h ic k n e ss
N o . in  f e e t

L o w e r  D o l o m i t e  m e m b e r :

6 Dolomite: brownish gray (SYR 4 / l ) , w eathering

pale red  (10R 6 /2 ) , finely  c ry s ta llin e , th ick  

bedded; len se -sh a p e d  pale  redd ish  brown 

(10R 5/4) to  g ray ish  black (N2) chert nodules 

up to  1 foot long near base : con tains some 

ca lc ite ; top half th in  bedded, pa le  brown 

(SYR 3 / l ) , w eathering pale  yellow ish  brown 

(10R 6/2); partly  concealed; numerous fo s s il  

fragm ents and c a lc ite  grains in varying 

s tag es  of dolom itization; top 3 fee t 

m oderate ye llow ish  orange (10YR 5 /4 ) , 

w eathering dark yellow ish  orange (10YR 6 /6 ) ................... 12

5 Dolomite: finely  c ry s ta llin e , becoming

calcareous upwards; th in  bedded; bottom 

9 1/2 fee t is  medium dark gray (N4)
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Unit
No.

w eathering grayish  orange (10YR 7/4); 

con ta ins le n se s  of fo ss il  fragm ents and 

c a lc ite  grains near top; near base  of unit 

average dolomite c ry s ta l diam eter is  .01 mm, 

increasing  to .04 to .08 mm higher; next 

5 fee t has in te rca la ted  beds of brownish 

gray (SYR 4 /1 ) , w eathering dark yellow ish  

orange (10YR 6/6); top 5 fee t is  sim ilar 

excep t lower part is  brownish gray (SYR 5 /1 ) , 

w eathering grayish  orange pink (SYR 7 /2 - 8 /2 ) , 

w ith sm all g ray ish  orange pink (10R 8/2) to 

very ligh t gray (N8) chert nodules up to 

2 inches in diam eter; upper beds calcareous; 

c a lc ite  is  seen  to be concentra ted  betw een 

dolom ite c ry s ta ls  in th in  s e c tio n .........................

4 Dolomite: interbedded medium dark gray (N4)

and brownish gray (SYR 4 / l )  w eathering 

m oderate orange pink (10R 7/4) and 

m oderate yellow ish  brown (10YR 5 /4 ); th in - 

to  th ick -bedded ; finely  c ry s ta llin e ; two

Thickness 
in fee t

19 1/2



zones of chert nodules 1 to 2 fee t th ick  

containing pinkish  gray (SYR 8/1) nodules 

up to two inches in diam eter occur 8 and 

12 fee t above the base ; upper beds are  

interbedded dark gray (N3), w eathering 

grayish  orange (10YR 7 /4 ) , and brownish 

gray (SYR 5 /1 ) , w eathering  o live gray 

(5Y 4 /1 ); 5 1/2 fee t below top is  a th in  

coarse ly  c ry s ta llin e  b io sp a rite , brownish 

black (SYR 2 / l ) , w eathering dark olive gray 

(5Y 3 / l ) , containing no dolom ite: the 

dolomite c ry s ta ls  in th is  unit average 

.04 mm in d iam eter, larger c ry s ta ls  

rep lacing  ghost fo s s il  fragm en ts. C a lc ite  

is  rare and re s tr ic te d  to  betw een c ry sta l 

f a c e s . Locally chert con tains dolomite 

rhombohedrons and ghost fo ss il  f ra g m e n ts .,

Dolomite: brownish gray (SYR 5 /1 ) , 

w eathering olive gray (5Y 5/1) near the  

bottom; th in  bedded; finely  c ry sta llin e ;
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Unit
No.

len se s  of sparry c a lc ite  grains and p artia lly  

dolom itized chert fo s s il  fragm ents, gray ish  

red (10R 4 /2 -6 /2 ) ;  h igher beds are medium 

dark gray (N4), w eathering very pale  orange 

(10YR 8/2) to  m oderate orange pink (SYR 8 /4 ) , 

containing le n se s  of fo s s il  fragm ents and 

c a lc ite  g rains rep laced  by moderate brown 

(SYR 4/4) to dark redd ish  brown (10R 3/4) 

chert; betw een le n se s  of fo ss il  fragm ents 

and c a lc ite  g ra in s , dolomite is  finely  

c ry s ta llin e , average diam eter .05 mm, w ith 

ghost crinoid colum nals and irregular g rains 

rep laced  w ith  larger c ry s ta ls , average 

diam eter .09 mm; c a lc i te , w here p resen t, 

re s tric te d  to in te rsp aces  betw een dolomite 

c ry sta l f a c e s ..............................................................

2 Dolomite: medium gray (NS) w eathering very

pale orange (10YR 8/2) near b a se , becoming 

brownish gray (SYR 5 /1 ) , w eathering  g ray ish  

orange (10YR 7/4) in terbedded w ith  medium

Thickness 
in fee t

8



Unit
No.

gray (N5), w eathering p inkish  gray (SYR 8/1) 

near top; th in  bedded; finely  c ry sta llin e ; 

throughout unit are th in  le n se s  and s tringers 

of sparry c a lc ite  c ry s ta ls  and partia lly  

s ilic if ied  fo ss il  fragm ents w eathering medium 

dark gray (N4); chert bands, g ray ish  red 

(10R 4/2) to  pale  redd ish  brown (10R 5 /4 ) , 

loca lly  presen t; dolom ite grains average .04 

mm in  diam eter but reach  .07 mm when 

replacing  sparry c a lc ite  c ry s ta ls  and rounded 

fo ss il  fragm ents; arrangem ent and p reservation  

suggest th a t th e se  fragm ents w ere eroded from 

the underlying Escabrosa Limestone; included 

rounded pebb les of Escabrosa b iosparite  are  

found ................................................................................

Dolomite; mainly concealed ; brownish gray 

(SYR 5 / l ) , w eathering gray ish  orange 

(10YR 7/4) near base ; th in  bedded; finely  

c ry sta llin e ; m aterial con ta ins w eathered

Thickness 
in fee t
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9 1/2

sparry c a lc ite  c ry s ta ls  and m oderate red



(5R 5/4) to  grayish  red  (10R 4/2) chert

n o d u les ..............................................................................    5

Total th ic k n ess  of Lower Dolomite

member exclu sive  of s i l l s ................................ „ . .  72'

Total th ic k n ess  of Naco se c tio n .............................  404' 10"
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U n it T h ic k n e ss
N o , in  f e e t

Low er.contact: the b a sa l dolom ite member of the  Naco Formation re s ts  

unconformably on the  M iss iss ip p ian  Escabrosa L im estone. The 

Escabrosa is  a b io sp a rite , medium gray (N5), w eathering  medium dark 

gray (N4), showing up to two fee t of re lie f under the dolom ite member. 

F o ssils  a re  sca rce  but include Veslculophyllum  s e d a lie n s e , V. sp . A, 

Syrinqopora sp . A, a n d jJ . sp . in d e t.

S e c t i o n  I I :  a com posite sec tio n  m easured in  a  NNE d irec tion  on 

the north side  of the  Gila River P a ss . The b a se  of the  sec tio n  is  

located  in  the  SW 1 /4 SW 1 /4  s e c .  7 , T. 5 S . ,  R. 16 E. The top is  

located  in the  SE 1 /4 SE 1 /4  s e c .  12, T. 5 S . ,  R. 15 E. The b ase  of 

each  portion of the sec tio n  is  lo ca ted  on the  W inkelm an-G lobe 

highway (Figure 4 ).

U p p e r  L i m e s t o n e  m e m b e r :
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Upper contact: erosion  surface a t top of p a s s .

Unit Thickness
N o. in fee t

71 Biosparite: in trac la s tic ; in tra c la s ts

range up to 2 inches in  d iam eter, a re

medium dark gray (N4), w eathering  ligh t

gray (N7) in a medium gray (N5) m atrix

w hich w eathers ligh t o live  gray (10YR 6 /2);

th in  bedded ......................................................................................... 3

70 B iosparite: medium gray (N5), w eathering

very ligh t gray (N8) to  y e llow ish  gray 

(5Y 8/1); th in  bedded; co ra ls a re  common 

including Pseudozaphrentoides torquius 

and P. sp . A.......................................................................................8

69 Biomicrite: dolom itic , partly  covered ,

very sim ilar to  underlying u n it, but 

w eathering  gray ish  to yellow ish  orange 

(10YR 7 /4 -7 /6 ) ;  th in  b ed d ed ....................................................  6

68 Biomicrite: dolom itic; interbedded medium 

gray (N5) and pale  yellow ish  brown 

(10YR 6 /2 ) , w eathering very pale  orange



U n it
N o .
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(10YR 8/2) and g ray ish  orange (10YR 7 /4); 

th in -  to very th in-bedded; abundant 

fauna includes Com posita a rg e n te a ,

Spirifer occiduus, O rthotetes (Derbyia) 

c ra s s a , Linoproductus aff .  L. p latyum bonus,

N eospirifer c am era tu s , and the coral

Lophophyllldium sp . A..............................................................  15

67 B iosparite: medium gray (N5), w eathering

very lig h t gray (N8); th ick  bedded; contains

some m ic rite ................................................................................. 3 1/2

66 B iosparite: in tra c la s t ic , w ith  m icrite

in tra c la s ts , medium lig h t gray (N6) 

w eathering ligh t o live  gray (5Y 6/1); thick 

bedded; chert nodules w eathering m oderate 

redd ish  brown (10R 4/6) abundant in the ' 

upper 3 f e e t ...................................................................................  8

65 B iosparite: ligh t brownish gray (SYR 5 / l ) ,

w eathering very ligh t gray (N8) to p inkish  

gray (SYR 8 /1 ) , grading up into biom icrite

T h ic k n e ss
in  f e e t
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T hickness 
in  fee t

containing some sp a rite , ligh t brownish 

gray (SYR 5 / l ) ,  w eathering g ray ish  orange 

pink (SYR 7/2); th in  bedded; chert nodules 

and le n se s  w eathering m oderate orange pink 

(10R 7/4) to m oderate redd ish  brown 

(10R 4/6) are abundant, e sp ec ia lly  in the 

lower 3 f e e t .............................................................................. .. . 6

64 B iosparite; medium ligh t to ligh t gray

(N 6-7), w eathering  yellow ish  gray (5Y 8 /1 );

th in  bedded, co arse ly  c ry s ta llin e , partly

covered ............................................................................................  5

63 Biomicrite: medium gray (NS), w eathering ligh t

to very ligh t gray (N7-8); th ick bedded; 

chert nodules w eathering  moderate redd ish  

brown (10R 4/6) abundan t.......................................................... 6

62 Biomicrite: medium to medium ligh t gray

(N 5-6), w eathering  very ligh t gray (N8) to 

g reen ish  gray (5GY 6/1); b a sa l 1 foot very 

ligh t gray (N8), th in  bedded; r e s t  of unit

Unit
No.
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very th ick  bedded, containing some spa rite ; 

chert nodules and le n se s  w eathering pale  to  

dark redd ish  brown (10R S /4 -3 /4 )  abundant, 

e sp ec ia lly  near top: fauna includes 

H ustedia mormon!.....................................................

61 B iosparite: medium gray (N5), w eathering

medium ligh t gray (N6) to ligh t o live 

gray (5Y 6/1); th ick bedded; near middle 

of unit a 6 inch  bed of biom icrite w ith 

large fo ss il  fragm ents w eathering medium 

ligh t gray (N6) in a ligh t to very ligh t 

gray (N7-8) background; abundant chert 

nodules w eathering medium dark gray (N4) 

to brownish gray (SYR 4 / l ) ...................................

60 Dolomite: ca lca reo u s , s ilic e o u s , th in  and

Irregular bedding; dark to  medium dark 

gray (N 3-4), w eathering  p inkish  to 

yellow ish  gray (SYR 8 /l-S Y  8 / l ) ;  th in  len se s  

of sm all fo s s il  fragm ents, poorly so rted .

U n it
N o .

T h ic k n e ss
in  f e e t

11

occur 3 1/2



59 Biomicrite: medium gray (N5), w eathering

ligh t o live gray (5Y 6 / l ) ;  th ick  bedded, 

con tains some sp a r i te .........................................

58 Bio sparite : medium gray (N5), w eathering

medium to medium dark gray (N4-5); th ic k - 

to  very th ick-bedded; top half of unit 

con tains e longate in tra c la s ts  (up to 6 

inches long), brownish gray (SYR 5 /1 ) , 

w eathering very ligh t gray (N8)............................................  10

57 B iosparite: medium gray (N5), w eathering

ligh t to medium ligh t gray (N6-7); th ick  

bedded; near middle of unit is  a 6 inch  to  

1 foot th ick  band of s il ty , in tra c la s tic , 

m icrite , grayish  red (10R 4 /2 ) , w eathering 

gray ish  orange pink (SYR 7 /2 ) ..............................................  4

56 Biomicrite and b iosparite : the lower 7

fee t is  fusu lin id  biom icrite near b a se , 

medium gray (N5), w eathering ligh t to 

very ligh t gray (N7-8); strongly in tra -

U nit
N o .
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in  f e e t
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Unit
No.

c la s tic  b iosparite  h igher, medium gray 

(N5), w eathering ligh t to medium light 

gray (N6-7); in tra c la s ts  appear sim ilar 

to m aterial from bottom of unit; th ick 

bedded; upper 4 fee t of unit is  lam inated 

b iosparite  grading up in to  th in  bedded, 

in tra c la s tic , fusu lin id  b iosparite ; 

medium dark gray (N4), w eathering ligh t 

brownish gray (SYR 7 /1 ) , w ith  some 

m ic rite .......................................................................

55 B iosparite: ligh t brownish gray (SYR 6 /1 ) ,

w eathering ligh t olive gray (5Y 5 /1 ); th ick 

bedded, con ta ins some m icrite; chert bands 

w eathering dark gray (N3) to  pa le  yellow ish  

brown (10YR 6/2) o c cu r.......................................

54 Biomicrite: pale  red purple (5RP 7 /2 ),

w eathering ligh t to very ligh t gray 

(N7-8); th ick  bedded, some sparite ;

Thickness 
in fee t

11

3 1/2

numerous coral and brachiopod fragm ents,
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including C om posite, rep laced  by chert

w eathering m oderate redd ish  brown

(1 OR 4 /6 ) .......................................................................................  2

53 C o n cea led ......................................................................................  5 l /2

52 Bio spa rite : medium gray (N5), w eathering

ligh t gray (N7) to p inkish  gray (SYR 8 /1 ) , 

w ith m icrite in tra c la s ts , grayish  red 

(5R 4 /2 ) , w eathering ligh t gray (N7); 

in tra c la s ts  w ell rounded, contain  fu su lin ids; 

th ick bedded ................................................................................  5 1/2

51 Biomicrite: medium gray (N5), w eathering

ligh t gray (N7), w ith sparite  in tra c la s ts , 

grayish  red (5R 4 /2 ) , w eathering ligh t 

gray (N7); th ick bedded ............................................................  6

50 Biomicrite: medium gray (N5), w eathering

ligh t gray (N7), w ith  biom icrite in tra c la s ts  

w eathering very ligh t gray (N8) near base; 

th ick  b edded ................................................................................. 5

U nit T h ic k n e ss
N o . in  f e e t
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49 Biomicrite and b iosparite : b iom icrite w ith

some sparite  grades upward into b io sp a rite , 

medium ligh t to ligh t gray (N 6-7), w eather

ing o live gray (5Y 5 / l ) ;  th ick  bedded; 

chert nodules and le n se s  w eathering dark 

gray (N3) to g ray ish  red (10R 4 /2) 

abundant near to p ............................................................

48 B iosparite: dark gray (N3), w eathers ligh t

o live gray (5Y 5 /1 -6 /1 ) ;  th ick  bedded, 

con ta ins some m icrite; co rals common, 

including C haete tes  exim ius and M ultithecopora 

sp . A, pa rtia lly  rep laced  by chert; chert 

nodules a lso  p resen t, w eathering  m oderate 

redd ish  brown (1 OR 4 /6 ) .............. .............................................  2

47 Biomicrite: mainly concealed ; s i l ty , w ith

sm all s i l t  stone in tra c la s ts ; pale  red 

(5R 6 /2 ) , w eathering  m oderate orange pink 

(lOR 7/4)

T h ic k n e ss
in  f e e t

9 1/2

5 1/2



46 B iosparite: strongly in tra c la s tic ; medium

dark to medium gray (N 4-5), w eathering 

medium to  medium ligh t gray (N5-6); 

th in  bedded ................................................................

45 Dolomite and dolom itic sparite ; lower 5 fee t

c a lc a re o u s , finely  c ry sta llin e  dolom ite , 

dark gray (N3) to  brownish gray (SYR 5 /1 ) , 

w eathering ligh t olive gray (5Y 6/1) to 

grayish  orange pink (5YR 7/2); th ick bedded; 

upper 7 fee t is  dolom itic sp a r ite , brownish 

gray (SYR 4 /1 ) , w eathering olive gray 

(5Y 5 /1 ) , w ith in tra c la s ts  of the underlying

U n it
N o .

m aterial; th ick  bedded ..............................................................  12

44 C oncea led ................................................................................ 11

43 B iosparite: medium dark gray to medium gray

(N 4-5), w eathering o live gray (5Y 5 / l ) ;  

th ick bedded; medium dark gray (N4) in tra 

c la s ts  w eathering very ligh t gray (N8), up to 

3 inches long; abundant fauna includes

163
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U nit
N o .

42

41

40

Punctospirifer k en tu ck y en s is , N eospirifer 

g o re ii , Spirifer rockym ontanus, opim us,

S. o cc id u u s . Com posite su b ti l i ta , C . a rg en tea ,

C . m alaya , Phricodothyris p e rp lex a ,

O rthotetes (Derbyia) c ra s s a , Antiguatonia 

herm osana, Retaria la s a l le n s is ,  D esm oinesia 

m urlcatina , Chonetes g ranu lifer,

Lophophyllidium idonium , crinoid and

bryozoan fragm en ts...................................................................  3

Sparry biom icrite: brow nish  gray (SYR 6 /1 ) ,

w eathering ligh t o live gray (5Y 6 / l ) ;  very

th ick  bedded; in tra c la s ts  near middle and

top of unit; top 1 foot has sam e fauna a s

unit 43, plus Lophophyllidium a f f . L. ignotum .............  6

C oncealed: appears to be pink to  red

do lom ite .......................................................................................... 2

Silty b iom icrite: s ilty  m icrite nodules 

and le n se s  in  limy s ilts to n e  matrix; m icrite 

is  medium dark gray (N4), w eathering ligh t

T h ic k n e ss
in  f e e t
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Unit
No.

gray (N7); s ilts to n e  m atrix is  brow nish 

gray (SYR 5 /2 ) , w eathering grayish  orange 

pink (SYR 7/2) to m oderate redd ish  orange 

(10R 4 /6 ); th ic k -  to very th ick-bedded; 

s i l t  is  medium to c o a rse , fa ir  to good so rting , 

g rains are  angular to sub-rounded; 

th is  u n it, w ith  un its 39 and 38 form a 

consp icuous red marker band throughout 

the  a rea; abundant fauna includes 

Antiquatonia c o lo rad o en s is , Linoproductus 

aff .  L. p latyum bonus, N eospirifer cam era tu s , 

Retaria la s a l le n s is , and the coral 

Pseudozaphrentoides to rq u iu s . ............................

39 B iosparite; brownish gray (SYR 5 /1 ) ,

w eathering grayish  orange pink (SYR 7/2) 

to very ligh t gray (N8); th in  b edded ...................

38 A lternating lam inae of s ilty  m icrite and

m icritic  s iltso n e ; medium dark to  medium 

gray (N 4-5), w eathering  p inkish  to  yellow ish  

gray (5Y-5YR 8 /1 ) , quartz  s i l t  grains are

Thickness 
in fee t

15

1 1/2



subangular to subrounded w ith  fa ir  to

good so rtin g ................................................................................  5 1/2
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U nit T h ic k n e ss
N o . in  f e e t

37 B iosparite: brownish gray (SYR 5 / l ) ,

w eathering medium to very ligh t gray (N5-8); 

th in  bedded, w ith  th in , p inkish  gray (SYR 8 / l )  

to m oderate reddish  brown (1 OR 4/6) chert

b a n d s ..............................................................................................  3 1/2

36 C o n cea led ;.....................................................................................  6

35 B iosparite and biom icrite: medium gray (NS)

m icritic  b io sp a rite , w eathering ligh t o live 

gray (5Y 6 /1 ) , near base ; grades upward into 

dark gray (N3) biom icrite w ith m icrite in tra -  

c la s ts ,  w eathering m oderate orange pink 

(SYR 8/4) in a medium ligh t gray (N6) back

ground; th ick  bedded ................................ ........................ .. 5

34 M icrite: s i l ty , m ottled , medium dark to

medium gray (N 4-5), w eathering  very light 

gray (N8) in a g ray ish  orange pink (SYR 7/2) 

background; th in  bedded; quartz s il t  grains
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are w ell so rted , sub-angu lar to sub-rounded;

fauna includes Chonetes granulifer and

Spirifer o c c id u u s .......................................*.............................  7 1/2

33 Interbedded sparry biom icrite and sparry

fusu lin id  biom icrite: biom icrite is  medium 

dark gray (N4), w eathering pale red (10R 6 /2); 

fusu lin id  biom icrite is  brownish gray (SYR 4 /1 ) , 

w eathering pale  red (10R 7/2); fo ss il  

replacem ent and nodules of pa le  to  m oderate 

redd ish  brown (10R 4 /6 -S /4 )  chert; top 2 fee t 

is  b io sp a rite , medium light gray (N6)

U n it T h ic k n e ss
N o . in  f e e t

w eathering ligh t gray (N7).....................................................  11

32 Feldspar-m ica porphyry s i l l ................................................... 15

31 Biomicrite: s ilty , in tra c la s tic , medium

dark gray (N4), w eathering m ottled , g ray ish  

pink (SR 8/2) and medium gray (NS); th in

bedded to nodular 5
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30 Feldspar-m ica porphyry s i l l ................................................... 10

U nit T h ic k n e ss
N o . in  f e e t

29 Biomicrite: pale brown (SYR 5 /2 ) , w eathering

gray ish  orange pink (SYR 7/2); con ta ins 

sm all sparite  in tra c la s ts ; th in  bedded ................................  3

28 C oncealed; some interbedded nodular

biom icrite and dark sh a les  near base; 

float in d ica te s  fe ldspar-m ica  porphyry 

s ill  near middle; fauna includes Antiquatonia 

sp . and Echinoconchus sem ip u n c ta tu s ..............................  92

27 Interbedded sha le  and biom icrite: shale

is  dark brown (SYR 2 /1 ) , w eathering dusky 

purple (SP 2 /2); biom icrite is  dusky blue 

(5PB 4 /2 ) , w eathering gray ish  blue (5PB 6 /2 ) , 

nodular, and sparry; abundant fauna includes 

Antiquatonia co lo rad o en s is , Linoproductus 

aff .  L. p latyum bonus, Juresania n e b ra sc e n s is , 

Punctospirifer k e n tu c k y en s is , Spirifer 

occiduus, N eospirifer c am era tu s, O rthotetes 

(Derbyia) c ra s s a ,  C honetes g ranulifer.
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Retaria la s a l le n s is ,  Com posita ova te ,

C.  a rg e n te a , and CL s u b ti l i ta ..............................................  10

U n it T h ic k n e ss
N o . in  f e e t

26 Limy s ilts to n e : quartz grains w ell sorted ,

sub-rounded to rounded; pale brown (SYR 5 /2 ) ,

w eathering m ottled m oderate reddish  brown

and orange (10R 4 /6 - 6 /6 ) , w ith s ilty  m icrite

in tra c la s ts , pale  brown (SYR 5 / l ) ,  w eathering

gray ish  orange pink (SYR 7 /2 ) , and medium

gray (NS), w eathering pale yellow ish  brown

(10YR 6 /2 ) .....................................................................................  3

25 M icrite and b iosparite : b iosparite  near b a se ,

m ottled medium gray (NS) and pale yellow ish  

orange (10YR 8 /6 ) , w eathering ligh t and very 

ligh t gray (N7-8); th in  bedded; near top , 

lam inated m ic rite , m ottled medium dark and 

ligh t gray (N 4-7), w eathering pale  yellow ish  

brown (10YR 6 /2 ) .......................................................................  6

24 M ainly concealed: floa t in d ica te s  in te r-

bedded dark sh a les  and nodular biom icrite;
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a sm all outcrop y ielded  Antiquatonia

co lo ra d o en s is ..............................................................................  14

23 G ravelly sparite : medium gray (N5),

w eathering  medium ligh t to  ligh t gray (N6-7); 

pale  reddish  brown (10R 4/4) chert sand and 

p eb b les , poorly so rted , sub-angu lar to sub

rounded, form le n se s  and stringers in  the  

sparite ; th in  bedded ................................................................... 2 1/2

22 Biomicrite: b a sa l five fee t sparry , medium

gray (N5), w eathering medium ligh t to  very 

ligh t gray (N 7-8), th ick bedded, strongly 

in tra c la s tic  in top foot; con tains bands of 

pale  redd ish  brown (10R 5/4) chert up to one 

foot thick; upper six  fee t nodular and sh a ly , 

becoming sparry a t the top; pa le  brown 

(SYR 5 / l ) ,  w eathering very ligh t gray (N8) 

to  p inkish  gray (SYR 8 / l ) .......................................................... 11

21 Biomicrite: yellow ish  gray (5Y 8 /1 ) ,

w eathering very ligh t gray (N8) to pinkish 

gray (SYR 8 /1 ); nodular to  th in  bedded; con tains 

nodules of m oderate redd ish  brown (10R 4/6)
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chert; a t  the b ase  of th is  un it is  a 0 to 1 

foot th ick  bed of do lom icrite , pa le  redd ish  

brown (10R 5 /4 ) , w eathering moderate 

redd ish  orange (10R 6 /6 ) , w ith m icrite

in tra c la s ts  sim ilar to ab o v e ................................................... 5 1/2

20 Interbedded b iosparite  and m icritic  b iosparite :

same color a s  unit 21, th in  bedded, overlies 

un it 21 w ith  a sm all d isconform ity .......................................  5 1/2

19 Biomicrite and b iosparite : medium gray (N5),

w eathering pale  red  (10R 7/2); sparry bio

m icrite near b a se , w ith m icrite in tra c la s ts , 

ligh t brow nish gray (SYR 6 /1 ) , w eathering pale 

red (10R 7/2); th in -  to  th ick-bedded; upper 

part of unit b io sp a rite , one foot of sparry 

biom icrite a t  to p .......................................................................... 7

18 Interbedded b io sp a rite , b iom icrite and

U nit T h ic k n e ss
N o . in  f e e t

oosparite ; b io sp a rites  and b iom icrites are  

ligh t brownish gray (SYR 6 /1 ) , w eathering 

pale  red (10R 7/2); th in -  to  th ick -bedded ;
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Unit
No.

b a sa l foot is  partly nodular o o sp arite , 

pale  pink (5RP 8 /2 ) , w eathering w hite  (N9); 

o o lites  appear sporad ically  throughout unit; 

m icrites locally  become nodular, and 

fo ss ilife rous; abundant fauna includes 

Juresania n e b ra sc e n s is , Echinoconchus aff .

_E. a n g u s tu s , C honetes g ranu lifer, O rthotetes 

(Derbyia) c ra s s a , Retaria la s a l le n s is , Spirifer 

opim us, occiduus, Com posita su b ti l i ta ,

C . a rg e n tea , and one fish  to o th ............................

17 O osparite and b iosparite : b a sa l 16 inches is

oo sp a rite , pale  pink (5RP 8 /2 ) , w eathering 

w hite  (N9); the re s t  of the  unit is  b io sp a rite , 

medium gray (N5), w eathering gray ish  pink 

(5R 8/2) to  very ligh t gray (N8), w ith 

sca tte red  o o lites  loca lly ; th in -  to th ic k - 

b ed d ed ............................................................................

16 Biomicrite: sparry , ligh t brownish gray

(SYR 6/1), w eathering  very ligh t gray to

Thickness 
in fee t

9 1/2
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w hite  (N8-9); thin bedded to  nodular; 

fauna includes Spirifer opimus and 

and pelecypod fragm en ts..............................

15 Sparry m icrite; olive gray (5Y 5 / l ) ,

w eathering gray ish  orange pink (SYR 8/2  

near b a se , becoming medium dark gray (N4), 

w eathering medium ligh t to ligh t gray 

(N6-7) higher; very th ick bedded; contains 

g ray ish  pink (5R 8/2) chert n o d u les ................................... 11

14 Biosparite and bio m icrite; b a sa l 4 fe e t is

lam inated b iom icrite , ligh t brownish gray 

(SYR 6 /1 ) , w eathering very ligh t gray (N8), 

w ith pale  redd ish  brown (10R 5/4) chert 

nodules and len se s ; biom icrite lam inae bend 

around and conform to shape of chert nodu les, 

indicating  that the chert hardened before 

the calcium  carbonate; upper 6 fee t is  

interbedded brownish gray (SYR 5/1) 

m icritic  b io sp a rite , w eathering  yellow ish  

gray (5Y 8 / l ) ,  and nodular sparry , biom icrites;

U nit
N o .

T h ic k n e ss
in  f e e t__



T h ic k n e ss
' in  f e e t

b iosparite  th ick  bedded and in tra c la s tic ;

four fee t from the base  of the  unit a dense

zone of C haete tes exim ius co lon ies

occurs; co lon ies appear to  have been

transported  or abraded; they w eather

medium to medium dark gray (N4-5) and

may be partia lly  rep laced  by c h e r t ..................................... 10

Biosparite; medium ligh t gray (N6) to 

ligh t brownish gray (SYR 6 /1 ) , w eathering 

ligh t to very ligh t gray (N7-8); th in  

bedded; lo ca lly  th is  m aterial is  in te r

ca la ted  w ith limy sh a les  and nodular 

m icrites; top 1 1/2 fee t is  a Com posita 

b iosparite ; fauna includes Com posita 

a rg e n te a , (3. su b tilita , C . o v a ta , C . 

m alaya , C . derrya , Spirlfer rockym ontanus,

£3. o c c id u u s , £>. op im us, and Punctospirifer

ken tuckyensis 3
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12 Biomicrite and b iosparite : b a sa l 4 fee t

is  sparry b iom icrite , medium dark gray (N4), 

w eathering p inkish  gray (SYR 8 /1 ) , th in  

bedded, w ith in te rca la ted  th in  sh a le s , 

m oderate red  (5R 4 /6 ) , w eathering  m oderate 

red (5R 5 /4 ); upper 4 fee t is  b io sp a rite , 

m oderate red (5 R 4 /6 ) , w eathering very 

ligh t gray (N8) to pinkish  gray (SYR 8 /1 ); 

th ick  bedded; abundant fauna includes 

O rbiculoidea capu lifo rm is, Lingula ca rb o n aria , 

Punctosplrlfer k en tu ck y en s is , Reticulariina 

a f f . R. sp ln o sa . R. a f f .  R. c am p es tris , 

Com posita su b tilita , C_. o ya ta , C . a rg e n te a , 

O rthotetes (Derbvia) c r a s s a , C honetes 

g ranu life r, Splrifer o c c id u u s , j3. op lm us,

_8. rockym ontanus, H ustedia mormon!, H . 

m iseri, Schizophoria tex a n a , £>. re su p in o id es , 

echinoid  sp in e s , crinoid p la te s , and

U n it
N o .

T h ic k n e ss
in  f e e t

trilob ite  pygidia 8



T h ic k n e ss
in  f e e t

G radation zone from limy sha le  a t  b a se , 

to nodular m icrite , to  th in  bedded 

biom icrite a t top w ith brachiopod fragm ents;

same color a s  unit 12......... ....................................................  3

Total th ick n ess  of Upper Limestone
member exclusive  of s i l l s .......................................  463' 6"

L o w e r  D o l o m i t e  m e m b e r :

Shales and chert bands: interbedded dusky 

blue (5PB 3 /2 -2 /2 )  sh a les  and thin 1 to  2 

inch th ick  chert b a n d s , sim ilar in  color to 

unit 9, w ith  very d isto rted  bedding; top foot 

is  a chert pebble conglom erate , g ray ish  to 

dark g ray ish  red (5R 4 /2 -3 /2 ) ,  w eathering 

pale red (5R 6/2-10R  6/2); pebbles poorly 

so rted , sub -angu lar to sub-rounded , in  a

sim ilar quartz sandstone  m atrix ............................................ 5 1/2

Chert: varying co lo r, m ottled brow nish gray 

(SYR 5 /1 ) , pale  olive (10Y 6 /2 ) , and dark 

yellow ish  orange (10YR 6 /6 ) , w eathering
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m oderate redd ish  brown to orange (10R 4 /6 -

6/6) and gray ish  red (10R 4 /2 ); th in  b edded ..................... 4

U n it T h ic k n e ss
N o . in  f e e t

8 Dolomite: finely  c ry s ta llin e , lam inated

and s ilic eo u s  in  top 1 to 2 fee t locally ; 

medium dark gray (N4), w eathering vari

co lored , g ray ish  orange (10YR 7 /4 ), gray ish  

red (10R 4 /2 ) , and ligh t olive gray (5Y 6 /1); 

thin bedded ................................................................................... 5

7 Dolomite: finely  c ry sta lline ; medium gray

(N5), w eathering m oderate orange pink 

(10YR 7/4); th in -  to very th in -bedded  near 

b a se , becoming lam inated 5 fee t up; near 

top is  a zone of very ligh t gray (N8) chert

nodules up to 1 inch in  d iam eter.......................................... 7 1/2

6 Dolomite: finely  c ry s ta llin e ; medium dark

gray (N4), w eathering g reen ish  gray (5GY 6 /1); 

th in  bedded; near top is  a zone of very ligh t 

gray (N8) chert nodules up to  1 inch in

diam eter 4
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5

U n it
N o .

4

3

Dolomite: finely  c ry sta lline ; m ottled

reddish  brown (10R 4/4) and medium dark

gray (N4), w eathering redd ish  brown

(10R 4/4) near base ; medium dark gray (N4),

w eathering dark yellow ish  gray (5Y 6 /2 ) ,

higher; th in -  to  very th in -b ed d ed , becoming

lam inated locally ; sca tte red  la rg e , very

ligh t gray (N8) chert n o d u le s , up to  one

foot in d iam eter, throughout u n i t .......................................... 11

Dolomite: finely  c ry s ta llin e ; medium dark 

gray (N4), w eathering  dusky yellow

(5Y 6/4); th in  bedded ................................................................. 5

Dolomite: finely  c ry sta llin e ; medium gray 

(N5), w eathering grayish  orange pink

(SYR 7/2); th in  bedded ..............................................................  3

Dolomite: finely  c ry s ta llin e ; brownish 

gray (SYR 5 /1 ) , w eathering ligh t brown 

(SYR 5 /6 ) , grading up into medium gray (NS), 

w eathering moderate redd ish  orange (10R 6/6)

T h ic k n e ss
in  f e e t
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to pale reddish  brown (10R 5 /4 ); very

th ick  b edded ................................................................................  18 1/2

U n it T h ic k n e ss
N o . in  f e e t

1 Dolomite: finely  c ry sta llin e ; m ottled pale

yellow ish  brown (10YR 6/2) and medium 

ligh t gray (N6), w eathering  very pale 

orange (10YR 8 /2 ) , grading up into medium

dark gray (N4), w eathering pale  brown

(SYR 5 /2 ); th in  bedded ..............................................................  11 1/2

Total th ick n ess  of Lower Dolomite
member exclusive  of s i l l s ....................................... 75'

Total th ick n ess of Naco se c tio n ............................  538' 6"

Lower contact: not w ell exposed; b a sa l dolomite member of the Naco 

Formation re s ts  unconformably on the M iss iss ip p ian  Escabrosa L im estone. 

The Escabrosa is  a b io sp a rite , medium gray (N5), w eathering medium 

dark gray (N4)



REFERENCES CITED

Alderman, A. R ., and' H . C atherine Skinner, 1957, Dolomite sedim en
ta tio n  in the so u th -e a s t of south A ustralia; American Jour, of 
S c i. ,  255, p . 561-567.

Alderman, A. R ., 1959, A spects of carbonate sedim entation: G eol. Soc. 
of A ustralia Jo u r., v o l. 6 , p t . 1, p . 1 -11 .

Coogan, A. H . , 1962, Early Pennsylvanian stra tig raphy , b iostra tig raphy , 
and sedim entation of the  Ely Basin, Nevada: U niv. of Illino is  
Ph. D. th e s is .

Dunbar, C . O . , and G . E. C ondra, 1932, Brachiopoda of the  Pennsyl
vanian  System in N ebraska: N ebraska G eol. Survey, 2nd s e r . ,
Bull. 5 .

Easton, W . H . , 1944, Revision of Campophyllum in North America:
Jour. P a leon t. ,  v o l. 18, no . 2 , p . 119-132.

Easton, W . H . , 1962, Carboniferous Formations and Faunas of cen tra l 
M ontana: U . S. G eol. Surv. Prof. Paper 348.

Easton, W . H . , and R. C . G utsch ick , 1953, C orals from the Redwall 
Lim estone (M ississipp ian) of A rizona: Southern C alifornia 
Acad, of Sci. B u ll., v o l. 52, p t .  1, p . 1 -27 .

Folk, R. L . , 1959, P ractical petrographic c la ss if ic a tio n  of lim estones: 
American A ssoc . Petro l. G eol. B u ll., v o l. 43, p . 1 -3 8 .

Folk, R. L . , 1961, Petrology of sedim entary rocks: Hem phills , A ustin , 
T exas.

G albraith , F . W . , 1935, Geology of the  Silver King Area, Superior, 
Arizona: U niv. of A rizona, Ph. D . d isse r ta tio n .

G ehrig, J . L . , 1958, M iddle Pennsylvanian Brachiopods from the Mud 
Springs M ountains and Derry H ills , New M exico: New Mexico 
S tate Bureau of M ines and M ineral R esources, Mem. 3 ,

180



181

G illu ly , J . /  J . R. C ooper, and J . S. W illiam s, 1954, Late Paleozoic 
stra tigraphy of cen tra l C ochise County, Arizona: U . S. G eol.
Surv. Prof. Paper 266.

G irty, G . H . , 1903, The Carboniferous Formations and Faunas of 
Colorado: U . S. G eol. Surv. Prof. Paper 16.

G rinnell, R. S . ,  and G . W . Andrews, 1964, M orphologic stud ies of 
the brachiopod genus C om posita: Jour. P a leon t. ,  v o l. 38, 
no. 2, p . 227-248.

H avener, K. C . , 1958, Pennsylvanian framework of sedim entation  in  
Arizona: U niv. of Arizona M . S . th e s is .

H eindl, L. A ., 1963, C enozoic Geology in the Mammoth Area Pinal 
County, Arizona: U . S. G eol. Surv. Bull. 1141-E.

H ill, D . , 1956, Rugosa, in C o e len te ra ta , p t. F . of T reatise  on Inverte
brate  Paleontology: M oore, R. C . e d . ,  G eol. Soc. America 
and U niv. of Kansas P ress , p . 233, 323.

H oare, R. D . , 1960, New Pennsylvanian Brachiopods from M issouri: 
Jour. P aleon t. v o l. 34, no . 2, p , 217-233.

Horvath, E. A . , 1960, Preliminary Fusulinid Zonation of the  Naco 
Formation in  e a s t-c e n tra l  Arizona: U niv. of U tah, M . S. 
th e s i s .

Huddle, I . W . , and E. Dobrovolny, 1945, Late Paleozoic stratigraphy 
and o il and gas p o ss ib ilitie s  of cen tra l and northeastern  
Arizona: U . S. G eol. Surv. Oil and Gas Investiga tion ,
Preliminary C hart 10.

Jackson, R. L . , 1951, The stratigraphy of the Supai Formation along 
the Mogollon Rim, cen tra l Arizona: U niv. of A rizona, M . S. 
th e s is .

Jeffords, R. M ., 1947, Pennsylvanian lophophyllidid co ra ls ; U niv. of 
Kansas P aleont. C ontr. (no. 1), C oe len te ra ta , a r t .  1.



182

K lersch, G . A . , 1952, Geology of the  Tomado-Tam O 'Shanter Peaks 
a re a , Dripping Spring M ountains, Arizona: Arizona G eol. Soc. 
Guidebook for fie ld  trip  excursions in southern A rizona, no . 1, 
p . 87 -9 0 .

Kottlowski, F . E . , 1960, Summary of Pennsylvanian sec tio n s in south
w estern  New M exico and sou theaste rn  Arizona: New Mexico 
State Bureau of M ines and M ineral R esources, Bull. 66.

Lane, B. O . , 1962, The Paleontology and Stratigraphy of the  Ely Group 
in  the Illipah Area of Nevada: U niv. of Southern C alifornia Ph. D. 
d isse r ta tio n .

M eek, F. B ., 1872, Report on the Paleontology of e as te rn  N ebraska 
and portions of the ad jacen t te rr ito rie s , in H ayden, F . V .,
Final report of the United S tates G eological Survey of 
Nebraska and portions of the ad jacen t te rrito rie s : 42nd 
C o n g ., 1st s e s s io n , H . Ex. D oc. 19, p t .  2 , p . 83 -239 .

M oore, R. C . ,  and R. M. Jeffo rds, 1945, D escrip tion  of Lower
Pennsylvanian co ra ls  from Texas and ad jacen t s ta te s :  U niv. 
of Texas Publication 4401, p . 77-208 .

M uir-W ood, H . and G. A. Cooper, 1960, M orphology, c la s s if ic a tio n , 
and life  hab its  of the Productoidea (Brachiopoda): G eol. Soc. 
America Mem. 81 .

N ations, Jack D . , 1963, Evidence for a Morrowan age  for the  Black 
Prince Lim estone of sou theaste rn  Arizona: Jour. P a leon t. ,  
v o l. 37, no . 6 , p . 1252-1265.

Peterson, N . P . , and R. W . Sw anson, 1956, Geology of the  Christm as 
Copper M ine, Gila County, Arizona: U . S. G eol. Surv. Bull. 
1027, p . 351-373 .

Ransome, F . L . , 1903, Geology of the  Globe Copper D is tr ic t, A rizona: 
U . S. G eol. Surv. Prof. Paper 12.

Ransome, F . L . , 1904, Geology and ore deposits of the Bisbee 
Q uadrangle, Arizona: U . S. G eol. Surv. Prof. Paper 21



Ransome, F. L . , 1916, Some Paleozoic sec tio n s  in Arizona and th e ir 
co rre la tions: U . S. G eol. Surv. Prof. Paper 98-K, p . 133-166.

183

Ransome, F . L . , 1923, D escription of the Ray Quadrangle (Arizona):
U . S. G eol. Surv. G eol. A tlas , Folio 217.

Ross, C . P . , 1925, Ore d ep o sits  of the Saddle M ountain and Banner 
Mining D e s tr ic ts , Arizona: U . S. G eol. Surv. Bull. 771

Ross, C . A ., and J. P. R oss, 1962, Pennsylvanian, Permian rugose 
c o ra ls , G lass M ountains, Texas: Jour. P a le o n t., v o l. 36, 
no . 6, p . 1163-1188

Ross, J. P . , and C . A. R oss, 1963, Late Paleozoic rugose c o ra ls .
G lass M ountains, Texas: Jour. P a leon t. ,  v o l. 37, n o . 2 , 
p . 409-420.

Rowett, C . L . , and P. K. Sutherland, 1964, W apanucka rugose 
co ra ls: Oklahoma G eol. Surv. Bull. 104.

Short, M. N . , F . W . G albraith , E. N . H arshm an, T. H . Kuhn, and 
E. D . W ilson , 1943, Geology and ore d ep o sits  of the  Superior 
Mining Area, Arizona: Arizona Bureau of M ines Bull. 151.

Sokolskaya, A. N . ,  1954, Trudy Paleo . In s t. A cad. N auk, S .S .S .R .,  
v o l. 51, p . 1 -187, p is .  1 -18 .

Stoyanow, A. A ., 1936, C orrelation of Arizona Paleozoic Form ations: 
G eol. Soc. America B u ll., v o l. 37, p .  459-540 .

Sutherland, P. K ., 1958, Carboniferous stratigraphy and rugose coral
faunas of northeastern  British Columbia: Canada G eol. Surv. Mem. 
295.

T isch ler, H . A ., 1963, F o s s ils , faunal zonation , and depositional
environm ent of the M adera Form ation, Huerfano Park, Colorado: 
Jour. P a le o n t., v o l. 37, no . 5 , p . 1054-1068.

W an le ss , H . R ., 1955, Pennsylvanian rocks of Arizona and bordering 
a reas  (A bst.): G eol. Soc. America B u ll., v o l. 66, p . 1631.

W ebber, B. N . ,  1925, The Upper C arboniferous stra tigraphy of the 
Galiuro M ountains: U niv. of A rizona, M. S . th e s is .



184

W ells , A. J . , 1965, Middle Pennsylvanian fusu lin ids of the  Naco 
Formation near W inkelm an, Gila C ounty, Arizona: U niv. of 
Arizona, M. S . th e s is .

W ilde, G . L ., 1962, Lower Permian b iostra tig raph ic  re la tio n sh ip s
and sedim entation: Soc. Econ. Paleon to log ists and M inera log is ts , 
Permian Basin Section Guidebook 62 -7 .

W illden , R ., 1964, Geology of the  Christm as Q uadrangle, Gila and 
Pinal C oun ties, Arizona: U . S. G eol. Surv. Bull. 1161-E.

W ilson , E. D . , 1952, G eneral Geology betw een Ray and Superior, 
Arizona: Arizona G eol. Soc. Guidebook for fie ld  trip  
excursions in southern  A rizona, no . 1, p . 97 -105 .

W in ters , S. S . , 1963, Supai Formation (Permian) of e a s te rn  Arizona: 
G eol. Soc. America Mem. 89 .



e w i
WUc
to I

^ 2- »nzipt> )



[ I l l i  Univ. of Arizona Library

FIGURE 4 GEOLOGIC MAP OF AREA INVESTIGATED
NORTH OF W IN K ELM A N , ARIZONA

EXPLANATION

T E R T I A R Y

C R E T A C E O U S

C r e t a c e o u s
v o l c a n i c ;

Naco  L imes tone  
upper l i me s t on e  
memb ero o o *

PENNSYLVANI AN

Naco L imes t one ,  
l ower  d o l o m i t e  
m e m b e r

M I S S I S S I P P I

E s c a b r o s a
L i m e s t o n e

Me a su r ed  sec t i on

Highway

Base map taken from 
USGS Ray quadrangle 
1948

110 45
0 . 5  m i l e

S c a l e

C o n t o u r  I n t e r v a l  5 0  f e e t



ET1
In b( 
IOI

F I G U R E  3
S T R A T I G R A P H I C  S E C T I O N S  OF  
F O R M A T I O N  P E N N S Y L V A N I A N  
F A U N A L  H O R I Z O N S  I N  S O U T H E R N  
G I L A  C O U N T Y ,  A R I Z O N A

T H E  N A C O  
W I T H

ROCK S T  OOLS

I . ±
r * r

Do I o n i t e
RHWWciiiirssz£b tiCIP

S i l t y  
in e r to n e

im estone D o lo n i t i c  
T in ^ c to n e

■ ̂ n n  u 'u nLCDEJ

O o l i t i c  
T in o r to n e

Sffj
C h erty

Tuincntone

H H
S h a ly

L in e r to n c
C a lc a re o u s
S i l t s t o n e

S i l t r t o n e

C h e rt o c b b le  c o n ^ lo n e ra te  
C h a e te te s  zone

S h a le C oncealed

3SCTI0N I

.X n tiq u a to n ia  c o lo ra d o e n n is

F e ld s p a r -m ic a  p o ro h y ry  s i l l  5 ’

P h r ic o d o th y r is  p e rp le x a  
.\n t i  qua t  o n i a h o m o s  ana

Comnosit a d " r ry a

Id n o p ro d u c tu s  a f i .  L . p la tyunhonus, 
S p i r i f e r  ro c h y n o n ta n u s  
S. o c c id u u s
A n tiq u e to n ia  co 1o ra d o e n r is

C om posite s u b t i l i t a

S p i r i f e r  o cc id u u s  
S. ooirtus

C h a e te te s  ex im iu s

F e ld s p a r -m ic a  p o rp h y ry  s i l l  32

V es icu lo o h v llu m  s e d a l i e n s e  
V. s o .  A

a y rm g o p o ra  s o .  A

F e ld sp a r-m ic a  p o rp h y ry  s i l l  1 0 0 ’ p

AL RFID 
1965

r  50 f e e t

E - r c a b r o r s  L i l t )

-30

-2 0

-10

-0
S c a le

SECTION I I

68

^ 1, 1. I

° s e u d o z a p h re n to id e s  to r q u iu s  
T .  s o .  A

'C om nosita  a r d e n tc a  
vS p i r i f e r  o c c id u u s  
\O r th o te te s  ( D e rb y ia ) c r a s o a  

in o p ro d u c tu s  a f f .  L. o la ty u n b o n u s  
u J e o s p i r i f e r  ea rn e ra tu s  
L o p h o p h y llid iu m  s p .  A

l-iusted ia  raarmoni

•C h ae te te s  ex im iu s

.C honetes g r a n i l i f e r  
fiJesm oinsia n u r i c a t i n a  
l e t a r i a  l a s a l l e n s i s  

'/ in t iq u a to n ia  he m o  s ana 
D r th o te tc s  (D e rb y ia )  c r a s s a  

jfP h ric o d o th y ris  ic rp le x a  
C om posite s u b t i l i t a  

;C. a r g e n te a ,  C. m alaya 
S p i r i f e r  o c c id u u s , 3. ooim us 
S p i r i f e r  ro d ey n o n ta n u s  

^ N e o s p ir i fe r  g o r c i i  
,P u n c to s p i r i f e r  k c n tu c k y c n c is  
f lo o h o p h y ll id iu n  idon ium

•L ophophy llid ium  iio n iu m  
•L. a f f .  L. ig n o tu n

A n tiq u a to n ia  e o lo ra d o e n s ir ,
Lino p ro  due tu  s a f f .  7,. platrA im bonus 

^ ^ “ ’e o s o i r i f e r  ea rn e ra tu s  
' ^ R e t e r i a  l a s a l l e n s i s

P s e u d o z a p h rc n to id e s  to r q u iu s

,C honetes g r a n u l i f e r  
S p i r i f e r  o c c id u u s

* F e ld s p a r -m ic a  p o rp h y m  s i l l  
' F e ld s p a r -m ic a  po rp lrx ry  s i l l

'* gaped  o u t

. \n t iq u a to n ia  e o lo ra d o e n s is  
L ino p ro  d u c tu s  i f f .  L. oVityum hnrtu6- 
O u ra s a n ia  n e b ra s c e n s is  
f P u n c to s o i r i f e r  k e n tu c k y e n s is  
• S p i r i f e r  o cc id u u s  
•N eo sp ir i e r  c a n e r a t ' s 
‘O r th o te te s  ( D e rb y ia ) c r a s s a  
'C honetes g r n n u l i f c r  
^ R e ta ria  l a s a l l e n s i s  
^Comoosita s u b t i 1i t a ,  C. ov i t a  
kC. a r  e n te a

A n tiq u a to n ia  e o lo ra d o e n s is

^Schinoconchus a f f .  C. a n ru s tu s  
J u ra s a n ia  n e b ra s c e n s ir ,

•Chonetes g r a n u l i f e r  
•Ort’i ^ t c t c s  ( D e rb y ia ) c r a s s a  
‘R e t^ r ia  l a s a l l e n s i s  
s S n ir i  :e r  op im us, 3 . o c c id u u s  
'C om oosifa s u b t i * i t a ,  C. a rg e n te a

V >v:

‘S n i r i f e r  opimus 

•C h ae te te s  e:rim ius
kL ^ C om oosita s u b t i 7 i t a ,  0 . a rg e n te a  

o v a ta ,  C. m a lay a , C. d e r ry a  
S p i r i f e r  ro c  :ym ontanus 
3 . o c c id u u s , 3 . ooim us 
X m c to s o i r i f e r  k e n tu c k y c n s is

O rb ic u lo id e a  c a o u l i f o r m is  
l i n g u l a  c a rb o n a r ia  
P u n c to s o i r i f e r  k e n tu c k y c n s is  
l e t i c u l a r i i n a  a f f .  R. s p in o s a  
R. a ^ f . A. c a n o e s t r i s  
C om posite s u b t i l i t a ,  C. o v a ta  
C. a r g e n te a ,  S o i r i f e r  ooim us 
3. o c c id u u s , S. rockym ontanus 
O r th o te te s  (D e rb y ia ) c r a s s a  
C honetes g r a n u l i f e r  
h is te d ia  m arm oni, m ise ^ i 
S c h iz o o h o ria  te x a n a ,  3 . r e s u p in o id e s


