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LITHOSTRATIGRAPHY

Thig seciticon deals with investigabtive technigues,

Llithologic descriptions and observations of the upper

e

Chesterian through lower Derryan sitrate in ths New
section ¢f the southern Big Habtchet Mountains. The
descriptions and observations are based on field

investigations, hand-specime
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dissolved limestones) analysis, and point counts Ffrom 55

thin sections.

Field Work

Approximately 31.7 meters (104 feet} of the uppermostc

Paradise Formation and 141.6 meters {446 fezet) of nhe
lowermost Horgulilla Limestone were measured, collectead, and
described in this and
Brunton compass

During description, special attention was ¢lven Lo Lhe
fellowing factors pelieved to be
environmental interpretaitions: tric

abundance of ithe biota, presence

constituents {ocids, peloids, intraclasts, terricenous

s ol

material, etc.), types of sedimentary structures, amouni of

interstitial carbonate mud, rock coler, and Dunham's {(1252)
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1800 whole conodonts and fragmenis were recovered,

representing 10 genera and 20 previously dzacribed specLez,

No new species were recognized.

Pravious Work

Many previocus conodont gtudies spanning upper Chastel

through lower Derrvan strata have Deen conducted {(most
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Atokan boundary, as used in North America, due to Lhe
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Classificaticon (Hedberg, L197%2) 1ists etandards for
establishing boundary strato-types Lor chronostratigraphic
units, specifying that anch boundaries be pleced in

chronostratigraphic boundary at the Lop

B

saction (Kessler Limestone} , an unconformity, 18

nappropriate. Similarly, in ths type Atokan region, the
= - oy i~ Jangiey - e P
Atoka Formation L separated from the underlving Wapanucke

Formation by an

irn the type Derryen saction, the lowermost

1973). This evidence, comb inec

{.«h

I3
A0
-

the top of the Kessler Limestone (type Horrowan aresa) .

)
a3

may make blostrat ticranhic Getermination of & Morrowan\

Derryan boundacy impossible.

Several proposed poundary designations have

supmitted by various authors in an at

Moyrowan\Derrvan and/or MOrrowania boundary. of

these ara included below.

) punn (19276) and Lane (1877), using conodonis. pronosed
rhe Morrowan\bDerryan oCcundaiy co be near the Lowest
appearance of Qiglognathodus coloradoensis (Murray and

Chronic, 18%65%): however, this species appears t©o OTCUL

-

sporadically and its distribution may be environmentally
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(53)

the appearance of Profusulinella with the
Morrowan-Atokan/Derryan boundary at the type
localities, or anywhere else.

gutherland and Manger (1983) suggest that the Derryan
and Atokan be determined by the lowest occurrence of

pseudostaffella-Eoschubertella, to make these

boundaries more consistent with the Morrowan, Derryan,
and Atokan type sections. This practice would also be
consistent with what is known of other faunal groups

(Sutherland and Manger, 1983).

1t appears that neither the Morrowan\Atokan, nor the
Morrowan\Derryan boundary is marked by a pronounced
biostratigraphic event (Sutherland and Manger, 1283). Even
though most faunal groups seem to occur sporadically and do
not exhibit predictable changes through the interval (ibid),
there are distinct faunas that are recognized to be
indigenous to each series (Morrowan and Derryan, O Atokan)
and the Morrowan\Derryan (or Morrowan\Atokan) boundary
will lie somewhere in between these distinct faunas.

The inadequacies of the Morrowan, Atokan, and Derryan
type sections have been previously presented. Until a
fossiliferous boundary-stratotype is proposed and accepted,
the Morrowan\Atokan and/or Morrowan\Derryan boundary
problem will likely remain unresolved.

For the purposes of this study, the author agrees with
Sutherland and Manger's (1983) working definition that the:
"boundary reflect a horizon approximating the lowest

occurrence of Pseudostaffella-Eoschubertella" [below




profusulinellal. 2According to gutheriand and Mang

(1983): "This pogition is compatible with what 1is

known from the type regicns at cresent; an
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it reflects mor
from ‘Morrowan’ te 'Atokan' cgcurs in those faunal groups

gy Y p. Y o GURg
atudises thus farl.

aceour in che lower Mew Well Feak section was rrofusulinells

(@ Nwp~123.2). The Towest occurrence of Pssudcostal

37 meters (122 feat) above the lowest cccurrance of

D 1

Profusulinallia, Specimans of mnechubertella were not

.y S 1 Tt 3 ) T R g o - o A
recovered in this study, however, Zeller (1965) recordsd

The reader ie referred to Lane, Sanderson, and Verville

(1972), Lane and Straka {1674y, Shavar and Smith (18743 .

Dunn (1976), Lane {1977}, and gutherland and Manger (L5832}
far further comments concerning the Morrow
vorrowan\Derryan boundary placement prodlem.

The aukthor guestiong the practice of using the saries
namss, Atcokan and Dergvan, @8 sguivaisnis (as many
aunthors ssem £0) . Although both names ware propesec Lo
represent the strata between Lhe uppermoest the

1owermost Desmoinesian (Derryan by Thompson in 1942: RAtokan




py Spivey and Roberts in 1LS48), unitil svidanoe LI

that the type Atokan Section in Oklahoma is bio strati-
graphically equivale to the type Derryan Section in Mew
Mexico, these series names shnould nob be used
interchangsably.

The fusulinids obtained in this study were identified by
Donald A. Myers, a Geologist (sranch of Central Regional
Geology) , with the United States Geolecgical 3urvey. or
age-derermination purpoges. nha emploved the use O “he
series names Morrowan anda Atokan. e stated (personal
communication, 1984) that he "uses 'nrokan’ as sssentially
hiostratigraphically equivalent o 'Dercryan’®: however, h#
alsc stated that he nas no first-hand } xncowladge of either
type section. Tnterestingly, he noted: %, .the similarity
of your material from Nyep-1068.%, ~100.1, =-84.8, -57.2., anc
-48.2 [identified ez Morrowan by Myerzs] with ving's {L973}
described material [from the type Derryan] suggesie &
correlation with the Derry as discussad by King {1973).7
This suggests that there may be some Morrowan age strate
within the type Derryan. The results of Myers' findings are
presented in Table 1.

TABLE 1

SAMPLE

NUMBER TDENTIFICATIONS AND COMMENTS

NWP-172 Millerella cf. M. marblensis Thomz=son

NWP-169.3 Fusulinid indet., probably Fusulinella
ﬂi}lerella 5D,

NWP~166.8 Millerella sp.
Fusulinid indet.

AGE
DESICNATION

2

Atok

Atokan




NWP—163.5P

NWP—-160.5
NWP-154.8

NWP-147.3

NWP-135.6

NWP-128.1

NWP~125.2F

NWP-123.2

NWP-120.1
NwP-117.8P
NWP-113.1

NWP-108.9

NWP—-100.1P
NWP-84.8

NWP-57.2

Nwp-48.2p

—~
[
o

—

TERLE 1 (continusd)

Profusulinellia sp. indet.
Staffella sp.

Millerella cf. M. marblensis Thompson
Profusulinella? sp. indet.
Pseudostaffella 7 sp.

Eostaffella sp. closest to E. ovoidea
{Rauser Chernoussova)
Millerella aff., ¥M. extensis King

Eostaffella sp.

Millerella sp.
Bostaffella sp.
Profusulinella sp.

Millerella aff. M. extensis King

Staffella sp,

bostaffella sp.

Poorly preserved millerellids; not
identifiable

Eostaffella aff. E. carbonica
Grozdilova and Lebedva;

Millerella aff. M. extensis King
Profusulinella ? sp. (single small poorly
preserved specimen; uncertaln of

identification)

Very poorly preserved, possible millerellid
Millerells aff. M., extensis King
Eostaflfella sp.

Millerella aff. M. extensis King
Staffella aff. S. powowensis Thompson

Millerella aff. M. extensis King

<

Eostaffalia aff. E. postmosquensis var.
acutiformis Kireceva

m

Ecstaffella aff, E. ovoidea {Rauser
Chernoussova)
Eostalffalla sp.

Atokan?

Morrowan

Morrowan

Morrowan

Morrowan

Morrowan



The lowest appearance 0L the fusulinid géenus
Fusulinella is considered to ne indicative of upper Derryan

er Thompson, 1948) and is noted at WWP-168.3.
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In agreement with Myers (personal communication, ig8L;,

T would place the Morrowvan\Derryan boundary DE.OW

and above NWP-108.%. Thease ~Eyrow the contrcel on
the Morrowan\Derryan boundary LO 14.2 mevers (47 fzet) from

s‘-)

the 623.1 meters {201 feet) determined by Zeller 1905y .
7eller's units in the lower illew 1%
reconstructed and correlated with the ssction collscted Ln

Well Feak Section, corrzlated mesterages above the basa °F

Y cy e e oy e e S SR R 2, -, - N
he current secticn, and Fusulinid determinatlons ara dLven
& e

neller Meters above Dage
Collection of e Lion rusulinid Dets ations

P Ty E ]
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569 98.2m
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{1977), and Lane and Baesemann (Le82). for
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of EqschubertellaﬂPseudeggaffella in southern Nevada);

however, this species is kKnown to range into the upper

Morrowan in west Texas (Lang and others, 1272) .
The lowest appearance of Meognathodus passleri, 18

coincident with the appsarance ©f Idicgnathodus delicatus in

this study.
appearance
ocecurrence of the ghort ranging M. eymnetricus in the middlie

TAOL T OWa.
although there are

raxa of the Morrowan Seri

and Derryan Series (Diplogn

present section, nelther cocur

woundary as deifined by Ffusulinids.

bl ok
- 3 - 3} P b -l = R P 3
species span the bounaary. Lt ig ¢lear, Lrom tRLE andc
: : 4o LR T . N “ -
previous studies, chat thers ars no conclusive Conoton<

] P
3

that may be used to determine consistently, & Morrowan\
Derryan oY Morrovan\Atokan poundary at horizons soulvalent

mined oy fusulinids.

8

ro the boundaries dete

In this investigation, an actempt was made 2o conior,
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as cLovely as poss

jede
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One provisional &nd three cgtaplishad concdont zones,

most cases separated by barren O inpoverished incervals,
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the Adetognathus vnicornis Zone, the

primus Zoneg, and the Neocgnaihhodus

appear to be stratigraphically eguivalsat to the zonations

of Dunn (1976), Lane (1887,
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Figure 11). The remaining Idiognathodus dellicatus Zone;

4

is newly proposed in th

-t

s report and apparently represents

early to at least late Derryan time in this

Mexico. Figure 12 shows the ranges of individual conodon®
species, and Figure 11l shows the compariscn ol the present
zonatcion with zonations of previous authors.
zonation becomes GLfficult toward the top oL tne
Morrowan stratva due Lo the presencs o many Long ranging
species and few blostratigraphically significant, shori-~
ranging taxa. This trend ceontinues ilonto the overlying
rryan strata.
Thae successicn of zones recognized in this study is
; presented in ascending order below:
Adetognathue unicornis %one
This geographically widespread and widely accepiad upper
Mississippian zone is present in the uppermost Paradliss
Formation.
Limizs.-- The Adetognathus unicornis Zone has been
. defined as the range cof the name-bearer below the lowast
appearance of Rachistognathus muricatus. In rnis study,
the lower range of Adetcgnatnus
below the base ©f the described o




(63)

ANT UPPER MISSIESIPRPIAN THROUGH

3

RANGES OF IMPOR

LOWER PENNSYLVANIAN CONODCHTIS {(THIS REPC
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include: Adetcgnathus unicornis, Cavusgnathus ci. C.

unicornis, C. cf. C. naviculug, Gnathodus kilinsatusg, G. cf.

a’fl

Y e ey v 9 4 1 s 4 1_.,
G. girtvi girtyil, and G. commutatus commutabus,.
Remarks.—— The uppsrmesi zone in the Paradiss Formation

3
e

Morrowan in northwestern Arkanszsas (described by

1967). In addition, the RIctegnathug und

FON - g
LOOTTIAD RONe GJ

s area of New Mexico appears ©oe be, at least in pari.

=g
[

£

stratigraphically equivalent with the Adetconathus unicornlis
Zone as recognized by Dunn (1978), in Arvow Canvon, Nevada

(Pigure 11}.
Webster (1969) proposed recognition of a CGnathodus

5

-

girtvi simplex Zone imnediately overlying h

.

Adetognathus unicocrnis Zons; howaever, Duan f

578) nobes

that this zone may be hard to reccgnize Gue o the

homeomorphny cf G, girtyi gimplex with its predecessor
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Immediately overlying the Adetognathus unicornis

Zone, most authors reacognizt
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zone. Defined as the range of the name-bearer below ith
lowest occurrence of R. primus, it is the youngest

-

recognized zone In the Missisgippilan Svstem.



two species may be attributed To the varren nature oL the

strata overlyving the Adetognathus unicornis Zone, or its
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Tmmediately overlyving the 2detognats

meters (26 feet) thick that lg barren of conocdonts.  In Ltz

pelow the unconformity is. represented by a sillca-cenented

sandstone, for which no efiesctive method is known for

he Rachistognathug primus Zone, normally overlises the

o

[#2]

uppermost Mississippian R.

1]

hetween thes zones 1is

m
o

W

O

Workers, QL least in North
boundary between the Mississippian and Pen Lvanlian
systems.

Approximately 1.5 meters (5 feet) oI barren sLrata are

present between th2 unconformity and the lowest

representatives of Rachistcgnathus primus (R. prinus
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7one) in the lowermost Horguilla Lim

as mentioned previously; approximately 6.5 meters (22 f=et)

.

of parren strata lie below the cnconformity. Any remaining
part of the adetognathus unicornis Zone, the normally

ral hue muricatus Zonat ., and

W

2

cively thin "Rachis

Rachistognathus primus Zone

0
o}
1

Thig widely recognized (Noreh Bmerican) conodont 0

-
0
I_\'A

represents lowest Pennsyivanian {lower Horrowan N
Limits.-- This rande zone is defired as the totel range C©
Rachistognathus primus. The placement of the lowermost
poundary is uncertain dus to the underliving barren zone and

unconformity.

Characteristic Specigs.-- Platform species dilagnostic

4

of this zone include: Rachistognathus primus, ®. muricatusg,

rdetognathus lautus. and neclinognathodus noduliferus.

Remarks.—— This lowest Pennsylvanian conodont zone also

represents the lowest conodont zone in the Horguillia

Limestone. Tt has alsc been recognized in the Cons EILL and
Prairie Grove Members of the Hale rormation in northvwest

=

rikansas and the Tai
Oklahoma (Lane and Straka, 1974), the lower Bilr
rormation of the Arrow Canycn area in eouthern Nevada [(Dunn,

1970a, b, 1976; Lane et al.. 1971) and the lowsr La Tuna
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Limestone 1in west (Dunn, 1%36:
newever, thig zone 18 apparently absent in the type Morrowan

region. This absence may be due to the unconformity at the

hagse of the type Merrowan seguence.

o

Impoverished Zon

lLavitus, £

inflexus, and Declinognathodus noduliferus) and one
spparently short ranging species, Idicgnathoides sulcatus.

The latter species has been known +o be relatively long
ranging in cther areas of North Rmerlca.

is apparently scratigraphically
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This impoverlighe
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and Straka (1974} ; Sereptognathodus AoTE, An
Engli 0 5 % 3o .Y 5 - S Ayt o

part, of Webster {1969y Idiognatnolides gipuatusg-

.

Rachistognathus minutus Zons cf Lane (1877, 1984); snG

the Declinognathodus acduliferve Zone of Dunn (L3740,

He specimens of Declinog trodus noduliferus were

recovered within this impoverished zone. Declincgn: zhodusg

noduliferus ig relatively apundant at its lowest oCCurrence,
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cccourrence of D. nodulifernsg is in lowir Derryan sraia of

ithe Horguilla Limestone.

Meognathodus symmetricus Zone

This geographilcally widespread and
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narrow range zone is recognized by

a well Lnown MCOrrowan
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conodont Wworkers.

index species.

Limits.-- This zone ig defined as the range ci the
name-bearer below the iowest occurrence of Wegognathcodus

ombb?e-l.

Characteristic 8pecies.-- Conodonts typical ©

zone in the New Well Peak section are: WNeognathodus

symmetricus, Hindeodus minutus, Adetognathus lautus, and

B. inflexnus.

Remarks.-— The Naognathodus w*mxet”‘ﬁuc 7one Of thiis

- FI- e - o £ el = Tl o A e
repcried CoCurrenses oL Tnig Zone rom wan

Formation (Webster, 1869; Dunn, 1870L, 157¢:

+he La Tuna Limestene (Lane et al., 1¢72), and in the basadl

part of the Primrose Member of the Colf Ccurse Formation in
gsouthern Oklahcma (Lane and Straka, 1274). In ad
Lane (1967) reported an impeverished interval comprised

dominantly of Necgnathodus 83

GCroove Member of the Hale Formation and in the lower
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twood Member of the Bloyd Formation in the type
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of northwest ArrRansas.



Impoverished Zcne

is a 12.4 meter (41 foot) thick impoverished zone

characterized by the long renging specles: Tdicynathoice

: . : - LR Y o, [T [ S PRS-
sinuatus, Hindeodus minutus, Adetognacnus lLautusgs, antc
sinuatli=, DLi-F Y ‘ gRratciivs - =

. inflexus.

et

[ S— b SRR T oxr o~ o % . } 4 . S
immediately above the niLg VRS0

[0

gince this zone ocill

occurrence of Neoqgatnodus gymmgggicus (pelow M.

passleri), it apparently correlates with the iower part
of the Neognathcdus massleri 7Zone ©f Dun (L¢70), Lane

{1977), Lane and Baesemann (19B2) 7 NMeognathedus maoslerl

.

basgleri vone of Lane et al. (1872) Verrill {1€72), Lanz

and Straka (1974), Dunn (1870);: ané the Gnathodus basslerd

appearance 1s coincident with the lowest ogcurrence oL

menbers of the genus Tdiocnathodus (1us. detlicatus) . The

appearance of this latter ¢enus 18 normalliy considered by

most conodont workers, Lo mark the top ©0f the N
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Barren Interval
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5 thick, 23 meter (75 foot), barre
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vialded esse
aforementionad impoverished zone. Large volumes of rock

were processed in this interval in an unsuccessful attempt

to either extend the lower boundary of Hecgnaithodus
bassleri, the upper boundary of N. symmektricus, or o

P A 3 L et Bl
recaver others S"‘.‘z:@.z:lg?:&.};?i“:lc&l,i signiizéant =
s o Ay e Eglq Sdeygaee ~
idrognacnoqus ag LCavns one

This assemblage zone ig newly proposed in nis report
and should be treated as provisional for this area. Many

oy

other zones have been proposed for this stratigraphic

6]

interval. The reasons for proposal ¢f this zone ars &

iWJ

follcows:

1} Diagnostic species of previcusly propogaed zones for thig

stratigraphic interval were not recognized. These
' nclud Idiognathodus 1Odus

will herein bDe abbreviated Tus.
klapperi, HNeogn odus kanu
Adetognathus spathus, Idicgnathoides Convexus,
Streptognathodus gxXpansus, and S superegtus,

2) This species represents the lowest occurrence of members
of the genus Idicgnathodus 1n the Pennsyivanian,

western United States {including Nevada, Colorado, and

west Texas) .

(!3
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A complete ontcgenetic Gevelcooment, from Juvenila O

gerontic stage, can D@ demonstraced for this species. Once

the growth trends &are recognized, the various growth stages
of this species can be esasily identifisd in future studiles.

For further comments concerning the ontogenatic developmant

it

of Idiognathodus delicatus. refer to TRemarks" Lor

P

idiocgnathodus delicatus in *gystematic Paleontology

N

cimits.-- The lower boundary is marked by the Lowest

appearance of Tus. delicatus above the highest occocurrence
of Neocnathodus symmetricus. The lower boundary ol this

zone i

conodont taxa which first appear negar the top of the section

(").

ultimus, W. cf. M.

{(for example, Neognathodus meda

medexultimus, and Diplognathodus ci. Do coloradoensisy. Thea

lowest appearance CL
be chosen, by future authcors, tO define an uppey boundary

for this zone,

o

Fn

Characteristic Species.—— Platform species typlcal of

Tus, delicatus, Neocnathodus mnassleri, ¥. medadultimus,
N. cf. N. medexultimus, Idiognathoides ginuatus, Hindeodus

minutus, Adetognathus lautus, A. inflexrus, and

Diplognathodus c¢f. D. coloradcensis.

Remarks.-- As discussed previously, tne appearance CL
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Tus. delicatus, and coincidently Neognaithodus
bassleri, appear to approximate the Morrcwan

boundary (as defined by howavar, future
recovery from the underlying barren interval may resulit in
gxtension of the ranges of these Lwo spacies and the lower
boundary of this zone If the lowest appearance is found at
& lower stratigraphic pesition in other ssctions, placement
cf the lower zonal Boundary should be revised.

Th

e lowest appcarance of Idicgnathodus delicatug in
the Arrow Canyon Saction in southern Fevada (Lane et al..
1672) occurs just apove the Morrowan\Derryen boundary:
howevar, in west Texas, it appears in the uppsrmosh Morrowan
of the La Tuna Limeshcone {Lane st al. 18Ty .
delicatus is present at the unconformable base of thes type
Derrvan Section in scuth-central New lMenico (Lane et al.; |

1872y,
ALl availsa

the Idiognathodus

the Morrowan\Derryan boundar

Ch

represents least lower

boundary of |

|

approzimates
i
|
5 e T LT ;
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CONODLONT COLOR ALTERATIUN
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on of the strata nas hean determinga, UE ng G
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alteralti

in 001ouont color, a praliminary sstimate of the petroleunm
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potential can D

from pale yellow

b

to piack (chleorite
szaticn of their contained cardon
vrithar heating and
suspected volatilization of the fixed carbon Causes

lightening of the conodont elements from black to gray T

Jl
W

opague white., aimultaneously, this increassd heating

apparently causes the originally shiny and vitreous surface
of the concdonts to become grainy and sockmarked. The final

change in color from apague white to crystal clesar
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grayish—plack color. The surfaces of the conodont elements
are generally shiny and vitreous. Little or none of
riginal amber (now brown) color remains. Comparison of
these conodont 2lements with the conodont Coler Alteraticn
Index (CAIL) charts of Epstein et al. (1877), as well &s with
standards developed by Kevin Cook (perscnzal communication;

2843} who is com

el
et
6]
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b
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alteration, reveals a CAIL

The Ahrrenius Plcot developed by Epstein et al. {(1877) is

used to estimate the temperature range responsgible for the

thermal alteration of the concdonts recovered in this study.
The maximum estimatsd duration of burial (sediment loading)

of the Lower Pennsylvanian strata in the Big Hatchet

[

Mountains area, from depcsition to uplift in the middle
Tertiary, is egproximately 270 + 320 my. The mi-imum
duration of burial, taking into account the unconformities

{periods of constant or decreasing burial temperature dus Lo

unloading of sediments) between the Permian and Lower

I

Cretaceous strata, and between the Lower Cretaceous strabta
and overlving Tertiary fanglomerates (determinad by Zsller,

1965) is approximately 170 + 50 my.
When these durations were plotted on the ABhrrenius Flot
{(Epstein et al, 1877), the temperature range that prod

the color of th. conodonts of this study was determined to
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Rased on the present thickness oL the
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approximately 5030 meters (16,500 fezt) (compiled data from
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thicknesses measured by Zeller,

Jacra

Q)

1 degree C/100 feet, the present Known overburden can

account for a temperature of approximately 180 degrees c
ind &

[making the assumpticn that the mean surface temperature at

the time of maximum overburden was 15 degrees C]. Thus the
missing section may easily account for the iifference of 5

and Jacka, 1%81) and few intrusions have been reported in

ig Hatchet Mountains. 1In the

o
b
]
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(=

gmall dike was obs

®

rved in e gully approximately 40 meters
(130 feet) scuth of the lower part of the section. This
minor intrusion appears to have had no thermal Ind

the upper Mississippian and Lower Penngylvanian strata.

Further +o the northwest, however, in the KCH No. 1 Forest

[

Federal Well in the eastern Animas Mountains, the Lower
Pennsyvlvanian (Desmoinesian?) has been intruded by &
quartz-monzonite pluton (and assocliated dikes) of middle
Tertiary age {(Thompson, 1977). Although conodont-ceolor
alteration studies were attempted in this well by Behnken

(1977) his results were inconclusive. There were no Showes

of oil or gas reported and the well was plugged and

b PN - - . 3 L b s o L
, 1881), and assuming an average geotherma. graclenz o
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abandoned.

Application to Petroleum Exploration

conodont color alteration may be a useful metaod fo
petroleum exploration. Conedont color altera tion indices
which may be used to estimate the thermal maturit
rocks that contain the concdeonts, may pe usefuvl Lo

if the responsible temperature range was optimal for

generation and preservaticon of indigencus oil and gas.

Thermal Maturation

2 conodont color alteration index (CAIL) value of

@
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- el , Lo il P
armined for the conodonts O

approximately four was de
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study. According to vy {1883), a CaI value of 4.0 (=

il
o
by
tod
;

b

<

Thermal Alteratior Index of 3.5 to 4+) represent

£

to

t-mature to late post-mature thermal maturity ©

0
i

jele}
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hydrocarbons. Generally, this degree ¢f thermal maturation

would only result in production of wet gag and condensate

ie

(early post-mature) or dry g¢gas {late post-mature). P

<

e
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i
heG

1683) states that the "cil-generation window® corrzsponds
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to CAI values of from 1.5 to less Qdeo 2 % -7W uaeWenX ¥Wn
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than 1.0 {(pre-matcwn| rw vwne

indicate little, if any, native ¢il or gas will b2

encountered.
Excessive post-depositional heating (post-mature stat
for o©il) is detrimental to the presgervation of not only b
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PRECIPITATED SPAR/PRECIPITATED SPAR + CARBOHATE
MUD X 100; DOLOMITE (%); AND AMOUNT OF TERRIGEHCUS

MATERIAL (CLASTICS), VERSUS STRATIGRAPHIC POSTTICH
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One provisional (Idiognathodus delicatus zone) and

three previocusly proposed conodont zones (Adetognathus

a

unicornis zong, Rechistognatius primus song, and

Neognathodus symm Spicus zong) are racognized in the

lower New Well FPeak cection of the Big Hatchat
However, nearly hali of the section ie represenied Sy banren
(with respect to concdontg) or impoverished intervals with
faw distinctive, shorit-ranging conodont spac cieg {thus
reduced conodont control) .

Based on conodcnt avidence, & Mississippian\

Pennsylvanian bouncary is recognized at the wnconformity, ©X

P - e ‘. . 2 . 7 . 4 BT
within the adjacent barren stratd. Alitheugh distinctive
Morrowan conodont specles and distincitlve Derryal concdont
. 4 " - N Bl P im . b - I-
species Were acoverad in this stuty, -he control was nol

close enough to determing the Morrowan\Derryan poundary.

K

ilitholeogic, and paia sontologic avidence
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suggests a regtricted marginai-marine (lower nalf of the
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section) to predominantly reatricted
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nhalf of section) interpretatich of the depositional
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Some work has already peen completed {(Thcmpson 1877, !

Thompson et al. 1977, 197%2; Thompscn and Jacka. 1881; and

otners). Thompson (personal communication, 1¢584) is

continuing his stratigrephic studieg and petrolaum—-resourcs

evaluationg of the Paleozcic in the B
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Because of their rapidé evolution and relative ease ox
preservation and identification, generally only platform

elements have been considered in this study. Conodont

element morphologiss ars discussed by Sweel

(ed.: 1981, p. W5-¥w20). Mos® of the genera and Sp2CL2s

i

cmitted. TIn most cases, a diagnosgis has been provided te
allow the readsr to make comparisong Lo similar genara and
species. Synonomies are timitad to the original reference
and available publications.

More than 1800 conodent elements and [ragments were
recovered from the strata of the lower New Well Peak sectlon
studied in this report. Because of a large numbzy ol oroker

specimsns (mostly from the pottom half of the section), on.y

about 40 percent cf the elements were co Lidentliy

<k

degscribed species representing ten gensra were identified.

No new species were encountered.

ained with ~he aid of diagnostic early and middle

Ft"

aicer:

Morrowan conodonts and with the ald of fusulinids.



of Derryan st

perryan conodonts.

The symmetry clas fication presentasd by Lane {1858} 1is
utilized in this study. When con sidering the pairing of
asymmetrical conodont elementcs which have egual ranges and

"
13
=

different specific names, &nd may more ragarly veflect the
original association of the specific TS,

Rccording to Lane and Straka 11474), ®In such a system,
concdont species nomenclature ig affected only where

1efts and rights of & Class IIIb symmetry palr have been

given different names. The aforementioned concapt siightly
modifies the traditional form-speciles concapt in which &
single lectotype OrC nolotype was erectzd as a refarence LOI

the species.

Left-sided

Fi“

possess a Gis

attachment to
locatred on the element's lefit side, ragardless of curvacurs

(similarly for right-sided glements) .



Curvature

"rights®.

Elements (oriented properly) with thelr dominant

—
(4]
-1

~——

L vl - e -t 1, " v G d e 1T Ny
of elemants sserves Lo lefis® f£ro

curvakure convex to the left, are congsidered "lefis”®. Those

with their dominant curvature convex Lo the

considered "rights”®. It is possibl
et A

on curvature;.

o]

"rights", an

are listed in

A1l specimens are reposited in

o for elither l=fit- oz

o

Tomfiae and r»icgnta (hoond
iefits and ridnis (pashad

Conodont distributiocon, including “lef

) ] - )
I

- sample location;

aack

o i

or

h

ndeterminatites

‘«.J.
o

Appendix D.

New Mexico Institute of Mining and Technology in SCIonio;

New Mexlco (HMBMMR-LW-).
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This species displays Class IV symmecry and 1is

= - . =] 2, —~ - 4 < 3 " —_ >
exclusively right-sided. 7dstdogn yathus infieuxug closely

P fe o Y PR % - = - ~ - bty s T o -y T
rezembleg the the right element C©L rdetognating LoUili,

: : P N S [ P 3 S Y S oy m oy - £ P "
ut is bhest distinguished by the SLlaucus O flaxed nai

oy

the platform. In addition, the blade of A. inflexus

-

Gecreases in height anterior of the pbnormally large
posteriormost denticle. T

A. lantus rises in height anterior of 1te peectariormost

0]

abnormally large denticl

53! -y _’A‘] -~ o Lo -y Ta b G
- The basal cavity L A 1&LLUS

- 3 B TR
desper than that of A, 1Inli@XuS.

o i

For description, see Dunn (19702, Pp. 327) .

Remarks

adetognathus inflexus displays many of the featurs

characteristic of the genus Cavusgnatbus including having

nlade that decreases in height anteriorly and pOSE2ssIng

2xel forms. Howsver, this species is
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perhaps better placed in the cenusg Adeitngnathus due to it

poasession of a short £igzed blads (less than half the tox

plade length), and its apparent nomeoncrphy with the des

¥

characteristics of the genus Adetognathus.

Adetognathus inflexus is present in most samples

which also contain A. lautus. cince slements of A.
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21, filgs. 47, 48.
= : . 5 s T onr s bl e ey
Cavusgnathus regularls Youngguist ant Miller. Stibane,

1967, p. 333, taf. 35, figs. 8, ¢, l4-16.

unnell). Dunn, 1%70a, p. 227,
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ddetognathus

ol pl., 61, figs. 1, 4; Thompson, 1970, p. 1044-1045;

pl. 139, figs. 21-23; Lane and Straka in Lane and
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cthers, 1871, pl. 1, £ig. 5; Baesemann. 1:/3, L. ©
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figs. 7, B; Webster, 1989, pl. 4, figs. da, 6&b.

Cavusgnathus missouriensis Gunnell, 1933,

figs. 10, 11.

T e i T e o G AT . o~
Cavusgnathus giganta Cunnell. ®llisgown, 1941, p. 126,

pl. 21, figs. 44, 45, 49; Ellison and Graves, 1241,

Cavusgnathus flexa Ellison, 1941, ». 126, pl. 21, £igs. |
42, 43, 46,
Cavusgnathus unicornis Youngguist and Miller. Stibane,

1967, p. 233, twaf. 35, figs. 1-3, 5.

#

. ; . . x g
120, figs. 16, 18, 19; pl. 121, figs. &, 12. 13, 1l&.

rdetognathus gigantus (Guanell). Dunn, 1370a, w. 22¢,
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See Lane (1967, p. 932) for extensive description.
The right element of Adetognathus lauius 18 distinguished

from Cavusgnathus unicornis by a distinctly different
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nlade morphology and having

. ) f e Eo o » . .

te the wlatform. It differs from A. unicornis DY aaving g
fe 2 o 5 e T L4 b - o SO - P ‘el

portion of the blades fixed, by the unbhowed natursg ¢ 0O0Ih

H % o dor H - o - =

the plade and the parapet-like outer Margin, nt O

possessing a deeper and Dbroadar madizr longitudnal troudh

s

(LLane, 1%67).

s, . - E™ = ok Swe . - B G -
t slemenit of Adstognathus lavtus

i"‘a )

The lei

A. unicornis by the lack of an abnormally large denticle

on the posterior end of the free plade, and the free pblade

is invariably attached to the lelt

right element of this elementc-pair Giffers from
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The author agrees with the observations ("Remarks") of
L.ane and Straka (1974, p. G4-65) and the reader is referred

to this paper for further comments. This element-palr is

long ranging and generally not con rsidered singly useful forx
conodont zonation.
Range

This long ranging species spans the Lowsrmost Mogrowan

thoough the Lower Deruvyan in th i srtudy and has been
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reported by other authors to ra

s

appearance in the basal Morrowan through the basal Perml

pecies (along with the lowagt

m

The lowest appearance of this

appearance of Rachistognalbus rimue and Declinognathodus

noduliferus is considered, by most conodont workers,

represent lowermost Morrowan.

Material

Lafts: 563 rights: 41; indeterminates 3.

NMBMMR~-LW~0023, ~0028, -0029, 0032, =-0033, ~0035, 0037
adetognathus unicernis (Rexroad and Burton, 1961}
(pl. 2, Fige. 6, 11}
Streptognathodus unicornis Rezroad and Burton, 1261, 2.
1157, pl. 138, figs. 1-9; Dunn, 1865, p. 1L14%, pl. 148G,

13a, 1l3b.

p. %30, pl. 119, figs.16-21; Dunn, 1870a, p. 327, pl.
51, figs. 20~22; Lane and Straka, 1974, p. 66, fig. 33:

14-18.

Diagnosis
The original diagnosis is given by Lane (1967, p. 9307 .
This was subseguently updated by Lane and Straka (18747



Left element: The fraze blade attaches to taeg
left margin of the platform, and the hlade-mergin
upper profile 1is gently convex outwardly. The
postericrmest denticle of the fres bDlade 18
ebnormally large, and its richt side may occupy @
mid-platform position alt the plade-platform
junction. HNo fixed blade 1s developed.

Right =slement: Right~sided specimens in our
collections assigned o pdetognathus unicornis
closely compare as mirror-image representatives of

tne left slement. The free blade actaches to the
right margin of the platform; however, the
pOSteflOLMOSL denticlie genarally larger in

right-sided forms
|

a complete absence of a fixzed blade.

Description
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for description,

Rangea

H FT I Py . L. T Yy gy - - T e < Pl i o Y
Drevious authors restricit the range ¢ this soecles Lo

lower through upper Chesterian. The commoen assoniation ©F

this species with other diagnostic Late Missisgs
concdeonts (Cavusgnathus naviculus and C. uniccornis)
llows an upper Chesterian age tc be assigned to strate

m

CoOInl

[

bearing Adetognathus un




{57

£
[y
't
'y
421
a4
]
~e
f
[—J
e}
]
i
n
ae
'._...I
“~3
}.J
w3
o
w
IR
4
=y
=]
i..l
-
o
[4}]
e
m
Prs
=
.

Figured Specimens

TMBMMR-LW~0027

Genus Cavusgnaithus Harris and Hollingsworth, 1833

Type species: Cavuggnathus altus Harris an

Hollingsworth, 1933, p. 201, =l. 1, figs. 10&, 100.

Diagnosgis

Members of this genus display Class IV symmeliry.

Elements possess a long fixs

o
-
L_.J
3

lengzh, by way of

[¥3

-f+ platform margin. The Lree blade consititubzs aboul

et
D

one-quarter of the total blads length. o ogeneral, the
hlade rises in height posteriorly (Lane and Straka, 1874, p.
68). All elements are right-~sided and exhibit a parrow,
deep, lachrymiform basal cavity.

The longer fixed blade than free blade in members of

Cavusgnathus, as well as 1lts posgession ©

right-sided forms, distinguishes this genus Irom

Ade s , A N
adetognathus. Further diffsrences bDatween Cavuggnaious




Description

]

Harris and Hollingsworth's 0rlg

5. 200-201) follows:

This genus is erected to in
lanceolate plated conodonts wii
median crest in the coral channs
plate lanceolate to claviformy
with complets, deep, msdian, 1
without crest and bordered DY
crnamented with denticles, ned
compinations cof the same; post
considered antericr] bar denti

Further description is provided by

Range

Upper Mississippian (upper Merans

Chesterian). This genus is found in

thisg study.

Polygnathus navicula Hinde, 1300, p.

Cavusgnath
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P
, p. 17, pl. 1, figs. 24, 25.
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s navicula (Hind=). Rexzrc

Cavusgsanathus naviculus {(Hinde). Dunn,
o, ¥
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The diagnosis given by Lane and Straka (1974) is as

The broad massive platform iz fiat across the
upper surface, with only a very narrow, gslit—-1like
trough which is gsnerslly restricted to the
anterior half of the platform.
Description

For description, se=2 nde (1 p. 342). Als0O ses
Lane and Straka (1874, p. €2).
Remarks

Prom Rexroad and Burton {1861, p. 1151):

In cntogenetic development, the trough is of
moderate depth in juvenile specimens, becomes
shallow in adults, and is commeonly filled-in,
except at the extreme anterior. in gerontic
individuals. On each parapet there ig a changs
from single row of nodes to a double row, and in
some in diviﬁwals the nodeg unite te fomm
subparallel transverse ridges wnich may entend
irregular across the filled-in trough ¢l cthe

iy
gerontic stade.

A1l six specimens studied in this report are

w0

range from mature to gerontic individuals.

reported as representing Chesterian strata. It maintains 2

short range in the upper Chesterian of this study.




Material

Lefts: 1; Rights: 27 3 with indesterminalte CuIve
ALl specimens ars right-sided.

Figured Specimens

NMBMMR-LW-0031, ~0038.

Cavusgnathus cf. C.
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1949

Cavusgnathus unicornis voungguist and Miller. 1949, p.

519, pl. 101,

5 £ig. T:

%3
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2

ar. Bur!
and Collinson, 1863, 2. g, pl. 1y
and Furnish, 1864, p.

Nicoll, 1965, p. 18, pl. 1;

43, pl. 57, figs. 5, 1l4:

Diagno.is

nccording to youngguist and Miller (1942):

The horn-like a
denticle is the most éa

i Live ire oL our
specles and serves to distinguish 1 ‘
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oebal,
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£~ - e E - o
ppearance of the priLeriOImost
tincti £




(1013
cristata Branson and Mehl in the holotype of
whlch =h there 13 no gradational serias of denticles
in the blade and one of the median, rather than
the posterlormost, denticle is most prominent. CE
all the described representatives of Cavusgnathus,
C. arca Sturgeon & and Youngguist (19%4%, pl. 75,
figs. 11, 12} €rom the Allegheny of Chic appears
SupeleClaLiV; at least, to be the closest 0 ouy
laue Migsissippilan form for it also has & large
posterior denticle qowever . the Allegheny
species is uuqsldev@bly smaller, has a relatively
longer blade, and a relatively wider groove LN zha
3 "atf@rm, apd is much more

oral surface of che
arched than

The differences between Cavus gnathus unicornis and

Adetognathus unicornis are discussed under U

of the latter (this study). Lane (1367, p. 2932) discusse

the morphologic distinctions between C. unicornis and

t+s homeomorph, the dextral element of A. lautus (A.

giganta Gunnelli). Fu

remarks by Thompson and Goebel (19686, p. 23).

Description

The original description is given by Youngguist and

Miller (1949, p. 619).

Remarks

The variation and ontogenetic development cf this

species is described Dby Rexroad (1958) below:

the

R

Except for changes during ontogeny,
species shows little variation. The voung
specimens tend to be narrow with pa »apets nearly
spratght or slightly concave toward the inner
wvdcder. \fv,{t:h growth the plattform broadens without &
D{UP“Ptlﬂnﬂl increare in length, there develops a
pronounced convexity of the inner parapet near the
Efstefl?r as viewed orally, an increase :ndgﬂ A

ar the inner 13i - -
imber of small denticles on the




Range

Cavusgnathus unicornis has been reported as a

)

diagnostic late Chesterian form by previous authecrs:

jal)

therefore the few specimens studied in this repor;

L

considared representative of uppser Chesterlian strata.
Material

Pive right-sided specimens were recovered.
Figured Specimens

NMBMMR-LW-0026.

Genus Declinognathcdus Dunn, 1965

= AT 7 2 5
BLLLB0n and

Type species: Cavusgnathus nodulifera

s

9]
Iy

i [
- w g e

Graves, 1941, p. 4, pil. 3, fig

Diagnesis

E.__!

This genus displays C

diagnosis sse Lane and Straka (1874, p. 83).
Description

For description see Dunn {1966, p. 1229).

ass II symmetry. For furthe




The medial junction of the blade with the

combined with the dsclination of rthe carina 0 an

position and the presence of one to three nodes, anteriosr to

rhe declined carina, are charac cteristics significantly

ent from thosge oif Cavusagnahhusg, | Streptognatnodus,

1.1}
-t
l’h

fe

5‘"%

of the genus Declinognathodus (modified from Dunn, 1956).

in additicon, thes gnathoidal basal cavity possasget DY

Declinognathodus, precludes any relacionship of members of

rhis gesnus to tie genera Adatognathus and

19866), Sece Dunn (1966, Do 12989y for furihsr discuss

This genus ranges from lowermest Morrowan Lo ﬂi&@“

Derryan.
Declinognathodus neduliferus (BEllisgon and Graves,l941)
1% VT w7 w2 H z
{‘lu..\.us 357 EL{-_’XC_‘- e E.Qy _‘A-.jva :._‘3“ 25}

n
¢
4
0]
V]
it
Q
48]
o}
2
t
&5
O
Tu
o
3]
e
&)
r‘s
*__.
(I>
}.M
o
N
O3
i..-l
o
i
-~
153
-
F )
3
(w31
<
e
L
N3
(X
]
}\._J
ot
s ]

ognathodus japonicug Ige and Koike, 1964, p. L88,

mn
v
=
M
ge;
[

sl. 28, figs. 5-10.




Declinognathodus nevadaensis Dunn, 19656, P- 1338, pi.

158; igs. é&l"‘?:c, 8.1

Stxeptognathodus noduliferus (Ellison and Graves).

et

o]

1369, p. 48, pl. 4, figs. 7;

-

Declincgnathodus QO¢UL¢“€E3 (milison and Craves) . DGNRD:

Figs. L1, 2.

!"‘tl

1870a, p. 330,

Declinognathodus iareralis {Higgins and Bouckasrit) .
G s
Dann, 19%970a, P- 330, pl. 62, figs. 5-7.

Declinognathoduummaocna+ho s Dunn, L%970a, 2. 330, pl.

n

G2,

ig. 8.

idiognathcides noduliferus (Ellison anc Graves). Straka and

Lane, 19870, fig. 1lh; ThompsSOn, 1670, p. 1046, pl. 139,

> - . o cmg T e R
20: Lang and Jtraka, LJ/i%r .
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eclinognathodus noduliferus (Ellison and Graves) .
Sweet in Ziegler, 1875, P 63, Weognathodus pl.
‘";x ) }.. r f ig ® 6 >
Diagnosis

Distinguishing characteristics of Declinognathodus

noduliferus include a blade which icins the platiornm in &

medial position, then declines to meslt The ouler marcin.
Gne to three nodes, which may ne fused into a ridge, are
located on the anterior, outer shoulder of the platiorm,

2 immediately anterior to the declinstion of the carina to the

outer margin




P 3 1 & =Y o =5, o -l i P
The r[easSonlng pahind the plLacement of th elagt
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synonomized genera and species 1s digoussed in YRemar

under tha genus Declinognathodus.

ey

Specimens from the Derryan occurrence OF this species
are similar in appearance to ieccnathodus medadulcimus

e ek s

Merrill but differ DY possessing 3 consistently narrow

platform, & carina which ¢urves ro meet the outer margin,
and a strondgerl £lared basal cavity wnich te mors commonly
preserved rhan the delicate flare on the gnzthoidal basal

. medaduliimus.

—M

cavity ¢f

|2

ieognotnomdd muﬁdqutLﬂ”c exnibics a styal ignt o
slightly bowed (concave ipwardly) carina on & s1lightliy
rroader platform. The outar Pa arapel curves ro intersect toe y
garina on the postsrior nalf of the platform. in addition,
the ornamentation on the oral surface of N. medaduliinusd
exhibii highér reliaef than thoseg o +ne oral surface O

Decllncﬂnauhoau5 noaul“ﬁaLlso
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Remarks

These easily recognizable elements are relatively
apundant in the sample where they first appear in the lower
Morrowan, cthen are completely apbsent from all camples unitil

they rascur in mederate abuncance. in the Llower Derryab. The

3

v

wo ocourrences
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125 feet) of section. Lang

es (two 1in rhe MorIowan

eyryan) of peclinognathodus hoduliferus in thelr

ections in Ok lahoma. Du

). noguliferus ig a widely occurring HOILOY

species rhat exhibits prcvincial yariepility. This

provincial variability of environmental prefers

he reason

pehind the widely space

ost specimens from the Derryan oTC

are generally much smaller than ©

Morrowan ocourrence (NWPm37al)a Owher mozphalogic changes

netween ThOSE specinans whicn f£irst zppear in

Morrowan and rhose wnich Ao nOL feapk

E
perryan, 3re ag follows:

-

ip size, hhe Darryan

=< 1

1) Besides neing genera iy smaller

gpacinens sgem to have & deaperl. pedian cral wrough;

2) The parapets of the Derryan forms tand Lo he MOLES
wall developed Fransverse

nodose, 0L at least have less

.
ridges;

v There appears to be no 1&SS ~nan LwWo fused nodes

anterior to the juncture of the carina with the outer

parapet, in the Desrryan forme of this study. The

Morrowan Lorms display from one to three nodes which m&y
op may not De fused:

P

4y In the tefi elements ©

1 mermn " "
rhe Deriydn forms, two CF more

iy

fused nodes form & rigge which may appeat O be




separation) between the carina and the outer parapet

where tha carina ot eg to attach to the latter,
Lane and Straka (1974) report that specimens of
Tdiognathodus noduliferus [Declinogneathodus neoduliferus of
this study] have been recovered from the lower part of th=
tvoe Derryan in Hew Mexloco; thig clalm appezrs, as
yet, to be undocumnaenied.
Range

Two isolated occurrences of this species are reported in
this study, lowser Morrowan and lower Darryan. BS previously
mentionad, Lane and Straka (1974, ». 33) discuased three
isclated occurrences of Tdicgnatholides noduliferus
[Declinognathodus noduliferus nerezinl. The sporadic
occurrences of this species may be dus to an environmanial

Concdont Phyvlogeny® in

preference. See also the gection on
f.ane and Straka (1974, p. 35). 1In sumn
sporadically ranges from lowey

Derryan.
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and Chronic, 1265, p. 606, pl. 72, figs. 1l-13.
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Diplognathodus cf. D. coloradecensig {(Murray and Chroniz, 19863}
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Spathognathodus colcoradoensis Murray and Chronic, L2865
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T1gs. 11-13; Webgioar, Lzab, f T

. 605, pl. 72
7, fig. 7; Webster in Lane and others. 1371, o. L05-400,

pl. 1, fig. 23; Merrill, 1973p, p. 304, pl. I, figs.

20-42.

1870, p. 1043,

anchignathodus coleoradoengis (Murray and Chronic). Sweel,

1970, p. 222.

Dirloanathodus coloradoensis (Murray and Chronic). FHomur

$ 75 W ~ 1 7 TR e T e
and Merrill, 19275, p. §; Merrill, 1275, p. &%, IZi¢s.
i ' B 1 IO v T 2
}.76 (40) 7 lf (.1.6) ; S‘-f Q@t i1 ZlEgJ_\:-.’l:;- Ll g LA W g
5 = Taon I
g figs. la-lc; Bendsr, LZE0, 2. F;

g, 12-14: Landing and Wardlaw, 1581, b.

Diagnosis

For diagnosis, see dilagnosis for the genus
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carina is divided into two distinct segments. The postsrior

segment is low in height and 1s mostly fused o a ridge

forming o "gspatuia’. A ocouple of low, laterally compressed
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Cenus Gnathodus Pander, 18596
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texanus Roundy (1828, pl. 2, fig. 8), reiliustrated DY
Bass (1953, pl. 14, f£ig. 15), Lo Decome the Lypse sSpecL?
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the cup is narrower, bears a parapet, and meeLls
the blade farther anteriorly than the more
exzpanded outer cup [i.e. expanded cuter portion of

the cupl.
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The oricinal description 1

13). Further description is given by Hass (1933, p. 7 8- Bt

Remarks
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Lane and Straka (1974) report that the pattern of
ornamentation developszd on the ouler oral flance <

% H =R - 7 L. B B SN A
basal cavity. i1s firet developad 1in 2oe

largest ("gerontic®™) specimens. Based on the patiern oI
ocrnamentation developed, Lane and Straka thair
specimens intec four merphotypes: alpha, beta, gamma, and

X,

delta. They reported that the morphotypes snow some

0

intergradation and arse not of significant stratigraphilc

importcance. For the purposes Ccb docunsntation and

in this study, Gnathodus bilinsatus ig not broken down

given by Roundy {1826, p
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into morphotypes herein, howsver, the proposed MOrPhoLyDas
are indicated for the specimens of this study (=2
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All previous work indicates that Gnathodus bilinsal
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aranson and Mehl (1241

jah

ki ¥ 43 P
aCu8s the SL1Imilarity of &,

commutatus [G. commutatus commutatus herein] and the

simpler gnathedids, differing mainly in the apsance oI

Ao

¥

or ridges con zhe oral surfa of the cup. For
diacnosis, the readey 1is vreferred to Bilaschoff (L9857, p. 221,
Description
. See Branscn and Mehl (1%4la, p. 98).
Remarks
in general, the remarks concer ning Lane and 3trala’'s

This species was recovered from the sppernost

(\

hag bae

J.s

%3
(u

Paradise Formation (Chesterian) in this study. I3

previously reported as ranging throughout the Chasterian.

2

Lefts: 0O: Rights: 4; plus 5 with indeterminale

2
i

i

cured Specimens

NMBMMR-I#~C052, ~0054
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Range

The specimen obtained in this study was recovered I
upper Chesterian strata {Paradise Formation) Previcus
reporis also indicate a middle to upper Chesterien randg
Material

Lefte: Lo

Genue Hindecdus Rexroad znd Funnish, 1864
windeodus Rexroad and Furnish, 18684, w. 67L: Eweet

in %iegler, 1977, . 203,

wchignathodus Sweet, 1970a. p. 7; Sweet in Zlegler,

1973, p. 2.

Type species: - Spathognathodus cr istula Youngguiet
Miller, 1949 s. £..

Diagnosis
See Sweet in Ziegler (1977, p. 203).
Range
Upper Mississippian through lowermost Triassic.
Hindecdus minutus {Elliscon), 1941
{P1L. 3, Figs. &, 27, 29}
Spathodus minutus Ellison, 1941, p. 120, pl. 20, figs.

53-52.
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rathodus minutus {(BEllison).

?5pat

chog
1541, p. 3 [minutus]:. pl. 2, figs. 1, 3. 5.
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fe3e
w
Q
3

Spathognathedus minutus {r voungguist and

—~r T b - 2 o P
Downs, 1549, p. LE9-17G, an 30, Lig. & STuUrcsaon

i oo 4= - o AR Y P o o . s e e -
Toungguist, 194%, p. 385, pil. /2, L1985 2~11. Tanrcad

Fig. 44: T, 12,

Spathognathodus echigosnsis Igo and Xoike, 19354, oo LOT-1I%,
pl. 28, £ig. 24.

Spathognathcdusg cristula Youngguist and Miller. Stibane,

1967, p. 335, taf. 35, L[igs. 21-25.

Spathognathcdus rexroadi Webster, 1969, ». 45, vl. 7.

fi.s. 2, 3 cnly.

Anchignathodus minutus (Ellison). Sw=zeb, 19702,

iy ]

Sweet, 1270b, . 222: von Bitter, 1872, v. ©5~55; vh. Gy
4 Pin

. - . e . " .
figs., Za-i: Sweet in Ziegler, 1973, p. 15,
Pg— | -\ & . S oo - o b
Orarkedina minuta (Ellison). Baesemann, L8732, 2.
T IR T T - o T4 TR
704-705, »l., 2, figs. 14, 15, 1%, 20.

#indeodus minutus (Bllison). Merrill and Powell, 1680,

pl. 1, figs. 39, 40; Landing and Wardlaw, 1981, p.

1259-1260, pl. 1, figs. 11, 1Z2.
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Hindeodus ex. GL-.

Bender, 1980, p. 10. pl. 4, £ig. 22.

Diagnosis

e

according to Merrill (1873):

The abpsence of denticles on the antarior =2402
d =3 § e 4

of the cusp is 1ot 2 Vallﬂ

geparacing ggathgmc thoduy

minutus [Hindeodus MInuULus Y
&pwcimenq—of S. minutus (E. ctugl lac! )
any sign of such C¢ iR c¢ir presence oes
have value, DO er, for sy have noct been
observed in unguestioned f@ﬁtssemtatives E 2.

cristulus.

Merrill (1973, ». 285-303) discusses the biometric

"

2

sl o

.

change from Spathognathodus minukus [Hindeodus minutu
the

&, eilisoni which resulted from terowded lnserition O
additional, narrower, more elongate, mOre erect denticles in

the area just posterior to the cusp. with ‘concomitant

pushing' of the more posterior denticles forward,

The original description is reprinted and a revised

description ig given in Merrzill {1973, p. 306-3073.
Remariks
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Although scome ramiform ele
Pa element of this species is used for identification

purgoses. The synonomy thus only covers ithese Pa 2lemenis.
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This species ranges frem the lower Morrowan to the
middle Darrvan of the Horquilla Limestone in the Big Hatchet
Mountains Area of scuthwest New Menico. This speciles has
been reported from the uppermost Mississippian through Lower

Permian (Wolfcampian).
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curvature,
Figured Specimens

NMBMMR~LW~0042, -0061.

Genus Idiognathedus Gunnell, 1%31

Type species: Idiognathodus claviformis Gunnell,
1931, p. 249, pl. 29, figs. 21, 22Z.
Diagnosis

Mature members of Idicgnathodus {abbreviated ‘Ius.’
herein) possess & long free plade which attaches to the
a snort

platform in a medial positicn and continues as

median carina. No trough is developed. The elonc=zte

™

platform is ornamented with transverse ridges and/o

The above characteristics differentiate Idiognathodus

f«la
!ud -

from the genera Idiognatheides and Streptognathedues. To




summarize:
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1) Members of Idiognathod
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lack a median cral Lro

2} iembers of Idiognatheid
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exhibit both a median

trough.
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strongly developed on the anterior outer margin.

The posterior half

Lransvearss nodes or
large, desp, asyn
cavity is develcoped.
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Remarks
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separate genus (Streatognﬂtho&us), tnen some means must

be put forth to determine placement of the multitude of

»rapnsitionael forma between kthe LWO pni-nenier ¢ans

(Idicgnathodus and Streptognethodus) . Many trangitional
forms which possessed features charecteriscic of bhoth of i

aforementionad genera were SnCount

Descriptions of species pelonging to SBtreptognathcdus

and those belonging to Idicgnathodus often overlap, Lhus

illustrating the very subtle differences between the

-
0]

genera. This exemplified by several authors having

assigned some species to Tdicgnathodus and described

(and illustrated) tnem as "sosgibly possessing a sLit-liksz
oral trough on the posterior portion of the tongue (&
feature seemingly characteristic of streptocnathodids) ?

meanwhile, other authors stick by rhe shkrict definition of

-

fdicgnathodug with no development of an oral trough.

Even though it has been reported Dy many guthors that

idiognathodids and streptognathedids intergrade

morphologically throughout thelr respective

(in Lane and others, 1971), Ellison (1841}, and von

-

Bitter (1972) maintain that platform elements with

distinctive features typical of Strzptognathodus attain

aumerical supericrity over those with fe

of idiognathodus, in the Upper Pennsylvanian.

P

it is herein proposed, that Streptognathodus b
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distinguished from Idiognathodus by poss essing a distinct,

comparatively broad and deep, cral trough which extends the
length of the platform, and ilnto which the posterior
transverse ridges disappear. This trough, which bears a
median carina within the anterior half of the platform,
descends into the oral surface of the platform. - A
transverse cross section through the posterior half of the
platforrm would reveal a broad, "V¥ shaped profile cf Low o
moderatce relief of the slightly concave-up coral sur

Members of Idiognathodus do not possess a trough, bul

may exhibit an oral, slit-like groove, which interrupts ths
transverse ornamentation on the posterior portion oif the
tongue only. This groove is usually short, not necessarily
median, and may be discontinucus in the postericr half of
the platform. The postericr transverse ornane ation

appears to be perched on top of the upper surface ¢f th=a

rrgnsverse Ccross sechion through ithe

o

platform. Generally,
posterior half of the platform wculd reveal 14
the flat to slignhtly concave-up upper surface oI the
platformn.

In summary, 211 streptognathodids possess a long.
distinct, relatively broad, median oral trough which plunges
intoc the oral surface of the platform and into which the
posterior transvarse ridges disappesar. In contras
idicgnathodids may possess a short, relatively
indistinct, sc-stimes disgscontinuous, slit-like oral groova,

which may or may ncot be medlan,
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transverse ornamentation, and does not plunge into the oral

surface of the platform.

Range

Lower Pennsylvanian {upper Morrowan) through Lowar

Permian (Wolfcampien).

Idiognathodus delicatusg Gunnell, 1931

I,_J
e
~a

[PL. 1, Figs. 1 {=juvenile); 2, 3, 4, 5, & {=morphotyps
7, 8, 9, 10, 1li (=morphotype 2): 12, 13, 14, 15
(=morphotype 3); 16, 17, 18, 13, 20 (morphotype 4):; 21, 22,

23 (=morphotype 5)]

Idicgnathodus delicatus Gunnell, 1931, p. 250, pl. 2%,

figs. 23-25; Ellison, 1%941; p. 134-1235, pi. 22, figs.
31-36 {includes synonomy through 1%41); Ellison and
Graves, 1941, pi. 3, figs. 20, 23; Mclaughlin, 1952, p.
619, pl. 83, figs. 8-11; Stibane, 1967, p. 334, pl. 3
figs. 9-11; Webster, 1969, p. 35-37, pl. 6, figs. 6-12:
Thompson, 1970, p. 1046, pl. 13%, figs. 24, 28: Merrill
and King, 1971, p. 658, pl. 76, figs. 13-2ZZ2; Lane and
Straka in Lane et al., 1971, pl. 1, £ig. 27; von
Bitter, 1972, p. 58, pl. 3, fig. 4; Baesemann, 1973, p.
6§99-703, pl. 1, figs. 18, 19, 23, 24; Higgins, 1975, p.
47, pl. 17, f£ig. 7; pl. 18, figs. 1=3, 7; ?Merrilly,
1975, p. 63-64, figs. 14{4-7, 24, 25), 15¢(¢, 7, 19, 20,

26-32), 16(7-13, 41-49), 17(5-7, 17-26, 41~45, 58-062);

&}

Sweet in Ziegler, 1975, p. 169-171, Idiognathodus pi. 1,




figs. lg, lh; Béender, 1980, p. 16-11; pl. 3, figs. 4—-¢,

Tdiognathodus magnificus Stauffer and Plummer, pl. 4.
£

igs. 8, 18-20; Ellison and Graves, 1941, pl. 3, figs.
25, 26; Sweet in ziegler, 1975. PpP. 175177,

Idiognathodus pl. 1: figs. Ta, Tb.

Idiognathcdus sp. ¢f. L. magnificus Staufler and Plummnen.
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Murray and Chronic, 196

pl. 71, £igs. 7-12; Stibans, 1367, p. 334, taf. 37.
£igs. 12-22.

-

Streptognathodus angustus Dunn, 1266, p. 1302, ps. 158,

figs. 11-13.

iz}

Streptognathodus parvus Dunn, 1966, pl. 158, Ligs. 9, 10.

tdiognathodus incurvus bunn, 1966, p. 130%L, pl. 158,

figs. 2, 3.

Idiognathodus humerus Dunn. Lane and Straka in Lane

Tdiognathodus i, delicatus Gunnell. Merrill, 1874,

pl. 1, figs. 14-16, 21, 22, 30-32; pl. 2, figs. 2620,
Diagnosis

Members belonging to Idiognathodus delicatus exhibit

a wide variety of morphological features during their
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ontogenstic development. Immature spacimens bear a carina

that extends the length of the platform. The carina appears
to shorten anteriorly with age until, in mature to gerontic
specimens, it is only present within the anterior cne-third

of the platform. Transverse ridges located within the

o]

posterior two-thirds of the platform, range from zerc t
twelve and generally increase in number with ags.

Tnner and outer accesscory lobes, possessing 2 varying

{

-~ fe 3 3 Yo 1
+ in mature specimens, bhut the

r

@

[l

o
o}

e

number of nodes, are

O

outer accessory lobe or both lobes may be absent in the
younger specimens. Outer lobes or nodes do not appear to e
present in the absence of the inner lobes or ncdes. A

somewhat indistinct, short, slit-like, oral grcove (not a

B

trough) may be developed in the postericr portion of the

B

rongue in some specimens (see "memarks® concerning the dgenus

e,

Idiognathodus) .

Specimens classified as Tdiognathodus delicatus dlispiay

P

Class TI symmetry. Subsqual numbers of both lefit and right

elements of this species were recoveread.
Description

For original and revised descrivtions, see Sweel in

7ziegler (1975, p. 169).

Remarks

A wide variety of ornamentation typifies this zpecie

]

S ow

!

The lengthy synonomy encompasses many forms believed to




is best cutlined by Webster {1569) below:

The platform of immature individuals cons
of a median carina a“d WO %ub*ar 11el latera
parapets; a1l of subsgual wic and denticle

- t-1

size, which are rerminated by mutual coalescance
at the posteriocr and. Transverse ridges are
developed on the posterior end in minute forms.
and with continued growth, ridges are added
anteriorly, ultimately cover: ng the platform.

Dap@néiﬁg upor growth stags and variation, the
aumber of ridges ranges from one Lo twelva.
ACCessory lohes are developed gimulianeous 1y

!‘)

=] or
independentliy; if independently. the larger Linner
i . after

‘rat and may appear before oY
of Latform is covared

o
o

%—J

¥

ook

o @

t* naverse ridges. The accessory lopes may De sev
cff by a nariow Jrocve, or mercge smoothly int The
transversely ridged portlion of the platform...-

Idicgnatnodus delicatus, as herein described, incluces

in its synonomy many forms thought by previous suthors, to

represent many nqifferent® speclies pased

73

or weakly differentiated morphological features. Thess

species are nerein considered norphotypes of tus. delicatus

and are thought tc be representative of rhe various growih
stages of this species.

Idiognathodus magnificus Stauffer and Plummer, IOT

example, has been fescriped by previocus authors as alwayve

being very large and robust, by ceonedont

N

members of Ius. magnificus match the description of Ius.

delicatus and their appearance Seems Lo represeni an

advanced ontogenetic stage (of the latter apecies), Ius.

magnificus is herein synonomized with 1us. deilicatus

{as first suggested by ®l1lison, 1941, p. 135) as a gerontic
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form of the latter specles.

Similarly, specimens of Z.:Ie ptognathodus parvus Dunn

-~

iy of

(qs-

and Streptognathodus angustus Dunn are congistent

relatively smail size, DY conodont standards, and thel

=0 each other, andc

o
[

morphological characteristics are simil

to those of Ius. delicatus. The former two species of

T

tch the ds ion for

T

(Y)

gcrip

o))

Streptognathodus more nearly m

the genus Idiognathodus and are herein considered to be

arly growth stages of Idiognathodus dslicatus.

It was felt by the author, that the mulzitude of species

morphotypes of

QJ

synonomized herein should be considere

Tus. delicatus rather than zemain as separate specles

For the followling regasons:

igcussed later in this paper)

[an

1) Most of the morphotypes (

f£i:

i")

st appeared in the same sample (MWp~120.1). The lac
of the unrepresented morphotypes can be attributed to
the low conodont recovery from thils sample. In addition
to their coincident lowest appearances, all the
morphotypes have the same range {at least through the

top of the stratigraphic section of this study).

2) HNearly identical spec imeng, some bearing a slit-like

oral groove {(not a trough) interrupting the posterior

-ransverse ridges, and scome with nc grcove, ware
recovered from the same sanples. The only observable
difference betwesn these two types of specimens appears

1

to be the presence or absence oi the oral groova.



Therefore, gilven the homecmcrphy cf these spacimens, the
presence of a groove in some specikens is not
considered, alone (in this investigation), tc be a

significant criterion for assignment of these specimens

to & new genus (Strept coanathodus) .

below) are invariably the largest (and presumably the

oidest) specimens of Lho=Ze assigned to 4

4y Except for a few alightly smaller specimens (pr resumably

juveniles), members of morphotype 1 consistently

represent the emallest (and therefore presumably

‘mmature) specimens of those described as 1us.

gelicatus. &L1 other mor rphotypes displaey 2 gmall

:.5
[£2]
e}
l_ A
0}
3
10
)
o5
o
o]
N

range of sizes, proporticnally increasing
width during theilr ontoganetic development from

morphotype 1 to morphotype 5.
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In this study, specimens of Ius. delicatus were
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subdivided into the following morphotypes dased on
mutual similarity (presumably representing various
ontogenetic stages). It must be noted that there ig & Lbota
intergradation of forms between the two end-member

bu} 4 ..° P
eé in approximate

morphotypes. The fellowing are arrange

ontogenetic order, from youngest Lo cldest, elthough

-

morphotypes 2, 3, and 4, may develop approximately at the

- r




same time.

Juveniles: Juveniles of Idicgnathodus delicatus aze

1

characterized by possessing 2 carina that extends the total

.

iength or nearly the tot al length of the relative 1y narroy
platform. No complete transverse ridces are visible on the

platform. The carina ig flanksd by deep sulci on elther
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side which become shallower and graduall

anteriorly with ages, as Ltransversc ridges are added

posteriorly. The very delicate, larce, £laring;
asymactrical, basal cavity ange is rarely preserved. The

platform widens and lengthens during its ontcienetic
development.
This

Only eight juvenile specimens vere reccver ac.,
relacively low recovery may be due to the presumption that

these smaller specimans are comparatively nydrodynamical

('.r
o
v

light and may have been transported away more readily.

Morphotype 1l: This morphotype displays features similar

+o those of Streptognathedug angustus Dunn. Thege

of ths narrow platform. No nodes or accessory lobes are
develcoped. The oral surface of the tongue on the posterior
half of the platform is £lat te slightly concave

The carira may appear to breakup into nodes near its

terminus in some specimens. This is considered a

3
[T

oreliminary stage to the addition of transverse ridg=ss, an



is not otherwise considered significent. The Lransversa

ridges on the posterior porticn of the platform number from

one to seven and are continuous bebween Lthe inner and ou
margins, or may be disrupted by a very narrov. slit-1like,
longitudnal groove on the cral surface.

in lateral view, the laterally compressa2d bhiade
possesses denticles which decrease in size and heigh
posteriorly. In aboral view, the basal cavity is

e

[N
"‘J

asymmetrical with a medial icngitudnal groove. The delic
flared portion of the original gnathodid-type basal cavity
nas broken off in most specimens, resulting in a misleadind
narrow appearance of the cavity.

Morphotype 1 intergrades with boith the forms censidered
herein as "juveniles®™ and as morphotype 2.
differs from the juvenile specimens by possessing a carina
that does not extend to the postericr tip and by possassion
of one or more transverse ridges. It can be distinguished
from morphotype 2 by the absence of any acCessory lobes or
nodes.

Morphotype 2: Morphotype 2 exhibits the characteristics

of Streptognathodus parvus Dunn and othez:

species by the development of an Ilnner actessory
to six nodes (commonly only one or twe), the apparesnt
shortening of the carina to one-half to two-thirds the
length of the platform, and the addition of more transverss
ridges between the end of the carina and the posterior tij

Morphotype 2 1is transitional to morphotype 3 and nearly
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the only difference; besides the generally increased £122,
is the length of the carina, which is chorter in the case of

the latter. Morphotype 2 is distinguished from morphotype 1
by the appearance of nodas along the inner side of the
platform.

Morphotype 3: Morphotype 3 represents a form zimilar to

morphotype 2 but differs by being generally larger

ffi

(increased length and widrh) and pogsassing a shortar
carina. This morpaotype is very similar to morphctype 4 and

may have actually Geveloped simultaneously with the latter.

ps

The two differ primarily by the lac of outer accessory
nodes on the platform of specimens nelonging to morphotype

langth,
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3. The carina of poth morphotypes ig co
in fact, it shortens only slightly between this stage and
the gerontic stage (morphotype 5} of this species,

Morphotype 4: Morphotype i is considered the wmature form

e Ty an S
[l STy

U
v
s
6]

of Idiognathodus delicatus and it is to this

the original description of Ius. delicatus {(Gunnell,

1931) refers. This morphotype igs characterized by
possessing accessory nodes or nodose accessory lobes
abutting the inner and ocuter anterior part of the platfiorm.
The outer lobe usually consists of one to four nodes,
while the generally larger irmner nodose lobe congists of ons
or more, pbut usually three or more nodes which may be
arranged into one or two rows subpar zllel o the anterior
extension of the inner platform margin. The nodes on Lne

outer accescory lobe, 1f arranged into & row, are
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subparallel to, Gr concave towards the C

0
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The carina extends from one-third to less th

wan one—nalf

the length of the platform. As oOn all morphotypes ©of Ius.

delicatus, a short, subtle, slit-like, longitudnal groove

may be present on the oral surface of the tongue

Korphotype 5: Finally, morphotype 5 represents

gerontic stage of Ius. delicatus and displays fes

characteristic of Idiognathodus magnificug Stauf
plummer (see Sweet in Ziegler, 1875, p. 175-177,
Idiognathodus pl. 1, figs. 7a, 7b). 1In addition

description of morphotype 5 above, the following
characteristics were observed:

cadens
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The basal cavity of morghotype 5 b

}.!

l'L‘*

ory lob
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neneath the outesr ornamented acces
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2) The carina is shortened tc less than or equa.s

one-chird the lencgth of the platform.

3} Although this norphotype displays many of the
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features as those of morphotype 4, the platforms of

morphotvpe 5 are much breoader and mors robusgt

m
1t
U d
o

+he much dzcreassd L/W ratlo in Figure

The relatively few specimens of mozphotype 5

may be due to relatively few individuals reaching gerontic

age for an undeterminable reason. The reader is
to Webster {1969, p. 36-37), and Landing and War

p. 1260) for further comments.

1.8
Al
=
b
()
O
1



{135)
Biometrics

After individual elements wers visnally separated inte
morphotypes based on size and oral ornamentation, then
measurements of elements of each morphotype were used to
attempt tec gain some picmetric support for the nroposed
morphotypes. Length and width measurements and length/widih
ratios of many platforms were plotted (Figures 14, 15.;
and 16). TLength was measured from the posterior tip to the
point on the anterior exrension of the slightly shorter.
oucer margin, where the latter begins to rapldly descena

anterioriy (that is, the point where =-ha extensicn of the

naight) . The width of the platforms, including accessory
lobes or nodes, 1f present, vas measured at the widest
point. Lengths and widths were measured to the nearest
0.025 mm (25 microns) with the aid of a binocular
microscope.

Referring to Figure 14, the vertical lines above esach

morphotype show the rangse of variation of the
lengths measured. The numbers above each of these vertical
lines represent the number of platforms sampled. Thé
symbols represent the average platform length for gach
morphotype.

As one can see from the figure (Figure 14), the averadse
length of each morphotype clesely conforms o the bast fit
iine for averages (using a linear regression). This

suggests a continuous increase in the platform length of



FIGURE 14

PLATFORM LENGTH VERSUS MORPHOTYPE FOR

SPECIMENS OF IDIOGNATHCDUS DELICATUS
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nerein). The wide variation of lengths of each of the
morphotypes is attribuited to the intergradation between the

morphotyoes.

4 plot cf the ength/width ratios (Figure 15) alsc lends

support to the proposed morphotypes &8 representing growth

stages of Ius. delicatus. The 1-ngth/width ratios re

the overall progressive w dening of the platform (with

respect to lengthing), especially with the addition cf an

inner accesscry loba or noces in morphotype 2; the addition

of an outer accessory lobs Or noLes in morphoitype 4:

continued widening of the platform of morphotype 5 ag it
pecomes mors robust.

Finally, length versus widtn measurements ware plotted

for platforms of each morphotype (Figure 16) . When plotted
individually., each morphotype had its own groupilng of
points. Combination of these individual plots into one

giagram (Figure 16) illustrates the intergradation between

morphotypes and the linear relationship between platform
length and width Guring growith (juvenlils to norphotype 3},
wnile not definitive by rhemselves, the hicmetric
evidence presented in this repert is supportive oL
visual distinction of morphotypes. Dbecause of biomestric

bility and overliap between morphotypes, determination

b
Qu

var
of morphotypes should not be nased solely on biometric
measuraments. For simplicity in the literature, it is

reconmended that the five merphotypes distinguished in this




—~
et
(o
LX)

—

FIGURE 15

PLATFORY LENGTH/WIDTH RATIO VERSUS MORPHOTYPS

0

FOR SPECIMENS OF IDIOGCNATHCODUS DELICATU
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PLATFORM LENGTH VEREUS WIDTE FOR SPRCIMENS
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study, as well as the synoncnized taxa, be recognized as
representing the contogenet ic development of Idicognathodus
dglicatus.
Range

Specimens of Idioynathodus delicatus were recovared
from the upper Mcrrowan through the lower Dorryan of the
Horguilla Limestone of the lower New Well Pesak section in

0]
6]
g
e

couthwest New Mexico. The total range of this specis

1

been reported as upper Merrowan throuvgh Virgilian.

Material

Lefis Rights

sJuveniles” B 2
Morphotype 1 14 18
Morphotyps 2 35 35
Morphotype 3 19 31
Morphotype 4 25 22
Morphotype 5 3 5

TOTAL: 2g 114

Figured Specimens

NMBMMR~LW—-0601 through ~0022.

Genus Idiognathoides Harris and Hollingsworth, 1933
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Type specles: Idicgn
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Bollingsworth, 1233, p. 201, pl. 1, fig. i4.

Diagnosis

This genus displays Class IT or Class I1Ib symmelry.




attachment, and & large, deep, asymme atrical, gnathodid-t

pasal cavity.

7
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T.ower Morrowan through Atokan.

TOlOé 1atThe o5

(°1. 3, Figs. 5, 23, 24, 28)

Kmlognathoides sinuata

s einuatus Harrls and Hollingsworoi:
EE Lo b

p. 201, pl. 1, fig. 14; Lane, 1867, . 937, ol

figs. 1-9%, 12-15; ol. 123, figs.

souckaert; 1968, P-. 40, pl. 2. fig. l4; pl.

Cavusgnathus sinuata (Harris and Bollingswerthi .

Ellison and Graoves, 1941, pl. 3, figs. 1y By
i‘.} r ]

Gnathodus opimus Igo and Koike, 1964, p. 189, ol

fig. 18; Webster, 1969, ©. 33, pl. 5. figs.

20,

Tdiognathoides sipuatus Harris and Hellingsworth.

1970a, p. 335, pi. 63, figs. 14, 15, 22, 23;

straka, 1974, p. 88, fig. 37: 18, 23-28; £1

211’
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(Lt
[

., 8, L12: miggins and




Polygnathodella ouachitensis Harlton, 1933, p. 13, pl.
4, figs. léa-c; Bllison and Graves, 1941, p. 10, pl

figs. 8, 9; Wwirth, 1967, p. 233, pl. 20. figs. 1%,

w. 203~-2064, pl. 1, figzs. 7-8b.

Polygnathodella convexa Ellison and Graves, 1341, p.

pl. 3, fig. 12.

Pelvgnathodella aihtenuats (Harris and Folllxﬁ“wo thy .

Ellison and Graves, 1%41, ». 3~%, pl. 3y figs, 11,

Polygnathodella spp. Clarxe, 1960, p. 28-2%2, pl. 5

figs. 11, 16.

Polvgnathodella tenuig Clarke, 1960, p. 28, pi. 5, fics
1z, 13.

Idiognathoides corzugata (Harris and Hollingsworthj}.

-

Lane, 1967, p». %39, pl. 122, figs. 1, 2, 4-7, 9-11:
Higgins and Bouckaerit, 1968, p. 3%, pl. 5, Ifig. 5

diggins, 1875, p. 48-49, pl. 15, figs. Zz-9.

Dunn, 19%7Ca, p. 3353, pl. 63, figs. 16, 18, 25.



Idiognathoides sinuatus (Harris and Hollingsworth) .

fig. 4l: 1-14; Bender, 1960, p. 13, pl. L: figs. 18,
20, 23-25, 29, 306, 32, 33: Landing and War

p. 1262-1263, pl. 2, figs. 15-21.

Idicgnathoides attenuatus (farrig and Hollingsvworta) .
o~ - - - i " gy <
Higging, 1975, 9. 48, pl. s, fig. .
Diagnosis

This species displays Class 111D symmetry.

sipistral Platform Elements: The blade attachss to ths le

margin and a medial lo ngitudnal trough of variable length
is developed on the oral surface of the platform. Yo caring
ig present and the left (outer) margin of the trangverse
ridged platform ig noticeably raise
mlenents: The free biade attach

Dextral Platform

c" 1}
tr

the right margin of the transversely ridged platform whose
ipner and outer marcins are of esqual ieight. A shorik,
median longitudnal trough is developed within the anterio:z

third of the platform and no carina is developed {modified

from Lane and Straka, 1274).
Pescription

For descriptions, refer to Lane {1967, p. 239 for
dexztral element; p. 937 for sinistral element). Further

description is provided by Lans and Straka (L3874, p. &%, see

remarks) and Landing and Wardliaw (L2€L, p. 1263}.
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Remarks

The author agrees with Lane and Straka's (1874, . £9)

onony of Tdiognathoides sinuatus

remarks concerning the syn

i

and 1. corrugatus. subequal numbers of sinistral an
dexwtral elements ware recovered. For further remarks, refer
ro Lane and Straka (1974, p. 89) .
Range

This element-palr has opeen reported to range from
lowermost Morrowan tnrough Atokan. In thie study, this
species ranges from upper Worrowan through lower Derryan.
Material

Tefrs: 23: Rights: 28,
Figured Specimens

NMBMMR~LW-~0C43, -005%8, -0059.

268

idiognathoides cf. L. aulcatus Higgins and Bouckaert, 16

(p1. 3, Fig. 21)

4

o

7

Gnathodus opimus Igo and RKoike, L9

P
figs. 15~17; Igo and Xoike, 1965, p. 89, pi. %, Iigs.

1-4: Webster,. 196%, p. 33, pl. 5, fig. 20.

I

Tdiognathoides sg. A. Lane;




(148)

14, 15, 18, 19.

-

Idiognathoides sulcata Biggins and Bouckaert, 1968, p.

B

41, pl. 4, figs. &, 7; pl. G, Figs., 1-%.

Idicgnatheides opimus (Igo and Koike). Dunh, 18702, 2.
335, pl. 63, figs. 24, Z3.

Idiognathoides sulcatus Higgins and Bouckaeri. Strzaka

ané Lane, 1970, p. 42, fig. 1a; Lane and Straka, 13574,

p. 90, £ig. 36: 1-16, 18-20, 23, 24y £ig. 393 I1-1C.

Diagnosis
This species displays Class 11 sSymmstry. The marging
are nearly equal in height and may bDe unornanentead,

transversely ridged, or nodose. & medial trough extend
the posterior tip of the platform. The gnathodid-type

ne (modified from Lane and

=5

cavity is ellipticael in outl
Straka, 1974). In addition, Lane and Straka (1974 maks
following cobservations:

Idiognathoides sulcatus is distinguished

from I. noduliferus [Declinognathodus
noduliferus nerein) by thea zbsence of a2 ncde on

the ocuter anterior margin and from
Idiocnathoidss sinuatusg, by the absence of
transverse-ridgad

incomplete develcopment of o
ornamentation on the platform.

Previously designated subspecies, I. gulcatus sulcatus

I}

al}

few specimens recovered in this study.

nd I. sulcatus parvus, could not be distinguished in tie
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Range

This species 1is restricted to a narrow zone in the lower
Morrowan in this study; however, its overall rande has baen

reported from lower Morrowan through upper Morrowan.
Materisl
Lefts: 2; Rights: 3.

Figured Specimens

Genus Neognathodus Dunn, 1970=a

Type species: Polvgnathug basslierl Farris and
Hollingsworth, 1933, D. 128, pl. 1, figs. L2a-1l3z.

Diagnosis

rn

Prom Lane and Straka (L1874, p.» 333

In upper view, the carina extends te Or near
the posterior tip. The long free blade meets U
platform centrally or subcentrally. The outer
margin of the platform may be reduced Or absser
Deep adcarinal grooves are developed.
view, a large, deep, asvrizatrical basa
present at the posterior end of the p

...The deep adcarinal grocves dis
carly forms of Neognathodus from Gnathoc
and give MNeognathodus & polygnathzg-a
in upper view, Furthermore, the carina in
Gnathodus extends to the posterior tip of t©
platform; whereas 1ls soue representatives of
HNeognathodus the carina nay end just pefore
reaching the posterior tip.

o
@

tt

hoid

.

Weognathodus is distinguished from Idiogn

im




by the juncture of its blade in a medial positlon and its
subsequent continuation on the platform as a median cariné.

This platform genus exhibite Class 11 symmetry.

Range

Lower Morrowan through Desmoinesian.

Heognathodus basgslerd (Harris and Hollingswortl, 1823}

(Pl. 3, Fig. 26}

-

polygnathus masaleri Harris and Hollingsworth, 1933, p.

198, pl. 1, figs. l3a-c.

GChnathodus bassleri bassleri (Barris and Hollingsworth).

>

Lane, 1967, p. 935, pl. 12

.?.g‘-; }_.y 3—55 9""‘1 2;; 15

Is
h
n

s

122, figs. l-6: Lane and Straka in Lane et al., 1871,

assi=sri (Harris and Hollingsworth}. Dunn;

1870&, p. 3356, pl. 64, figs. 1, 13: Higgins, 1975, D.

64, pl. 12, figs. 8, 10, 1i; pl. 17, figs. 12, 15: Sweel

figs. 3a-b.

-

Neognathodus bassleri bassleri (Harris and Hollingsworth).

Merrill and King, 1971, p. 659, pl. 76, figs. 1L, 12;

fane and Straka, 1974, p. 95, fig. 37: 16, 17, 19: fic.

47: 17-24. For further synonomy sce Sweet in
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2]
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ol Diagnosis

Lane {1967) gives the following diagnosis:

In upper view, the nominate subspecies
[Neognathodus bassleri herein] is distinctly
asymmetrical. The blade- carina is positioned

~lose to and parallel with the stralight uater

margin. The outer margin is approzimately equal
in height to the carina. In contrasi, ’P inner
margin is elevated appreciably above the cqrina
and forms a broad asymmettical arc from the
posterjor tip to the point of attachment of the
free blade. Both margins of the platform are
ornamentzad with robust [and wedge shaped]
sransverse ridges which continue o the pottom of

he troughs.
The strongly flared inner margin and the <
proximity of the czrina to the outer margin ©

Heognathodus bassleri serves o distinguish this species

rom N. symmetricus. N. pzssleri differs f£rom Lts proposed

&
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escendant N. bothrops Merril

£
0]

its nodose margins and the posterior end of the carind.

Description

The original description can bz found in bBwe in

7iegler (1975, p. 157) .

RKemarks

\(‘)

%}y, Neognathodus

L...J

according to Merrill (1572, p. E1

o]

transition series: N. bassleri to M. bothrops

N. medadultimus to M. medexultimus te N. roundyi to H.

dilatus. This evolutionary zrand involves progressivea

reduction of the cuter parapet and the graduval

passleri undergoss the evolutionary symme etry—-morphological-
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time, of the trough between the <uter perapet and toe
carina. Merrill (1972).indicates that cccurrences of these
species are time sensitive and thus tn heir presence may Le
very useful to concdont zonation of =he Morrowan Lhxough the
Desmoinesian.

I+ must be noted that Merrill (1972) used the

aforementioned species of Neognathodus in an acme zonation

1y

in the Appalachians. While acne zonaticns may be very

valuable for local biostratigraphic correlaticn, they are

}.«J

not considered to be useful for interregional correlations,

the relative numbers of individuals may be controlle

species, W. bassleri, ¥. medadultimus, and M. cf. H.

medexultimus {one specimen) arie present in the

biostratigraphic szction of this study.

Neocnathodus bassleri is considered to be a direct
pe |

descendant of W. symmetricus. According to Lane and

Straka (1974), "Specimens of M. symmetricus that

morphologically approach but do not duplicate N. bassleri

have been found within the rangs of the formsr.” 1o
specimens of N. gymmetricus apparently have been found

within the range of N. bagsleri.
The fact that the ranges of N. bassleri and N.

symmetricus are not known to cverlap in any previous study,

or this one, normally constitutes one ©of the most

distinctive. widely occurring biostratigraphic subdiviaions
in the Morrowan {Lane and Straka, 1974). In this study,



however, a wide stratigraphic gap exists ©

[t
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CVigen fn il e

occurrence cof N. syrmetricus and the lowest occurcance of

M. bassleri.

Zxhaustive samples were processed in this "Neognathodusg-

R

parren® interval with ns success. Copnodont reccvery in Lhis

]

[

interval was generally DoOOI, sherefore,. the depositional

environment may not have been suitaple for these species of
Neograthodus.
Range

This species was only recovered from lowsr Derryan

strata in thisg study. Previous authors have recorded

Morrowan, Lerryan (O Arokan) and Degroingsian oCourrances

¥
5....!
&
-

o

of this species (Swset in %Zisg

Matsrial

Lefts: 6; Rights: ¢; 1 with indeterminate curvature.

Figured Specimens

WMBMMR-LW~0060.

Neognathodus maedadoliinus Merrill, 1872

(Pl. 3, Pigs. 12, 13, 20}

Gnathodus roundyli Gunnell {pazri).

Ty o ..} e
nighest



chodus n. Sp. B Merrill and ning. 2571 p. 1

SJH\

Neogne

Neognathodus medadultimus Mecrrill, 187Z: P 824, pil

figs. 2~7; pl. 2, fig. 1%; Merrill, 1974, pl. L, figs.
2-4, 10; pl. 2, fig. 31; Sweet in Ziegler, 1875, p-
207, Neognathodus pl. 1, fig. 4.

Diagnosis
mhe most distinguishing cheracteristic of this sPeCLES

is the junctlion of the carina and the ouber parapet with the
concurrent loss of the rrough ketween thsi. Thiz junciturs
cccurs within the posterio: nalf of the platform. Pogterior

£ fusion of the nodes of the

Q

of this junction, the degres
carina with those of the outer parapet is variable {ses=
remarks of Merrill, 187Z. Pp- §24-8225) .

Meognathodus medadultimas differs from N. bothrops that

b

+he carina-oui.r parapet juncticn occuis within the

posterior half of the platform, but anterior of its
terminus. The carina and bokh parapets meet at the

posterior terminus in . pothreps. HN. nedadultinus can be

distinguished from 1its proposed descendant ¥. medexuliimus

in that the carina-outer parapet junction cccurs at
halfway point or in the anterior half of the platform of the

latter. See remarks on N. bassleri for further comments.
Description

See Sweet in Ziegler (1875, P. 207) fer complete

descripition.
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Remarks

N. medexultimus. See remarks concerning W. basgleri

(this report) for further comments.

Range

The specimens in this study were reccvered from lower

smoineslian

(&
a3
]
3

Derryan strata. A YMorrowan, Atokan throu

range has been reported for Neognathodus

Material

Lefts: ©; Rights: Z.

Figured Specimens

NMBMMR-LW~004%, -0050, -0055.
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Neognathodus n. sp. C H#Meryill and Ring, 187.L, p. &850,

pl. 76, figs. 4, 5.
Gnathodus n. sp. C #Merrill in Lane et al., 1871,
p. 409, pi. 1, f£ig. 2%.

Neognathodus medexultimus Merrill, 1872, p. 825, pl. 1

g, 20-25; Me

e

fig. 1; pl. 2, £

1; pi. 2, fig. 32; Sweet in Ziegler, 1575, p. 205~
210, Neognathodus pi. 1, fig. 1l; Eender, 168¢, p. 14,
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Diagnosis

-

merrill (1872) notes rhe following distinguishing

characteristics:

The fusion of the outer nodose row and the
carina 1is more anteriorly located in thisg specLes
shan in Necgnathodus asdadultimus. The degree
of fusion ig somewhat Garieple. but the nodose oW
and carina becone progressively RmOr& rightly fused
posteriorly. woyr the anterior portion, where the
carina and row approach sach other, the same
remarks apply as for leoq?athodug madadultinus
[cee Merrill, 1872, p. TTR2A-82%] .

Descripticn

Tny description, see criginal referencs (Merrill,

Remarks

1]

Only one specimen Was cecovered. This spscimen,
although nct well preserved, closaely resambles specirens of

N. medaduliinus of Merrill (1972).

Range

Merrill (1872) noted the lowest appearance Of this
species in the Atokan of the Appalachians, however, in
apparently is not Commoen until the Desmoinssian.
spaecimen recovered irn this studv was from the uprernest

sample (NWP-162.3) which is upper Derryan in age.
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Figured Specimen

NMBMMR~LW-0035.

Heognathodus syrmmetricus {(Lane, L2067)
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Gnathodus wapanuckensis (Harlton). Ellison and Graves;

1941, pl. 2, figs. 13~17.

Gnathodus bassleri symmetbricus Lane, 1887, p. 235, wi. 120,

figs. 2, 13, 34, 17; pl. 121, figs. 6, 9; Lane and
Straka in Lane et al., 1971, pl. 1, figs. 7, 8.

Neognathodus passleri (Harris and Hollingsworth). Dunn,

1870a, p. 336, pl. 64, f£ig. 12.

Neognathodus bassleri symmetricus (Lane, 1257y, Lane

)
udn
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and Straka, 1974, p. 96,

fig. 39: 16-18, 21-24.

ziegler, 1975, p. 213, Neognathodus pl. 1, £ig. 2.

Diagnosis

The original diagnosis is as follows (Lane, 1967} 2

Gnathodus bassleri symmetbricus [Neognathodus
gymmatricus herein} is zlmost symmetrical inm upper
view. Both the inner and outer margins genarally
parallel the carina. The inner side, howevar, may
be slightly arcuzte and elevated above the caring:

the carina is generally centered between the
margins. The margins may be ornamented with nodes




Neognathodusg

being more symmetrical, having the carina centered petween
the margins, and by possessing a slightly deepsr basal

cavity. 1In addition, the margins of N. symmetiicus may De

.
jog
j
[
(E

¥
1

ornamented with nodes and/or transverse ridges, wh
margins of ©. basslerl always display conly transverse

ridges. MNeognathodus symmeatricusg is considered the

=

precurser of M. passleri (modified from Lane, 1987).

Description

Remarks

-

Specimens of Neognathodus symmetricus were recovared

=h
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4

from only two samples. The rangss ©

N. symmetricus do not overlap in this study; in fact the

lowest appearance of N. basslerl ig somewhat

stratigraphicaliy above the highest cccurrence of N.

symmetricus. See remarks for N. basglerl for Zurther

discussgion.
Range
This narrow rangng species has only been raported from

middle Morrowan strata: thus, the specimeng racoverad herel
are considered to represent the middlie Morrowan of the

Horquilla Limestone in southwestern New Mexico.
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Material

Lefts: 18; Rights: 1lé.

Figured Specimens

NERMMR-LW~0044, -0057.

Genus Rachistognathus Dunn, 1966

Type species: Rachistcgnathus primus Dunn, 1866,
1301, pl. 157, figs. la-lz.
Diagnosis

The members of this genus display Class I1la
Symmetry.
Description

For original description, ss=e Dunn (1966, p. 1301

Remarks

It should be noted that in

i

o
v
o
s
=
&)

{1966) original

designation and description of Rachistcgnathusg, he

indicates that members cf this genus lack a medial trougr

(characteristic of #he cavusgnathids), thus in part,
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distinguishing them fror

synonomized Cavusgnethus transitoria Dunn and establi

Rachistognathus transitorius, as well ag when he astab

Rachistognathus muricatus by synonomizing Cavusonathu
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muricata Dunn, Idiognathoides minuta Higgins and Bouckaert,

and Gnathodus muricatus (Dunn), D& NDOW included forms

within Rachistognathus which possessed medial troughs

(bunn, 1970a, p. 338-33%). This is contradictory with his

original description of Rachistognathus.

T+ is clear that Rachistcgnathus muricatus and R. primus
pziong in the same ganus. . primug (as herein described]

mests all of the reguirements of the original descripiicon ©

the genus Rachistognathus. R. muricatus does not meet all

of these requirements because the original description oL

the genus Rachistognathus Dunn, 1966 excludes memdlers

possessing a medial trough. Therefore, it ig herein
rrocommended that the original description of the geni s

Rachistognathus be amended appropriately to include these

"rroughed members®. The author sgrees with Lane and
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Range

Rachistognathid forms are restricted o the lowermoest

Pennsylvanian Rachigtognathus primus Zone of the

Horquilla Limestone in this study. Lane and Straka (1974,

Ul

p. 97) report members of Rachistognathus range from

their uppermost Mississipplan rRachistognathus muricatus

7one to at least the top of thelr Neognathodus passlarl

}

naassleri Zone in southern Nevada. Thiz apparantliy
do e

f

represents the widest rangs reported for this genus in the

United States.




b._.i

Cavusgnathus mur

figs. la-c, 4.

Cavusgna

4

3

figs. 9, 13.

us

rheodus muricatus (Dun

kFachistognathus tran

+hus transitoria Dunn,

Ti) »

4—T7 (non

1566,

fig.

Ly

i

pl. 61, fig.

Spathognathodus muricatus

1971,
Diagnosis

Ju we te

£

{1974

;,)

Tas

[65]

Lane and

his species:

g3

diagnosis of

This form—-species
symmetry. The blade
iteft margin of the pl
curvature) both lefts
platform is £lanked b
circular to slightly
slig~lirke trough and
posterior end of the
rhe left row of nodes
way posteriorly, and
iccated row of noces
end of the platiorm.

Rachistognathus mucic

aTtus
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[#53

{bunn) .

pLl. 1, fig.

faed

folloving

Ggi

L

iz alw
atform an
and rights
v fwo parall
oval nodes; tihils producss &
usually centinues to the
platform. 1In some spaci
ends aboub two-thirds of
an offset, but centrally
continues to the posterict

e
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can be




R, primus by the pressnce of & trough, nDowever; this trough
may be discontinuous end hard to discern. IR agditlon, the
oral platform surface of R. primus appears egsentially

f.)

flat with its "oulw ardly radiating® nodes parched vpon this
flat surface. For further comments, refer Lto the

for the genus Rachistognathus, the "Remarks” for R. primus

in this paper, aand the "Remarks” for R. primus in Lane and
seraka (1974, p. 99)-
Description

The original description is given bY punn (1965, L.
1147) .
Remarks

Rachistognathus transicoriug {Dunn) was propossd DY
dunn (1970a, p. 339) as & transitional speciesg between 2.
primus and R. muricatus. Extengive study of the
Rachistognathus specime recovered in this study. &s
well as those illus trated by other authors reveals that
rhere is a total intergradation of forms netween th2 R.
muricatus and R. primug end-members and naming of a
separate species €ar one of these gradati onal forms Seems

futile.

rachistognathus -rapsitorius (Dunn) is nerein placed in

synonomy with X. muricatus rather than R, primus (28
in Lane and Straka, 1974, p. 98~100) , because 1ilts

description (Dunn, 1966, p. 128%) more closely resembles

- WO A T



that cf R. muricatus {(Dunn, 1965, p. 11

3

)

egpecially its possession of

anéd sharp, discreet nodes on the parapets.

Rachistognathus muricatus was only recovered

o - 3 L 3 et Lot 3 S 4 = ]

one sample in this stucy. Iz iz founc

®. primus and eransitional Iforns {Lrang
%, primus and R. muricatus) .

Range

Thig species is resii:

cred to the 1

b

this repcrt. Previous autchors note the

species from uppermost Migsissippian ©o
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Rachistognathus prima Dunn, 18856

h

ige. 1, 2.

Rachistognathus primus Dunn. punn, 1970&,

UQ
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median longitudanal troug
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Spathogna z+hodus muricatus {(bunn) . Lane and Straka

in Lane et al., 1971, pi. L« £ig. 2.

Osis

o
l-n{ -
2
[1n}
o

This form—spacies displavs Class 111z
symmatry. The cnnodont slements are all
tefi-aided with regpect to blade ati-achment. A
aodose carina L8 crronaly developed in the
nostericr part af thes troudgh [pilacform] and elithax
dieg out as a sBeries of nodes alongsids the
postericr end of the blade O is continuocus with
the blade as a ridge. Tha umoer gurface 1is
characterized by dev al@k £ irregular glzed

nd ghaped nodes ©rL I- tne margins, O

both.
A characteristic, nondenticu

ulated stralght
profile is de eveloped the URPer

i
ourline of the
£

blade, postericr to the bladewplxﬁ"crm junction
and extends pos?ﬁrlo rly one-quarter ©oO cne-third

rhe length of the pl aztform.

Rachistognathus primus can pe distingulshed XIom

T)‘
5

. muricatus by tha lack of = median oral trough and oY

- s

the outward radiating pattern of 1tS nodules aligned on the

parapets.

pescription

See Dunn (1566, p. 1301) for original descripticn.

Remarks

This species was recoverad from only Lwo samnpliaes

A R e T T ST SR————




(NWP-33.2 and NWP-237.1). Previous authors that have worked

with this species have

found in mutual cccurrencs

latter species appears before, and ranges into younger

strata than R. primus.

RrRange

previous workers have indicated 2 short, exclusively

lowermcost Morrowan occurrence of this species, theresiora,

-

.

ne gpecimens of Rachistognathus primus recovered in

H

(3]

hi

r
I..l
¥
)
v

s study are interpreted Lo represent early Morrowan age.

Material

gt by 2 i b a5y H g - b B . B 2 A
Lefrs: 5; Rightss 335 2 Lekf -aided individugls witn

indeterminate curvature. ALl specimens are left-sided.

Figured Specimens

NMBMMR~LW-0045, -004¢, —0046.
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All Figures are X 40

Figures: 1--Idiognathodus delicatus (Gunnell). Juvenlle: oral view,

left element, NMBMMR-LW-GOO1.

2-6-~—Idiognathodus delicatus (Gunnell). Morphotype 1:

2, oral view, right element, NMBMMR-LW-0002; 3, oral
view, rignt elemant, NMBEMME-LW-0003: &, oral view, left
element, NMBMMR-LW-QOOU: 5, oral view, left element,
NMBMMR~LW-0C05; 6, oral view, right element,

NMBMMR-LW-000 6.

7-11--~Idiognathodus delicatus (Guanell). Morphotype 2:

7, oral view, right element, NMBMMR-LW-0007; 8, oral
view, left element, HMBMMR-LW-0008: 9, oral view, right
element, NM3MMR-LW-000G; 10, oral view, laft element,
NMBMME-LW-0210; 11, oral view, right element,

NMBMMRE~LW-0011.

12-15--Idiognathodus delicatus {(Gunnell). Morphotype 3:

12, oral view, right element, NMBMMR—-LW—-0012; 13,_oral
view, right element, NMBMMR-LW~0013; 14, oral view, left
element, NMBMMR-LW-0014; 15, oral view, left element,

NMBMME-LW-0015,

16-20-~Idiognathodus delicatus (Gunnell). Morphotype Ly

16, oral view, right element, NMEMMR-LW~0016; 17, oral

view, left element, NMBMMR-LW-0017: 18, oral view, left



{168)

element, NMBMMR-LW-00183 19, orai view

NMBMMR-LW-C019; 20, oral view, rignht element,

NMBMMR~-LUW-0020.

21-23~-Idiognathodus delicatus (Gunnell). Morphotype 5S¢

21, 23, oral and aboral views, right element,

NMEMMR-LKW-0021; 22, oral view, right element,

NMBMMR~L¥~0022 .
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PLATE 2
All Figures are X 40

Figures: 1, T, 8, 12, 13, 15, 17, 18--Adetognathus laubus

(CGunnell). 1: oral view, sinistral glement,
NMBMMR-LW-0023; 7, 17, oral and aboral views, sinistral
element, NMBMMR-LW-0028; 8, oral view, dextral element,
NMBMMR-LW-0029: 12, oral view, dextral elemznt,
NMBMMR-LW-0032; 13, oral view, dextral element,

NMBMMR—-LW-0033; 15, ouberlateral view, sinistral

element, WMBMMR-LW-0035; 18, oral view, sinistral

element, NMBMMR-LW-Q037.

2, 3--Diplognathodus ef. D. coleradoensis (Murray and

Chronic). Oral and lateral views, HMBMMR~-LW-Q024,

I, 9-—Gnathodus bilineatus {Roundy). 4, Beta morphotype,

oral view, right element (broken platform),
NMBMMR-LW-0025; 9, Gamma morpncotype. oral view, right

element, NMBMMR-LW-0030.

5-—Cavusgnathus cf. C. unicornis Youngquist and
Miller. Oral view, right element (broken platform),

NMBMMR-LW-0026.

6, 11--Adetognathus unicornis (Rexroad and Burten). Oral

and outerlateral views, right elament {(broken niatform;,

o T A

NMBMMR-LW-0027 .

10, 21-—Cavusgnathus cf. C. naviculus {Hinde). 10,




14

7

16, 19, 20-—Adetognathus inflexus Dunn. 14, 19,

(171)

oral view (broken plasform), NMBIMR-LW-0031 ;

view (broken platform), NMBMMR—LWHOOBS.

9, opral and aboral

views, right element, NMBMMR-LW-0034; 16, 20,

outerlateral and oral views, right element, NMB

MMR~LW-0036.
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PLATE 3

A11 Figures ars ¥ U0

Figures: 1--Neognathodus cf. N. medexultimus Merrill. Oral

view, left element (broken spscimen), NMBMMR-LW-0039.

2, 15-—Rachistognathus muricatus (Dunn). 2, oral view

(broken platform), NMBMMR-LW-COL0O; 15, Innerlateral

viaw, left element, NMBMMR-LW-0051.

3, 10, 11, 18, 25--Declinognathodus noduliferus (Ellison and

Craves). 3, 11, cral and innerlateral views, right

element, NMBMMR-LW-OCU1; 10, oral view, right element,

P!

NMBMMR-LW~-00L48; 18, 25, oral and aboral views, left

element, HNMBMMR-LW-0053.

4, 27, 29--Hindeodus minutus (Ellison). 4, 29, oral and

outerlateral views, right element, NMBMMR-LW-00L2; 27,

outerlateral view, left element, NMBMMR-LW-COO61.

5, 23, 24, 28--Idiognathoides sinuatus Harris and Hollingsworth. 5,

oral view, dextral element, NMBMMR-LW-0043; 23, 28, oral
and innerlateral views, sinistral element,
NMBMMR-LW-0058; 24, oral view, dextral element,

NMEMMR-L.W-0059.

6, 22-—Neognathodus symmetricus {(Lane). 6, oral view, left

element, NMBMMR-LW-00U44; 22, oral view, right element,

NMBMMR~-LW-005T.




(178)

7-9, 14, 17-—-Rachistognathus primus Duan. 7, oral view, l=ft

element, NMBMMR-LW-0045; 8, 17, oral and outerlateral

views, left element, NMBMMR-LW-0046: 9, 14, oral and

innerlateral views, right element, NMBMMR~LW-00UT.

12, 13, 20——-Neognathodus medadultimus Merrill. 12, oral view,

right element, NMBMMR~LW-00U49; 13, oral view, left

+
Moy

element, NMBMMR-LW-0050; 20, oral view, left elemen

NMBMMR-LUW-0055.

16, 19-—Gnathodus commutatus commutatbus (Branson and Menl).

16, outerlateral view, right element, NMBMMR~LW-0052;

19, oral view, right element, NMBMMR-LW-0054.

21--Idiognathoides cf. I. sulcatus Higgins and

Bouckaert. Oral view, left elerment, NMBMMR-LW-0056.

26-—Neognathodus bassleri (Harrls and Hollingswerth).

Oral view, left element, NMEMMR-LW-0060 .
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GLOSSARY

Bed Thickness

Term Thickness
Fissile < 2 mm (< L/LE&™)

Laminated 2 mm to 6 mm {(1/16" to 1/4%)
Platy & mm to 2.5 om (L/4% to 17
Very Thin 2.5 cm to 13 em {17 o &%)
Thin 1% om ko 3L com (6% wo 17
Medium 31 cm vo §1 cm (L' to 27)
Thick §1 om to L.2 m {27 to 4°)
Very Thick 1.2 m to 1.8 m {4° to 67)
Massive > 1.8 m {(>6%)

Biotic Diversity - The number of different kinds of taxa &L
the same or different taxonomic lesvels.

Carbonate Mud - Classified in this report as all matorial
less than 20 microns in size. Considered eguivalent
to its presumed post-depositional replacement--
micrite.

Carpboniferous - Mississippian and Pennsylvanian gystems

Chesterian ~ Late Mississippian age

Coated Grain - A carbonate grain enclosed within & dark,



.—"s
E._..i
3
W0

e

concentric micritic layer (micrite envelcpe

to represent micritic replacement of original

0

organic matiter of encrusting, or boring alga

Cover — The degree to which the cutcrop is covered with

colluvium and vegetation.

Tern . Amount of Cover
Little Cover < 30 %
Partly Covered 30 % to 60 %
Mostly Covered 60 % to %0 %
Covered > 50 %

Derryan — Early Pennsylvanian

i

Environmental Stability - Refers to the degree o
fluctuation between near normal marine environmentsz
conditions and rastricted marine envircnmental

conditions.,

Burytopic - Refers to organisms which can tolerate a wide

range of salinities.

Fresh Surface - Fresh, dry, fracitured surface of rock.

Gnathoidal - {or gnathodid-type) - Broad, flaring, conodont
basal cavity typical of gnathodids, idicgnathodids,

and oth=zrs.

Grapestone - [ = aggregate, in part, of Lees (1875)] -

o
Irregularly shaped clusters of two or more grains



B A T e

(150)

cemented by micrite cr by algae forming

(‘\
)
)
[Cel
i»-.'
Qr
Fo3
0
1
bt
L
{9

appearance (modified from Flugel, 1982)}.

Ius. - Abbreviation for the genus Idiognathodus.

Lachrymiform -~ Narrow, elongate, conodont basal cavity

o

typical of adetognatnids, cavusgnathids, and others.

D

Limestone Classificatiocn = (used in Appendix ) - A

-
Ee

L1ong oI

)

classification which combines the classific:

Iy

Folk (1952)-~a classification based on doeminant
allochem grains, and Dunham (1962)--a classification
based on deposgsitional texture, in order to betier
and more easily define a carbonate rcck type. Use

N

his classification enableg the reader to better

o

of
discern the predominant grain-types and depositional
rexiure with the use of one word. Allochenm
modifiers [from Folk
used as prefixes to the textural rootwords derived
from Dunham's (1962) classification. NModifiers may
additionally be added (example: silty

oograinstone). This classification is adopted from

Thompson and Jacka (1981). Ses Thompson and Jacka

(ibid.) for further explanation.

it

Matrix - Mechanically deposited intragranular an

-

intergranular material. In rocks in which some
grains are much larger than others, matriz is the

fine-grained intercgranular material in which the
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larger gralins are imbedded.

Morrowan - early Pennsylvanian age

-

Mud - Considered equivalent to carbonate mud in this study.

Mudstone - Same as lime mudstone [Dunham's (1962) limastone

rock classification] in this report.

coid ~ Small (< 2 mm), generally spherical to elliptical

grains with a nucleus surrounded by cencenirnic

P 3 T~ R - 1 - e | b
laminae and sometimes displaying rauial £

(modified from Fiugel, 1982). Internal eiructure
may te obliterated durlng micritizaticon.

Pellets — A1l grains classified as pellets in this
investigation be small, crganically bound pPrimary
gsedimenteary grains ¢f fecal origin. Pellets are now
composed predominantly of micrize (presumably

originally carbonate mud) , generally have unifcrm

peloids - Small {< 2 mm) aggregate grains of
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Reniform Chert - Kidney-shaped chert nodules.
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Roundness — Based ©n visual estimati

(e}
4
Q
o
o]
(o]
o
je2)

angular, subangular, rounded, sub

Running {or moving)Average - procass of averaging pPrevious,
current, and succeeding values Ffor the purposs C=

smoothing curves.

Stenotopic - Rafers to organisms which are tolerant of only

a narrow range of salinity.

Topographic Expression - [adopted from Thompsen and Jacka;

18817

vertical Projechion
Term Above Baseline
Slope < % cm (< 47)
8lignt Ledge g cm to 30 om (4" to 17}
Moderate ledge 20 em o 0.9 m (LT to 2Y)
Fairly Prominent Ledge 0.9 m o 3 m (3" to 107}
prominent Ledge T m o 2 m (LOT o 337

Unknown Shelly Fragments - Baced dominantly on shape; this

3
i1

rerm refers to unidentifiable shell-sheped grains
which have been broken oOF diagenetically replaced

beyond recognition. |
. |
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ANALYSIS) OF MEASURED SRCTICH
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AFPENDIX C

POINT COUNT ANALYSIS



UNIT-INTERVAL
SAMPLE (NWP—)

Pelmatozoans:

Brachiopods (total):
Impunctate:
Pseudopunctate:
Punctate:

Bryozoans (total):
fenestrate:
digitate:

Molluses (total):
Pelecypods:
Gastropods:

Foraminifers (total):
uniserial:
biserial:
miliolids:
fusulinids:

Ostracodes:

Trilobites:

Unidentified shelly:

Calcispheres:

Qoids:

Peloids (non—pelletal):

pellets:
Grapestones:
Coated grains:
Intraclasts:
Sand (very fine):
Silts
Clay:
Opaques (total):
hematite:
black:

Original carbonate mud:

Spar cement:
Chert:
Intergranular
silicification:
Dolomite:

Pore space:

Unrecognizable:

*TR-—-Trace occurrence;

observed

1-4
0.4

2-A
6.8

2-A

0.0 4.5

Percentage

2-C
9.4

of thin section

0.2

0.6 1 0.5

5

l 0.3
-
3 0.3

1
mmmm 2
—— 0,
s . O [P,

0.3

e et o e et o

i o PR i e e o i oy

N —————— i i gy s s s

0.5

Q.3

0.2

47.8

e

57.8

PENpIEY N e s

o e st e s b oron b e e s

5.5

3.8
13.7 3.9 -==-
1.9 TR#
o 0.5

0.7
0.7

27.9

80,86 6.

0.2

2.6

0.4

2.4 3.9

5.2

P

2.9

3.5

but not point counted.

1.2

0.7
0.7
0.2
0.2
0.2
0.2
0.2

38.8

2C.1

12.2
12.2
22.7

3.7

e e v i

40.3

6.9

o

2.1
2.1
47.5

~ o

3.2

3-B
15.8

N
PO
OO W

Ny —

52.0
0.8
4.0

~ =

CeD

C.3

b0
Hed



(1927

APPENDIX C {continued)

UNIT~INTERVAL 4-A U-B 5 6-4 6-B  6-C 5D
SAMPLE (NWP—) 18.8 25.1 29.7 32.5 32.2 37.1 L0.2

Pelmatozoans: 3.6 18.4 ---— 7.8 3.2 17.7 0.8
Brachiopods (total): 1.5 1.7 0.2 1.4 25,9 L4, -——-

4 Impunctate: el SEECS U B B A S e
F Pseudopunctate: B =
Punctate: e mememem s mmacwen Sememes oo e
Bryozoans (total): TR¥ == (,5 === TR*  —me

-9
fenesatrate: ——— 0 e 0.5 e e e

5

4
digltate: e 1
Molluscs (total): e 0.
¢

T

0

mmmmmmem 0,2 memm oo

3

3
Pelecypods: ——— 3 mmmm mmem (2 o s
3

Gastropods: . —— mmme s s e e
Foraminifers (total): e e T o O B e
uniserial: meaesmmmem e oo e e
biserial: memmmmemciememesm mmme e e e
miliolids: e i e TRE e e memee
fusulinids: © e s e emeee
Ostracodes: e e P Bt
Trilobltes: 0.3 === =-=—— --—= (0.2 0.7 -
Unidentified shelly: e T T T PR B
Calcigphereas: e e e ammmreis memme mmeen e

Ooids: 1800 8.7 mmmm mmmm mmme mmem mmeo

Peloids (non-pelletal): e i e e

pellets: e e s o e e i
Grapestones: e o e
Coated grains: T e B e O
Intraclasts: T T

Sand (fine): 25.5 === 80,2 —mmm  memm mmem oo
Silt: Mty 0.6 -—=—- 3.0 4,6 0.9 ¢.3
Clay: e mmewen e e e e
Opaques (total): 7.7 2.8 b7 0.5 0.7 TR* 0.8

hematite: 7.7 2.5 4.7 0.5 -—== -——— 0,8

black: T T T T B
Original carbonate mud: 35.8 1.1 -—-— 51.1 62,0 63.9 6&8.0
Spar cement: mmenm B Y s cmmm s e e

Chert: 0.3 ---— 9.7 - ~—= 0.7 0.3
Intergranular

silicification: 3.4 3.9 b0 15.3 TR* 0.2 2.9
Dolomite: i e 250
Pere space: e e maia e e e

Unrecognizable: 3.9 2.8 1.2 3.7 3.2 3.9 1.9

¥—-~TR=Trace occurrence; observed but not point counted
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UNIT-INTERVAL
SAMPLE (NWP—)

Pelmatozoans:

Brachiopods (total):
Impuntctate:
Pseudopunctate:
Punctate:

Bryozoans (total):
fenestrate:
digitate:

Molluscs (total):
Pelecypods:
Gastropods:

Foraminifers (total):
uniserial:
biserial:
milioclids:
fusulinids:

Ostracodes:

Trilobites:

Unidentified shelly:

Calcispheres:

Ooids:

Peloids (non—pelletal):
pellets:

rapastones:

Coated grains:

Intraclasts:

Sand (very fine):

Silt:

Clay:

Opaques (total):

hematite:
black:

Original carbonate mud:

Spar cement:

Chert:

Intergranular
silicification:
Dclomite:

Fore space:

Unrecognizable:

(193)

APPENDIY C (conbinusd)

7-A  T7-A  T7-A  8-A
y3.7 4h.6 48,2 52.7

Percentage of Thin Section

1.7 16.4 15 0.3
0.7 12.8 3. 0.3
2
0

8
~——— 1.4 2.0 -
——em 1Y 3 -

£
e s ——— e

—e—~ 0.5 1.0 -
-——— 0.5

~-=— 4,1 1.3 0.3
—mme 2.3 == 0.3

[ 1.3 ——em
e e 2.5 oo
e 0.5 ~—-—=
s 1, QFF e

mmmm mmee 0,5
~mm= 0.2 0.8 -~
0.3

mmme mmmm 11,0 meen

mmememem 2,0 -

i e T I

2.0 1.1 - 0.3

mmmm meee 0.3 TR¥
O 0

- ———— O . 3 et i i

94.9 59.8 4.8 97.2
mmmm mmem 38,9 e

~w-s 0.5 ~=-=  TR¥

0.7 4.6 6,2 0.8

#*~—~TR=Trace occurrence; observed but not point counted

*it--Lowest occurrence of fusulinids in the Horquilla Limestone

5.3

0.2

1.2

83.1
1.2
1.2

1.9

.5

3.1

0.3

7.0
7.0

1o

78.%

N ND
o

1.6

0.9
38.2

B,

G

3.1
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APPENDIX C (continued)
UNIT-INTERVAL 9-C 10 11 11 12 12 13

SAMPLE (NWP-) 67.85 72.2 T77.0 80.0 81.3 82.% 84.8

Percentage of Thin Section

Pelmatozoans: 0.7 5.5 1,2 11.5 -——— 0.3
Brachiopods (total): TR¥ 0.7 --—— 4,9 --——— 0.8
Impunctate: e T e B B
Pseudopunctate: I O s B

Punctate: B 0.5 —mmm mmmem e

NN

Bryozoans (total): mememm e s 2.3 memm e 0.7
fenastrate: e e 2,1 —mme o e
digitate: : e mmemenemmwmesiee e memesm o

Molluscs (total): TE* TR* 0.5 2.1 0.2 ~=—- 1.0
Pelecypods: TR* TR¥  ==m— 1.9 0.2 —==—- 1.0
Gastropods: e e e 0,2 ~—mmm mmemm e

Foraminifers (total): s mememe s N e 0.7
uniserial: ——— 0.2
biserial: e memmmen e e
miliolids: meenme e e 0.8 ~mmm mmmm o
fusulinids: e e memeaemmme e e 0.2

Ostracodas: mmmm M = 0.9 TRE e 3.

Trilobltes: e o.7 -~ 0.9 =———-— 0.3 1

Unidentified shelily: ———— 0.5 0.2 4.7 0.7 0

Calcispheres: mmeme e e 5.3 ———=

0oids: e 6.2 14,8 mmmm mmeem mmm

Peloids (non-pelletal): m——— 2,9 mmeme omee memee memm e
pellets: e mmmm e 2003

O) e e e o

Grapestones: m——— s 0.9
Coated grains: e swesemesmemeenememe
Intraclasta: m———— Mmoo

Sand (very fine): 0.0 mmmm e e e
Silte ———— 0.5 ——— P —— P 2.5

e i, s s

NGRS e e e e s
s s i e, s s st o g s

Clay: et et i s oo e

Opaques (total): ——— 0,2 ==em memem omee (b e
hematite: m——— 0,2 e e s
black: e et N O P By
Original carbonate mud: 97.9 82,5 --—— 15,5 89,7 95.4 56.0
Spar cement: e 257 36,8 e e (005
Chert: mmmmmmmemmmem (.2 mmem meme mees
Intergranular
silicification: ———= 2.9 2.5 -~ 1.1 mmmm e
Dolomite: i mmmem mmem e e e e
Pore space: e mmenee e meme e
Unrecognizable: 1.2 2.2 2.8 3.4 3.0 1.2 3.7

%#-~TR=Trace occurrence: observed dbut not point counted




APPENDIX C (continued)

UNIT-INTERVAL 14 14 16 16 16 16 16
SAMPLE (NWP-) 87.6 89.5 93.5 97.2 100.1 10L.1 108.6

Percentage of Thin Section

Pelmatozoans: 0.5 -—== 6
Brachiopods (total): .
Impunctate: i i 5.0
Pseudopunctate: v e

Punctate: moemmmeme e memeemmoam e e

Bryozoans (total): s e e 82 (0,8 - 2.8
fenestrate: e e [ 0,5 = 2,8
digitate: s mmme mees meos mmes e e

Molluscs (total): 0.6 -~—=— 0.5 0.2 1.3 === 0.%
Pelecypods: 0,3 —mem —=me—m (0,2 1,3 mmmm mmme

Gastropods: e m——— 0,6
Foraminifers (total): mememes | memem —een e 5.3 0.9 5.3
uniserials mmmm s e mmemmmee meee (03

biserial: memmmes | memme meeme e S e 0.
miliolida: mrmmemmewnesmeeemem e 0.3 O
fusulinids: rememem e e e ———— 1
Ostracodes: e S e
Trilobites: TR —eeem s e

s
iy L

f

—t

°

0.8 -
~mmm 0.6

o OO
L
Ut Ul 00 O G

Py

Unidentified shelly: o e . e e
Calcispheres: SRS R e I
Ooids: meemm ST e mmeme T meeme e

Peloids (non**pelletal) : et memenesmemees oo memmm e
pellets: ~—— 2.3 -~ me—m 1801 1.7 =

Grapestones: P emsmemem e o mmemmen oo e
Coated grains: mewmmes | mesmes | meeo Somes oo oeme mememe

Intraclasta: -
Sand (very fine}: e oo e eeenon

-

Silt: mmee G.8 0.2 e 0.3 0.3
Clay: moon | mmee mmee moem meme mme
5 Opaques (total): 0.3 1.4 0.8 0.2 TR®* 0.3 -~
g hematite: 0.3 1.4 ==~ 0.2 =mmm 0,3 mees
: blaci: TR¥%  —=—— 0.8 ~—=—- TR®  —mmm e
Original carbonate mud: 5.1 70.2 52.7 58.0 5S54.4 82
Spar cement: e e e memememememes 0.
Chert: e Al
Intergranular
gilicification: mmewesmmemmemesemremew s eoeeeos 1.1 Q.6
Dolomite: RIS < S | B
Pore space: —memm mmmm e e 0.8 -~ ———-
Unrecognizable: 3.5 L,5 4.3 3.3 L,6 3.1 2.5

J— P ot s s

¥—-~TR=Trace occurrence: observed but nct point counted




UNIT-INTERVAL
SAMPLE (NWP-)

Pelmatozoans:

Brachiopods (total):
Impunctate:
Pseudopunctate:
Punctate:

Bryozoans (total):
fenestrate:
digitate:

Molluscs (total):
Pelecypods:
Gastropods:

Foraminifers (total):
uniserial:
biserial:
miliolids:
fusulinids:

Ostracodes:

Trilobites:

Unidentified shelly:

Calcispheres:

Ocids:

Peloids (non-pelletal):

pellets:

Grapestones:

Coated grains:

Intraclasts:

Sand (very fine):

Silt:

Clay:

Opaques (total):

hematite:
black:

Original carbonate mud:

Spar cement:

Chert:

Intergranular
gilicification:
Dolomite:

Pore space:

Unrecognizable:

¥——TR=Trace occurrence;

(196)

APPENDIY C (continued)

17-4 17-B 18 19

19

20

113.1 117.8 120.1 123.2 125.2 128.1

Percentage of Thin Sectlon

2.4 3.6 6.8 6.8
1.3 4.8 ——— 2.0
T T B
——mm 0.7 mmmm s
mmmm 1,0 mmee e

0.5 0.7 - 1.7

mmmmmmmm mmem 1,7
I B
Ammmmmmm mee 0,6
~~~~~ ———m —emm 0.3
1.3 0.2 == L5
s e 3
mmmm 0.2 mmmm o

0.2 ==== -== 0.6
—mm QLT mmmm mm

3,7 e e mee
e
s mmem mmee 0,8
el P

e s e —————— o gy s ——— e

e e e o o i s 472 O 3

———— it s e e PN s e

el I
T P B
. ot e O. 2 arm e e o

82.8 87.1 22.8 72.2
i P
5,0 -—= -—== 3.4

Tl I R
—mmm mmmm ——m= 0.3
2.7 2.9 1.2 L0

observed but not point counted

0.2
TR*
0.2
007

0.5

et

10

ie

1.1

72.3

L

2.0

0.4
0.4

|
}
i
!

-3
=

1
¥
i
1

0.2
C.7
1.1
0.7
0.7
3.8
0.7

20
131.5

s o
2.3

i e



UNIT~INTERVAL
SAMPLE (NWP—)

Pelmatozeans:

Brachiopods (total):
Impunctate:
Pseudopunctate:
Punctate:

Bryozoans (total):
fenestrate:
digitate:

Molluses (total):
Pelecypods:
Gastropods:

Foraminifers (total):
uniserial:
bisgerial:
miliclids:
fusulinids:

Ostracodss:

Trilobites:

Unidentified shelly:

Calcispheres:

Ooids:

Peloids (non-pelletal):

pellets:
Grapestones:
Coated grains:
Intraclasts:
Sand (very fine):
Silt:
Clay:
Opaques (total):
hematite:
black:

Original carbonate mud:

Spar cement:
Chert:
Intergranular
silicification:
Dolomite:

Pore spacea:

Unrecognizable:

(197)

APPENDIY C (continued)

21

21

21

22

22

22

23

135.6 138.3 1h2.2 142.7 144.6 145.1 147.3

1.8
0.5

i o

2.6
1.8
0.8
T.7

s i s

2:3
1.3
1.3
1.8
1.6

———

s s
e s, i
ot

73.0
1.0
0.3

0.8

1.8
b.8

of Thin Section

Percentage
8.5 1.2
0.5 0.5
O © 5 T

et

0.5

P
e s e

0.5

Th.2

e

5.8

2.7
2.7

0.2

ot v o e

73.3
1.0

e s

s rm b s

oy e s

6.4

1.0

35.1
506
1.8

0.8

2.4

0.4
2.4

e wony e s

e s s s

P -

0.6

i s

39.4

0.4

4.o

e e

3.0

#-~TR=Trace occurrence; observed but not point counted

L8.8

e e

J——

5,7

-

1.0
58.4

4.5

e e e

2.9

12.5
0.3

2.1

0.5

1.5

et s

0.3
67.5

101

5.1



UNIT-INTERVAL
SAMPLE (NWP-)

Pelmatozoans:

Brachiopods (total):

Impunctate:
Pseudopunctate:
Punctate:

Bryozoans (total):
fenestrate:
digitate:

Molluscas (total):
Pelecypods:
Gastropods:

Foraminifers (total):

uniserial:
biserial:
millolids:
fusulinids:
Ostracodes:
Trilobltes:

Unidentified shelly:

Calcispheres:

Qoids:

Peloids (non—-pelletal):

pellets:
Grapestones:
Coated grains:
Intraclasts:
Sand (very fine):
Silt:
Clay:
Opaques (total):
hematite:
black:

Original carbonate mud:

Spar cement:
Chert:
Intergranular
silicification:
Dolomite:

Pore space:

Unrecognizable:

#¥-—~TR=Trace occurrence; observed but

(198)

APPENDIY C (continusd)

24

24

25

26

26

26

154,8 160.5 163.5 166.8 169.3 172.2

1.4

ot s

0.3

10.6
‘207
009

0.6

3.7

Percentage

P4

i oty

5.0

2.6

1.9

0.8
6.1
0.8

2.9
On3

5.1

v s e e

0.8

Prop—

25.6

0.6

63.8

C.6

2.6

T7

0.2
65.4

7.6

42.7
1.3

13.6

)

8.0
1.8

0.5

5.8

not point counted

0.3
60.0

1.4

3“9

1.0

8.3
0.7
TR#*
1.2
1.6
0.7

1.2

o 2

0.7
0.7
Theb

[

7.9
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PURPOSE AND CLASSIFICATION OF SAMPLES
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ROCKE CONODONT PETROGRAPEL

SAMPLE NUMBER* CLASSIPICATION®® SMMPLE S2MPLE
NWPp-0.0 [1B] Barren nudstone p:4 p:d
N@WE~0.4 [1A] Crinoid biowagkestons bt pd
Hue~-1.7 [2B] Calcarecusd shale z
Nyp-4.5 [3B] $ilty oogralnston: 4 %
N@p-6.8P Silty Qopackctone %
HWp-9.4 [2A] $ilty oopackstons 4 had
NWe-11.3 [48] $ilty copackstone b4 p 3
MWP-15.8 [5B] Brachicpod cowackestonsg X bid
NWP-18.8P Sandy oowackesgtons p4
Mup-25.1 [3A] Crinoid cowackestone b4 p:4
NWp~-29.7 [4A] Sandgtone b4 s
NWp-31L.0P Sandstone %
N@P-31.8 [1d] Calcarsous ghale =
NWD-32.5 [5&,1C] Burrowed blowackestcne £ 4
MHPp~-33.2 [6B] Brachiopod biowackestons X s
HWP-37.1 [6A] rinoid bicwackestons p ®
NWP—-£40.3F Barren nudstonsg e
NWp-43.7 [7B] Barten mudstone * 7
N@P~44.6 [7A] rinoid biowackestone X %
NWP-48.2F Cf}ﬁ id oopackstone £
Nip-52.7 [8A] Barren mudsione ht %
NWp-57.2 [8B] Crincid bilowackestons bid Z
NWwp-61.7 [9A] Pelecypod biowackestone X X
NWP-66.2 [98] Bryozoan cograinstoneg ® A

Wp-67.86 [10a] Barren nudstone b4 Z
NWp~-72.2 [10B] Crinoid biO@eraucﬁsko‘ hid hit
NyWe-77.0 [11A] Grapestone cograinstone X %
NWP-80.0 [2C] Crincid ocpacksv*ne e bt
NWP-81.3 {11B] “arren nudastons hif b
NWpP-82.8P Barren mudstone b
NWP-§4.8 [12A] Crincid biopelivackestone X %
NWe-87.5 [3C] Barren nudstone h:4 X
NHP-82.5 [128] Calcispheric nmudstone bt p:4
CHWP-83.5 [138] Crinoid bilowackestone h:4 it
NWpP-97.2 [13A] E:acnlapuc hiowackestone X Z
NWP-10GC.1P rinoid bicpalwacksastone hi4
NwPp-104.1 [14B] uf“ﬂClﬂ biowa c:esten@ b p:4
NWP-108.3% {4C] Foram Dilowackestone L %
NWwp-113.1 [1l4A] ®ossilifercous mudstone p:A h:4
N@WP-117.8F Brachiopod biowackestone it
NWp-120.1 [15B] Crincidal nmudstone X pid

*NWP-4% = meters from bass of section.
*rgwplanation of rock classificaticon discusse
in Appoendix A

Cu
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APPENDIX B (continuszd)

ROCK CONODONT PETROGRAPHIC

SAMPLE NUMBER®*

CLASSIPICATION** SAMPLE SAMPLE

Z

NWP-123.2 [5C] Crinoidal biowackestonse p:4
NWP-125.2P Bryozoan biowackestone b4
N@gP-128.1 [15A] goraﬂ 91CTackestOﬁe Z =z
NWP-131.5 [&C] Crino picpackstone % e
MWP-135.4 [16B] Foram UEOEECKﬂﬁtOﬂ@ e A
NWP-138.3P ?Burcowed biowackastong %
NMWP-142.2 [17B] Foram blowackastone b4 bt
NWp-142.7 [7C3 Crincid bicopackstone 3 =
NWPE-144.567 Crincid bicpackstonsg %
NWp~145.1 [U~-221 Crinoid blowackestone %
NWP-147.3 [16h] Crinoid bicowackestons2 u %
NWPE~154.8 [188] Foram biopackstone b4 b4
NWp-160.5 [2D] FToaram blowackestons hid ®
NWP-163.57 Coated grain biopackstone hid
NWp-~-166.8 [13B] Crinoid biopackstong b4 4
NWp-162.3 [8C] Foram Diowackesstone % A
NWp-17%2. 29 Foram bilcopacksione hS

*HP-4% = meters £
**gxplanation of

om pase of section.
ock clagsificati

in BAppendix A.

ion discussead
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