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ABBTRACT OF THE THESIS

Biogtyratigraphy of the Mancog Shale in Western

Hewr Mexice and Western and Central dolorado
by ALFRED M, HIRSCH, Ph,D,

Theais dipsctor: Profedsor Steven K. Fox

The atudy of Foraminifers from three sectlong of
the Cretacecus Maacos Shale in Colowvado and Hew lMexico has
@g@ablish@dg 1, eprrelation among the three secblons and
gorrelation with the Standard Sections of the Gull Coastval
Plain and the Western Interiori 2, o blostratlpraphic
gonation of the Maneos Shale which may be appllcable %o
pthee Western Interior Sectionsy and,; 3. a palesenviron-
mental inteprpreéetation of the micyrefauna,

Bixty dpecies of Poraminifere ars deacribed Lron
the Wances Shale. The Mancousg includes Goloradosn and
Montanan gbeaba, Faunal divessiby isg low. Calearsous
shales of the Mancos Shele are dominated by a fow planke
gonic speclasn, The number of benthonle gensra and gpecilas
18 low. Nonealcapeous shales generally contain a limited
ﬁgglﬁtimat%@ miavofauns or are bapran. Specles of

Gavelinella, albthough more abundant iun the caleavsous
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ansles of the Mancos Shale, alse occur iu the noncalearoou
shales.

The specific composition of the miorofouns shows &
gimilarity bo eicrofaunas previcously described from the
Western Interiow, parbticulerly those from the CGresnhorn
and Hiebrara Formavions and thelr equivalents in the Groat
Plaing, the northern Western Interior of the Unlted States,
Alberta, and the north slope of Aleska. Similerity to bthe
gulf Coastal Plain wmicrofawnas is also apparent.

Biogtrabigraphic analysis of the foraminiferal
Paunas in the Mangos Shales has established Tour Sssemblage

Zones, the Gavelinelle dakolLensis Asmemblage Zone, the

gavelinells kansasengly Assoublage done, the favelinells

henpestl Asaemblage Zone, and the Haplophrapmoldes rota

Asgemblage Zens. Corvelablon of these four Assemblage
yones bto the Standard Sectlon of the Western Interlor is

mads. The Gavelinells Assemblage Zones ave suggesbed to be

af ecoprrvelative value throughout bthe Weshern Interior,

whergas the Haplophragmoides pota Assenblage Zone is

prebably o facles zone.

The nonealeaveons parbs of the Hancos Shale yield
a sparse sgglutinated mierofauna or ave barvren. The
ovidence suggests an analogus o mﬂd&?mcﬁglt& front sreas
whera one of the major scological restrictions is vaplable
salindty and abundance is determined by sedimentation

vates, Barven purbs of the sseblon are interpreted as
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repropsnting above mean bhigh watar sediments on a delta
T LI .

Foraminiferal faunog froa the csléarevus parbs of
thoe Manens Shale arae analyzed, Micpofaunas are dominated

by apaclas of Heferohallx and ﬂ@@b@f@@k&@, Mavnal dlveralby

6 benthonie gpecies;, movphosdological analoguds of
ponthonic species, and dominance valvew of plankbonie
specsies suggest lnner shell depiths Loy the deposlbion of
palenvecns Mancsos Bhales IU is sugpgested thot some specles

of Heberohelixr may have been neribopelagle or benbthonie

rather bthan true oceanle, Specles of Hedhergella were

probably regtricted to an upper thin column of water, The
uge of plankbonicebenthonie ratlos ingluding apecies of

Hetoroholdx and Hedbergellas results in high ratlos that

do not yleld valld palecbathymetyrle loterpretatious.
Produstivity ab bhe sediment lnterface in considered the

faotor limiting benthonic divewrsity.

iv



AGKHOWLEDGERERTS

he wilbew wigh@@ o exprass his gratibude Lo
Pr. Sheven K, Fox fop iﬂ%gifimg the wolber GO becone
o geolopglst duplng the wﬁi%&rﬁg wndergraduate yoore,
for ingercsblng the w@it%@ §n atvabipraphy, Low sugs
gegting this problen, f@ﬁ*@hﬁ many houps gpent in
dipeeting the pegearch, and for the helpful eoriblclans
duelng the wrlting ol Ghis paper.

The welter thanks Dvs. Richard K, Olsson and
Raymond G, Mugray Lox poading and makiog algalficans
spiticians of this peper. DPeber Sanke snd Rlehard
Tndlish were able fleld-asslsianta and ghartened the
pask of collscting saaples. Dy, Hichard Clfelll permitied
the weitor o essming htype gpecimens at the Smithsonian
Tasbibube. Mp., Ansis Kanepg and Miss Avelyn Dtter
111uatrated the igured sHpoclaend. FTinancial ald was
pravided by e Granteig«Ald from tho Ameriean Assoclation
mf patroloun Geologlnba.

To wmy wife, Kerin, foxr whom the haghk of @@mylﬂﬁi@m

spomned sndlésa,



PABLE OF COWEBRILS

&b@@f%@ﬁ of the Phoedll,ceseteewerstvipgoasased

é@l&ﬁaxgkg&g’é&}&gnhﬁaﬂb#w‘b-éeqvi&&eaébwb‘a'&é‘dééﬁwdé{v

}:;i.ﬁﬁ f.‘# , i.},u?jt‘lﬁ"& BLOND . 66 éw I A R A R R LA

IN@R‘SB}TGTLGN.on.vaedvoueaéétoﬁne‘o*’c&u&bd&'«dasabv

iﬂﬁﬂ@ﬁﬁ Of gfwaaoaoaooussa¢a&céedsaeésaaub&&e

bT%ATt@F@PHY,aou&.n.nehoowé#aaﬁaa&&&awoa¢saaa&

Genoral %ﬁ&ﬁ@m&n@ewcwﬁé4eeea¢aa¢&v»aaua@¢¢.

G’&il&@ .Al*@aéyéu@.&staadédcl}é'draiéa‘éb’bb‘oﬁa‘o‘t’uo‘

¢ audéud

TR R KRS

s L Ee D EY

2 ¢nd b

¢G94 86 dy

sowsbbe

'R XN

PN 4

The Gallup S@@ﬁi&mwa¢u¢o&aa&aae»¢@éa@o¢«»s¢ea«os«o

Dalta ﬁ?@%éa«¢aaaaaawa»éné#uaaeé@q&éaaa&#v¢

T&@ ﬂ@zﬁ& S ﬁmoQ5&.6&&6«0#6#&0@&&@6&&&&&

sgpeesd

RN

he Woloott b%@tiﬁmasuacaqwaﬁaeeewasaaeaégéa¢-eaoe

gteatipgraphic Corpelation of the Three Bectiont...

PA%E@&T@L@GY&Qoagcaac&aﬁéadaaauq&ueaa¢f¢a@¢¢aa
general Stabemonbeecssovaocscvvseviaorossnes
The Gallup SeChloNesscssasvssauansososvsnes
the Delta Se0%l0Nsisvevsvensbocassaivrsasye
e Wokeobt Bonbitflseeadoassonsoeispssodsda
Mioralaunal OO Ssssscavav s koo soodssnade

?ALWéECGLOQYA.aﬂdﬁosﬁbaatéi&é@ﬁaohq&n@dbqdobé&
patesssology ol ;ha Honealoapaous Shales.e.
palessaoclogy of the Galeareous Shaledesssee

Sﬁﬁﬁm&ﬁ'g&&&n‘--eca@én&éﬁaa&;ﬂ-&eﬂtawbab&'ééa}z'a»&aé’&wé‘a‘

¥,

@66 ¢d0b

N AR

'EEE RN

bevoE o9

6% ¢ bbb g

R RN EE]

NN NN

B &G & BB

E R RS

FOFE R YRR |



AYSPRMATIC PALBONTOLOGY s sssosasviovobvendocovibcsdudscs 73
}3iﬁgz‘4§‘c}&1{!¥}?§iy’¢ﬁ‘sééé’wété'&&ié‘dvé“a&hééﬁﬁﬁé9&6’6'6@33‘%@#86Bvéé& mg

APPENDIN 1 » Plates ol Popaminiferiiceesovsiesssvoasos 1

R

=
A

‘fj::e.é,fqaeq‘dd,g&ceéa‘éaﬁea#&S'céééa&awo,si-‘&leﬁa&‘én&ee«akna‘aea‘aaﬁas



Flgure

Pigure

palile

rlete
Plake
Platbe
plate
Plate
platie
Plate
PrAGe
Plate

LIST OF ILLUSTRATIONS

1. GLooaliby Mep of Stwasigraphleo Yeotlony
ol Manecos BhinlG,eeérudésoavesddssdsobudond

9. Oeerelation of the Maieos Shalo wi bl
wupopenn Sbages and spandards of
doabern Taberior and Gulf Goasbescovoseo

5, Supatigeephic Digtributlon of
: Fepaminifera at Galliupsiesescsccscsveveone

., steabigraphle Distrlbubion of
F@?aminifﬁﬁﬁ ab Q@l%&ssgiitéeéaaaeeséaée

5, dteatipraphic Distyribution of
Poraminifera at Wolcobb.sesssossacovossuse

4., Coprrelation of Assemblage Zones of the
ﬁam@may&hale with Asgenblage Zones in
the Gulf Con8Gasacasabavdosbrasohsovvnes

1. Signiricant Spoecles of Fopaninlfern Lrom
the Assemblage Zones in bthe Mancos

‘-‘ y £ .
&h&l@iééoaaat&éaqd-aspiebdsa¢adnﬁbe&¢ééo

piates of Fopsuinifers

léé@ﬁiﬁwiéqilﬁﬁc&ba8&6&&&&6&5&kﬁidbiéi#i&ﬂ&e&&b
E-qéééﬁvimsi¢éétév««é&é&dbwsﬁoéodw&-uéqéeﬁeaaﬂq
3

‘c«&ii&o&iicédassswbé«&&d&béaidkébéaoﬁ*beﬁw#awa
‘e¢s¢¢a&.&a;aqaaaaseuﬁewaaq&u&«¢¢méa@a§uéaeasae
EQé@wﬁnéshd-é&&bdé@&ie&@evé&é@&é&éécd»}ééoéé&&e
@o&ﬁﬁdéé#&étééios#ﬁ&&déﬁbté&&aia@&ﬁd&dwéb@&&aaé
7encua¢&éaé¢¢acadeéés&adaaamuéaaa&éeauaqa;&a&o&
Bo&é&#éuawo«nnoabéudakéqq@a@éé%osG#tbvﬁaaw@&a@w

g
@a;&uésoé@té¢oabiaoooi&iéuééa@aaav&b&a&&&iﬁ&&ﬁa

=
. %4.
s

raga

#

&

W<

184
187
161
Lol
1éb
LG8
L0
172
17k



TIFTHODUCTLON

fhe Maneos Shale is the phickesnt marine dpetacsous
sedimentary walt west of the Front Range Uplift in Golorado
and New Mexmico, Its thickness vapies fvow less than 1000
feot in western New iMexlco to moere than B000 feet in
golerada. 1t ineludes all ol the Colowadoan abrabn and
in aress where 1t is thlckeat, wost of bthe Hontanan strata.
Sﬁratig@apﬁia anslyste of sectlons poveals o gross slmie
1tariby of Lithelogy to the Bhandard Sectlon of the Wesbern
Tateérier in the Grenbt Plains phates.

fhree sechlons of Mances Bhale wers maasured and
samples collechbed in New Maxice and Colovado (Flgore L)
The secblon lu western New Moxico was chosen because its
loeabion la neapr Hhe gonthwesteri-most exbent of the formas
bion. ‘The seetion iu western Colorads was chosen because
ghrough most of Mancos ghale depositlen the shoreline wad
fae bo the west., The sectlon in centeal Colorado was
chossn because 16 ls the aagbornenpst locabtlon where the
name Menoos is applled to TUppew Gretassous narine shale.

Phe collescted semplen were analyzed for thelr
Popaninifeoral conbent. The objectives of the gtudy were
to Ldentify vthe spocies, Lo determine thely geograpble

and geoelogle extent, and to interpret the feuna paleo=

1



gooloploally, Systematie degopiphion of the Poraminilfenrt,
thelr ccourrence, and correlation with who éﬂamd&?& Saation
af'hh@ Western Inbtevior is made. Eié%ﬁ@a%igr%phi@ pe Lo
pionehips awnong bthe thvee S@%%iﬁﬁ% snd Assenblage %ones
have been sababllghed baged oo mi@écfaumal and 1ithologlo

soudiaa,



METHODS OF STUDY

Figld Study

Thf@ﬁ‘géﬁaﬁigﬁayhia seeblons of the Mancos Shale,
locsted in n@%éﬂw@ﬁﬁ@fn ﬂeﬁ M@xi@@;'wéﬁt a@mtéai Golerado,
and central Golorado were wmaasupred wid gampled duping bhe
gutmons of 1959 and 1961 (Flgure 1), The soctions wore
meadured with ald 6f 8 taps wsasure, hand level, and
in cenbral Colorade with a plane hable end Gelescople
alidade, Bewansg the Wancos Shale ig larpely wndlifeds
sntlated with few stratigraphic mmeherd, samples were
nenrly alwaya colleoted ab lubervals of ton foat, Chammel
gamples wers collectad whanever pogsible. Where thlokness
of woathered materinl exceeded approilmately two Tovt,
apot sanples were taken.

Laboratory Study

o bundred eighty-twe samplos were prosesssd for
their foraniniferal sovtent., Flve hundrad grang ol eagh
sample wag processed by the f@l&@%ing‘m@ﬁh@dgz The sanple
was bolled in o weal solutioan of podlum carbonebs Tov &
minimum af sne howr, The mud wag decanted over a 62 micron
ahave and the vagldwdrled and beittled.

¥any of the %ampl@ﬁ did nob regpond bto the above
mathod, 'Theas semplsg were dried, placed into n weak

solution of sodlum carbonats and bolled again wotil braken,
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aown or For a maximum of eight houwsrg, Uhoege gomples that
g411l bhad nob brokan down Werse dwied, hented, and lmmexsed
sa kewosene svernight. Subsequeniily, bhoy were agalin

red i a wesk solublon of sodivg caphonabe, deganheds

b

[sle ki
dried, and bottled, Humerous sanpled that sblill did nob
break down weve dwled and lumervded in & hot saburated
golubion of sodinm thiosulphate.

Tach Aleaggregated sample was axamined fow 1ts
Popaminiferal conbent, A representatlve rauna fyron eash
panple wak pleked and provislonally tdentified. In xosd
sasas all of the specimens of Foreminilfers wews plelad,

n those aamplss where dominant speclas wore extremely
sbundant, approsimately thirby were ploked and thely great
abundanse noved. |

Fopaniniferel sounts of spodiled, pian&%@ni@ab@ﬂtmania
pablos, and fovam number Were determined Doy wany of the

gamples from the lower part of the paction ot Gallup in

i

the hope that these ocounts would enhonce the study. Ib
booams dppavent that the dube of these counts did vob

shange concelusions reached prior to the counta, Censes
gquently, these counts are nob veportad nor were further

gounta made on other samples.
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STRATIGRAPHY

shwabigraphy » Geveral

Phe Maneos Shale was named by Cross {1899a) for a
sastion of 1200 feel of davk wmarine shales cyopping oub
near the town of Hansos ln seuthwestern Golorado, JIn this
area the Monoos Shale econformably overlies the Dakote
sandstone and is unconformably overlein by bthe Bocene 3an
Miguedl Formatlon. Posgiliferous hoplgons near the base
arck maaﬁ the top of the formatlion were sorralated with the
Benton and Plerve Formatlons, pogpectively (Urods, 1899n) .

T an adjadent area sagt of the bype locality
gpsae (18996, p. b} descpibed the Popnetion a8 Te.e. 80
almosh homogenaond body of solt,; davk gray oy heavly
black, cacbonsceous clay ahalesee.s I 1o liminvd bBelow
by the Dakota Sandeons and above by the lowest a@ the
Mosaverds formation of alternating sandsbones and shalea,”
paunns correlative with the Benbon gnd Piewre Fopmaiions
wers sollecbed and deseribed (Urosd, 1899b) .  These Gwe
arons are conaldered by the welber ag the agombined btype
aras of the MHancog Shale.

Subsequent bo ibs original degeriptlon the name
tances® was applied by & mmber of warkors 6 the thick
gfﬁy aswine shale unlbt pverlying the Dakota Sandstone and

overlain by the Hesaverde Formation. Thus bhe nene aaews”

&



asprasd shroush Golowado wonh of the Frond Raape Upliit,

s

.
et

gaatern Uhah, norbthern Wew Memleo and ayp theag tern Arlacnas

for approximately two dedades alter it orlginal
deseripiion, howavery the Mancoes Shale ropbived 1ittle
detailed attentilon. Ganeral geolugy reporbs oL areas wh e
4n the puborop balis of she Maneos Shele wera, for the mouh
papt, reconnalisance in nature oR conceornsd prinerily with
inveshigatlons of cowl bads within the nvorlying Hesavenrdo
group ov undeprlylng pakots Sandatong. Ganseguentlyy the
Maneos Shale wag lacgely jenoped except Fov penepal
ﬁ@@arip%i@mﬁ and acnewhat Mors detbiled descpiphlons @f'
payrte of the foprnotion nedr the tower and upper conbaets .

Roaslde {192)4) atudied the Upper (retacsous
atratigraphy of the nérﬁhaxn San Juan Baslng which Lne
ginded the type area of bhe Mancod Shale. He was Uhe
fipat bo recognlze the complexity of facled pelationg withe
{n Crebaseous strata f0 the nopthern San Juan Bagln
Moreover, e vecsopnizad the gtratigraphlo dvop of the bop
of the Mancos Fovmetion aouthward and weghward snd &
copragponding rise eastward and nopbhwasd.

stratigraphy « Gallup Lred

The nams g Haneds dhale, wesg applled by gevaral
workers in reconnalssance aurveyd or eoal iﬂﬁ@ﬁtig&%iﬁn@
o the lowermodt wavcine ghile of the Upper Orelaceous in
vhe southern part of hhe Gan Fuen Basin eaply In the

pwenbieth century { Shaler, 19078 Sehrader 19063 Gandner,



1909, 1910), DBocauge of bhe nature of the investigatlons
1ittle was added o the nowladge of the Maneos fhale, In
foot, because of the faciss palations involved, coryela-
tions feom the type ares aputbuerd were later praven o b
fasorract,

Searn (1925) wap the flrst invesbigator o recopw
alze the cemplexity of the upper gpataceous facles in bthe
gallup-Zuni Dapin, Soard, ot al. (19441) showed that the
pop of the maln body of the Mancos ahale was stratigeaphis
pally as wuch ag 1000 feet lower in the Gype aren in the
noethern San Juan Pagin than in the g&llm@ apan bo whe
gogbhuwesb. |

the Gallup Seehion

A stratigraphle seeblon of the Hancos Shale was
neasured in Sec. 16y TLON, RL7W, MeKinley Gounty, New
Magioo (Figure 1). The section is located spproxinately
elght wiles northeast of Gallup, New Mexioo and shall be
hepein reforred to ad the Mrallup Aecbilon.”

‘Th@ Mancos Bhale ﬁf@pg out in & ptyrike valley bee
tween the cueata cliifd of the Dakoba Sandptone and bhe
fipst Gullup Sandstons Mewber of the Mesaverds OGroup., The
galliup section iu located sn the soubthwestern edge of the
Sen Juan Basin north of the Zuni Uplift, Thia locablon
gon ohosen because &b iz loocated naar the atubhwesleras=
maat slie of febe (retaseous narine deposition in the
Hanbern Inborlod.

tn the Gallup ares the luwer pari of the Manooa



Shada 1z pooply esposed excopt i the hogbsel Just eansb of
galiup, Hew Mexioo. Dampled af the lowey Mancos Shale
wors callestod £op bho writer from the Philliips Compeaiy
mine shaft Located in the previcusily named seation, ‘The
upper part of bhe Mansos shale tmuediately north of the
wins phaft wad measured and samples weére solleated.

A abbreviabed descriphion of the ¢allup section
Pollown, haech of the sections wenauysd 18 subdivided Lnto
informal litholegle wnlts, In wmost cases phe unlis cors
pelate with formations of the standard referonse Sooblon
(igure 2).

Mesaverde Group !

Fipst Gallup Sandatone - masslve whike to groy
gmar%@ sandatone ; erossbedded, one feol
ponglonerate bed near basd,

Haneas Shalet

Unit @2
park grey thinly bedded %ﬁél@ and silistone
with seme thin sandsbone bads decreasing EA S
armdanes dowawerd, silitstone beds mare
abundent nenr bop; limonlte stalned gheoughout;
solénite erystals in verbical jointe.

Inoogranng Tragnents. BO feeb

Dark prey shale with few silistone beds,
thin heds of caleareous sandsbone, bwo
Timestone beds lesa then 1/2 oot thick

near base of unlb. h3 faet
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Pan fine prained Limenite abvalned

sandsbone, caphonaceous fragmealiss,
alifg-forning. . 37 feet
Grey fine grained dandstons, Llpreguler
lenscey of carbonaceous ghale, Lixonlte
gtatned, seléniie. a3 Leob
@ar& groy bo black shale, limonlite

stained, selenlbe ecrystals, Priompeycdus

hyattl (Stanton) molds. 67 oot
Alternebing black shale and thin

silbatone bheds, linenite stalned,

sedandary selenite, Prlonoeyelug

hyatti (ﬁﬁamﬁﬁn)-m@iﬁ%; . 3¢ fast

fovered loterval, 160 foet
Unib @l

Paldlips mine shalt sampleg -~ all somples

colleobed for the wplber were pray calcarecus

ghale., 302 feet below the ¢ollar of the nine

& gamples of Dakobte Sandstoneg. 302 foat
Tatal Mancosa sShals U0 Poetb

Dakeba Sandabons

The Gallup Seobion 1s loecated near the souithe
woesborn bdge of the Ban Juan Basin, Lamb (1968) gube
divided the Lower Hancos Shals dnto the Gransros, Ureans

‘hoyn, faplile, and Wiobrara Members In the nopuhern papt



11
af the San Juan bBasla., He defined thoe Granerss Member as
the gtrabte between the Daketa Sandgione and the caloareots

ghale hed ceontaining Gryohaes qewheryyl Stanton., This

bod is considered bo be the lowermost bed ol the Groonbhorn
Member (Lamb, 1968). WNorth of the Gellup gactlon noar
Rod Wash, Wew Mexlce the Graneros Mewber ig 30 feet vhick
(Lamb, 1968). Becauge the lowesth gample from the mine
shaft in 90 feot above the bop of the Dakota Bandslone ,
the presence of the (Paneros Member in the Gallup sechion
seuld net be wverlfied.

whe samples from the wine shalt are akl galéaraous

groy shales (Unld @1y, They conbaln a chapacterlistic upper

gpeonhorn Peraniniferal fawan (&av@;iﬂaﬁl@ ﬁag@@@n@ig
Asgemblage Zone).

The tranalbion bo the Carlile Shale coours in the
strabigraphic inberval between the uppermest sample in the
mine shaft and the lowermest tubcerop. The lowermogt bed
in ouberop td a blaek shals containing wolds of Prionge

gyelug hyalitil {atanton) indicating a probable correlation

with the Blue HiLl Shale Member of the Caplile Fermation.
The secblon aheve the nilne shaft becomes sssons
4ially cvarger wlih an Incpease In 841l beds, sand beda,
and beda conbaining plant debpis, although shale vomalng
the dominant Lithelogy. The tan glLiffePorning sandsfone
way be copvelaive with the Codall Sandstone Mewber of
the Carlile Feopmatlon, Lemb (1968) notes a sandstono,

which he corvelated with the Oodell Sandstone in a
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gtratipraphically slullay posltion in the norihern San
Juan Bagdi,

The top of the Hanscos Bhale ds the base of the
e;“zliiff«:ﬁ‘@:iﬁﬁimg wadgive crodsebadded gandatene and conglons
grate, bhe Flrat Gallup Sandgbone, Above the sanddgtons
the Mulattc Tongue of bhe Mancos Shole seeurs, Ib cone
glave prodominantly of siltstons bub in edditlon beds of
garbonaceous ghale and ebpus<bedded sendstones cocur, The
wongue L laygely nommaring, piaches out a few miloes to
the Southwest, and repradents the digtal part of a wmerine
tongus in the Gallup sectian, |

Theye are no m&yimé;b@ﬁg above the Gallup Ssande
stone Lo the southwest edge of the San Juan Bagin. %he
Manecos Shale here vecords ope Grandgression soprelative
with the Hype Greenhorn Formavicn (Uait (1) and one
regrassion coprolative with the Carille PFoymation (Unld
#2) . Fuxther %o the nopth and sast merine Haneos Shale
sorrelative with bthe Wicbrars ls feund {Pike, 10L7§ Lanb,
1968}, Thus, a elagble gouree to the soubhwest and a
newthwest-gouthenas shorsline e indicated for puste

Gaplile depeaitien in the San Juen Basin.,

Shratlgraphy « Delta Aves

The Gretaseouns abrabtigraphy of the Grand Mesa
ayea gouth of CGrand Junstlon, Colovodo was Livst gtudied
by Lee (1912}, Hig abtudy ewphasized the didtwibution of
goal beds within bdhe Dakeba Pormstion and the NHegseverds

Group. Lee estinated a thiokneéss ol 3000 feat Lov the



Wancos Shale soubh of Grand Junctlon, Tossil collections
were made nemr Ghe base and Hep af the fornailon,

wednsan (193 corneeted Loets egblnate off the
shickonoss of the fopmption. 00 the pasis of messured
gachilong and well logs whe H&nﬁ@é shale wag shown to be
oz £ 50 feeb shicl in the vielnlty of Goand Mesa.
Epdwenn also noted the eouplex facles relablons betwaen
the upper Mancos ghale and the lower part of fhe Huegaverds
Group. He was the first bo sbow & @%@éﬁ&gyaphie vige ol
the top of the Manoos Shale in a west Lo &a@ﬁ divactlon
slong the Boolk GRILTe Tyon Goah bo Colovado and southeast
fpom Grand Juneblons Golorado along the flanks of Grand
Mesa, Resent detalled atrabigraphic analysis has clarified
the somplex facles ralabionships Ln the Book ¢Liffa
(@pioker, LOLTY ¥oungs 19505 Fisher, ob ales L960Y .

The Delta Secbion

4 stravigraphic section of the Moneos Shale was
wmeoasured in TQSQ RAE Ute. Hew., Delis County; Uolovrado.

The seshion was meagured ppproximately elpghb wiles wnowth-
west of Deltsa, Colopado and ahall heveln be called the
"eipa seotion! (Figure &)

Phe Mancos Shale cprops oub on the Flanks of the
aoubhern poart of Grand Hesa betwesn bhe valley of the
cunnlaon River and vhe masa te the Nowtb, The Mancos Shale
16 slmoab complebely exposed beneath & thin veneer of olay

an bhe dlgsected pediment alopes nopth of bthe PAVEY .
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2 — This report Weimer, 1960
3 — after Pessagno, I1967




The Delba section 1o loceted dn Ghe southwestern
part of the Pleemnce Pagin neap the eastern ond of the
Book Q’iifﬁm Phe shabion was meaduped in this dvoea hee
cauge the shoveline was Par o the west bhvoughout the maln
part of the Mancos Shale &@pﬁgfﬁi@ﬂ'(gpiéheﬁ; lﬁhﬁjll Corus
gégﬁémﬁlyé féﬁamiﬁiréfalw@iéﬁribuﬁioﬁ'wéﬁ'ﬁ@ﬁ‘effééﬁﬁ@'by
ﬁéaﬁ shore aém&iﬁiéns @zaaét'éﬁrimg.th@ i@iti&l Lrandgs
gragalon and the f4nal Tégﬂ@%éi@ﬁ; R

' Au abbreviated degoriptlon of the Delta sechlon
' Pollowss | | | | |
ﬁ@@éﬁéf@% Group «iﬁ&unﬁ‘@aﬁfi&lﬁlﬁarm&ﬁiaﬁ
Roliins sSandatons Memben
White erossbedded sandsbone, magsive; .
éiigh@lyngalaaﬁggaag @i&a@ d@bﬁis péaﬁgmﬁ,
Mancos Shale
Uit DS
Hlehly weathered gﬁ@y'gii%y shale wibh
aandstone beda becoming moye abundant
peawr Ghe upper conbect, llmestone bed

B0 feset balow conbnob, 31 feet
Soverad ingevval, | 360 feob

ghale, fine greivned, dapk, Llimenite
aboined, with silty shale beds;

gypiferous, limestons conevetiong. 210 feeb

i,

o
=
by
@
m‘-\

Goverad inbevval,



ahale, dark grey, weathered, linsoite
apained, siltstone beds hegomning more

pbundant towsprd btep, 10 foob shaly

giltatone at top of 122 Toat

fnterval, 132 Leab
Unis DY

owoy shale, calaeapesus in lower parh

of unit decreasing upward in walb bes

poming more silty, & foob byown Line-

spone ab bobbon of uwnit, btwo one Lood

LimeBtone beds 180 and 18l feeh above

base of unit, L foot brown miliy limg-

ghone ot Yop of unib, 882 feet
Ynit Do

arey calcaveous shale gradlng wpwapd

Ho nonwcateerosus shales, diaeonbinusus

giltsbone beds less than 2 inches thiek

in upper hall of wnit, 796 faet
Unit DB

Light grey caleareous ahale with high

carbonate conbenb, shales %mi@kly bodded,

gnaly liwmegtones commor, SN atltabone

had neay b&géhaf unit, O shaly limoe

nbone bed at tep of unlb, G7E fash



LY

ikt Dl
placlk shale, weabhored, Limonite abtalned,

silty, 3 oot plaby calcaveous =i ndabone

hed 27 feew above base of uall, I food
limestone ab base of wnlbs 79 foek
Unil DI

Black weabthersd carbonpceous Bhole,

431ty beds, limenite stained, gyplierous,
279 Leet

unit lapgely tavered.
it D2
Galeareous black shale, Limonlbe
“adained. 10 feet
it DL
" Gavbonaceous blask Tissile shale with

alitebone bedy, some sandstone beds,

nighly weathered, limonite stained

ﬁh@@u%ﬁsuhg a@nmﬁ@%&mnsa an feed

ks )

Totel Manebs Shalo yoh2 feeb

balats Sanditone - whito orossbedded sandstone with shale
and conl inbowbeds,
The beundarles amongz the elght wndtes are somewhad
gubjective because Tow shawp Lithelogic bouadaries cocuy

within the main body of the ﬁaﬁ@@a Shale i the Daltse

section. The unibs do show, howover, o ‘dubkle bub

dorinite sorvelablon with fhe Western Intberioy rveierenve



sachion (Mguve 2).

The boundary between the Dakeba Sandsions and Unid
D1 is gradationsl. The base of the Manwos Shale was
chogen ag bolng the tip of the highest wassive wandstone

i

4n the walley of the @Eﬁﬁiﬁﬁﬁ River. Delow thae gonbosd
the Dalkobe Handatone s@mmdé y of altornabilng beds of
measive sandsbonoy soybonasescus bhinly bedded shales and
giltatones; and goal bédg‘

Umiﬁ DL Hag aeb yvielded a wicrofauna noy has thexo
bean o raperh of 2 macrolauvng (Fiahey, gg,%g,g 1960} .
he coppelation of this unib is ponjectural bub by
atratigraphie pobiblon 1% is corvelative with the Graneros
Formation,

Aheve Unit 1 ton feet of plaby sandpbonos with
caloareous shalea (Unit D2) ape exposed conbaining a
greenhorn plankbonie feuns. Alvhough nod gollected,

Gryphaga m@@a@rwv% has been veporbed from this horlzon

@

(Fisher, ot al., 1960) « Gryphaea newberryl is gongrally

Qﬂ%iﬁ%ﬁ%@ to ba of eaply Turenlan age {upper Greenhori).
fhe uppeyr contact of Unit D2 is questionable hecause
ghove the ben f@mﬁ sukerop the Maancos Shale 1g shvered
for dowe stratigraphle digtance. The Dakobte Sendstone

2,

and Unita DL and D2 sbrabigraphleally ropyoipnt bhe

ot

initlal teanspression of the Late Gretaceons eplaontinenbal

BOR .

gult D3 comalats of poorly expesed and highly
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weathered black carbonscecus shale with scme plaby sands
%t@ne@a The upper contact ie the base ol the i foot lime-

stone bed of the overlying unit. The vare coourrense of

Prionocyelus ny@%ti @ﬁﬁ&blish@w @ ﬁéﬁf@l&ﬁi@m wibh %h@ 
 Lower Carlile Topmatlon. N o
" Unit Dl consists essentlally of sandy shales somes
what oaleareons with soms limestons tnberbeds. The unid
gféﬁéé“mﬁwéfiﬂinﬁéyéﬁé gr&é chleareons shales of he
@Vﬁ?lgﬁﬁé'ﬁﬁfﬁl‘ Th@ nppa@ bauﬁﬁary is tha ba%@ af bh@
.'gr&y salm&remus‘ahaLg gaqn@n@@. Middl% Gariila ammmniﬁe@
hava ba@n f%partad fron this paﬁt of hha @%&ti@ﬂ (Fiaher,i
et &1., l%&ﬂ) The upg@w part of thﬂa vt &ﬁ@ati&r&pni«~
'Géllﬁ m&r&s uhe h@%;nniﬁg of the saaand tr&n$§f®%ﬁiun ol
the sea, bmng@qm@ntly Uai? 03 aﬁ& tndh Dl r@pr@a@ﬂ@ ﬁh@
first pegression of bhe ses.
Units DY and D6 ape vorrelabive with the Niobrarae
'Pafmatinn.' Uit DS is a wmonokoneus grey caloareous shalo
which gw&ﬂad up bo Unitb D6, & caleareous allﬁy 3ﬂale¢ The
aﬂnt&ah b@%waan %he two umi%g ig at bhe bop of th@ foun
oot limestone 1370 feet above the base of the Mantos
shale., Above this limestone %h@lf@ﬁmati@m &éebﬁ%é PO
pressively MOT 6 aiitya Eiag@ﬁﬁiﬁu&&g'ﬁhim sandstone beds
pocur between 1000 and 1950 feskh éﬁ@?&‘ﬁh@ base of the
Pormation., Above 1950 feet tnit @é“béﬁﬁmé&'ﬂ@ﬂéﬁléﬁvﬁﬁﬁﬁs
Fisher ot al. (1960) veporis o ifigbrara and Tagle

ggerefauns from this part of the Mancos sectlon., HMicwo-
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faunally the two univs are disbinetly differenh poflseting

o

2

the gavcond promgpresslve-vegragalyve syele in the Westow
Taberior. The Gagle asoprointive (noacalenrecus part ol
Unit DG is not mi@wa&anally dlghingtiva,

madt D7 dun the Delba section iz a rapetlbive
sequence of Unitis DY and Db, bub the caleareous Lower pard
of the unit is epproximately enly. 250 feot thick. ¥he
booton of Unit DT is the hase af the two foot limssbone
bud 2168 faot above the base of the formation., The
fpangibienal change frow prodominantly calcareocus ghale
to predominently noncaleareous ghale is gradational over
many feet and no asonvenient bed ceours which could serve
to divide the unls Lato two. The upper sonhact is also
gradational, It is considered bo be the hop of the one
Poot ten limesbone 3018 feet above the base of the Mancos
shale. Stratigraphically, Unlt DY represents the third
pranagregsivesvagreasive gyele in the Western Inboriop
sorrolative with bhe lower perd of the wype Plerye sShale.

Unit DB s predominendly & gray Ho black shale
sequence with sllb- and dandstone beds becoming move
abundant upward in the wunib. The top of the Mancos Bhale
14 the base of the whibte messive sandsbone (Rollins
gandsbene Hombew) Maher el al. {1960) veport a lower
ploppre faune from Onit DO, Unld Db pepresents the oot
piauabion of the thivd end lnal pegression of the Late

Grataceous sen in the Dolba aves,



The Weleptt Section

fuda

The Hancos Shale was measured and gampled in
Seuw,. l.and 9, The, RO3W and Sec. 18, 21, and 32, VIS,
RE3W, Bagle Gounby, Colovado (Figure 1}« The bage oi the
gseatilon 18 lecabed approximately one mile northwes®t of
Woleobht, Colovado and shall heroln be called the "Wolcott
goebion,”

The Wolooti sectlon is located neay the soulbern
bopder of the North Park Bapia wesh of %he Front Range
Uplift. The section was chogen because 1t ig the easterin
most aven whore bhe name “Hances" 1d applied te Upper
gretagdous nevine ahales. Six@yAmil@@ to the Basgt the
Grataceous strabs ave oxposed in the foothills of the
ﬂé?%h@ﬁﬁ Peoat Range where svrablgraphic porminology ia
aimilay to the Wesbtern Interipr refepenco geetion (Pigure
2} «

In the faotbills of the northern front Renges
the (retoceous sediments above the Dakota BDandsbtone are
sollectively bermed the Bouton Fapmation. However, 4¥
is possible to divide thoe Benbon Pormation Lithologleally
iato the Mowsy, Geanercs, and Greenhorn Hembers {Bivhery
19658). The Howry Fermabtlon ig a northern Western Interiow
formahion gedurring ghratigraphically betwaen the bakata
and Grensros Formablond.

Thia HManeos Shale was messured and gampled on the

sonbthoast flank of 8 nowbhward plunglng gynelioe. The

21



lower papt Lo eapoosed along the nophh valley wall of tho
Ragle River and & small soubthward flowing pributany, The
&pﬁ@ﬁ'?&@@ oi th@'ﬁanwas 18 expogad on the sonrp alopes’
of cuesta pildges n@lﬁ;u@ vy eftber sandstone or Limonhonss
whe Hesavepde(?) Gloup posury only o8 an eyoslonal FORENG
i&~ﬁh@ﬁﬁwaughréf\@h&f@l&ﬁgiﬁg ayneline.
e Woleotd gecbion fe Lithelogically viore ainilay
B0 ﬁh@»ﬁ@mﬁ%ﬁ‘Ba&in,gﬁﬁaﬁig@apﬁy @h&ﬁuﬁhé Piceance Dasin
stratigraphy. The geation can Lo aubdivided inte 1lthoe
lﬁgié undta which awe engily sorpelated with the ebrabis
g%@pkiﬁﬂgéguem&@-éa&ﬁ af the Front Renge Uplilte
An. abbipeviated desdrlption ot the Woleott secbion
follows, Stratlgraphic sorrelation of eaok wodt Ls
sndieated. Ln paventhesan.
Mesnverds Group {7)

Pan éﬁ@&ﬁb@d@éﬂ platy sandstone with

&gymm@tﬁiﬁal-ﬁipplés,&ilt@ﬁ@na ardl gomne

ahnlo, Lignitle or colearoous.

Mannos Shale
Unit W9

Gray silbstone wibh some shale baday

gt iy dseresslag downward Lo unity one

oot fosgliliferous Lllmessione 3 feab

helow top oF ualb, top Al feev gliffe

fouming, weathered with Llmondte

abaining. (Plowpa covralative) 421 faeb



a3

matt W
Phinly bedded flue gralned guaytz Dlve
foob sandstone on top of unit Porming
prominent cussbta, beeonlug slitetons
dovnwerd Ln ssebion, 27 foob thinly
bedded sandatone with wmeld of Fossils
L6 feet bolow top of unlb, dery grey
aoncolepreots shale with few thin
iima&ﬁmﬁ% and piltatone bedg, boblon
62 feet of unlt albernating beds of
caloavaepus and noncalearcous silistones

sonbaining leaf impressionsg end molds

of bivalves. (Pierve corvelative) 689 feot
Covered interval. 290 Leal

Unit WY

Blacgk shale, séveral small btan lime=

aﬁ@n@'ha@a, 1. Teat conerction bed

548 feet above base ol uaib.

(Plosre corvelabive) 638 foet
it Wo

Dapk prey ho black caleareous shale.

{ Piorre &@ﬁv@l&%iv&) the Teab
Unit Wh

ABlternatiog d@@@ gray caloareouny shalol,

thin Limegbone b@@a# and ghaly dlnae

stoned, (Ei@&?&%a anpvelobive) 260 feeb

'
i
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gnit Wl

siltstone, coleapveous and nonealoapoois,

thinly bedded with blaeck shale inberbedsd,

12 oot black ghale bed ab base, L ineh

penvonlte ab baéaw {Caprlile

garrelativa) - L 46 feet

Coyath Wi

Dark prey caloarenus ghale and Limy

nudatones, dome limestone beds.

{apeenhorn coprelative) ' L0k Peat
undt we - '

 81@@%.ahal@ with numercus Limenite

gtadned thinly bedded sllistones,

highly weathered, {(Granerod Hembep

of Hichew, 19068} | _yk 1560 feeb
it W

Alternating degk grey silicecus

gilvatone and &ﬁ&l@g Lheh goales on

asme bedding plaing, {(Mowry Bhele

Member of Bicher, 1965} ho feet

Bl R R R TR R
R Rk

Pobal Mancos Shale 3270 foet

Dalkata Sandstone

The sestlon measured may nob ba @ complebe gectlon
af ths Manoos Shale, The platy gandabone abave Uiy WO

1s not typleal Mesavepde llthology. Hormally even the
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pasgal sandsbonss of bhe Messverds Group ave masslve, Aldo,
fhe Woleott secbion above Bhe Wiebnaya cowrelabive meiﬁ‘“
W5) ds 2695 feet thick. Levewring (1934} reports the
Plovee Shale o be 3979 Leet thick in an avea aboub

miley to the Hast.

Stratlipraphle gorvelatilon bf Lhe three seotiona

The three secbions of thig giudy can be correlaticd
liﬁhwl@gi@ally'anﬁ favnally {(Fipgure 2}  Although these
specific sections have neveér been corselated previcusly,
gorroelations have begen mads by numorous workers on obther
Maneos gsectlons, The general depositional hisgtory ol the
Wegtern Interior during the (ratdcedus hag been sublined
{Reenlde, 192N, 19hly, 1957 Cobban snd Recslde, 19%2j
W@imewg 1960) .

The ﬁamag@ Shale was deposited on the Dakota
Sandsbene mariking bthe loitlal depesition of wmaping ghale
duedng the Late Oretacecus. In the a@uth those gediments
are sorrelative with the Graneros Shale of the Great
Plains (Onit DL ab Delta and the Granervos Shale membey of
Lecuaby {1@6%} i the Ban Juan Pagin), A% Weleott the
Graneros {Unlt WA) is undewrleln by the Mowry Bhals cowe
volative (Tnlt WL at Woleobd), e norbthern Wesbarn Inbeprlor
Formation, Tu all three goptions evidence Loy a dacreaso
in alestic sedimentation rates iz shown by the Greenhorn
sorrelative (Unita N2 and DI at Deltey UYnlb U2 ab Holeobiy

Undt 03 at callup). The Athologles above the Dekada
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Bandabtone represent the Upper Gaanuenion « Lower Turenlan
Prangpression iTl of Weimswy, 1960) {(ssa Flgure &Y.

Wi Goawrlile covvelatives (Unilt DY ab Delba and
Holdoht snd Unit 62 ab dallup) vepresent the Middlie
paronion regression of the Wesbern Iaterior sea (B of
Weodmer, 1960). At Gallup the shoreline potrenbed engb
of the Gallup seotion (Seaws, et al., 194Ly Pike, 1947).
N waving sedivente above the Gallup Sandsbone are present
in the Galilup sécbion. fThe Delta and Wolcoby aves are
marked only by an inorease in clogbic sadimentation wlth
ap evidence of o nearby sherseline (Fishew, 1960).

Mapine cervelabives of the Wisbrars Formatlon ave
prasent only in the Delta (Units DE dnd ﬁé}‘@n&”walaatt
(it WH) secbions. The Niobrara sorrelative ab Delba
somprises Just under half of the dectlon whereus 1n
Woleott only 260 feot ars correlative with the Wiobrara
Pormation. The thickness of the Wiobrara cerrelatlve ab
Woleott 18 sioilar b6 the Great Plains sequences wheroas
the Delbs area wust have been an arés of greater baginal
‘aubpideace. 'The NWiobyava veppasents the gacond brange
grefsion (Ts of Welner, 1960) cecurring during the
goniaeian, The lower Gampanian vegression (Rp of Welwmer,
1960) is reprossuted by the upper part of Unils D6 atb
Dolié and the lower part of Unlb W6 af Woleotb.

he lower Plerrs Shale {lowersniddle Gaupanian)
aiplks the third transgressive ssguenge of sediments in

the Wesbern Interior, Thils tvama@@@@gigm.iﬁg off Welnay,



a7

s vepprosented by Ualt D7 at Delta. Al Woloobb

r”

196G)
voibe WP, WH, and W9 are vepebitive cyoles ol shale to
giitatone te sandaténe, Thay probably vepresent loonl
godiment @ﬁppxy from o nearby goupce area masgklag the
fundamental third pegregsion of the Western Interlor. The
upper pardt of Unlt DT and oll of Unlt D ab Delva iy
sarpelabive with the middle Plerpe upper Campanian row
grasglon ng of Weimer, 1960) of the Wegtewn Interier

dea. At Delta Unit DO wmarcks the final wégregsion of the
saa, ‘The relabtlonship of Unlbe W7, 1 W8, and W9 at Wolcoub
witlh the pgenewral histery of the Wesborn Interlor lg nob
well knowny bub the thres unibs probably represent a
gingle vepression coreelative Lo the third vepgressive

sequense at Delta.



PALEOWIOLO Y

Goneral Statement

Bixbty gpeales of Foraninifera are present iu the
three gections measured hy the wpiter. The spécles. ave
not evenly. disteributed aswong the three sectlong or within
oach ol the sestions, 0 the thpee sections, the Woleokb
section contains the fewesd number of gpecled) only twentyw
nine are reperied., Thivtyeane and dhivby-Tive gpecies are
poported from the Gallup and Delia sections, re@pa@%iVQEya
The Gallup seetion is stwatigraphically the thinnest. Howe
sver Lt conbains o varyed microfauna,

Within esch mection the ecaleaveous shale beds
yielded the wost abundant microfaunas, Fopraminifera ave
geares or absent in the nonecalcareous shale and silty shale
beds of the Mancos Shals,. The wmisvefaunas from the cale

careous ghale beds are dominated by species of Hedbergélle

and speciss of Haterohellx., Specles of Harginotruncanidee

asceur only in a few Gens of feel of sectilon at Delta and

Wolgotlis  Specles of Gavellnells ave more widely dlstribubed

stratigraphically than all ofher species and are less row

goricbed to apeclific lithologies than plankbonic species,
Pavmas from corvelative strata among the three

sgobilons are dissimilap. For ezample, the benthouie fauna

fvom the Gallup seetblon is more similay to correlatbive

B
il
Kaba®
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fannas deseribed by Fox (195)) from Wyonlng end Young
(1981) from Honbana than the Della or Wolcoth oorrelatlves
and the favns Aeseribed by Lamb (1968) from the umorthorn Sen
Joan Bagin,

Faunal ddversity 1§ low in all samples from the
three seotions., Faunal dlvepsity is ldeally a measure o
the nueber of specles ocourrlug oun one atrabigraphle
norizon, # bedding plane. Howevew, most of the samples
ave ten-Cpot chanaeld a&mpl@ég ~ﬁqn@@gu@n@l§@ founal dlver«
aity in this gﬁuﬁy r@féra Bo the numbey of gpecles found
in a single 500 gram sample. I ig thus poanible that the
faunal diverslty ol o gample, howaver low, execoeds hhe
faunal diversity of any badding plane gontained within that
sample and 1g in every cage & maxinim vaLlius,

Faunel domivance ig high in all fossilifercus
samples of the Mancos Shale, Thls i prpacbed in faunas
showing low faunal diversity (Walbton, 196hY) ., The faunal
dominance velue of o siogle sample must be & maximum valus
for any single bedding plene. Because those spacles thav
dominate a fauna in one sample occur conglstently Lo many
gamples, 1t 18 reasonable Go assumo Hhab faunal dominensco
af a sample la, howevory vapresentabive,

The Gallup Secylon

Uit @) ab Gellwp conbains an abundent foremlinls
Pepal Cfauna, Thirgy-one species belonglng to elght Panilies

ape present in the formailon 130 ©o 300 feet above bhe



bage of the fommgbion (Migure 3). 0OF the thieGy-ane
gpecled, seven are plenkionic., The planksonie specles
Aominate the foraminiferal famoa in mpet semples and swell
the fopan nuabsy o above 200 in several samnpled, Benthonie

gpecles approached egqualiby 1n abundanes oaly in thosze

sauplas where Ngobuliwine sanadensis Oushman and Wickenden

18 presenv.

nenthonle speclen are deminated by Hepbul lmina

cangdensis snd Gavelinells dakotonsis (Fox). Gaverlielis

dakotonsls Llg present in all semples of Unit Gl. Its

sbundence varies from Less bhen one per gram of sample Lo
five per gram of ganple. The abundance of all obhey gpecies
of beonthonle Cowmuninilera ia less bhan dne pepr gram of
gamplo .

Todosariidae spe the woad diverse Pamily in Unib
(1 st Gellup., Whirteen specles are pocordad bub none ara

sommon, Lenticulina gaulting (Reuss) ooccurs throughout

Uit GL. Marglouline gallupina n. gp. Hivech, fFrondioulanis

Qg@ntiar@ﬂ%i% Young g E&ﬁgimuliné@sia amplaspive Young,

sarpcensria ressided Fox, and B, loversa Reuss are proaent

10 the lower part of Undb Gl. &@mﬁi@u&;na,g&glgina (Rouss ),

L. muensbori (Roemer), Denbaling comuunlo (arorbigny),

D. ofs D. songobring, Fropdiovlapis laverss Reuss, and

Lonticuling musnsheri (Roomer) oecur poyely at the boubon

and near the GHop of Tait Gl.

Spoeles of bthe Fewmily Angmalinidas are coumAOR
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| ==~ Inferred range of species

=— Species present in somple

No microfossils found obove 700

ey N O samples

| Bigenerina hastato

Reaphax troyeri

Goudrying bentonensis
Nadosaria bighernensrs
Dentaline communis
D. ¢f O. cansabrina
D. iorneianag
Frondicularia  frontisrensis
A inversa
Lenticulinag gaulting

L. muensteri

arginuling galivping
Marginulinopsis amplaspira
Palmule sp.
Saracenaria reeside;
Vaginulina  kochii
Neobulimine canadensrs
Praebuliming wyorningensrs
Valvulmaria loetter/er

V. plummerae
Heterohelix glabuiasa

H. maremansi
Hedbergella brittonensis
H. delrioensis

H. planispira
Lablichella coarctata
Ratalipora greenhornensis
Cassidella fegulata
Gavelinella austinona
G. dokotensis

Guebelitric crefocea

dNivo 1V YYIJININVHO4 40

NOILNAIYLSIA DIHdVHOILYYLS

¢ 3Jdynold

T¢



X3
2

phrgughout Unlt ¢1 ab Gallup. gavelinslle pichornensiy

{foung) oceurs parely but &, dekotensis and G. austinans

{ Bushmai) are common Ln Unlb @le“@&V@liﬁ@ll&-ﬁ@@@t@ﬂﬁi@

panges threugh the unli, whersas @¢:amﬁ§§§ama<ia AOMNO N

el

only in the upper part of Unlt Gl.

Gpecies belonging to the Discorbldae are presend

orily in the lower papt of Unit 1. Valyulinario plunmorso

Lostterle is resatrieted o the lower papt of Unlé 1y

whereas V., loabterlel Plumier ranges thrdugheat nit 1.

When théy atve present, speclas belonging to the

puprilinidse dsminate thée benthonie fauna. Woobulinine

sanadensly (Gushman and Wiekenden) la particulerly

shundent to the lower pard of Unis L where Lt compriges
up o forby=two per cent of the foraminlferal. fauna,

Aithough the abundance of N. sanadensgls decreases upward

in section, it is restricted to samples conbaining

Heberohelix globulosa. The presence of N. sanadensis Ly

nit,; however, voncomitant with every eocurvence of

Hetopohelix globulosa.

fhe plankionic fauns of Unit L at Gallup is dowmis

nated by speciles of Hedberpells, ineluding H. delrioensis

(Garsey), H. brittonensis Loebliich and Tappan, H. planie

gpipa (Tappan)y and spacies of Helheprohelix, including

Hoberohelin plobuloss (Eheenberg), and He mopemani (Gushe

mon). Hodbergells hpittonensis and IH. planisgpiva ooous

nesr the bothom dnd neay the Lop of Vnit L but avs abaend

10 the aeotion 180 bo 240 feet above the beage of the
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formabion, Robalipova greevhovnensis (Morwvow) is repra-

gented by Htwo gpecimens in one sample 130 feet above the

base of the formation. Loeblichella voarctata Pessaguo

eocurd rarely in the upper part of Unit Gl.

Hotorohelly plobulosa and Hedbergelle delyioensid

A

ape the meed abundant of the plankionic speoies. Both
ppecion ave extremely abundent (foran aumber exosading
500% Lo samples from the botbom and the top of ihe TUnit,
o the cenber of Unilt Gl,; 180 to 20 feet above the base
of the formation, Foraminlfera are reduced in abundanee.

I this part of bthe gectlon Hetepoheliz globulosa domi-

nates the faunag,

Undt 02 ab Gallup Ls distioguishable fyvown Unil
(1 both strablgpaphleally and micpofawnally. Unit 2 is
sagentially devold of a micwofauna. Only a fow scabiered

specimens of Reophex troyewl Tappan, Gandeylus benbouonsis

(Capman) G. dakohensis and melde of H. of. H. delviconsis

and Heterohelix globuloss are pregent. In addition there

are many disberted, genewrally flabtened, waldenbiiiable
tagts that ave eithor crushed rotalold agplubinated specles
or opushed molds of rotnlold caleareons specissa. The
pbyuph change in cheraster of the nicrofauns Lrom Unlv GL
o Unlt 62 is probably dus o both an scological change
upward in sectlon and diagenstic destrustion of fovamini-
feral tosta.

Ualt G2 was weasuraed and saupled collected from

the cuseiha norbh of the wineshbafb., The occuipencs of



£
gypaun in vertileal joinbs and aleouyg bedding plancs mibie
gatos agalnst the oacurrsnce of elther a caloarsous nicros
or macofamma, In fact, anmuenite dpecimens odeurved ag
molds.,  Updlp osuberop samples of Unibt Gl were bagrén of
Fovraninifera, whereas the minesghaft sampled were all
Fougilifaerous,

Although the abgence of a salearecus wnloyofauna

in Unilé G2 may in pagt be due bo leaching, sgglutinated
faunas tend o be less effected by Lleaching. The sparsiby
off agglutinated Poraminifera s due sibher to extrens
dlilutlon of Fervaminlfera by rapid sedimentabion, to the
destruetion of the tests duping the disgenssis pl the
Monocos Bhale in the Gallup aves, or Go ovigiual paucity
pf a fauna,

Gorwelation of the Mancos Shale st Gallup

Bacause of the diverse benthonle foraminiferal
fauwnes and the occurrende of several plankionle apecles,
the corrvelation of Tnild ¢ with the standard seobtinn of
the Wegtern Interior and the Gulf Coastal Plailn standard
pactiion ia peadily determined. The age of Unit (2 muat
nededsarily be inferred by gtyatigrapbic pogitlon and
maerofavnal coveelation,

Floods of Hedborgells delricensis, which ccour in

damples fron Unlb Gl &t Gallupy ilg a chepachenlstic
Feature of the Greschorn Feemation and coprelatlve sbrata
theoughout the Western Intericr (Moxwew, 193kh; Loebterle,

19375 Fox, 195k Loeblich and Tappan, 19613 Bicher, 1965,




1966}, The range of H. delvicensig in the Gull Cpast is

iy

Genomanian to Campanian (Pegsagno, 1967).

- $he geourvence of a few specimens of Rotalipora

gra@nhmrm@msia‘lﬁﬂ4f@@t.aﬁﬁve the basge of the fermatlon in

unit 1 is significant, The range of R. grgenhornensis ia

reftrlebed bo Cencmanian sbrata iu the (ull Coast ( Posaagng ,
1967). The speeied bas slso been reporied from bthe Groens
horn F¢rmaai@n»im Kangas (Loeblich and Wappan, 1961).

| The benthonic . foreuntniferal fauna of Unit GL.
indicates & late Cenowmanisn to early Turonlen age fop Unib

Gl. - Valyulineria plummoras, Dentaline lernelana,. lron-

dicutapia loverss, and Gavelinells austinans do nob ocour

in gtrate older than Tuvondan in the Guil Goash (Tpinzeldl,

195 . Converssly, Lenticuling paulbine, Vaglnuiina

ookl and Valvulinsyia 1ﬁ%ﬁ@$?lﬁi‘hav& not boen rveported

in abpaba younger than Cenomanien In the Gull Coast

(Prigeell, 19%4).

The Delbe Seetion

Genegral Statement

Phirty-five apecles of Foraminifepa arey reported
from the Delta Sectlon (Figurs Q)a‘ The distributlon of
the gpeclies among the Unite of the section is not uniiowm.,
Undbe D1, D3 and part of DB ave devold of a micvofauna,
Thege bthree unibe apry silty«~ and gandyw aouncnleargous shales.
the nalearaesus shales (Unibs D2, DY, DY) of the Delia

gsoatlon contain g nigrofauna vayying Lo abundanco.



plankbonic specios, partioularly Hedberpgelln gppe -and

Hobaronalix gppes dowinate the faunss, However, plank-
Sonie Foraminifere ave rave.above 2,166 Tfect., Specles of

the Genus Gavelinelle are fhe only benthanice foraniniiere

that gongigtently oceur throughoul most of the fonaill-
fevous secbion. In the uppermogt part of the gachion
{Ondt D8)Y,; aggluvinated faunas are comion,

The wmesh steilking feature of the benbhonle fauna
ig the exbpemely low faunal divepsity in individual
gamples, OF the twentyesixn benthonite specles, thirbteen
Are calosrenus. The preatest faunal dlveraity of eale
carasus benthonie speeles in e slugle sample is Cive near
the base of Undt DE.  The faundl diveralty of agglutinated
speoies 1s maximum near the bop of Unit DO where six
gpecies are recorded {rom one sample. Oenerally, the
founa conbalned in any one sample is doninated by two to
three gpecles.

The Lloweast Possiliferous semple in the Delta

gecblon oceurs in Unit D& (Figure lj). Hedbergells

delyioendgiy and meﬁarﬁhalig globulogs occur abundantly in
the calearepus shalss of Unit DE. The abundaub ocourrende
of those apecles in conjunchion with ibs stratigraphic
position ig section esbablishes a correlabion with the
gresnhorn Fepmatlon and 1ts corvrelatives. In addition Yo
ghe above species & Ffew specimens of the Iovllowlung ave

pactprdeds
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Rasphax groyeri Tappan

Dentaling pefloxn Mowwow

cavelinells dekotonsis (Fox)

cavelinplle dakobensls end D. vaflexa aro wypleal

gpeenhorn species and, although are, aorroborabe &
sperelation with the craenhorn Feemation (Migure 2}

gnit bl contalns a micrsfaune doninated by aprushed
agglutinated Foppaminiiora. Although relatively abundanty
the specific idenbilication of these LoPms ig impossible;
and generileé jdeniiilcation can be questioned. The wrilber

tdentified them as Reophax 7 8Py Ammm@a&uli%aﬁ.? fpe and

Propchaming ¢ gp. Lo yhe upper perd of nls Dby 8 fow

gpeeimens of Gavelinelle zangagensly {Loetterle) and

henticulina kangasensis {Morrow) were found. Coprelatlon

of this Ualt on the pasis of the nierofauna e oot
3ug%ifiabl@g howaver, by stratigraphle pogition and macros
faunal correlatlion, & gaclile correlation 18 indicabed
(Plgher, 86.8k., 1960).

gnit DF conbeins a typleal Wlobrara Pavne dominated

by the planktonlc apeales ﬁaﬁbeﬁg@ll& @@l@i@@mgig and

Hgtorohelin globuloga. Hedbergells dolriaensls ig nob as

abundant as b ig in Gthe fpesnhorn eguivalenis. From 900

s 9860 feet above the base of the Pormation Mapginovensi

{Gandolfi), Arehacugloblgering bogquienals (Pessagno)s

and As oproboced (d'@rbigny) pecusr . The oeoupyoncsd af M.
(e Preshacma i i el
ronal and A. orelacal 40 significant because tho Fongos

6f these specles agvariap Lo the Gulf Goast (Pessagao, 1067
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F@é%&gﬁa reports the latest onourrence of M gg&%& to be
phe top of the Santonian, whielh ig the sarllest GUcouProuce
of h. cretages.

The a@@arranaé Qf @ig of the planktonic apaocies
in one S&Wpl@\@ﬁﬁ_f@a%,@h@?@uﬁh@.h&@&,gf the Tormablon
m&xks.thapgr@aﬁast.faunal,diveraiby of planktonle gpacles
a@,ﬁa&ﬁaﬁ;<ﬁ@ﬁe@veﬁ@;ﬁh@‘apya&ran@a.ﬂf the gpaecies ls .
gudden .. ﬁpward-in_hhisjpawt.af.thé gachion the sbundance
despasges pradually with the dlsappearants of Y. penai
ahove 950 feob.

the Following species are restricted bo Unit Db«

Dentaling lorneiana d'Orbigny .

Lenticulina sublooyls Nerrow

Hedbergella planlspira {(Pappan)

Loeblichella coarstata {(Bolll)

Msrginotyuncana renzl {Gandolfi}

Archacogloblgerina bosguensis (Pessngao)

Arehasoglobigering crotuces (dtorbigny)

_@avelinall@:k&ng&aan&iﬁ,(Mapyaé}

The fgll@wimg‘gpeaiaﬁ soeur in Unit 5 but are uot
restricted to 1b.

‘Dentalina lormefana d'Orbigny

Hotoroholls globuloga (Bhvonborg)

Hedbargelle delrioensis (Oavsey)

‘Unit & contalins a anigue faune dominated by

Hetershelix striaia. Hedbergella delrioensig occurs

parsly throughout the Unit, Heberovhalix globulops ocours



papoly ab the buase of the Unit. The oseurrence of

Heterohallx striabs as the dominant specles la Uals 6

merks the only oocurrence of this specles ln the gections
studied,

Unit 7 et Delba mevks a change in the microfauna
Prom o dominanbtly caleareous bo & demjnantly agglutinated
Pauns. Plankbonisc specles occur only ab bthe bolten of
the unlt and do not appesr above 3;16& feet: &4 fow molds
of H. globuloss occur in the upper part of Unit 6, bub
their ossurrence along with well preserved @. henbosil
auggests the possibllity that they were washed into bhe
apes pather bthen be an indigenous part of the fauna.
fhe oceurwence of & more varied agglubinated favma in the
upper part of Unlt 7 (Figure 4y subsbantletes this poge
gibility.

Gavelinells henbesti occurs in nearly avery ganple

and is the dominant speaies. Although the agglutinated
founs 18 similar to that of Unit 8, species number is
extvremely low.

The following speciss ave restricted to Unit 7
at Delba (Figure 5).

~ Bwilﬁpﬁﬁa_l§@§i& {Selas)

globogerinellolides prairiehillengls Pessagne

foxostomue clayatun (Gushman)

Gavelinells henbesti {(Plummer)

All of the specles except . pralriehillensis and

G. henbesti are long vanglng. - The oldest reported
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oceurrence of sach of these specles is Cempanian, Theve-
forea, a lower Plowre correlation {(Pigare &) is indleated.

With the excepbion of Apomalinoldes sp. in one

sample, Unit & conbalns an agglutinated favna.,

The following spacles are vesbricied o it 8.

Haphophragno 1dbs bonanzaengis fbelek and Wall

Thalmannanming gp.

Ammobueulltes coprolitheforme {Schwagey)

Dorothia bulleta (Cavsey)

Anomalinoldes gﬂ.'

Haplophagnoldes rete and H, bovangsensis have heen

vaported by Tappan (1962) from Alaske wheye thay ¥angs

in age from Turonian bo Campenlan. Mello (1969) reports
them from the upper Plerre Formation {Campanian). The
fauna ig difficult te correlate beocause the panges ol all

the speciles ars long,
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The Woleohl Seetlon

the micwofawns coatained in the geniples from the
Woleubh Secblon is pastricted to a Pew Unlbs of the
dechion (Flgure B). Unlbs W2, WO and U9 are bayven of
Fopaninifera. Unit Wl i a silicn cemented shale contalning
righ meales typleal of the Mowry Shals further o the northe
The gamples 44a not break down and, thus, bthe presense o
absence of Poraminifera could not be determined, Unlh W
was almost completely povered. The samnples epllected fpom
Unit W2 were highly weathered and yielded no wicrofosalls.
ait 7 conbalned only a few gpecimens of Foraninifera.
Konk (1967) veports thalb a@wwel&%mv@ @tr&t@ apPros 1mata1y
50 wiles W@st Ql the w@lsmtt g@stlcn &?@ aas@nﬁialig
parren ol & mie@afauna, The @nlg unl g yi@iﬁiﬂg @a
abumdanﬁ f@ramiﬁif@ﬁ&i fauna a8 wﬁlcatt ER e Hm&%& WB &ad
.wﬁg'@Lya@ibraphiaally &@fr@l@@ivg @i %h@ Gf@@ﬂhﬁ?a auﬁ
ﬁmabﬁayg bﬁ?ﬁ&tlﬁmdg ﬁ%@p@@%lvalf.‘

Unlt W3 y;e&d%d a<meﬁazauna, typia&l of the

@f@%ﬁhﬁﬁﬁg dominated by ﬁ%dh@rgalla d@lriﬁaﬁaia and

ﬁ@b@f@h@liﬁ &iabulaﬁ&ﬁ, Q&V@linella dakmt@ngﬂg OECURE
ﬁﬁraughwuﬁ moab of Ghe Uﬁ&ﬁﬁ i% uh& Mo st plundant alenont
of the 1p@V@§iﬁh@d venthonle fdmm& (Fi@ﬁﬁ@ 5Y .

The 1@11&wing ﬁ@&@xﬁ% ar@ f@s@y&aaed o Qniﬁ W3
&ﬁ'W@lﬂﬂﬁﬁa

valiaalia d&&m améxa (ﬁmx}

L@nﬁléuljﬂ@ &&ulﬂan& ﬁﬁ@ﬁ@h%7§ﬁ}




5 T T T _ .
8 S g o Species present in somples
- o o, bes — —~ Inferred range of species
o NS Feet above top of Dakota Formotion -
s NS
c _NS
w__z:i UNIT 5 UNIT 6 UNIT 7 : mmmE No samples — Fm. covered

- e - Reophox troyeri

1. i

‘I : | : m Ammobac. coprolitheforme
| —l | : e B/'gener/:na hastato

I L | ——— - — - - =~ -3 Goudrying ben/qnens/s

| I - = | < Denfq//na /ome/an_a

}_ - | l = Lenticulina .gau/fma

| — : L. kansosen_s,'s

: — | g L. sublaevis .

] l | | S Palmula suturolis

: — i E} Bullgpora laevis

l — : : g Valvulineria plummerae
—_— = | Heterohelix globulosa
L — 5 : =3 Hedbergella amabilis

] ] - ] : % H. de/r/qeng’s

el ] | A. p/_an/sp/ra

| | — | : = Lablickelia coorctata
- l l } - ® /?ofa/_/pora greenhomgnws
| — - } Marg/qofruncana renzi
o L : (c'.: Gavelinella dakofensis

| I | !

G. kansosensis
G. henbesti
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ﬁ@@b%ﬁg@lla hfitt@m@nsiﬂ Toeblich and Tappan

Hadherpello g}auigpira {Tappar)

Rotalipors groenhornonsis (Horrow)
whe followiog spesles oeour in Uit W2, but are

not vesbrlobed to the Unit ab Woleobhi,

’ﬁ@&b@ﬁg@lla dolrloensis (@afﬁay}

Heterohellx globulosa (Bhrenborg)

The apoecles pastrioted to Unlb W3 ave typical of
epoonharn Tavnas veporbed olseuwhers (Figure 2).
gnis ul yielded a apawrse microfauna consistiing i

a fow epecimens of Gaudreying ventonensis and Bigenswiuna

hastata., Disborted and erushed, unidentifisble gpecimens
ware nunerons, BY atpabigraphic position and 1ithology,
the Unit Ll coprglated with the Caplile 3hale {Piguea 2.
tnit WS conbains the moat diverse foreniniforal
fauna and te sovrelabed with the Wickhwara Formabion.
The dpecles peatricted to Unib ¥s ab Woleohb

Pl Lo

Lenticuling muensberi {Romer )
I, aublagvis Mowroy |

palmnla subwralis ( Gushuean)

Loeblicholln gosrghaty (Polll)

Gavelinella kensasensls (Moprow)

Jith the excephlon of a few specimens of Popaminie
Papa in Undd W6 (Figure g}, the enbiye copmabion above

it WE is essenitilally barren of Foraminilfera. it Wo

s

pantaing the followlng spacies.



Lentleulina kansagsensis Morrow

Bullopors laevis (Solas) -

Heteroholix. glebuloss (Ehyrenberg)

gavelinelis henbestl (Plummer)

P e =t

. The ogouwrzence of G. henbestl. ls, however, sige
nifieant and suggests a correlavion with Unit W6 at Delta
and the lower Plerre Formabion..

Migrofaunal Zonos

The marine Uretaceous gediments of the Western
Interior are characherized by conbelning a milcrofauna
that ls extvemely varlable. Very often the deninant elé«
S ments of A fauna are few long ranging gpecled of planktonie
Faﬁ%minifa@aﬁup&gtiﬁni&%ly in the Greenhorn and Wicbsara
aquivalent asirata. Shorb-ranging specled,; such asg speciesn

of Rotalipors ere restricted to the southern part of the

Western Interlor, Sga@i@g‘af‘Marginﬁﬁfunc&niﬁa@‘&ra
lik@wiaé»féaﬁriatad {(Kenty 1967) and occuy in enly limited
parts of the stratigraphic section.

The only specles with o relabively short vange that

have heen veporbted to occur throughout much of late

Oretacecous marvine strata are specles of Gavelinella
(Movrow, 19343 Loatterle, 1937: Vausyge 194T; Young, 1950;
Foxr, 1984 Risher, 19663 Keus, 1967, 19693 Lamb, 19603
Mello, 19693 this sﬁuﬁyjf‘_ﬁltn@ughy-iﬁ ig obylously less
desirable to atbempt sondtlon of mapine sedinents on the
basis of benthonips speciles, the limlted ceccurrence of

ghorg-rangling planktonie speciles nsceguitates this pro-
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sodure. Kent (1967) pocopnized this problem and gupggashed

& @ﬁV@iim@lia tnterval for part of the Lower Niobrava

squivalent 1n northwestern Colorado.

ive spacien of gavelinella have Leon described Lu

stoate fron the Western tnserior. They are . éakatemalwg

¢, pushinana, (he wengasonsly, G hé}*l’ﬁ:ﬁ’w"&}i and G halayle ia

{Fauas) . Although thelr abundance vavies they have been
peporbed in faunas from e variety of Lithologles over &
tavge part of the Western Tnterior.

The dLifisulty in appralsing theolr valus a8 Zono
species le the &iff@rimg opinion of palepntologists ol the
saxononie stabug of these apecies, Thus Melio (1969)

congiders G. dakobensis a junior synonym of . rapsagensio.

remb (1968) congiders G. dakobenais a junlow gynonyn of

G ﬁgﬁﬁggﬁgge The welber strongly gugpects thab ¢. balopla
(Naugs) is o junior synonym of . henbestl. Becaude
pf&ma?y bypes of G 5&1@%1& weve vnayallable fo the welter,
the species ia congidered valid although Lhs range La
gimilar Bo G henbestli. 'The tuo spocisn are weporbed LU
seous bogether in the same saples (Konk, 1967). The
gther four speclLes deseribed in this repoxt have bean
aampay@d Bo prlmayy bypes sod are ponaidered valid,

The confusion of thelr taxononic dhatus e, ko part
due o their wopphologleal gimilarity, Thie simllaniby
along with atpatigrephlt ocouURrencs pugpests the poEgLe
biliby that they wepresent an evolutilonoapy lineage.

Tu the Mencos Shale the apder of stratigrephle
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peourpence is G dakobonsis, G. ausbinana, G. kensasensli,

G, nenbesbl, Blsewheva, in the Western Interior the
praviougly weporied Pleat appearance of gach of the spoclas
fa aimilar and glven below,

Pormation oy Standard

éﬁ%%iﬁﬁ gggtiéav@@ﬂiV&l@nﬁ {=) Auihor
G @@kéﬁ%@éi@ uppaer Greenhorn (=) Foxs L1954
& ag%%;m&ma upper Gresnhorn (W) Laml, 19606
G kangagensis lower Wicbrara HMorpow, 1934
G, hgobesbl upper Wicbraps (=) Kenb, 1967

The lagh ccowerence of these spesles reported
slseihore in the Western Interlor ig given bolow.

Formatlon or Shandawd

Speaies geotbion equivalent (=) Author
¢, dokobonsis Lower Carlile Bieher, L966
‘g; auvghlnana upper Gréenhori Lamb, 1968
G, gamaagﬁmsia% upper Plerve Mello, 1969
G henbestl upper Wiobrars Kent, 1967
s

the writer belleves (. Xsngasensls Mello nof Horwow is

G. henbosti.

Althovwgh this stratigraphic succasgion and wWope
phological similavity suggest a lineage, the ranges of
thedo speclas in the Wesbern aterior tn eblll uncertaln.
Gongeguently, the welier beliaved that incluslon inbo

Assembiloge Zones wather Lhan Range Zones Lz warranhed.
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govelinglle @a&@t&mﬁi% Asgeublags £0na

The sarllast sene proposed by the weitor Ls the

avalmﬁall& dakau@naL@ Aasenblage Zone {(Table 1)s En the

goetions studled for this poport 1t Ls best developed in
bhe Galliup section where it comprises all oif Uniy Gile o

- The %ﬁiﬁ@“ﬁﬂs&il&.f@ﬁ‘thiﬂ Assemblage Zone includes

~r@avalinélla{dakgtem&is‘CF@%}J

- Wodoseria bighornensls Young:

F@én&ia&l&ﬁia frmnﬁi@wﬁg@i@ fﬁun&

u@nﬁxﬁulmﬁ& gaaitima (Beﬁﬁh&ilﬁ}

ﬁ&@giﬁ&liﬂawglg aﬁyla%plr& Young

%araa@naﬁia fﬁ@si@@; Tox

Praghulining wy@mang@naiﬁi%ag}

Robalipora g@aamngrﬁansi@ {Morpew)

ggdbgfgel%@_bfiﬁﬁmmeﬁﬁi@

gavelinella susiiospe

ALY of these species have heen veported from Groons
norn equlvalent strata slaswhere in the Weslero Interiey
iﬂﬁﬁﬁmwg 193hy Young, 19504 Fom, 19544 Laﬁbli@h ﬁﬂ@‘@&ﬁpﬂﬂg

196143 Tamb, 1960). &aw&l&ﬂ@ll& dakotenslis, ha% b@@n pé=

‘paﬁtaﬁ ho oeeur la the averlying Carlile f@fﬁ&ttaﬂ éLxmb@?a

1966}, The venge of G. d&kmt@a&ma must be @mngldgfs@

prester than the limﬁtg of th@lpra@@mﬁly defined Assemblage

sone. Hedpergelle britbonendis has not been reported from
slgevhere in the Weshern Inteplor because neat of bthe

publishod peports of Groenhorn aquivalonts predats the



PARLE 1 « SIGUIFIGARNE SEECIEG OF FORAMINIFERA FROY 4HE
ASSEMBLAGE ZONES IN PHE HAUCOS SHALD

Gd = @&valiﬂall%,daﬁoﬁ@ﬂaia Aagemblapgs Zons
Gl - @&vex‘m@lxa'kanaasaﬂﬁia Apsenblage fone
¢ ~ Gavelinolla henhesti Asnenblage Zons
iy » Haplophrapgngides vohe Aagenblapge Zone

iy Dy and W = Ooourrense of specles in Gallup; Delba, and
Yoleoht sectlons, pappectively.
B « specles popurbed elsewhero in correlative sbyata Irow
Weatern Interlor.

Assemblage 20008
Y eE [ Gh L M ~Signifidant Spacicg
“HOWE o Favolinalia dakobendls
¥ . ﬁyd@%a?ia Dighornenalis
GWE Lentlouling gaultling
OR Prasbulining wyominensis
- GUE Hotalipora greenhornenaie
GE Hedberpolia bribtonensts
G gavelinsila ausbinana
gDE | WDE : fodborpollia delrioonsis
G D Hedbergolio amabilis
- GDH Hedborgolln planisplrd
- GDWE DWE DUWE N Heterohelix globulose
goH Weobuliming canadengis
- GI3 T ?&,vulin%ri@”im@tarl@i
ar " Talvulinerisa plumnerse
i DR Dentoling lornelana
‘ DWE Gavelim@ll&‘kansag@nsiﬁ
DY Hareinotruncana VoL i
W Arohacoplobigerina bosguonsis
Dy Avohasoglobigering gretacea
DWE Tenticulina kangagensls
DWE Palmule suburalld '
DU TobLichella coarctate
D [y Sncpamming Gilfiugiiormld
¥ AnmodiLBous gretaceud
DWE M fap Lophragmo ides rota
DUE L5 H, Fonanzensils
DWE DWE Gaudryina bentonensls
D Pracbulining carseyns
D s Hetorohelin striata
B Tiobo. praviehillensls
Wia iy ggyaidinai@@s subeconicus
B Uoaclnophragng codyensls
D D D Spiropiec tanning lalickeri
DR Fuliopora lasvls ‘
& DY Reophas vroyeri




X el
Py

recognition of the specled.

ggg@linallg,kamga@enﬁi$ Aasemblage Z0Ne

The %a#&liﬁﬁllg'ﬁ&ﬁaaaenais Apsemblage Zone is

prapaga& far the lower part of the Wiobrara equlvalent of
the Mancos Shale. It 18 best developed At the Delta
geetion where the Assembloge Zone comprises all of Ualb

py. Gavelinells kangagonsis, L@ﬁtiﬁ%liﬁ&'&@ﬂﬂ&s@ﬁ&iﬁﬁ

Marginotruneans yenzl, and Archasoglobigerine grelaced,

are guide apesies f@r the Asdemblage Zone.

Gavelinells henbesti Apseublage Zone .

Tr bhe wectlons studiled Gavelinslla henbeati is

ragbirioted to Hp?%?‘ﬂiﬁby&r% and lower Plevpe equivalentbs.
TH is nemed for ita occurrencs in the uppér part at Unib
pb end all of Unlt D7 ab pelta. The specles i abundant
at Dalts and Wolecotd Wﬁﬁﬁé it 1s ﬁhﬁkénly benthonie

gpoules ln wany gemplos.

Haplophragnoides roba Assemblage Zone

The Haplophragnoldes rola Assemblage Zone ia nomed

for the microfauna of Ualt DO 2t Delts, The zone doss nob
ogour abt Woleobt.

The neming of ap Assemblage Zone that in the present
atudy eocurg only in one locality is somewhat pisky. Bow
gauge the species ¢haracteriatic of this Zone Are donge
pangings spglutinated spocies the zene iz condideraed a Faciod
pamemblage, The valldity of thig mone must awall fupther

study to verify ibe usefulness.
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EUROPEAN GULF COAST ASSEMBLAGE SUBZONES MANCOS SHALE
a a a ASSEMBLAGE
-STAGES STAGES ZONES
ZONES
NAVARR OAN MAESTRICHTIAN
?
Globotruncanc Globotruncana Haplophrag. rota
. - elevara — ?
CAMPANIAN TAYLORAN - fornicata — ’
stuarfiformis Archaeoglobigerina
blowr .
Gavelinella
-Globotruncano henbest/
Globotruncana fornicata
SANTONIAN
- bulloides ~Marginotrencana
AUSTINAN concovata Gavelinella
konsasensis
CONIACIAN Maryginoirancana
renz/
. Whiteinel/o
Marginotruncana
archoeocretocea
TURONIAN - helvetica o
arginotruncana
EAGLEFORDIAN sigali
) Gavelinello
“Fotalipora dokotensis
-cusﬁmar_;f —
Rotalipora s.s. greenhornensis
CENOMANIAN
WOODBINIAN Rotalipora
- evoluta

- —D
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PALEOEGOLOGY

e brenspressivesvegressive nature of Uppar
custaecsous stwata In the Wephern Interior is well known.
T a more redent review ol the ghravigraphy, Welner {1960}
ahows evidence for four pranggressions ogeurriog duging
the Lmbe Crebaceous. BRach of the prandgrosslons g fole
ijowed by & regresslon gtratigraphically, each Granas
prassion is veprosented by o marine shale tongue extendlng
westward between deltala and aonemapine sedimenty of the
Mosa Verde Groups The ingroasna imyaarbﬁmat@ conbani,
partieunlarly duelng Groenhorn and Niobrara equivyalent
depogltion, suggests a doorense in the rate of terpigenous
sadiment supply. BDaeh reogression is marked by an angbuward
inboptongue of Masa Verde Lithology inte shale (Begsy bhe
Mancos Shala). Bach sycls (%@&magv¢aaian~r@gﬁ@saiam)
papregentd 2 westward then pasbward migration of the showe-
1ine (Weimar, 1960).

fhe feraminiferal founas -of the Mancosn Shale and
obher Western Inberiow aghratigraphic wnibs ave aiffevent
fogm Phe faungs of the well knowa Ceasbal Plains of the
Ablantle and Gulf Goash reglong, The foatupen vequiring
axplanation {neivde: L. the dominance of agglubinated
gpociee in payts af esch ssationg 2. the tens pf feat of

one or wore parbs of each seshion barpen of Fovaminifers;

ot



WL
[exd

3, the lepge number of @amyl@ajéénﬁaining a monpapeeliic
Paunss . the guapms of planktonic: Fovaninllers in gavoral
gumples of sach gochion; and B the velatively Law foet.
of esah sgegblon. het conbaln. g dlversified X&Uﬂﬂe'_%hQS@\
faaﬁgrag~pminﬁrtgu&-ﬁ@mpﬁyal.amdn@p&%i@l,@gm@l@%-inﬁgfw-=
fal&timmghipgha%W@%m:ﬁ@mﬁa and envivomnent. The
vaﬁiabiliﬁy*@f\ﬁaumal‘@hara&%ayi@@i@g.baﬁb.hatWagn.cmf«
ralabive stratigraphle pogtlony and within each sectlon
indigate logal geographic acologicen) differences that were
'y&pidly'ahanging;wi@n reapeet bto tlmo.
<;Inﬁ%f@f%ﬁ&%i@ﬂ&'@f-&ﬁ@i@mﬁ mapine anwiﬁ@ﬁm@nﬁg as
gld ag the Crefaceous havggb@@n‘m&&@v&y-ammgariﬁ@n”ﬁf
am@i@mﬁxf@@aminif@@al:f@mm@ﬁ with modern oned The aris
giponmental control of Popaminileral diatpibution hasg baon
ghudisd in many modern may lne envirenmentd (Phileger; 1960).
Tecentlys %ha-vefyta@mprahemﬁiva stndy of Foraninifera on
the (ulf Coadt sontinental ahelf has furthered enowledge
of foreminiferal geology {(Walton, 1965« Palacecological
inkerprotatlon of the fepaniniferal faunas from the Mancod
ghale muat, however,; bo gonglgbent with stwatigraphla
Laterprotation of envirorment: of deposibion and depapie
Blonal higtowy.

Palovseodony o of Nonoalcareous ghaled

SQamples gontaining agelatinated foraniniieral
faunas are mmgt gbundant in Onibs DT and DO at Delba,
vndia ?ig D3, @ad Db ab Delba, tnit Wh at Wolewbb, and

gnit @2 ab Gallup contaln b epappe agglublinated faund.
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Abundance of Foraminifera and faunal diversity ls low in
tnese samples, CGeunerally, the founa La dominated by one
apecles., "The greatesy faunal diversity of agglutlnated
favnas oceurs In the upper pars of Unit D8 at Delita whero
one saaple contelns silz agglutinabed apacios and ohe
calearoous specles, They ave dpoecles ol the Genera

Gavdrylon, Amuobaculitiog, frochawming, Sacommming, and

Haplophragneidés, Spesies of Gaudeyina and Haplophrage

moidgs deminabe whe fauna, Planktonio F@vaminifeﬁa are
assentlally ebsent in all these samples, although odoa«
gienal bests occur. The plaukionle tesls were probably
carpied inko the arvea snd not indlgensus Bo the fauna,

A modern analogue of similapr foreminiferal dise
ppibution sceura on the continental ghelf ol the Gull
Conab. At the present bime agglubinatied faunas ape ra-
dtpfoted Yo shallow g@marally‘%@aéhigh waber {(Bandy, 19563
tenkiord, 19593 Bandy, 1964 Walton, 196l). The peneral
chapactor of bhe agglubinanted faunes i the Mancos Bhale

is similes o Ghe Ammobaculites fauna described by Walton

{196l) with pespect ©oO vhe faunal divewsity of an agglie
tinated fauna énd the dominance of one or two apglutinated

apeciss. The Ammobacullbeg fauna occurs in less than 12

feet of wabtep exbending wpwaprd to the Bage of the litboral

sone. Sipalficéntly, the Ammshagulites fauna is the

i

doninant fauna af the proximel papt of the Misslaslppi

e

deltva rvent on the east, in addipion to Mobile bBay and

the weabern half of Ghandelour Jpund {Walton, 1964} Those
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dre arsas of vapld sedlmentatlon. Tho analopne of delbtale
sedimentation, delte fronk godinentatlou, and ﬁﬁpiﬁ_ﬁ@diw
mentabion on the sontinental sholf i@_iﬁga tlenl to the
Hega Verde and Mancos depositional ﬁ%t& anships.

JBagyon gammL@ﬁ in, the - amma&l@aﬁmaum %bal&a are
found in all thres seoblons of the &am@gg,b@ﬁw@@gkagggfe
rences of agglutlnated faunas, ‘fhe absencs of F@ﬁamiﬁif%ra
in these gamples can be atﬂ@iﬁmﬁ%@ either to original
ahsencs in the sediment or ¥o postdeposiiional destruction
@f,faraminif@?a@_tagﬁg. .mheﬁﬁ iginﬁ_phygigal @vi&@m@@
that weathoring i &ny,diﬁf@v@nttﬁatwaam fossiliferous
&gdwbar@am gtrata, The maag a& iy afgf@qmiLs ia ﬁﬂmu
Grebaceous Weshern Imbterior shales is common la oubeyop
as well as Lo the subsurface (Tappan, 1962), 'Ammgmiﬁéa
have been found by the wriker Lo sbrata barren of
Fopaminifera and have been raported from correlatlve
pargs of the sectlon (Reaslde, 192l Rears, gh.al., L94Lg
pike, 19l7s Cobban and Reeside, 1952; Flsher, eb.al., 1960}.

The Units. in which samples are commonly barren of
Fopeminifora but in agglutinated apecles lo other sanples

ars Listed beslows

rallup £
Dalba Dls D34 Dy D7, DO
Waleotd Wiy Woy WT

An origingl shsones ig suggested for Ghese barpen

samples. The cauge for an originel absence conld have
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baen ecologleal gontrols in o marlne saviroanent, Vaniable
tempopature and golinlty are no® Likely to have beeon
Limiting factors bocause of bhe kumown dolepance of agpluble
nated species o these factors. 8edlment type and sodi-~
mentabion vatod, although effesblng bhe gpatifle doms
pogition of a fauna aud its abundance must alse be i
counboed (Walton, 196H4). Unfavorable waber chemistey is
alen unlikely because masrolnvertebrates ave well daveloped
in the sandy shales of thg Wesbern taterior {Eeuflfnan,
1967y Sehld, 1967). The Hannos shale conbaing no pyrlie,
nor has any baen peporied glsowhere 1n the Western Inkerior.
Tt appesrs wolikely thab the lack of ozygen wad a Linitlog
fachar. Thusy 1o apologlonl cause fon Ghe pocurrence of
theae bavpren samples in the Hances ig appavent.

A sommon feabure of thesoe parks of the gecblons
eonbaining bapren samples and agglubinated faunas ig the
poourrance of plant debris. Although plant debris sould
have been washed into beluw sea Level sediment bthe pose
aibility exlsts that the ahgle bagpen of Formminifers was
deposlted above mean high waber in & goantal mavsh, Wores
over, LI the analogue of the assotiabed agglutinabed
founss to o maximun depth of 6 few fathoms is valld then
ghallow aredy would rapldly be filled to Sea Lavel and
aheve, bacsuse delbale depogition mudl have exdeaded
subplidence rabes wharg deposibion was moab papld.

subgeduent to above mean igh water shale des

poaitlon a change in depusiticual patierns 0 the dalbag,
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perhaps & shiit of diateibutaries, wouwld Jocally produce
on aves in which sedimentabion rates decweased. Conpacbion
of sedimenbs and basinal subsidence would have leweved the
ares balow mean high waber ond agplutinated favnas would
have become re+sabablished. Atchafalaye Bay, Breton Jound,
and Chandeleur Sound on the esstorn and western marging off
the Migsisslppl delta were shove gea lovel prévicusly and
an analogue ta the Mancoes appears Likely.

Pesause distpibutavics could again have shlfted
haelk Lo the seme aress ad is the case ol tha present
Miasiselppl delta, rapid sedimentatlon aould again have
£illed the avea to above m@&m{higﬁ water. The occurpenca
of bavren samplos among samples conbainlag spplutlnated
Faunas is move veodily explained by delba and delia margin
sedimentation than by lupssitlon of some unexplalnable
seplogleal contwol. Sborms adoompanied by abnormal high
pides could easily have caryied amonibes sholle and obhew
mocyolnvertebratas ho an above mean high tide elavation.

Tn some parts of bhe gectilond surface wantherlng
hag olearly aflecbod some ssmples high in the Maneos
desbion, Cypsum pecocurs in verdical Joints in the uppey
papta of Unit G2 ot Gallup and Unlts Why Wig WO, and W9
at Wolcabt., Decause weabhewing ils evident lere a cal,
sapeous micvofauna, LT celplnelly present, would have been
destroyed and an agglutlnated Launn would have been loss
effacted, Becauge ai thelr atrabigraphic positloog high

i the Mancos just below the deliale gsends of bhae Hesa



Torde, thelr {nterprotatlion as in paxt above sea level
gedimenty s reaspunabla.

palececology of alofrools Shales

Parbs of the Mancos Shalé hatwean the noncaloearegns
shales ave chavaeberishleally calearoous with & fow Limes
abone heds op lendes. Those pagby of the secblons
pasically veflect o decrease ln rate of werrigenous sedis
mentabion. ‘They are asorrelabive with the (reenhovi, the
ﬁidb&aﬁag and to a lesser axbent the Lowsy Plerve Fouma«
pions (Fipure 2). The (reenhorn squivalents include Tal
D2 at Delts, Uﬁi@ Gl at Gallup, end Unit W3 at Woleobb.
the Wiobrars eguivalents include Univs DS and D6 at Delta
and Unit WE ab Wolsobt. The Lower Plepre equivalents ine
¢lude D7 abt Dalba.

Miersfaunally the valeareous shales pf the WMancos
sontaln fauwmas ﬁhﬁﬁ‘ﬁhﬁﬁ e Lot diﬁ@?ﬁity of calesyreoud
penthonic species for the Mancos and faunae that ave wostly
oy entively plankitonic., These faunae ave typleal of
fopaminiferal faunas in Greenhorn and Wiebeare uerralatived
4 the Weshern Inberior (Moriow, 193 Loetterle, 19373
Fox, 198lis Bichery 1967 Lamb, 1968). The increnso in
faunal diversity upwaprd ln section Cron neer shore sedle
ments indisates a bransgression af the ses {Walbom, L96L).
gonversely, o deopgase of Faunal diversity and plankionie
Popamiaitera upward in seclion tndicates o regression of
the sea (Walton, 1964). Ou the basig of a change Treom

spotubinated faunas or barven shale bo divewsified
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caleapeons founas with plankitonle wranspresslon of the see
j s miorofaunally evidend in the Graennorn eoprelative of
phe Manecos a%'ﬁalﬁ@gn@allupg‘&n& Woleotts the Wiobrara
enuivelent ab Delbe and Woloatts and the daver Plevwe
corpelative at Deltay

he plankbonic ratlos are igh for aieb g&mpiub in
the Galearaous parts of Ghe Mancos Shales “Many danpled
in the Graemharm‘&ﬁd‘ﬂi@bﬂ&ﬁ&@@uivaienté conbain only
planktonic Fopaminifern. The pablo deereages Lo a

“pigtmun of a@@ﬁmxim&%aly ane when apesids ol Puliminacea

are abundant. 'ﬂ&@%mlimin&‘g&ﬂaﬁ@ngisigamp?iﬁﬁﬁ‘&2@ of
the fauna in ane sample of apesnhorn -equivaleat at Gallup.

P?a@bulim&na COUrEeyas gompriges 52% of the fauna ln one

gample of the Niobrara poppalative ab Delba. 4 moderu
Fopaniniferal analogue bosaed wpon planktonic benvhonde
pratios occurs o the wpper continental glopé {Phleger,
1960} .

Faunal diversity of plenktonle species e Llow in

the Mancos., Planktonie faunas are dominated by Hedber=

et

rolla, peimerily . delrioansis, and Heterohelix,

primarily Mo globulosa. Rotallpora preenhornengig is

pape in the CGreenhorn sorpelative at Gallup and absent ab
Delta and Woleobi. Maprginotruncanidae and Globetruncanis
dag are peabprloted to a few foet of seciion in the
Wiebrars squivalent af pelbe and Weleabb, AR abumdance
pud diverdity of plankbonls Fopaminifera similap bo whe

vaness hag beean nageorded algeuhere in %h@ Hoahern Toherlon
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(Movrow, L9303 Leetherie, 1937; Pox, 1L96h s Bisher, 1965 .
e shundance of modern planktonic Fopanindlera
in sediments 1 dapendent up@m‘%bﬁ amount of sediment
ditubion on the asanbinental ghell and glope of the gulfd

of Hoxien and is independent nf the depth of waber {Waltong

19641, The Holocene gpeacies @lﬁ%ig@fﬂ@id@g puber Sppesrs
in gedinenty a8 shellow as T0 feeb and 1lg the dominant
species bo the edge of the eontinental shell (Bandy,
1986), Phleger (1960) shows that G. ruber ils the dominant
plankbenic %p%ciés jn deptha less than 300 feeh on fhe
woahern continental ghelf of the Gulf of Mexlesn., Thus

the fauenl dominancs of plankbenie spacies in the Mancod
shale supgests ghallow shell eondiblona jpraapective of
abundance wpatber bhan daap waler ap sonaluded from planks
gonie - benthonile watlos.

Fhe lavgest number of penthonie species ocourring
t1 one sample { Fawnal dlvepsity) of Hancod ahale 48 thilrteen
sa the Greenbopn eguivalent ab Gallup, nine iln the ffLobrape.
equivalent ab Delia, and @iz in the Plerve sgnivalent at
Polta., Furthopmols, fauna) domicance is highe At Gallup

&aveli@all% dakotiensls and Neolulinina canadensis are Whe

dominant specles. Gavelinellae kansagensis and praghul tndoe

caxseyes, LU presenty sve deminent penthonic calosreous

apecies in the Nhiohrava sorvelabive., Gavellnodldn henbeail

15 demivent in the Plerve equivalent al Dalta.
mauaal diverslty off wenthonie Apecles in the Mancos

shale s nob @igﬁiﬁi&%ntly‘@iff@r@ﬂ% Prom coprolatlve
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sactions in obther ereas, Fox (1954) shows a masimum divers
slty of 1l and 13 epecles from the Greenborn and Wipbrara
equivaleute of the Cody Shale, reapectively. Kent (1967)
shows a waximun of 21 specles fron the ﬂiﬁhﬁ&@a‘@quivalent
in northwestern Uolorado. Lenb {1968) ghﬁﬁg & maxinun
of 16 species from the Gresnhorn membey and 1 specles from
the Niobrara member in the northern Ban Juan Basin, bemaw
(193k) imaﬁ@ puly one hanthonie gpecloes in the Gresnhorn
Wopmatbion in Kansas. Six species arve most common In the
Fprt Hays Member of the Niobrara Formation in Kansas
(Lostterle, 1937). Voraminiferal faunas consisting of less
than thivty &paeiaa are pestricted $u & depth of less than
120 feet (Walton, 196L). Benthonie faunal dlversity suge
gosts inner neritic depths.

The stelet application of these wniformatarian
analogues of medern foveminiferal faunag to Mancos Shale
faunas yields sonflicting interpretations of the paleo-
bathymetry of the transgressive phages of the Mancos Shale.
Plankbonic«benthonie ratios suggésts a minlmum depth of 300
feet., Benthoniec faunal diversity and dominance suggesis
depth of water of less bhan 120 feet., Planktonle faunal
diversiby and dominance suggest a depth of waber bebween
120 and 300 Leeb.

The plankbonic-benthonle ratlos have been made on
she basls that the Hetorohelleidae ave plankbonle. The
Heterohelicidae are axbinet and some spesles may have hean

henthonle or were neritopslagle mestly rather than true
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coeanic, I thig is the case, then planktonicsbenthonic
patics debermined by the writer end othors {Bicher, 19693
Konbs 1967, 1969) are too high and the inbeppreted depths
ton great, 1o many sanples in Unit @1 et Gallup, Units
B3 DS, Db, und DY at Delba, and Ualts W3 and W5 at
Woleobt specimens of Hevorohelicidae are more abundant than

apecimons of apooies Qf,ﬁ@@ﬁa@galla, fhus the minimm

depth of water hassd upon plankbonic-benthonic rasion
would be less than a minjmum of 300 feeb.

Bandy (196L) has shown & covralatlon between the
envivonment in whieh modern Popaminifeva Lllve and their

mopphology. The dominant salesyeons benthonic spacios

securring ia the MHandoa shale are specles of OGavelinella,

Neobwlimina cenadonsis, and Pracbulimins garseyse. ALl

sther speciss of calcarsous henthonic gpeciés, eXcepbing
¢hs Hebercehelieidas, are rard.

the species of Gavellnella all have compragsed

beats with angled periphevies. DBandy (196L) shows pofalid
gpeghes with sharp edgas Bo be ch&racﬁaxiﬂﬁia of the Reugs
shelf environment. The Bypleal Genus ie Hansawaig.,

ﬁ&aﬁa@&i& sirationd comprises %55 per cent of the benthonic

fouma in Mobile Bay at a depth of leas then 080 feeb
{Bandyy 1956, chart 3}, In all five sanpling brangverses
on the easbern ahalf of the Gull of Mexivo He ghrabbond

and B, concentrlca ave moab abundant at depths sbove 120

foat aond deoreass markedly below thab depth (Bandy, 1956}

fhe analogie of specles of @av@limall@,im the Manoos
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Shale sugzesbs inner shelf deptha.

Neobuliming dgapadensisg end P. earseyss ore axe

premely fmall, smopbhewalled speciss, BSmall wnornsmenbad
buliminida ahawaa@@ri%ﬁi@ally aeaur in bay and the laaey
shelf (Bandy, 196L). Bandy considers buliminld mopphulogy
p he an excellont indleater of enwviromment., Whe abundant

pecurvoncs of N. canadensls ln Ghe Greenhorn squivalent

and P. cerdeyac in the Niobwvawa equivelent sirongly sugpest
inner shell depths ag the maximum depth of webow fox the
Maneoss Shale, |

The abundent sccuprenss of planktonie Foraminifere
in the cmloapeous papts of the Mancos Shale ls dlfdlcult

to mdgens in tewms of laner shelf depths. However, oxcept

for & few speclmens of Rokalipora g@g@nh@rgan@is in the
Gesenhorn squivalent and & fow tens of feet of seotion in
which Marginotruncanidae cecour in the lower part of the
Wiobrars egquivalent at Delta and Woloout, planktonie
Poraninifera dve Limlted in dlvevsiby. Specles of Hedbepw

B

g@%&gldaminaﬁ@ the plankionic fauna if the Hateroheliol

he]

dae
ape consldeyed benvhonics The Limited dlversity ol plani
tonie species guggest shelf depths.

The paleoeeslogy of (rebaseous plankionle Popamile
ndfera ls not koown very well. Olssgon (1969) considers
vhe mecnndary vhickenlng of tests of Genagoic Globis
perinacdea bo be an adapbatlon Low a wore efficlent use
af the waber column. Thug, thinewalled Cretaceous plaglke

ganlae speclds ol ﬂ@db@&g@l&@ may have baen vegtvieted
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to an uppery phin coluonn gf water and have LBeon Nere
ahundant in ahalf waters than nodern pl@mk%@ﬁi@ gpocled.

ghe dfvepsivy of Benthonlc specled is less than
phe divewsily of Poraninifere pepoprted From the Guli Coast.
qhe Low dlversiby of venbhonie Fopaninifera 1s gimilay Lo
she diversity of Weubern Treber Lox m&&y@invayt@br&@@ faunas.
Phe only CoumHD javertabrales ape epliaunal poatvopods and
pivalves and ammonliod (@obban and feenlds, L9523 Kaufiman,
1967 Sohl, 1967) ., Other inverbebrabe groups gommonly
agsoeiabed with Gretaceous mollusks 1a the Gulf Uoast ave
sapentially abisent. The bhenthonic wmollugks ave phenselves
poptriobed faunas (Keuflnar, 19695 Sohl, 1967}, wheroas
plenkbonic amm@ﬂité% are abundant and goried, a slbuatlon
srudely analogoud o benbhonie and pl&m&ﬁcmia foraniniferal
faunas feem bthe Mancod.

whe eause ol low divevsity invertebrate founas In
the caloareoud ahales Ls perplexling. yariable galinity
of the waker 1s probably not the caude, becauss planktonic
apanles were probably a# atenohyoaline in the Grotaceous
oy they aveé poday. tnfaverable waler shemigtry would hate
offeated plankionio gpooiod as well as benthonie species.
Abundant ipoeepanid o lans shroughout the Hostern Inbewilow
infaer & pll ahave seven. The jask of pyzlte within the
Mancog Shale Buggests guffictent oxygen &t the water«
aadimeni interface, Low waboy benperaturs way have vaw
atpioted the peographle Alsbribubion of BOmMS gpeciasz of

plonkbonla foraniaifera (Kenb; 19693 Dleher, verbal
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sommunicabion) but the Low diversity of &t henthonia apecles
sannot be attributed to aool waber., Hesteleted heunthonle
agaroinvertebrate Agscmblages. have heen atbribubed o 4
soit smothering gubstrate by Hatbin (1965) y Kaulfman
{1967), and Sohl (1967) .. Tha eu%cu an Povaniniferal
&%S%mbl&@$$‘i@ diﬁfigglﬁ_t@ evalvate Becavse noderi.
fopaminifers are not known bo be restricted by solff sube
atrate.

Recaude the bivalves and. benthonie Foraminiiers
ape  prinary  consuner sy the reason for the vestrlebion of
the benthonic pista ig . prabably the sane Loy o1l groupd,
Gasteopods are not as abundant ad they are on the  Gulfd
tipast bub moab @a£0@®m1@ groups are, representoed g ﬁmg
Wegbern Inberior (Sohl, 1967).  The siugle excephion is the
A?@h&%@g&&ﬁ?@?@ﬂ& whieh swpe egsenbially absent pheoughout
the Wesbern Taterior (Sohl, 1967). The noar abgence of
this group oay be @ignifiaamﬁ becange Apchasopastropoda
ars the only group of gastropods that are typically algal
gragers and a searcilty of bottom algaé is inferred. If
botbon algag were lundeod scurse then all of the banthonic
Wioba, includiog Poraninlleras weuld be vegtrlobed and
probably show a low Parmal diversilty. On the other hand,
abundant planibonle Pavaminlfera are dependent Lpon
Ploating alges and thely phundance would not be restricted
By Low produchivify noay the boetbom g the sod.

In eumnsly s norphoscolopleal comparlgo ni the

ahundant henthonic spscies, the henthonic faunel diversliy,
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aod planktonle Popaniniferal abundance puggesh a depbh of
tesa than 200 feet. Yhe agsumpblons that the Hebewo=
helictdas are beathonle or only parilally plankienlc and
that plankbonic Foraminifers could thrive in a thin eoluqon,
of waber are @Qnéi@peﬂﬁ with this inbterpretation. Paleotw
coologloal analysis of pesbtropods (Boll, 1967) and
bivalve (Keuffman, 1967) alse agree wlih the interpretabion
of the paleobathymmeb®ey.

fithologie analysis of Phe calcarecous facies of
the Weabern Interior corroborstes a shallow depth, The
origin of salelte in the Hancos, o wall ag correlative
sediments, oould have been calcareous alghe or comminubad
peloaypod valves, probably inccevamids. Inccevamlds ave
81l considerved to be shelf bivalves (E&uffm&nﬁ 1967 «  Hands=
gize inoceramid prisms were ﬁ@@@gmizéﬁ in residuss and have
baen roportad by others. Furthermore, diseontinuons cals
sarenite lensss ocecur In the Nisbrara sguivalent ab Daiﬁa
and Wolcott. The comminutation of ilnvceranid valves oF
the prowth of elgae is limibed to shallew walgr, Sub-
goquent to desirustion of the inoderamids at or above bthe
general wave bae and bhe death nf algas,; Lractlion currenis
op wave acbion dispevsed them. 'lhere is no evidense af
franaport by burbidity currents. The depbh to which sande
aized ecalelte could be dispevsed by purrents and SHorn
waves tg vho varximun depth ol wabtew in theo Mancos sen. In
the Gulf of Mexicy sand dispersal ig papenbislly veatricted

bo bthe shelf (Curway, 1960). The effect of the surge of
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hurricane waves 1g veworking of ssdim@mﬁg unless wkle
diveshional currents ave aupeyimposed, in which s,
ahap b-disbanee neb Franaport otours {Gupray, 1960 .

Purbhermove, Llthologla avidence From the Greenhorn
Formatlon in Kangas soprvoborabes shaliow shelf condibtions
during carbonate depesltlon. Habtin (1965) wreports the
pregsence of crogg=bedded calearenibe tenses, leolated

Tnoperamiy fragmonts, and overturned adult Ingoeramud

specinena with epifaunal Ostred attachad o both velves,
whieh he attwibutes overturning by aboym waves. Ib is
doubsiul whether shorm waves sould oveprturn 100 mu
blivalves or Ffragment vivelves at depths balow 200 feot.
Hattin (1965) supgests shellow shelf depths for the

opeenhorn Formabtion in KEangas.



SUMMARY

phree sectionsg of Mancos Shale in golorado and Wew
Mexien ware measured and soprolabed with the Standard
Sestion 1o bthe Western Inberlor. Somples collected from
these sections were examined for theily foraminiferal
conkent. The faunal diverslty of the fauna is low in all
parts of the measured saations. The noncalearsous shale
units within the three sections are elther barpen of ¢one
waln o spavse agglutinated mispofauna with few, LI any,
saloaveous benthonic spscieg. The caloareons shale units
within the thwee ascbions contaln a forpminiferal fauns
sonsigting of & low number of palcareous specles and are
plten dominated by a few spacles of plankbonic Foraninifera,

ﬂa&%@rga&l& dﬁlriaamaiﬁ and Héﬁ@r@h&lix globulaéa. Oher

planktonic spesles aye reatricted bo limited pavrts of the

geetlon. Specles of &avglim@&l& are Wosb wiﬁ@gpread af

all species both sbratlgraphleally and geogrophlieally.

The Fovaminiferal faunas within the bhree seclbionsg
ape similar to wmicrofaunss proviously described from the
Western Intepior, Alberita, bhe North Slope of Alaska, and
the Gulf Copst. Correlation of the Greephorn and FHilobrara
squivalonts of the Mansos shale is made and augments the

gtudy of Foraminifers through the Western Inberior.

68
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i
Because the noncalearecus shales of the Mancos Fopmablon
ave less fossiliferous and, in addition, sonbain a
dominant, gémarally ilongwranglug, agglutinated michofauna,
foraniniferal correlation with the Graneras, Garlile, and
pierre squlvalents ls less certaln.

The w?it&? propoges four bilostratigraphic zoled.

in order of strabigraphie oceurvence they ave the

Gavelinells dakotensis Assemblage Zone, the Gavelinells

kansasensly Assemblage Zone, the gavellnella henbegtl

Assemblage Zone, and the Haplophrapmoldes rote Assemblage

Jono. Among the thvee seobions, Gavelinelle dakobengls

Aspemblage %one 1ls vecognized in all gectiong of the Mancos

Shale, The Gavelimella kensasensis and the Gavelinella

henbestl Assemblage Zones are recopnized auly at Delia
and Woloott because the top of the formation et Gallup Ls

older than the Gavelinella kansasensis Assemblage done.

The Haplophragmoides robs Assemblage Zone s recoguized
only at Delba and is probably a favies sono. The cowres
labien of these zones has heen made with the Standard
Seetians of the Wesbtern Inbterior and the gulf toast, 'The

Gavelinella zones are probably of covrelabive wilue within

the Western Interilon.

Valid envirenmental analygls of a marine Lformabtion
18 depandent upon interprebatidn of the physical sbrablg-
paphy a8 well ag the contained macros and microfaunas.
Palesscologlesl coneiuglons in thls report are baged

primarily upon foraniniferal, Lithologic, and stpatlgraphic
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am&lygi§¢ Interpretationg of bhlvalwve and gagiroped
palevesology are also congldered.

In all three sectlions the Mancos Shale conformably
pverlics the Dakots Formation and lg in turn conformably
averlain by the Hese Vepde Formabion. The Dakota and Mesa
Verde Formabinng are marginal mardine deposiba. Within the
Mancss Shale changes in texture and composition (caleareous
and nonealeareous) veflect the lithologles ol the Wesbtern
Intepior Stendard and the transgresslons and regrossions
seeurring during the Late Cretaceous.

fhe nonsaleardousg shalse and gandy shales of the
Manecos Formation yleld sparse agglubinated faunag or are
hapren, The svidence supgests the faunag Lo have A modern
analopue in delta Irvont areas. Mereover, the occurvence af
thege faunas in the regressive parts of the Huncoy Shale
and the facies relationship of this formation with the
deliaic Mesa Verde Formation gorraborates this conelusion.
The faunel diversity and cowmpesition of bthe agglutinated
fausns suggesh a depth of waber of less than twenlby feet
and wverisble, severely limiting esnvirommental condlilons
aspoclated with modern deltas., Varlable salinlby ls
conaidered the limiting factor wosh respongible Tor the
laclk of an appreciable number of dalearecus speclod.

The asdurrance of barven smaples awong those
contadning dpglutinated fawnas suggest thatbt parts of the

Mancos Shale wore deposited above wesn high wibter on &
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deltale piain, This interpretation ia‘saﬁﬁi&@@mt with éh@
Migsissippi delte snalogue where sedimentabticun rates oxceed
subsldense ratez in parts of the &@1%% front., |

The caloaveous shale Greenhorn and Wlobrara equle
v&l@ﬁﬁa,mf the Meneos Shale lithologically vepregent Limes
of maninum extent of the Late Orebtacetus gonsy kim@g.af
mintnum influx of terpigencus sedimentsi and times of
preatest depth. The analogue of faunal divepaity of the
wenthonie spocies sugpeat an inner shelf depthe for the
Hangos sea similar to Chandeleur Sound east of the
Mississippl delta., The abundent benthonle gpesied of the

Geneva, Gavelinells, Neobwlimina, end Pracbuliming are

morphologically sinilar to luner ghelfl apecles liviag
poday. Species of living Hanzawela arae gimilar Lo species

of Gavelinells fyom The Mancos Shale. Mancos Shale

buliminlds are small, unornanented specles sinilay o
those Pound in modern shelves in shallow water

It is sugpgested that some spevies of Heberohelix

may have been beuthenic or neritoplanktonle rather than
srue opeanic., If this is the easge then plankionics
benthonie rablos would alse be consistent wlith a shelf
taberpretation. Furthermore, the abundant  thineahell

speclies of Hedbergella may have required puly a thin upper

gojunn of water.
Palenscologle interprebation ia sonsistent with
the palegenvivonmental analysis of the bivalves {Kauffman,

1967) and gastropods (Sohl, 1967) .  The low diverasliy of
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mgero- and nicroinvertebrate benthonle assemblages is
considered to be caused by low produstlviby at the bottom.
Livhologie analysis of the caleaveous shales M";
the Mancos Formation and correlative units in the dreat
Plains i8 conglstent with & shelf intevpretation for the

Mancos 8hala,
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ponie Fopaminilfera propoaed by Pegsfgno {1967) s
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po nine chamberd iy bhe last whowrls and @ soakl shallow

b i Licus On bath sided.



Hapilophrasnoldes rote differs from H. bonangaenals

Stelel and Weall by ibs levger asigse and wore compressed
e f;@ @

L%

Meuved hypotypesy (Plate 1, figures 6=7),

aatest dlameter 0,07 mms bhickaess 0,13 ., (Plote L,

w-.‘

figures LE=16), Greatest diameter 0,60 mmy svhicknpss
0 A6 run,

Ooourrense, « Haploephpagnoides 2otay although now

5

the wogt abundant specles in many seeples Lo the highest
paet of the Manscos Shale, i% gonsistently found beglaning
2hL0 Feet above the base of the formation ab Pslta in
aiks D7 and D0, It thewefuvre is delected as the apeoles
dadipnating the youngest Assenblage Zone ol hh@ Haneos

Sh‘al@ &

flaplophragmoides rots was oripginally descplibed
Prom the Bearpew Formation in Albepta (Naussy 1947).
Tappan {(1962) found the speeles to be restelebed to bhe
Bappew Teail and Sentinel HiLL Hembers of the Cempanlan
ahpader Bloff Fopmation., The present known range ol this

bersal apecies is restricted to Campanien shvato.

Genus  THALMANNAMMINA 4 Pevkovany, 1951

Thedmannanmdng 8p.

Plabe 1y fipuwe 17§ Plate 2, figures lLeds

Teochonmdng spe Cushman, L9hbs T, 8. Geol. Survey Profl.

vaper 206, p. 51y pl. 15, Llgs. lja-b,
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Remarhy. = Peat free,; subglobular] golling aireptos-

gpipal, in eduls whorle, posalbly planigpiﬁgl,imvmluﬁ@ KR

=
Jod

Juvend e, whorls, five Go gl chanbers vigible, edrller

phambers not vislble on &pi?&l gides webilicua Glny with
threo %é”ﬁhﬁéén&aé'éﬁémhéii ha&bo&g VL &hl@ ﬁﬁ thliLu&}
side; chambers mnimfl&ﬁaﬁ'ia %aﬁ&y Qh&mbew& af lash whonl
bocomning gggq&aﬁ@yimuﬁezinﬂl&ﬁ&é im;l&ﬁaﬁ,am&mbaﬁgg gube
glo 3&0L&$ about two tlmes wider then long lncre aasing
wap;dlg in %lﬁ@ aﬁa @ﬂ?@l@p‘ng ééﬁﬁxgﬁ @h&ﬂb@ﬁ hb lQa%
'ahamb@ﬁ @@mpﬁlwmﬁ? ah@uﬁ anea thi d of th@ m&ﬁimﬁh &iamaﬁa§
@f ﬁh@ ﬁé ‘§ %uau%@% &tﬁai&ﬁuﬁ fiﬁﬁhf%@ﬁ%@@ﬁ'fi ﬁ‘@h@mb@@g
éf st %ﬂ@rig %éﬁémiﬁg &ap?&%ﬁ@@ %@ﬁ%@éﬁ 1&»@@ uhamb@rgg
-wali aggiuﬁiﬁa@@a with‘gf&iﬁ %iﬁ% V&f?iﬂ fﬁﬁ% ni@ T
@ﬂé@%é:éﬁ.@iffaﬁﬁmﬁ apé@im%&&g aperture not disbinetly
viplble on mosgt ppacimens bub apparently an @ﬁﬁ@ﬁzam veinal
Siih wabilicaleswbraumbilionl in position with an indleas
‘tion on one specimen (pl. 1, fig.17) that aun apertural Lip
nay have been present.

ihe apecics la y%pﬁaw@n bed by fouvbeon %n@uiuaﬁ
fyom one sample of bhe Maheos Skale 366L to 36T feed
wbove the base of the mestion ab Dela,

Thalmaonameios sp. is different Crom any gpecles

Enows o the wptten, Cughmants iy g gl 80, AODLRDS

be belong o this apecies.
fhe apecles hay been assigued to tho genus

Theinanabming on the basls of adulbd moprphology. A juve-
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uile specinen (omall © Tigured agpe sotmen) shows nosh of the
test to be planisplral dnvelube and not ghveptosplral
bhroughout, - ¥he presence of Ghis apgoies in the Hamaos
Hhele mhanga@VEha»ra@@rﬁ@@‘fi?aﬁ‘&pp@afanc% ﬁfVﬁhé‘g@ﬁuﬁ
fvon Rocone {(Loeblich and Tappan, 1964} by upper Urétacsous,

Plgured apecimeny {Plate 2 Tigupes L2}y
Mazimmn dismeter 0.63 mu; Mindman dlaneber 0.50 mute
Pigured specinen: | plabe Ly Thoure 17 39 ﬁﬁgi@ﬁm
dlemetar 0,53 wng Mininun dlameter 0.45 mm.

| Ooeurrence. - Thelmanolmning 8. oocurs in only

bne gample GO below the top of the seebien in valt DB ab

Delta in the upper part of the ﬁa@}gphvagmsiﬁ@a.yaﬁa

Agsemblags Yone.
Genus COSGINOPHRAGNMA Thalmaan, 1951

Coseinophragne codyengls {Fox)

Polyphyagma codyensls Fox, L1984, U, 8, Geol. Survey Frol.
Paper 88N~E; p. 113, pl. 25, figo. L.
Glavulina? ¢p. Wickenden, 1932, Jouv. Pal., val, G, p. 205,

phe 29 £ige Be

Polyphramme sp. Cushungily 19h6h, Ue S Gools Burvey, Peol.
?Q«E}@K‘ ?@{?g E’w 329 pls 1 i‘igjiﬁa 159 16,
ﬁ@ma%t%¢ «  Specimand a9e id@ﬂ&l@&l with rh@ 1l

WARY %yﬁ@@a ﬁm&@iﬂﬁ@h@&%ﬁ& gadyensis is rharaotor loed by

L Jappe & &éwa ita aglimaﬁxmai form, and Lig wnlformly

inflated chanbers.
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fypobypes HMaximua lengtl L.20 waj whabh 070 moe

Doeguerenco. « in %h@ Manens Shale O, Qg@g@maié

segurd rapely In the @@Vﬁa?ﬂ@ll& {%ﬂﬁ%ﬁ@ﬂ&%d Apsemblage

Y Q‘ v : < ¥, b 1 P . g . N A e
vene at Delta, This ig the sane %%@&%ig?ap&&& hopidon as

poported by Fox (1954J. Yhe common oGoUFIENCS of bhis
gpoeies In ﬁi@bﬁﬁya squivalent strata lu pavis of the .

Westeorn Tnterlor and iy Ganada Led to ibs coenalderabtlon as
a possible wonal fossil (Fox, 196h) .  Its occurvence in
vhe Maneos Shale fauna does nod suppory thig pbessibility.

TH is not found in the Woleobth seatlon.
Genung  AMMOBAGULITES Guashmang 1910

Ammobaculites ﬁ@@ﬁ@li@hii@?m& { Sehuagen )

H&plnphr&gmmum coprolivhiforme Schwagel, 1864, Benccke'd

Gedgn. palent. Beitrags, vol. 1, D Gy Phge 3¢

Ammobaculites coprolithiivrme Schiager o Ouahlman, 1927,

Royal Soe. Gan, Trans., 30d Ser., vol. &, p. 130,
ple Lz flgs. GsTe

Gushman, 1946, U. 8. Geol. Suwrvey Prof. Faper 206
ps 22, ple 3,y Diges 7=9.

Remarks, = Humerous speclmens off Lmmobaculibes are

predent in the Mencos shale. Most are erushed. UThose nob
cpushed ave ildentlenl with Toims Ldentifted by Cushman
(1927, 1okby. Congequenily, he welber hap g&@vﬁsi@m&lly

5

soferrad all specimeng of &mmgb&@ai&ﬁ@% Bo A GOTEa) h@

Forme s
B s i
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Maximun length 0,80 mmy waximua widbh Q432 mng
wazinon thickuess 0,16 nm,

G@au@waﬂaﬁﬁ_v émmgba@ul m@% ammr@ th £ m@ h@&

_b@@n ﬁ@@&rt@d bﬁp@u&hauﬁ the ﬂpwﬁy %%aa@owé 1u ah@ Guli
G@ggti”vgm Gl M@ﬂ&aﬁ @haia the ap¢a10$ in ?ﬁﬁﬁﬁﬁk in ﬁhe
sdlhy and;ggu@yvgaf i mi the Mansos §L@ in Unlts Di,
D3, Dby g?¢ @§j&%_mg;ﬁ@_a@ﬁ_wmiﬁ, W6 and U7 at Woleott,

Genme  PLABELLAMMINA Cushman, 1928

[

Flabellamaine gompressa (Belsael)

Plabe 1y figures 2, 9,

Hé@l@@hﬁ&@m&a@‘agmﬁﬁaaéuﬁrBéiéé@l;r18§1;“P?@&g; geol.

Tandesenstalt Abh., new sev., vol. 35 pe 16, ple by
Pipn, LLe23, - - 3

#labellamaing conprdssa Beilsgel = Cughman, 196y Ue B

ceol, Swevey Prof. Paper 206, v, 25, pl. Y, figs.
ﬁ“@ .’0

Heomarks. - Flabeliamuing G&m@?@@&g,i%ﬂ@haﬁaat@wigad

:b? a strengly &mm@f@&&ed boat, ﬁmgﬁg&gt$g depressed sy~
u&f%%; and fow phambers in the aﬁﬁéil@ﬁ porbion of the

Leat, o L . | . ‘
Ei@uﬁgd ﬁﬁp&typas iPAatm Ly “iwar@ %}g_L@ﬁm@h _
g.i g m&ﬁimum @iam@@ﬁw 1a@ e _{El@@@ L, f&g&@@y?)@

_T@uﬁhh 1s 2 1 zmg m&f;mum ﬂ@am@u@w 8 L0 me

ﬁ@ﬁm@?aﬁaﬁg - A Tew é@@ﬁi@%ﬂﬁ ol Fa a@mgwﬁﬁs% oG ouy

neap the Sop of Unih gf and ia Unit Do au b&?%as TH has
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‘pw@vi&u&ly boan peportsd from Taylowan gvrate ln the ¢ulfd
Goast (Cushman, 1946). In the Wesbern Inbewior 1Lt hag

been veporfed from the Nisbrare equlvalents of the Cody
Shale in Wyowlog (Fox, 1939). Fox {1939) considera the
specles to be a gulde for the Gody Shale. However, the few
aspecimens that have been found in the Maucos Shale ovcuw
gtratigraphicelly higher. Consequently, in the Westorn
Inverior the range appears greabtewr bthan previously reported

by Fox,

Family TELTULARIDAR Ehrenberg, 1838
Gepus  SPIROPLECTAMMINA Gusghman, 1927

Spiroplechannine lalickeri Albritton and Phleger
Plate 1, figure 5.

Spivoplectamming lalilckeri 4lbriltton and Phleger, 1937,

“

Jour, Palaontology, vol. L1, p. 353, text. figs. 2, 3.
Quﬁhﬁ&ﬁg 96y U, 8. Geol, Survey Frof., Papesr 206,
P 2?& pl. é; figgo Ea§ 29

Remarks. - Spireplectamning laliskeri is charac-

terized by the gradual increamse in chamber slze resulbting
in gides that diverge slowly from the luitially colled

chambers. Spiveplectammive lalickeri differs. from 8.

somlcomplanate Cavsey by its slower ifnewesse ln test

dismeter .
Flgured hypotype: Length 0,67 mny dismgter 0,31

wing Ghickness 0.16 mm,



8l

Gooure Glee, = ix@@imba&maiaa lalickerd is préesent

theoughout the G&V@liﬁ@ll& kansagengls A%@@mbl&g@ Rona b

the lower parh of the Gavelinelle mgnbaatL Logemblage Zone

at Delbsa. Cushman {1946) weporbs 1ts securrence rhreughout

Fayloran gbeabs do the Gulf Coast,
Gonup BIGENERINA dlovbigny, 1826

Digenering hastata Chughiman

?l&ﬁ% 1; fTiguye ls o

ﬁig@mawmn& hasvatd tughman, 1927, Royal Soe. Cenada Trens.,

drd gers, vole 21y ses. ly pe 13, plo by fige 9.

Gushmen, 1946, T. 8. Geol. Durvey Peals Paper 206,

7

P 3@@ @la 2 5 ﬁi@e Ega

Remarka, = Digenering hagtabta is cheravteipized Ly

e SRS A

{68 pumerous uniserlel indlgbinet chambers and slightly

i

prabruding dperiurs,
Fpured hypetype:r Lengbh 0,60 umg diameter 0,108
W e

Oogurrence, = A fow gpoeinens sye present in the

gavenlinella dukotensls Assemblage Zone in the Gallup,

Delta, and Wolcobt sesblons, Lamb (1968} waports thatb
B hagtata ooouwrs abundantly in nenthern paet of the 3San
Juan Basin and considers it o pone Lfossll, This i neb

eoproabopated dn the sections studied by tho weilbton,



amdly TROCHAMMINIDAR Sechwagey, 1677

Genus  TROGHAMMINA  Pavker and Jones, 1,859

i

Prochamming walforma n. spe (Hiraeh)

Upinte B, Tigures 358, 648, 9=105

plate i, figures le3.

.. Deseripbion. - Tepl frec, veny. low teoehospiral
wi@h,fl&ﬁ gpival aide gongleting Qf‘%ﬁgeljg whorla, aarly
whowle flat or depressed, G Qh&mb%fQQ'Qﬁmméﬁig-@g
viéibl% o the wmbllical side; umbilicus broad, deep)
ghambens lobulate, gl@hu&arg,ﬁw@gﬁ.&g,wi&& ag long, io=
epsaging moderately bubt unifornly in sizej sulures dig=
@iﬁ@tyyﬁepr@agad, aralght apd wadisl on theo mmbiliga;
side, stpaipht op slightly cunved and obllgue on the spiwval

iﬁ@; aparburs on imt&?i@margiﬂal'mmhilﬁsaia@xﬁxaumbikiﬁal
%iiﬁ with no svidence ol an aperoural Lipy well aggluble
nated,
Figured holetype: (reatest dlsweter Gaﬁﬁ mm g
thiskness .20 wm.
Flgured paratype: - Greebosl disweter 0,50 mmy
shickness 0.32 mm,

Homarlis . = pochamnnine uaiforna 19 ghavacherlaed

by & low trochospiral appangement of globular chembers,

generally aix in the Tinel whorl. proshaming wnifopns

- differs fﬁampgﬁ ggahig@ﬁﬂifarmiﬁ (Parker and Jones) by

having more chambeps Gn the final whorld and from 1.
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ﬁ&bh%&m@% L% Wickenden and L. umiat@maiﬂ Pappan by ite dlow

prochogpivrel ghamber aﬁramg@mem@; ﬁ?@a 1gamlng undforma

aifrene Tyom e plbert enais Wickenden by neving o Gonvex

gl

ﬁath@ﬁfﬁhﬁn‘aﬁ@@ﬂﬁ&ﬁ@‘umhi$i@ali$iﬁé;

L JabuERence. ﬁﬁ@@hammiﬂ@‘gnifa%maﬂéégu@g comnondy

f0 . the Mancps Shale in Unid P at Delba in the Hapla-

ohrapmoides rota Assemblage ZGone.

1

Family AUANOPURAGMIIDAE Sehwager, 1077

Gonms  GAUDRYINA  arorbigny, 1839

&au&rgi&a b@ﬂtﬁﬁ@ﬂﬁmﬁ QQ&?&%@}

?Aaﬁ@ 1, fmwur@@ By .

dgl“@pl@@%&mmLﬁa berbtonendis Gawm&ag 1@999 Jouw, P&l&&nrg
“?Gblan 1? ’gw 341;15 1}1 “553 J,j«{_’;cﬂg 6*(_}5

waué%gim& @umﬁan&n@in Q&?man = Gughnan, 19Qby Ua‘aﬁ G@@le

burv&y erof. Pap@? d@ép ﬁ 33, ple T Flgse 15,
1@.

R@m&ykgg - (audryiag bentonensls is charadterized
by amail ah@mbﬁgg ia jes friserilal sectiong a prominent
bi%@?&@i ﬁ%@ﬁi@ﬂ wiﬁh m@ayly p&@&&l@l giﬁ@ag_@nd Lndig=

ti@@% gubures. Gau@rylﬂ@ h@nt@n@@aig ig o vays&blu gpecies

Wit awiﬁ%ing of the biserial postion common and with bhe
pare devalopnsnt af ulbimabe btelgerial chambers.

 Figured hypotype: (Plate L, figure 3}, Length
Lo wuny dlameber 0,18 .  (Plabte 1, figure 8), Leughh

a6l mmy dismebor Q.80 wmi.



Jooupreliad. « Cauafy&n& &@w Q@ﬁﬁé&q was oviginally

degeribed from the Ranbon f@ymaﬁiﬁﬁ in Wyoming. Fex

B3

{198h) veporbs itd prosence in the Gody Shale in Wyoming.
n the Gulf CGoast bhe apeclies has a wlde gtpeatigraphic
dintribubion ranging feon Avdbinan o Tavareonn atrabe,

in the Mencos Shale Ge benboneniis hag been found in

Unite Dly,; D7, wnd DO at Delta, Units WhH and W7 at Wole
cohl, and Tait 2 ab Gallup. The specles is vesbyicted 60
nonecaleareous, generally silty shales, Ihs distribubion

ia evidently esologleally aon%ﬁmllad in the Mancod 8hale.

Family ATAXOPHRAGMIDAR @ﬁhw&g@ﬁg 187
Gems  DOROTHIA Plﬁmm@ra 1934

Dozabthis bulleta {Garaay)

Plate 1, figuro L3,

Gandpyina bullole Carsey, 1986, Texas Univ, Bull, 2612,

Do géjs ?10 é,!,g fiﬁ;‘ )4,

Popothia bulleta darsey - Loebberle, 1937, Uebpashke Geol.

Supveys Snd ser., Bull. 12, pe 58, pl. 10, Tigs.
é’:?a""h ¢
Gudhman, LGhé, U. 8. Geol. Bupvey Prol Paper 206,

:gjg }%éﬁ pl& lgﬁg “f gﬁy (ﬁlwgé‘

Remarka, = Gamdﬁyina‘hullaﬁa tg characbarized by
168 oylindpical ahapd, glow inepease in chamber sige ro-

gulting in aldes that ape neaprly parellal throughout i

length, Gandwylng bullets differs Ivom D flab@@i&& Gushe
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Cmen by tes eylindeleal wathew than flettencd cubline,
Mgured hypobypes Leaghh 0.60 mug dianeher 0,30

Witk s

Decurrence, « Dorothla bullota iz pregent lu &

few somples Lo Unit DO ab Delba in the Haplaphpagnoldes

vohe Assemblage Zone. On the Guif Ceast D, bulletn ls wve-
porbed Crom Tayloran and Navapgoan atrabe (Guehaan, 1940},
taetberle (1937) veporbs the oecurrence of the species

Prom bhe Lower Plerre Pormabion in Wobradla,

Gubordey ROTALITUA Delage and Herouard, 1096
Poamily HODOSARIIDAE Ehwenberg, 1830

(Fpring WODOSARTA  Lamarck, 1812

Hydesarda bighornensls Young

fodogaria &igh@ﬁn@mﬁiﬂ‘f@umg, 198%, Jour. Paleon., v. 25,

T g lﬁ‘p# 585 pl. 12; fig%. l?g &@6

R@mgﬂaée - Egﬂggaﬁia big@ﬁ?ﬁ@m@ig ig o disbincetive

apseies whieh is charasterised by r%la%ivaly uninfliated
&hgmb@rsa by ineressé m&é@f&%@ly but unifowmly in alze, sod
by 7 to 8 thin bubt elevated costae fhich pua bhe lengbi of
the best., Every apecimen Found in the Mancos Shale s

very aimilar to Youngts figured paratype.

Hodosaris bighopnensis diffews from I, ghoewrs

Rengs 4o logs inflabed chambors,
Maxinum lengbh 0,27 wni maximm dismeber oi lass

chanbay 0,10 e
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Geeurrents. « Hodogaria b&;h@yzwm3ia 1a restricted

po Unit DL et Delta in the favelinells dakotensis Agsenblage

Zone. I hag previously bmen ﬁﬁ&@fd%d ley x&wm g
prontier Povmablon, T%@&u@@ ib hasg ﬁﬂlg b@en found iu a
b a&fg raphie @LLJ aawral&t;v& p@ﬁi%ﬁﬁn i& the W&Qu@» Shale,
14 may well pﬁawﬂ o g@ B maequ ou;de a&%ile‘ Tha p@@g@ﬁﬁ
lim,&@é DOOMTENGE &1@@ may w@li india e e@%iéﬁi@@i

?@%ﬁ?g@ﬁi@ma
fémire  DENTALISA Risso, 1026

U%ﬁtaﬁin@ gommunis (@'Grme }

i@dﬁaa%l& @Qm@&&;ﬁ u’ﬂzhmgmy, 1886, Ann, des Salences

Watuz. s vole Ty pe 25l noe 35,

Garsey, 1926, Unlv., Temds, Bull. 3101, p. My phe Ty
fige B,

-

Dentaling comnuads dvGrbigny = Plummer, L93L, Unlv. Wexas,

Bﬂll & 31015 p. ll;;c:‘;’g ?l &"mllg .fi-g;o‘ Lﬂ 6
Loebtorie, 1937, Webrasglks Fgol,'&u@V@y, Bull, 1ay

2nd ﬁ@%eg Do 25, 91. 3, ﬁzb.‘l;

Rmmay&&e «*Daﬁﬁ&1¢m& G@mm&ﬁim 5@ @ha@&ﬁ@@ﬁi%%ﬁ by

&, gli@ l; ber%é a&tlim&, dﬁ?ﬂ@@%@d aut arﬁ@g aa@
;w@@ﬁ aa&l.

Qaam@%am@@. - Omly saven Jp@@im 1w of D&u ali

compunie w@?@ found gm Umi% Gl e &&}La@ in ﬁhe @hV@i&m@Ll%

@@R@@@nﬁia.gﬁ@@mblag@ Gono. E@ had pravicusly béen roe=

ported feom the Oretuceous lu the Gull Goasd and feom the
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"

Whobraya Pormabion it fHobonake and genbh Dakabo.

Danbaling Gf e e c@ﬁ@wbﬁLna (arorbigny)

S

E}lgigﬁ“l jg ﬁ;i%‘iiﬂmﬂ ';l“‘}’sﬁ ﬂs%w

Denbaling gongobying atoebigny, L6, Fovamn. Fogne Vienna,

pe Wby Ple 2, figse L

Eﬁ%ﬁﬁ}iﬁ%’@f. D. aﬁn%@bwin&_ﬁughmamg 1ohby Ue e Gaol.
Supvey Prof, Fapew 2@%, pe 695 Phe alyy fipse

gg”gTa

gggﬁgggs e fmerous fnoomplete unddepial dhpalpht
or glightly purved boald sonslating of elongate nfiabed
ahambers wlih wide dapresssd gulnpes have heen foumd in
whe Mances Bhala. ALY gpecinens found Ln the Haneos fShale

ape pawtial bests o only adulb ghawbers, The figured

%p@ﬁimGﬂ\haﬁ 5 padiste aperiure pr@dua@ﬁ an & short necks
The gpetimens Are similar to bhe dushmgn Rypobypes. Gone

goquently those gpacinens are paferned Lo pentaling i
awﬂﬁmw

§¢_ggﬁg@bggn%* Gughman (1946} nobed these parbial beste

nay indeed be chambsrs of large Denyaline lornciana
drOrblany.
Fleured hyphbypesds Width of wlbtlaate shember

0,28 ima

DECUEPeNcG. = spocinens of D. songobrlng Were

fournd in Und ¢l ot Gallup o the @avel 1@11@ &a%@@&ﬂ,

1

posemblage Aone whelo it is agsoslabed witly De lognelons.
Tt the Gulf Coast the spocies had heen woponbed Teow

payloren and Hoavarsoah abrate {Cushaan 1ok o) 4
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P@ﬁ%&lﬁ?@ L&Eﬂ@&ﬁﬂ& ﬁgaﬁﬁlﬁnjg 10L0, Do, Ganl. France

Moms y 48T geres voke By Do s Dhe L Dilgsoe Oy Yo

gw‘

L@@t@@ﬁ&ag'l%ﬁ?a ﬁ&éwasﬁa (laol. BURVEYs palls ey
2nd g@@.; pe 255 Ple Bs Pige Do
Ghashmaiiy 196y Us Se @ﬁal%A%mﬁﬁ@y prols ?ayéy a@@;
66, phe 23 fhgae Tolls

Remarkos = @@ﬂt&liﬂﬁ l@wm&&an& ia @h&@a@%@rig@&

by phambers that increads i lengbl gf@agxg bt only
glightly in width as added and by silghtily fnflated
chgwbaﬁ% wivh flush o¥ ahellow gubutede

. Whe tpeclmens ipn the HManeos ghple Gompere EYA
Cgigh the hypobypes qolected by Cushman (Lol o
Fig&@@é hypnbipet Lengbh 1,20 mag width of uwlble

mabe chanber 082 wie

OgeurLened. = Denaling Lopnelans peours Lo
gaveral ganples of the Mancon ghale in ﬂnx o ab Gallup

in hhe &&vgiima&la daw@b@m@a hagenblage %@feg in Uait DY

at B@l@a an& Yokt W &b Wealobbt uhel @b@ @&V@l&ﬂﬂll@

K@Q%@é@ﬁﬁt% Assenblage vaney and i ﬁait ﬂi et Delta 1n

@awa Linelia hﬂ@bﬁéﬁi Apsenblage ZHN0 o 1@ 14 o Long raOgS

ag in the GuWi @a&%t and hag beon eopund o the

A

gu‘a

ét%

‘a*)@i’”}‘

ES

L

mao%g%ﬂ& Formation g5 Kengesd. fhe Laeh phat ik ouevrs ia
pha Greenhori weud valent tn tha Hanood dhale alao BOET O

bopates fhe pﬁﬁ@%bl@ Tomng Yange ip the Weabern Taveriows



pentulina weilexs Norwrow

Dentaling peflexs Noerouy 193, Jours Pales vole by pre L5,

ple 29y Tlgs. By 206

Loebberla, 1937, Nebrashe Geol. Supvey Bull.s Znd. 8ol
Bull, 12y pe 2y ple 2y Piges e

cushman, L9h6y Us B Goole SURVEYy prols Papenr 2006,
po 665 ple 23, Thgse 13, Ly

Remarkss - Dentating reflexa 18 ahapacterined by

ah&mb@fﬂ(whi@h‘imar@aae preatly in lenghh and oy obligue
guturad.

Pipupad hypotypet Lenghh 005 mng dlaneter
0,10 mn.

QUoURPONGEs Qantalina voflewa Geaurs vavely dn

f

the upper part of Unlt D2 ab Delin in the Uavelinells

dakotensis Ansemblage Zonss

s has previously been preporbed from the Hiobrars
formation (Mowrew, L9343 Lootterles L937Ye  Fem (1954)
peports ibs osootrrenyes in the Greenhorn Normation in

Wyoning.

Genud FRONDICULARLA Delranoe, 1626

- propdiowleris fronbierenals Young

Fvamﬁiaglaﬁia‘ﬁf@nﬁi@r@mﬁiﬂ Youngy L9GLs Jours Faley

*

wols 25y nos Ly Pe Ly ple 13y Fles. Leds

ﬁg@@g&ﬁ; o Taio pavbial apocluens ol Fg&ndiamlaria‘

have been Tound iy the Mancos Shdle. They are penhebivaly
| ) ¥
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tdentified as P fr@mti@r@ngiée' The gpecies L dlagtine

uﬁmh@@ ny its elongate shape and Lts lack of ordamsntablon.

Ugﬁfuxﬁ.‘ﬁi’ﬂim . J”“Gfidiét:ulf@fia frgrlbiaﬁengig Q&@Uf 1n

tndt L ab Gallup in the uppeér part ol the &%véllﬂ@ll&

dakotensig Adzamblage Zaﬁa; o (]9,;) dea@ ib@@ L8 freomn

the Frontler Formabion in lMobbans.

 Frondioularie sellg Horpow

Plate 3; figure 5.

Fraﬂdiﬁ&&@ri& aglﬁg wﬁ@ﬁ@%g 19Bh@ Joup . Paleo.s vol., Oy
}3@ 3«93; ?ls a‘m@, iig& 3@0 '

ﬁ@m&@mg¢ w Mfﬁn@zaul&&i& a@lig ig @h%ﬁﬂaaaﬁi ad,

by L8 comprogsed @@a%g the buib@ua pvml@@ulumﬁ he
sper bure pW@dua@@ on a ghord m@@ﬁg axd &iéb@%%i&@@ﬁw
coubae payallml o the length ol the hent.

Tﬁ@ﬂalcularﬁa &&llﬁ difters from ¥, dayeraa Reuss

by ibe gﬁg@a@ﬁ
Mgured hypobtype: Len gih 0. ?Q g Wid%ﬁ O %5 mMQ
ﬂmi@xﬁaﬁg 0 10 .

@a@nxr@n@@» « Only a ?ag épﬁ&imqmd @f “. aclis
Nt

weore fﬁuﬁd in one ampia 3sl feeb above whe b&é@ of the

fﬁﬁm&%iém (Unit WE} at Wolcobb im she Gavelinells

&amaaawa%% Aﬁﬁ@@bl&g@ Zong. Morrow {193h} roporby the

gp@@wﬁ% o3 b@ @%%ﬁﬁmmiy ff@a 1m the basal wxgbwa?% POy

wioen in Hansas,



Fpondiculovia inverss Rousa

prabe 3, figure 4.

frondicularin inverss Reuss, 104k, Geognpstische Skiszen

Boashmen, vol. 2, phe 1, pe 23k
o, Abys, Versteln boohm. Kretdeform, poe dy
pe 31y ple 8, figs. 15=19.
Gughman, 1946, U. 8. Geol. Survey Frof, Papar 206,
p. 86, pl. 33, figa. 11-18.
Remarkg. - only Juvenile ok broken aduls besbs of

Fﬁ@nﬁiau&&ri& inverss were resovered Trow the Haneo s

Snale. They, however, show the general mprphologically
émywtmw:%amm@%afﬁmamw@mmﬁimﬁmﬁngtMaammmﬁy
gomprosssd testy Llush sutures, proloculus with a short
aploe, end sepmingl radiadte aperiupro o0 & short necks

Frondicularis loverss differs fwvowm F. dunbari
s 3 Aeriy B s

Morrow By overlapping chambers.
Fipured hypobtypet Lenghh 0.70 mmj width 0,17 sumj
thickness 0.10 mm.

Doturrengs. = Single specimens of F. inverga were

Pound in geveral samples shroughout Unis Gl et Gallup im

the &avaliaélla dalo teng 1g Agsenblage Fons, Oushuan (19h6)

goported Lbs ocenrronco 10 Anstin and Taylov steate of the
gulf Goast, It had previously boon pvepopbted Whroughont

the Orebaseons gbratio.



Genue  LENTICULINA Lamayel, 180k

h@ﬂﬁi@uliﬁ@ «aui%ma& {Barthelin)

plate 3, Clgured 21-22, 232l 3
Plave )y, flpures Loy 3‘*?&‘

Grisvelleris gaulbing Berthelin, 1880, Geol. Boc. France,

M o 5; GETe 35 vobas 1-, Pe ﬁi'{:}g p:isa e imb}g 4, WEE e
15*1@¢
gplotollavia washitensls Carsey, 1926, Tewxas Unlv, Bull,

g&lgg Pe B'gp ?lu ?5 i‘i%& L ]

Jemtiaﬁlina g&ul&iﬁ% Pappan, 1940, J@uv Paleone; vols s
ﬂﬁ'é 9;& p& :}a@ng ple aingy flié,o }..La

Bicher, 1965, Jour. Paleon., vol. 39, nos 55 pe 903,
plu 1@@5 fi{go 50

ﬁ@m&rk%. “ @anﬁiﬁuLAﬂa gapdbing is gharacierlzed

by L4z elreular outline, uniflated chembers, and Lus
flush, thiclk, indiatinet subures.
Pipured hypobypes: Maximun dlameter ©,T0 mmj

shickaesag Q.87 .

geeurrence. = In the Hancos Shele L. gaulbine is
abundant in gever XA ﬁamplem in dmlt Gl ab Gallup and Unib

W3 ab Woleokt in the Gavellnella daki tenahe hnsemblage

Zone. The speciea has previously been peporied from the
(raneros Formaticn in eagbtern Colorads and the Washite

and Woodbine Groups in Ghe Gull Coadgb.
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fentloulina kansasensis Morrow

penglouline kendesensig Howrow, 193, Jouv, Pal., vol. B,

no. 2y Po 1&%‘3 }33;,, 30, Ligs. g‘i}»,};@,ﬂ-‘bg
Lootterle, 1937, Hebraska Geol. Snrvey Bull., 2nd

]

Sew.y Bulle 12 pe 82, ple 1y figa. bGa=b,
Gushman, 1046, T. S. Geol. Survey Prof. Faper 200,
by B, pl. 18, fig. 15 |
Bieher, 1966, Contr. Oush, Found. Forai. Rote, VOLe

1?5‘ Ey&u 15 pﬁ ags p:};w 5’ fiﬁ’;u EE;.

Remarks. - Dontieuiing kensasensls 48 aistinguished
by ibs large size, levge mmber of chambens in the last
whorl, alevabed purved suburas, and keoled perlphery.

ﬁigag Moximma ddenter Q.73 mmg maximme diaceber
(0,30 mm.

Goeurrenss. = In the Mancos Bhale soveral -specil-

meng were Tound in Uait DY et Gallup and Unit WS ab

Woleott in the Gavelinelle bangagonsls Agsemblage Zons.

T is o widely distribubed gpecies in the Western Interioy
and has beesn x"a;gmzims::‘: o oepur in the Wiobraps Mopmation
in Nebrasks {Lostberle, 1937), the Garlile Pormation in
sasbern Golorado (Elcher, 1966) and South Dakota (Fox,

198l ), and the oty Shale in Wyoming {Fon, 298L) .

Lenbieuline muenstori (Rocuer)

Robuling muengheri Roemen, 1839, Versteln. nopddantsohan
) R = x. &

@Gli%’éh@ﬁ@%@irggﬁg ﬂ&@htygg‘? e hgg }:5:},3 E_“;,:?,$ figé gg;;a
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pubulug muwenaterl Rocmer - Cushman, 196, Ue 8. Gaol.

supvey Prof, Paper 200, D. 53, ple lfg figm, 3wl

Remarks, = Lenbleuling muensberi is characterlied
Ly 168 nearly eircular oubtline, flush, smooth, radial,

gently eueved, Limhabte subturesg, and hg vninflated chambera,

A@ﬂti@ﬂllﬂﬁ mu@nabe@ &iffeya fPeom both D« %anaagenﬁig
Meprow and b¢‘%ub1&$viﬁ W@?@@M in having flush suteres.
glze: Hazimum &i&m@h@f_@,?ﬂ mng thiclkness e 37 B0

Gpﬁu@r@m@@. - L@ntiaullna mu%na%ﬁﬁi Ly pregent in

paveral @amplwg in Knm@ ol ab Gallup and Unib DS ab Delua.
In the Wesbern Imﬁ@?iaﬂ Fox (1954) ?@@artg phe Ooclironce
ol @h@ species in the basal part of the Gudy ‘Shale in
Wyoming., Lo the thalf Coast L. mu@ngtﬁyi id o long rengling

specles in the Upper Urotaceous { Gughman, 1946) .

Lentioulina sublaevis Morrow

Lenticuline sublaevis Moprow, 193k, Jour. Pal., vol. O,
no. 2, pe 389, pl. 30, figs, b, 20a-b.
Loetterls, 1937, Nebpaske Gsol., Suevey Bull., Pad
HOT o g mall la:,; pe Dby Pl 16, flge. 10a-b.
Guahnan, 1@&%9 U, B. Cool, Survey Pr@f’ Paper 206,
e 56, pl. 150, fig. 18,

®.

Remazka. = Lontlouline gubloevig de chavactoer ined

i"%

5&««

M
E&

b c)

=

by Liwbabe slightly walsed sutures, The speod

feom e Ransasengis by lbs gmoather surfave and lack gf

sharply elevated subured. gpecimens ln the Mancod Shale

apre generally peorly prosorvads.
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gizei Sposlmens range Irow 0,67 wma Go 0,90 mo
in diameber and 0.30 mn o 0. N6 o du thilckness.

COGOMERONoE . ™ Lantlﬂwlin& subl&avignaecuﬁa,im%‘;

Froguentd g dnobhe Maneos Shale in Unkt DY ot Delva and

it WH al Woleoth ia the G@V@limalL@ K@mwagamﬁls Asgemblage

TOne. - GG@&?&@QG@%'@f‘tﬁiﬁ‘%@6@188 in the. Eiabyaﬁa o
sorrelatlive formationg hgva;ﬁéam ?@y@rﬁ@d‘by:m@rfcw (l%}&}g
;@Qtﬁerle'(1§37), and Pox {1@%&}@ The  ahpatigraphleally
re &@?i&t%@ @@@ﬁfr@mae @i @hl& %m@ageévavggaét$~ﬁ&&® L
gublaevis wipht serve ag & useful guide i@@aim for lowew
Wiobrara gtrataﬁ““ﬁﬁnt‘{1@@?}5‘&&%@V&%gfd@@@ not repoert
th@‘éﬁaur?@naﬁ'@f:th@ sp@@iaarimvﬁimbrara céﬁf@l&@iv%ﬁ‘iﬁ
nopthern ﬂ@i&ﬁﬁé@ wmiah 3a&i@ataw that &a‘&ubl&ev;g daor

a@@ FANES gaagr&ph%eallj a8 widalg g pv&vmma@Lg pge

@aaﬁ@& {Loetterte, 1937).
Genus MARGINURINA d'Oxbignys 1626

Marplunlina gelluping . ap. (Hirsch)

plate 3, flpures 9, 10.

Mav&;aulina %%é Ta Fﬁwﬁ 1%%&; U 8. Gool. Burvey Prof.

papen g@hwﬂg T 31;; QL¢ ag, fig. Lo

D@géyiphlam. w» Togb ir@ﬂ? 10E0 , %1mgbbly GO

p?%&%@ﬁ thﬂmupbauﬁ it 1@agzhg eleﬂg&tag @na Le ﬁgtb hﬁxm&
aboul thﬁ%@ @im@w ‘the wﬁdﬁh@ initial chawbers ;&rm:ng 8
LUHVE GONVEL Lo h@ &p@Xfﬁ?&T gl&@g 1@&&% eh&mh@ys Porming

ﬁ@a@il¢ﬁ@ﬁﬁ ﬁ@ﬁ?&ﬁ th&u is Msx@¢gh@ op ﬁ@ﬂﬁ&v@ B the
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apeopiural aide; chembers ovhto, ﬁi; duotly widep than long,

kwﬁ

alishtly inflated, lnecreasing @apidlg in size from the
initial eolled porticn then lncveasing mpderately dn alze}
gutures distinet, sllghtly curved, adult sububes ot
inellned toward slightly eclled eaply chamberse, Limbatie,
neavily thickenad in the wecbilinear part ol the tegts
aperture radiate, produced on a short neck on the doiaal,
anples wall ealeareous, sucobh, lacking prnamenbation
sxcapt for thickened auburaes.

Holotype: Lengbh 1.08 ma g width 045 mmg thieks
nesy 0.30 o,

papabypess Length 1,85 map widih 0,50 mmy thivke
vesd 0.35 tm, Lengbth 3,09 muj widih 0,30 meg thickness
0,23 win (not fipuved).

Rewgrks. =« Yarginulina gellupina 18 a distinetive

@p@%i@& differelng Irowm H, plummieras Gushman in comprasaod
chambers throughout with no distloebly inflabed aduly
chambars and in thickened subwres, It dlffers from M.
ailigue Gushman in fewer colled chamberd, lo sutures bae
tween the raestilinear chanmbers move or less perpendiculay
to bhe length, and in abgence of an esaply spluose porilon.

The gpecimen of Marginuline gp. L. Fox ab the U. 5.

Hational Museum Ls fdentieal to the specluend of M.
gollupine in the ¥ancos Shale.

TWlevan spscimens have been wevovered Lrom Hup
gamples in the Mancos Shale. Although the species ig

presently Limited in number of apecimens, the fagt that
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the specles is wovphologloally consiant waprpants the
naming of the now gpeciles., Furihermore it hag been re-

ported Irom another area of the Western Interlior,

Qoeurtendg, - Map elnulina golluping is prosent
at bhe bobbtom and btop of Ualt GL at Gallup in the

cavelinelle dakotensis Assemblage Zone. Fox (L95L) we-

porte Lte presence in the upper (rsenhorn and lower Gody
Formatbions ln Wyomiog. Ite prosent known yange lsg late

Cenomanian early Turonian. The fact thet Lt previously

had heen reporbed in ouly one other avea lndicated &

Limited ecolopleal dighvibublion,
Gonus MARGINULINGRPSIS 4. Silvestrl, 190k

varginulinepsis smplaspive Young, 1951

Plate 3y figure O,

Mepgloulinopais emplagipive Young, 1954, dours Pal., vol,

85, no. 1y pe Bh, ple 1M1, Pigs, 15, 178l pl. 12,
Piga. Leli, 6, Bulhs figs. 5, 1h-16, 18215 fig
b, 2-16, 20 |
Ebﬁg 498l Ue S.‘&@nlﬁ Survey Pf@fg‘?apgf a5l 1y
pe 115, pl. 25, figs. 13, M.

Remarls, < The speclnens agree with I, aﬁwiﬂspiﬁav

Young iﬂ the galyg@mgl fo @Lf&ﬂl&? periphergl outline,
the m&ﬁk&ﬁ &ﬁﬁ7®é h%pva@ﬁ th gutures and hh@ pe%ipka?j,
the closely appiresded early undserial chambers, the wmore

infilated and less appressed final chambers, and the
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protruding berminal aperiure Lecated near the oubelde

adga of the ulélmate chambet,

1

Figured hypobype: Haxlmun lenghbh 0,60 mug

woxdmin widkh 0,89 we,

Docuprence, = Mepglmlinopsis amplagplis wad Livss
paporbed from Ghe Frontlepr foymaiion ol southern Honbans

wheve 1 cocups abundantly in the "Yagoogerag" beda.

Fox (19Bh) weports the occuprence of "M amplasplre in the

oweenhorn formation in the Belle Pourche seabion, the
Fronbler Ffommatvion in the Cumbepland Gap goectlion, and the
Cody shale (unlt 2) at Greybull, Wyoming

tn the Mancos Shale a few specilmens of M.

amplaspire have been found at Gallnp 130 fest above the

bage of the Pormation in the favilinelia dakobeng iy

Agsemblage Y0nea.

Palmuda ghturallis { Guahman )

Plate 3, figuroe Ll.

Flabelling guburalis Gushman, 1035, Cushmen Lab, Forau,

Res. Conbty., Vﬁlw l:ig Pe 36; ple .Lff}g fi,g;&e ‘::;?““3;\83

Palmula puturalis Cushman - Loebberle, 1937, Nebraska
Gaol. Survey Bull., ser. 2, Bull, 12, p. 20,
ple 35 Tlg. 5.
Gushman, 1946, U. 8, Geol, Prof. Paper 206, p. U2,
ple 38, flgs. =il

Remarks. « Palmuls auturalis ig distlnguished by
s Al : ‘ g ¥

fte diskined somewhat elevated subures ond suoebth sueface,
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Mpeured hypotype: Lengih 0,00 wmy maxinum dianeter

051%2?- Wi,

goeurreace. - palmila suturalls is comion in

several sawpleos of the Manecos Shale at Woleo bt whewve iH

peours in Unid W5 ia the Gavelinedlla &aﬁaas@ngis Agsonblage

Zene. Only pne broken speclmen was found A% Delta in the
game mone, Signifiecantly, its scouryencs {1 the Wiobrara
Pormaticn o Nobresks (Loetterle, 1937) suggests that 1%
may be of sorrelatlve value in the Western Interiow.
cushman (1946) weports the specisa o bave o wide wrange
3w the Gulf Coast extending fyoun Austinan to Navapyosn

sgheaba.

Palomla g9,

vlabte b, Cigure H.

& single spocimen of Palmula sp. with Berminal

ond broken off was found P6HO feet abbve the bage ol the

Menoos Shale ab Gellup in the Govelinells dakotonsls
Asaemblage Zone. Uhe trilangular shaped compressed tedb
hag an initilal soiled porbien of chambory bhat are wove
jnflabed and project above and below Bhe vematader of the
pept. DLaver chambers ere ghvongly arched chevrong shaped
in a veobilinear serlag. With the excephion of slightly
pafead Limbate gutures baﬁw%gﬁ the rechilinear chanbers
o ornamentation is presenb. Ho aperiure ig present ou
the byoken specinen but i 18 undoubbedly bermiual. The

speciuen lg poorly preserved.
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fhe specimen in very similar to . suburalis
(guahman) bub differs Tram P guburalls Cuahmnan in wovre
highly avohed chanbers and Less curved subturch between LHhe
poatilincar ehambors.

Maxioue length 1.25 mung maxinud widbh .90 o,
Geonua SARACEUARIA Defrance, 1824

garaceneris reegidel Fox

plate 3, figwe 20.

marae&ﬂawaa‘ﬁuagidwm Pox, 1984, U. 8, Geol, Survey Prol,
paper 28h-E, p. 31k plo 25, Piga. 7,9, not Tig.
&,

Nomarks. - Saragenaria reesidel is charasterized

hy its eélongete best, its chambers whish ineresse in
width only moderately in the wncoiled portion of the beny,
and its keeled perilphery.

Sapacenarie peesidel diffevs from 8. bonendengls

(Bortheln) in having costae. One specimen 6f 8. reesidel
figured by Fox (1954, pl. 25, fig. B) Ly idembleal %o the

hypotypes of S5 bononienalis {Bortheln) Pigured by Tappan

1940), Pox (19%) implies that sueface ornanentablon
18 8 verlable cheracter on S. peesided. I6 is prosent
on many but not on all apecinens In the Greenhoru Formas

pien in Wyoming. It ls likely bhat H. peosidel should be

put in aynonony with 8. bononiensis, Howaver, thare are

g

too fow speciuens in the Mances shale o dlagnoso



L0l

populablon apnaneniablon

Ly

@2

Piguped hypolypes @@mg%h‘$g3@ way Bhickiness
0«13 .ﬁ;}no .

O&quf@ne@. w Pour %@@ ;m@ma mﬁ %a&aa@m@wia %@a%id@i

bava bu@a @Un& in @wﬁ @ampl@ at &aliuﬂ in Unlb Gl aa @hm

&va&7a@11& &aﬁat&agia ﬂ a@mbl@&% émn@@ | x {“3%

ﬁaﬁarihed th@ ﬁ@@ul@ﬂ f%@m e &@aﬁmhoﬁﬂ &m& G@ég F@@m&é
tlans Am Wy@min wh@?é iv i@ @%ﬁﬁ&l&%@ﬁ %ﬁfh a, &%@mﬂh@?ﬁ
Faund, Eﬁ@ aﬁ@%@aﬁ %ﬁ@%ﬁ vamp@'wg uhu@ ﬁ@é%?lcbﬁ@ @@ »h@
upper ﬁaﬁﬁm&ﬂiam éMEGW®$ Wur&nm&g Lﬂ @ﬁ@ uﬁsﬁ@ru Imm@wim

16 may well have this limit@ﬁ,w&mg@ﬁ
Gemus  VAGIWULINA ﬁ*@yhignyg'lﬁaé

V@ﬁiﬂﬂliﬁa K@ﬁh Roomer

Fi&ﬁ@ 3, Digures L&; 18, 19.

Vaginuling kochli Roeme®s 1810, Verst, norddeubsch.

Kpeide; p. 965 phe LGy Flg. 104
cushman & Alexander, 1930 Cush. Labe Fopran. Ros.
Gonte., vol, Gy moe Ly Do by pls Ly Cigss 1=,
Pappan, 1940, Fous, E&l,g vole L, noe 25 pe 109,
ple 17, figa. @”Ee'

Vwﬁm&Magug%'%m%,%%M(mmmi%hvawﬁﬁimulg

Pu {3@3 Eﬁl«d l}g fiéﬁa 3.«3@

Vg lnuiing 2p. L Fax, 195, U, 8. Geol, Supvey Frol.
=) ! g -

&ﬁ%-ﬁ? ﬁ?g{@"”hg e a}:_}gg:ig ]:)Mﬁﬁ 2:353 ?i%e é’ﬁlb

Remavks. - Vagiouligs koghil ds chavecherlzed by
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by Lus nearly spberisal proleculus, eompressed flat chaunberd,
subparellel sldes, and alightly yalged subures.
Wimuﬁgd ap@@vm@n@ %a 1mmm Lanmth L 30 wmy maxinuwm
widﬁh 0,20 mng npximum ﬁ&l@%ﬂ@ 8 O, Lj Tifhe

Doourrenca., « In. the ﬁdﬂ?ﬁg SL@L& V&giaulima

pehii ocours in Unit Gl ab @&L&up in the Gavelinglla

dakotansls Aasemblage Z006. V&ymmmiin& 4P 1 Pon poe

il

porked from bhe Grecnhorn Formation Le aﬁnga@ﬁifia wi il
g,{kaghii; Pf@?i@&@ly it had been dasep ibed only from
Lover cr%taﬁgau@ @tvaw% {Qm&hm@m arad él@xa@&@?, 19303
Tappan, 19k0Y . The wenge of th@ &paal@a thus nugt be
oxbended to the Upp@? Q@aamani&n w &Q%@ﬁ %ur@mlam, Algé

vhie maau&r%m@@ of Vﬁ@lmuiina-@m@h;m gtriolate (Plunuer)

identifiaed as V&ginuliﬂa 4pe 2 Fox (195h) and Vapginulina

ne 8P« vouog {1951) im the ﬁ?@@ﬂhﬂ?ﬁ and Prontier Porymae
wiona, respoebively, copvoborates the extonston of the

pange of the specles.

Pamily GLANDULINIDAE Reuss, 1860
Genus  BULLOPORA Quenatedt,; 1002

Pullopors lagyvig (Soles)

plate 1y figure 1l.

Welline loevis 8Bolasg, 1877, Geog. Mag., decs 2y wols b g

e 103, pla ég fipss 1«3,

Bullopora laovis Solasg - Wiekenden, 1932, Jour, Paleni.s

v@le ég Pe gﬁﬁ&g iﬂlc 295 fi.@ﬁa é“"’gé
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Gughman, 946, U. $. Geol. Suvvey Prol. Paper 206,
ple B2, Digas, keh.

Remarls ., « Bullopove laevis ig chapastenized by

ite smooth globular echambers. In the Mancos Shale only
individual ehawbers with btwo or more sholon-like cone
necting tubes of thig atbached spocineg were found, The
chaunbers arve ldenbvical wiih hypotypes ab the U. &,
Hational Museuwm and with gpeclimens from the CUody Shale
of Wyewming.

Figured hypotype: DLength 0,50 mmj meaximim
diametor 0,30 wmm. |

Oocurrence. « Bullopora laevis la present 2250

to 2500 fest above the bage of ths Mancoa Shale in Uald

DT at Delva in the Gavelinells henbestl Asgenblage Zone

and at Woleobt o faw speoimens weve found in Ualh W,
Wickenden (1932) reporbts the speciea to be westwiched to
30 feet below the top of the Alberta Shale. Fox {1939)
reporis its cceurvence in the Wiobrara sguivalent of the
Gody fhele in Wyroming. A&thmugﬁ the sgpecleg! distypibuiion
ieg wadoubtedly enviromuentally econbrolled bs@a&@@ of Lte
abtached hebit, its present known pange i linited Lo
Niobpara eguivalents in the Westemn Interlopr. In the Gulf
Unast the specles ranges from Austinan to Navarpoan

poraba (Cushman, 1946).,
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Fapdly CURRILEINIDAB guahman, 1927

Gonus  WEODULIMINA  Gushuean and Wickenden, 1928

Wweabulining canadengls Oushnan and Wickenden

piate I, Cigures Ty L3

ﬁeobulimin& canadonals gughman and Wiokendon, 1928, Cushman
| Lab, Foram. Bes. Gonti s, vol. By Do 13, ple Ly
figs . by 2o ,
gushman, 39h6, U. 5. tenl. Survey Prof. Paper 206,
pe 125, ple 52y figa, Ble-12.
pappan, 1962, Us 8. aasl, Supvey FProf. Paper 2360,
pe 185, pl. b0, figs. 1827,

Renarks. = gg@bm;imima,aaﬁad@n@i§_ia charaetor ized

by Lte tiny tesbt, lbe subplobulay chambers, and its dise
sinet bubt almost Tlush gutures.

Heobal nlng canadendis differs from ¥. minina

Pappan o ibs lavger alze, o less rapid incresse 10

shawber sige; and loss depressaed gubures. Nepbullnina

slbevtensis (Btelek and Wall) has more globular chanbers

and depressad gubures.
Flgured hypotyps: pength 0.285 maj dlaneber 0,10 me

Qeeurrence. « ﬁ@gbglimima ¢ana@an$is‘h&s a long

vange in the Guld goant exbending Lfrom Baglefordian

pa Navereoan strate {Cushneng 19h6). In Canada and the

slaskan Coastal Plalo M. conadensls ig westricted Ho

gampanian stpata (Havss, 947§ Tappan, 1963} ﬁ@sbu;imima

g&&@d@@%i@ gocurs 1 the Manood shale o Unit GL ab gallup
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fa the C&vaﬂgn@ll& &akmtama;a Assemblags LUnNe. Blgnills

Cpanbly dte only othoer: roported ocoUPTOncs in the Westebn
Tnbérlor of the Unfted ftates is in the Graenhopn Pormie

61 im:wyﬁmimgréyemgrléﬁh};r
Gonus PRAFBULIMINA Hopler, L953

‘<Eraéb&limiﬁaTearayaga(ylummgyjt‘3

Cplabe ), Dhaure 612,

Mullm&n@lﬁa Q&?%@y&@ ?}ummﬁy 1@%1, U&lve:@@ 8.8 ﬁ@lief‘
NOL, pe 119, P O Bhge 90 -
Laaut@rlég 19373 ﬁ@bré‘k& @anla SﬁﬁV%yg Eﬁ@‘uﬁfng
‘.%ulz‘ m&s gl. 37$ vols 55 £3€¢ 10,

R@&abnlian& eawggya@ lemmar - &@@@ng ?9&&3 u@ S &@mlf

&mrv&y Pﬁﬁfe P&@Qf ?Béwag oo ?3®§ pl g&§ ?,5
11“1‘5 ¢

Hemarkg. = P@a@hullmin& ﬁﬁ@@@?&& % ahafanﬁar%m@&

%y 2 blunt inliial @m&g gf%@ual zm@r@asa in ahxmb@ﬁ 3iz$9
m@d&r&he3y énflatad Gﬂ%ﬁb@?%; ané e aqh wm@rl peaiprlelng
@mﬁwh£7f ok bh@ 1@ﬁgﬁh @f th@ b@aﬁ,

Fiwaﬁ@d mgp@ﬁgnﬁz ﬁenﬁth G;fg mﬁ; m&gimvm
aianober 0,12 s

Ge@mﬁﬁanﬁﬁo s Fw&abulmmzma @@?ﬂ@ya@ ig e long

vanging ap@ﬁia@ in %%& @uif Hoagh and hag been raporied
feom Austinan through Navariofl phvate (Cushoin, 19h6) .
o the Western Inbepior 1% has been wé@@ﬁt@d Lrom the

Nimbx&fa,ﬁaymabi@m (Lootberle, 1937} am@ fyom the CGady



109

apale (Fews 195k). The spesles Lo obumdant L several

gomplan of soss Shale Ln Units DT and the hase Yy
it at pelhe. 4 Tuw spoeluéns caqur im tinis D6 ab Yoleobi,

Hﬁ%@%&llmg%@ %ﬁﬂﬂiﬂ%wmé o (Pord

?} b mﬁg mif AeS Al k%ex

@ﬁ%i%in@'wgﬁwiig%ﬁ@i@ Wons 195ls Ue 8, Gunl, Supvey FHOLe

Papar BSlsE, be 1148, phe @b, Dige. D11,

ppaebulindae wysningens sis Bieher, 1965, Joure Fal., vole
39, m0. 5y B 903y ple 206, Tig. Be
i

Hemavka, = Praobulioiug wyomingendio i ghegage

-

povimed by Lts globulew clramboray vapild inpraase 0
shambey pize, and broad R TER TN o

Plgurad hypotype? Maximun Lenpih 022 mag
o v width Ohd mie

Jogurrence. = E&&@%ulimim@ gyomingensis fa apme

pon in several ssmples in gals o1 ab Gallup la the

gavelinella dplkotenals Adsenblage Gene whove iv ie

nagseiated with speciey shavaateriatlio of the uppsy Gipaciie
hown Formatlon, &&@&@m%ﬁ,@yiginaliy paported to be prew
adpleted to the oresmhorn Foemebion (Fewy 1 1yl Blehel
éi@@ﬁ} papurba the usaurrence s Bhe speciegs dn the
fwpnevos Shale, It ia llkely thab tha specion doas ot

pangd abbve e Graenhorn Formablon.



Pamily DISCORRIDAE — Bhwenberg, 1838

Gonus  VALVOLINERIA Cushman, 1926

Yalvulinerin loobborlol { Tappon)

Plate 6, flgures 1032,

ﬁyr@i@ina'lg@t;@rl@i'ﬁappan I9HO, Jour, Pok.s ikl 1l

Cpg. 2y pe 120, pl. 19y Figse 10ase.
Gyroiding n. gp. %ﬁ&mg§<1§§1gv3éuf¢"Pa&;é vols 28, roe L
pe 68, ple Uiy fhgss Ahel6s
vgﬁggigig%-ef;‘g.4§§§§§§;Reuaa'%*ﬁt@lakg glb al., 19564
<‘R@g]:aaunailzgm%ertag:Rgﬁb;'?gﬁup;'33;‘§$;,1;~7T‘
cidipse 118335 ple 2 Tlgse Te9

Valvulinefiajiggﬁtériéi;'wapﬁangv19é29~3515g‘éééia BRNTEY

Prof, Paper 236<0, p. L9l4s pl. Slyy; Fipas el
Bicher, 1966, CGonbr. Ousi. Tound, Foram, Regey volde

17, pbe 4y ple B, £lg. L.

R@mar&@a‘«‘Valvmlin%@ia‘léaﬁtaﬁi@i in the Maneoa

i

shale compapes well wlth the primary Hyped. It is

chavacterized by swall gize,; shapa, and the nuukoer of
ehambers in the final whorl. 7% differs frow Gyreidina
nitida (Reuss) fn having 6 bo 7 chambers in the final
whorl e |

Plgured hypotypes MNamimun diametar (.25 s}
maziaun thickasss 0,10 wm.

Geourrence. - In the Mancos shala . logtteniel

peours abuadantly in Unlt GL at gallup dn tha'ggvgiiﬁwll&

a&&@%@ﬁﬁi% Lsaenbloge Zone. Tappan (1940) weports this
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apecies fron bhe Washite Group and the &fayaam'ﬁarmﬁ%i@m'
of  Ehg Gulf Goast now conwldered to be Genomanian in age
{n@@bl‘% G and Tappen 1961 1H haw alsc been veporboed.
Prom thé ﬁyoﬁbl@r P m&b%@p ia ﬁ@uiqma (Y@ungg ¥9§1)y
Albian glrata in Gaﬂ&da (8 @@1@kg @t ai.ﬁ l%bw)g and the
spatadsons Lo Alagha  (Tappai, i?a?} CThe occuprence of

V. @aéﬁtaylai'in th@'ﬁ&$111@~5hai@‘éEi@nar; 1966) corrobe

spates the avidénmse fhem the Mancos Sbale that the vanga

af‘tha‘gyﬁaiaaﬁgﬁamld-bé-ax%@ﬂdé& o Lower Turonlan.

Y@LV&llnﬁf%ﬁ plmmmara@ ﬁ@&tﬁ&?l@

Plaﬁa &g igur&q 1&»;P

Yalvalinewis plumnerac toetterle, 1937, Nebraska Geol.

Supvey, And Ser.y Buld. l&g'gg.alg-plﬁ'éy ki Nt
: 5&"&9 é‘v '

gyroidina nibida Plunser nob Reuss, 1931, tniv, of

fperas, Bulls 310L, e 191, pl. My, Pipgs, Baeds.

Renarks. « Valyulineiis plunmorac is gharacterized

by B o 9 chawbers in the Lagd whorl, and slightly dew
preased padlate avturos on the umbillical side.

"wigured hypouypes M imun dlameter Q.27 wmng
phickoess .10 .

Decuiprence. ~ Valvulinerie plummegras oocurs

abundanbly in aevayal gamples in Uai@ @l at Gallup in

the &avaglm@lla da ms@a&ia Assemblapge Zone. The gpecles

slao cceurs in Ualt WS at Wolsott. Tn bhe Westerw Interlods

24 hos previsusly boen reported fpon the uppor Gpeornho e
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Formation in Wyoming (Fox, 198h) and fwom the Wlobrara
Bomuatlon ﬁLa@ﬁt@rl@g<l%$?)@ Yhe spocies hag algo been

peported Lrom the Washiba Group of Texss (Plummer, A93L].

It appeara that the épeaxas Le long wanglag. 4Vﬁ1?%liﬁ§?i@

=

plummprae coeurs ouly in caloaveous sedimentd B
gasoelated with a veried penthonic and plankbtonic Fevraminde
faval faung.

Pamily HETEROHELICIDAE Cusiusan, 1927

Gerwi  HETEROHELIX Ehrenberg, U3

Hebarohe 11 x ghobulose ( Bhvenberg)

plate l; Cigures L6=17.

Pextularia gl@bmlﬁsa Thpenbergs 1034, K. preuss, Alesds

Wigss., Berling Akl pe 1355 bl s Slg. hib.

fnembedine gi@balﬁa& Shpanberg - Bgger, 1899, K. bayer.

Akad. Wiss., Math,-naturh, Abt., Abha, Kls 2,
vole 21, pbe 4y De 3y ple M,y Fis. 3.
Mewpow, 193, Jour. Pal.y wvol. 8, no. 25 pe L9k,
pl, 29, figs. L0a=b,
Lostberle, 1937, Vebraske Geol. Survey Bulle., £nd sef.;
Bull, 12, . 33, ple 4, flge. HBa=b
dushman, 1046y U. 8, Geol. Burvey Prof, Paper 206
pe 108, pl. W5, figs. Gulb.

Heterohelix globulosa Thpeuberg = Gallitelli, 1957, . S,

Habs Mug. Bull, 21‘5,; Pe L3y pla 3 fhigss 1P=15,
Ticher, 1968, Couty., Cushman Founds Fopom. Resay vole

1?& Pb« 3«@ e gﬁég :f?lu 53, f‘i&;%a %}g lga
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Bisher, 1965, Jouv. Pal., vol. 39, no. 55 pe 904,
ple 306, £3ge 3o | .

Pesaagno 196%, F&l@ﬁﬂt A%@ﬁey val, Yy n6e 37, Do
260, pl. 87, figs. ;N@;y 1113, |
}amarkﬁﬁ « Abundant ﬂp%bﬂm@ﬂ J@amd in %Li BEO=

tlong of the Mancos Shale %haw wido vawi@biliﬁ Hﬁgggﬁm

.hﬁllx g?@%vlcﬁa ia aharaat@riz@é by 1% a twi&ﬂg@l&r ﬂfﬁg@ﬁ

bost, Lis gl@bulan cﬂamb%r% which mn&y@aS@ rapldly in
mi@a and ibs fﬁn@ sepbtae that are sonebined Vi@i@m@ i)
mature chanbers. LG éiff@f fr@m.ﬁ. mmy@mamz in more
gl@bulag ehamb@rg Al 8 Hore flarimg tout,

Pigured, ﬂjﬁﬁ@yﬁﬁa Length 0.20 muy maxiuwm

diametey @.1& T, o

Hecurrence, = In the Nences Shale H. globutoge
pocurs in Unit Ol ab Gallup, Unit D2 ab Delta, Unlt W3

at Wolewhs in the Gavelinells dakobengls Asseublage Zonej

in Unit DY abt Gallup and Unit WE at Woleo®t in the

Gavelinelln kangagonsis Aggomblage Zonej and Unig D6 ab

Delts 1n the Gavellnella henbeglil Asmembilage Zone, Helero-

helix glabuleass is probably the wmost abundant gpecien Iin

the Mameos Shale, It ocours sbundantly ia many sauples

and, in addltion bo ﬁeﬁh@&g@ll& delricensis, 1% is one af

the feéw species found abundantly in Lhs sanplea antdim&nﬁ
pinly plankbonic Foranlnlfeva, Soyeval ganples conbtained
only M. globuloss atbeshing o lbe prgbable wide bolerance

of seologleal sonditlons,
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Heotorohelis mlobulosse bas io the past bean rew

ported as pocurring o mony aroeas throughout Uppoer
G@é%&a@éuﬁ steata. D view of the Pret that many of these
popurrences were reporbed prior o the sbudy ol the
Heterohelieldas by tailltelll (1957), 46 is Likely Bhat
the specles av timéa nes been previcusky misidentifiod,
Pessapno (1967) reatriols the dlstribution of H. globuloss
o Campanlan and Maastrichtlian styabe Lo bhe gull Coasital
plain. He appayently Ls vefoereing provious reporis on

the scouprence ol I &i&bdl@%a‘iﬂ Albian, Genomanlan and
pupenian strate to H. moremand ox . peugsl. Howsver,

the pange &f.g*‘flqﬁgl@@a in the Wesbern Inbewior FULEERY

be extendsd dowoward %o the Upper Gonomanien, Hilchew
(1968, 1966) veporbs it from @@ﬁam&ﬁi@m and Lower Turonian
glvnta in vhe Graneros, gweenhorn, and Garlile Porma tlong .
poppan (1962) reports b Poom the Seabee Fermehion on the

apetic Slope of Alaska.

Heterohelix nopenand { Guslwan)

plate ki, Pigwes 9«10

Guenbeling mgram&giﬁ pushmaxn, 1930, Cughman Lwb, Porawm.

Bag. Gonbte., vol. i, pt. 106, ple &y Flgse I3
Guahman., L94b, U. B, Gool. Supvey Profs Paper 206,

e lﬁﬁ; ?ib Q&g fi@ﬁs 1§$$?¢

@mgmbﬁlina gl@bif%rg Mopwow (not Rewsa), 1930, Jonx, Paley

Yol &g Pe 1@&@ pl. 2%, flg%@ 1%&*@9 1?&



flebevohelly meroeanl Cushman - Posangndg 1%6?5 Palooits

Ao ey VOLe By moe 375 Do 260, ple. by Flge.
:g.{';}g :LL_’ plg, @‘95 fig%a lg gb‘

Remarka, = Haberphells saopemand Lg ghapacherised

by ite alightly papering besh and globulay ghambers which
iperenge ooty slightly after juvenile sbeges. In Juvenile
stages f. moremani is i&diatimgué%ha&l% from He o globuloss.

iguared mgﬁatgpéz Length 0,30 meg maxlm
diamebter O.1lh mme‘ |

Qoouprrensd, « Lo the Mancos Shale H, moremanl 1s

pestricted o Unilb Gl ab Gallup in the Gav@lim@lla

dakebeanls Assembilage Zone b gallup where it is commonly

agsociated with H. plobuloss. Heotoprohel L movepanl has

haen roporbed Lrow the fraenhorn, Oarlile, and Micbrars
Popmations in Kanses (Horrow, 193h) s Fox (195h) reports
an abundani o¢UPFenco of the species frow the uppermost
@y@@m&oyﬁ Formabion in South Dakota in addition tu rare

seeurrences in the carlile and Cody Formationd.

Hﬁ%aﬁﬁh@liﬁ’gtﬁia@&;iﬁhﬁ&mbarg)

plave lj, flgures KT A=

rentilavia gteiate Bhrenberd, 1838, K. preuss., Akad.y
‘Wiss. @ﬁfling 1%.;:3%}»*3 e :LBSB :f}l» i%g fi{iﬂfﬁ& lvﬁg 3&9
26

Guenbeling gtypiabe Ehrenberg - Hgger, 1899, K. bayer;

Alad. Wiss., Habh.snaturh. Abb., Abh., KL, &5

vole 2Ly po 335 ple 1y, flge. 37=39.
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gushman, 1946, U 5. tepl. Survey Bull. 200, v, L0l
3‘1 . }ir‘ﬁ # ' fig@l . )% # ' E)’ o

'ﬁ@ @?ﬁhuilﬁ strigts Thranherg = egasa@ﬁég*1§@7,~?ala@@mta

[’lﬁ}@i’;;y v@l‘ Vg ﬁ@e ,‘%Fg 135 rjf&hg E?l ?&é »{;;?@& b{g ﬁi)g
j{&l.%%ﬁfig@* ‘3“(3;“{3-3&# Q‘;}‘Jg fiéj}& jié:’u

Remarks. < Spbeimens of Heoterohelin glilaba ave

caélly ldentified 4y she Mancos Shele and ape chapacterlzed
by digbinet codvae and. great thickness b the test.

Cirdgured hypobypei Length 0,32 wng ‘e L wid b
(.22 mng thlaﬁn@%a O, L6 wme

'@@@u@r@n@a.‘n ﬁ@ﬁewmhelix stﬁz&ﬁ& Geoitrs comeonLy

ot Delbe from 1250 Ho 2090 fesb above ths base of the

Mancos Shale in Unit b6 where 1t 1a the anly gpecles preseny
15 several sampleg. The gpocies hag nob previously been
peporbed Tron the Western Inberiord pPessagno {1967} rew
payia the speeles fiom Lower CGampanian thpough Masstrlehbian

atwate in the gl Gondlh.
Genus GUEMBELTTRTA  Cushmang 1933

&u@mﬁ@ixtmia ereaces, Gughman

Prate iy figure 10,

&uam@ali%yia QT@%&@%& Luaﬂmamﬁ lﬁj%, Gonby . Guahnan &ah&

Fﬁrama H@&,y V@lw %@ Pe 5?9 pl, It s Ligse i@&«h
R e l@uég Go Se {i’@‘:}i« 1&5’?‘1%%3 }ﬁ@fe Pi@@r 2(}{9@

Do &Qéi Pl Q}g ?1&&& lh&w%a

ﬁ@lli%%ilzg g%ﬁ?g T B Nabe Lg @ity 5 Eﬂlia %Qe BLE,
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pe 136, pl. 31, flge. leec.
Poasaginn g l@@?i Palneonb. Anere., Vols By 00s 37,
'.pg;258§-pia 87, figs. L=l |

Rempiks. ~ Guembellbwia crelinces {18 shapacterized

by‘ita 3@h@fiéal ahamb@ﬁgy.dﬁ@y@égwa aatuﬁ@3; and arched
%@éﬁtuf@“ It difﬁ@ﬁa fﬁamjgyvggggﬁgéwwappaﬁ by its wore
iﬁﬂl&t@ﬁ ﬁmambévg aﬁd‘high@ﬁ aperbure.

Figuved hypobype: Length 0.12 qamy - grentest
dameter 0,00 wm, |

Geourrence. = In the Mancos Bhale (. erebacses

gaoupd only in the lower pardt of Unit 6L ab gallup Lo the

gavelinells daliptensls Asseablags Zone. In the Gull

Goast (. erebacen hag been veporbed ealy fron
Maeetriehtian gtrate (Peasngns., 1967), The oeeurreince ol
&, uretacus in the Mancos Shale extends the pange of bhe

apecles to lowew Turonilan.

Family PLANOMALINIDAL Bolli, Loeblick, and Tappsi, 195

Gonus  GLOBICIRINELLOIDES Cushman and fTen Dew, 1940

Globigerinelloidey prairiehillonsis Passagno

plate B, Ligures 0-9.

Giobigerinelloldes @ﬁgi&i@ﬂi&l&mais Pegsapno, 19567, Palacont.

Amﬁ?:“g ‘?‘Gln 55 A & 3‘?3 %39 237?& pl‘ @Gﬁ fﬁ,g%, 2{3 E’g
o, 83, figs 13 pl. 904 flgs. 125 by ple 975

figse 3 Mo
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Remarks. < Globigerinolloldes praiviehiilengie i

‘tf«l‘i @Eé b; ‘:1’"‘( &215},"@&}{3’3’43 in I,ikl@ i Rtz h A kﬁ’l@flg a Lo

et

aberionapginal aperture Ln an eguaborlal posibion, aud
a4 papillate surlace.

Globigerinelloidey prairiehillonsls differs from

Ge Baperud (Eheanberg) by balng lavger, haviog a gl Ltwlike
apenbure, and by not belug distinetly hispid.

Figurad hypobype: Diameter 0,33 mmj fhickness
0,15 wune

Ogourrence. = Globigerinellofdes pralrichiflensis

was originally @%aafiﬁ@d fram the Taylor in Texag. 16s
pange la imdiceted by Pessagnn {1967, p. &B4) to be fwom
danbonian bo lower Maestrichtian. The oscurrense in the

Mincos Shale in Unit D7 at Delba in the @%fgiiﬁﬁl;a

henbesti Asaenblage Zone slosely corrosponds to tho Thost

appeazancs of the species. The specles Lls common only

at Pelba,

Pemily ROTALIPORIDAE Sigal, 1958

Genud  HEDBERGELLA  Bronniman snd Brown, 1950

fiedberpelle @uabilis Lpeblleh and Tappan

Plabe 8, figures 6+,

Hedbepgella anabilis loeblich and Lappan, 1961, Hioros
paleont., vole 74 n0. 3, Do 27y ple 35 figae 1-10
Pogsagno, 1967, Paloont. Amev., vol. 37, uo. 5,

pe &84, pl. 52, flgs. Gt} o
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Rowarks. - Hedbeypol ko gupbills La gharaobepined

by dte very low gsrochogpliyrel avrangement af chambers aad
s elavate chaubers in the lasgt whorl .

Pigured specimens Maxlium ddaneter 0.28 v
ﬁhiggm@@s‘ﬂsia T«

Goeuprencgs « Uedborgells amabllig oecnrs warealy

10 the Mancos Shale in Unii GL ab Gellup in the fGavelinollo

@%&gﬁ@n&ig Assemblape Zene and in Unit DS ab Delba and

talt WS ab Woleobl in vhe Gaveilnells ggggggggggg,ﬁ@&amhlag@

Yone ab wﬁlaat@ and Delin. Ovipinally desewibed from bhe
Hagle Foprd Group {Loshlich and Tappan, 1961), it hag einee
heen reporbed fpom the uppew Wosdbine to lower Taylom
groups dn the GuLE Coast (Pessagio, 1967)«  In the Wegbern
Tntepior 16 hag been vepoprted Frowm the Greenhorn Formabion

4 Kangay (Loeblich and Tappaii, L961) .,

Hedbergella britbonensis Ipeblich and Tappan

Piats 6, figuves 1«3.

Hedbergalle brittonensis Loeblich and Tappan, 1961,

Micropaleol., vol, T M. 3 De 274, pl iy
ﬁigae 1*avl
Pegsagnd, 1967, palennd. Amers, vol. 37; w0 5y,

Pu 2325 Ql& EE; fig%« %“1ae

Globlpering grebacen Horrow nob drorbigny, 193k, Jour.
P&lag ?@la &5 0o . 25 B &gﬁy ﬁlé 3@# fi@gw ?%@g

10a-by
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gggggﬁgg w‘ﬁa@ﬁaﬁgagla h?iﬂﬁsmamsiﬁ'ig:@h%@ag@
ﬁ@@ig@&‘by_hiwh<%wa@ﬁﬁs@iwal‘arr@mgam@m% of chaanbara,
gl bular shoybers, and pplooge guprlaces, e ol bhe
specineng in the iancos Shale have ag high a spira as
some of the paratypos Lyon ﬁh@ E&gl@:EQﬁ§'§?wu§m&a@ thay
apre Ldentleal Bo the holotype and the porabype Crom bhe
Greenhorn Formablon.

ﬁa&b@fg@;la‘briﬁﬁ@ﬁ@ngighéifﬁ@wa from He @éi@&@@maiﬁ

in fbe lapger slme and higher splre.
Figured specinen: Faglonm Alanster 0,03 mng
mlninomn ﬁi&m@%@ﬁ,ﬁwﬁé4mmg thdekness . 0,37 mne

Queulrenca, = E@db@ﬁgalla bl lonensis ocoursy

abundantliy Lo Unit 61 at Gallup in the Gavelinells

dakotensls Assemblage Zone where it is aasosiated wiih

He delrliognsls. Iy has @fgvi@ugly heen reporied from Bhe

Hapblond Shale Member of the Greenhorn Fopmabion and from
the Gulf Coast whére it is pesirlebed Lo upper Genomanian

&‘txﬂ &ﬁa )

Hedbergplla delrioenaia (Carsey)

Plate &, flgures léﬁé

Globigerina arabacea AYOebipgny vaﬁ@‘@@lwi@@msig Guprsey,

1926, Texas Univ.y Bull. 2612, pe B3

%lﬁbig@ﬁi@% gr@@@@@a %appaﬁg 1940, Jour, Pal.y vol, iy,

l’s@é 4?«5 P“ 3215 ‘g}l,l‘i}@ fig.g 1lg
Tappan, L9433, Jours Pal., vols 17, uo, 5g Pe DLE,

pl. B2, rigs. L6=17.
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Efahgl ol ﬁﬁ&uQﬂﬁd ﬁﬁuuiﬂ?@m@i& Bronninan « Bolll, 1989,

Bull, Amer. Paley N0, 1(9@ vol, 39, pe 2653

1 81 fig & 3“{}0
Hedberpe ¢lla delrloensiy (apsey « Ioeblich and Bappan, 1961,

M&afépalﬁ§ vol, Ts mo. 35 0. 2755 ple &y Tlges
113,

Mishery 1965, Jaur. Pal, sy Vole 394 B0« D Pe QoM
ple 206, Tigs. 24 6.

s L966, Conuw. gushnan Found. Foran Rese,
wol. 17 pbe L Pe 275 pla g, figa, 124 13

Pessagno, 1967, Palsont. Aner.y yale G n0e 375
Pe 208y pla ﬁg figa. Ly &y 35 4

Ramorks. = Hodbereella delrioensis ia characterised

by & gmall to mediun sised deeply ubilicate test, globular
chaubepa, Llow trochosplral appangewent of chambers (=0,
gsually §) in the last whowl. Ib dirfers from He

plapigpive in iGe lacger sizo.

Pipured speciment Hewimum dianeter 0o 3l mj

mdninun dianeter 0,28 mns thickness 019 e

DeoUrronsa. - Hedbeppella delyivensis la one of

the move abundant plenktonle dpecles in the Gavelinelisz

@agaﬁ@msig Assemblage Zone ab Gallup, Pelta and Woleoti.

TH alea cecurs in the @@?@1&@@@&& konasgensis Assemblapge

Zane Ln Unlb D§ at Deldn and Ualb WH at Woloobb, It hasg
boen reporhed from sbrata of %&?11@@% Genomanian o

Widdle Turenian age in the Ues 1ber perior (Loeblich and
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Pappen, 1961§ Blcher, 1965, 1966) ., Although 1t has boon
geseribed only from shrate renglog up o Widdle Yuronian,
ita range is probably greater Pravious B0 weviglon of
planktonic foreminiferal baxonony (foeblich and Tappan

1957, 1961} it wapg identliled as Globigering ereftaced

Alorbigay along with othey %@@@1@5 of Hedbergella.
Pogsagns (1967) repovrts the range ln the Guif Coast to
be Albian to lower Gampanisn, Altbiouph the wange of He

delrioengls is great, in the Western foberior 16 1lg

sutremely abundent only 1o the Greennorn Formablon and
covrrelative straba, The wpdtor hag exemined samples from
fhe Jetmore Chall Mewbep of the Greernhorn Popmation, a
ghally composed ﬁrim&rily of* this gpeoiesg. $he therag-
papistic ocourrance of thie apeclhes in wuch of the chall
1q the Greenhorn Fovmatlon hasg beon roported by others.
'(FQﬁﬁ 1950, Hattlin, personal @Qmmumag'ﬁi@hawa'y@?aonal
sommune) . Thus, it is suggested ﬁhab the abundant
soourrende i this species s of gread correlative v yalue

in the Wesberu Inteploy.

ﬂ@db@fg@lj& pl@ﬂl&g)?& éT&@v&aé

Plate 5, figuves =Sy 10- 12

plate Ty figures ia§@

ﬁ@ﬁ%i@@?iﬁ%'yl&@iﬁpira Toppany MO, Jouw. Pal., vol. sy

=4

Hos 2 pe LE2, pl. 195 Ligs. 12890 ¢

-

Globopotallal younpl Foi, 198h, T, 8. Gobl, Survey Poof e

Paper 28l=B, p. 119, nle 26, Tige. 15410,
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Proeplabo runcans plenisplys Tappan » Bolidls La hliuhg gd

pappan, 1957, Ua B4 Hats Mu&;grﬂmll¢'ﬁl§; pe B0,
Cph. 9y Tige e IR
Bolll, 19598, Bull. Aoy, aigp N0 L?@B froke 394
s 267, Pl. 22y Figs. 3wl o -
oLagang 196l ﬁif epH oo V@L' ng 0o 2, Pe LOLy
pl. L, £iga. U=5.
Ei(‘iﬁhééf’ % L‘%x’fmSg &qu_. Baley :V‘;ﬁlc. A9y Q0 _.gg Pe 9085,
phe 106, Fige la‘ |

@ﬁ&@glabatrunaaﬂa modenta Bolills 1959, Bull;'ﬁmﬁv;'Palé§'

'nﬂo 199, vols 39, Do 867, phe 22, Tlge 2.

ﬂwﬁbﬁf &Ll& plandspira. fappan = Loeblich and Tappan, 1961,

Hieropaley Wols Ty noe 35 Pe C216, ple By Digds
I TEEK N A

Remaplks . = ﬁadb@rgella planlapies 4% pharacterized

by snall dige, low troahoapiral appangement of chanberd,
6.8 chamberd in the last whorl, and by the amall ladrease
4n ehamber size in the lash whond

Piguread hypotype: Mo ioun disneber Q.20 wmng

mascimim thicknegs Q.13 mms

fogurrenss. = in the Mancos Shale H. planlgpliva

54 vesbrieted bo the Gavelinells dakotensis basemblage

Zone o Gallup, Delbay and Woleobd, tnibve Gle D2, W3,
x&@y%@ti@@ly;' 1 ether parts of the Wealern Tater lop

L4

H. p&@ﬁi&@iﬁa fs vesvrioted Go Lese Genompalan - Barly
Turonian strate (Fowg 198N Loeblich and Pappeny 1901]

Bichen, 1968, 1966). The gpecies la alse restricied in the
§ Oy [
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Guly Goasval Plain and Hurope from Alblan to Turonien
strate (Pessegun, 1967). Olsson (1964}, however, desoribes

the species from the Campanian ol the Atlantie Goaghal

plodn, Although Pespagno consliders H. planispira of

Dlsgon to be conspesific with H. holmdeleusis Olsson, the

venge of the gpecies might bo slgnificantly greater whan
juet Lower Upper Oretaceous. Whe specles moy have baon
overlooked bacause of ibs swall sizme. Iig wange in Bhe
Wegtern Tnberior is presently limited to the upper Groene
hovn limestone and cowpelative stvaba. Ae such, it must
be congldered a valuable gulde fossll dn the Western

Interlopr
Genus LOEBLICHELLA Pessagno, 1967

Loeblichella eoarcbata (Bolli)

Plage 6, figures l=0j
Plabe T, CTigures 7.

praeglobotruncans goarghate Bollis 1957, U. 8. Bab. Hus.,

Bull. 2&55 Po gﬁ# Fle‘lgg figa. Za=3c,

Looblichells goarchats Bolli - Pessagno, 1967, Peleont.

Amar,, vol. By no. 37 poe 208, pl. 48, figs. Lheld,
E@g ?1@ élb figa‘ b# gg ?lu @gg figﬁs i“ﬁg @wﬁg

pl. 16, figa. 7-9.

Remerkd, - The genus Loeblichella Ly chavacterized
by having subural supplementary aporiures on the spival

gide. Pessagno (1967) shows the supplementary aperitures
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4o be locuted at hw tutersection of thoe aplral and va adlal
qubures. The Mancos Bhale %p@@xmﬁmw hevo chanbers fLlled
with salelhe. lMest have gubopes £11led with fopelg m
material. L few gpecinens have deep depregalons atb gu@ﬁ%%
inteysections on the spleal slde, These may well be
uppl&m@uaﬂﬁv am@%@uﬂ@bg | | " .

| mh@ gp%ﬁ&mﬂﬁﬁ of b ﬁ@%ﬁeﬁa@& w&ngu widely in
‘éi@%'&md imfl&t;mn of aﬁ&m&@ﬁg» mh%g all a?@ shapacs
ﬁériv&d bv 8 v&zﬁ Ao ﬁ@m@h@%%iral a%?amg@m@nﬁ i chanbers
in the Aasa wm@ﬁl whiﬁh &%a@m@ V@rv 1@%@ y&B&tin Bt bheiy
‘wiﬁﬁ& aﬁ@ hy am axtraumbilical - amhili&al i bwery
pporhure, A low gpecimens ave Ldentical %o the prinary
types. Whe Hangos Shale specilmens show o Pange of
vapiability in chamber shape in the Plual whorl fvown
anpgled tH ovabe. The lew gpesimens with ovate chanbors

mey well fall within the vange of L. Refisl 8.5. Possagne .

gines Pessemno (1967) indicates vhat D. bessl gege and L.

goarelnta s.g. Bro6 clogaly welabed wlth trsnsitional lorms
aommer and gines woay specimens in the Mancos Shale ara
morphologheally Intermediate betuwsen L. hessl s.8. and

L. posrebate s.g.; all apecimeny are cousidered to he L.
goamotaba. The wrlver is nf the opinion thal L. gosretaba
has & wide merphologloal range and what L. hessl should

be pub in aynﬁn@my wiih i%s Maedy ranges ave identical.
Tha gpeolmens in Ghe Mancos Shale are, hoyevelr; woo DTew

wo validate this epinion,
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figurad hypobypes H&ﬁ&mum,&i&m@t@mrﬁgag g
whdeknesy 018 wmme

Qocuprence. = A few spevimansg of Lg@b&iah@ila‘

a@ar@h%@a taour da many pamples of bthe Haneos Gheles

3

wh@y@v@ﬁ,%@ﬁara1;yl@ﬁkﬁaniﬁ‘ap%@Lag,aﬁerabmm@&nﬁ,mm_@&@
&&llﬂ?ggﬁ@i@%,an@‘ﬁﬁl@@hﬁ4&§ﬁﬁiﬁm@4‘:fﬁ@{iﬁ%@rvmﬁﬁﬁr
geeurrence of the gpesies is in the upper hatf of Unlié

&l ab Gallup in the Gavelinelle dakotensls Agsemblage

fone, Originally the gpecles was- degopibed fyom Bhe .
Q&mpaniﬁﬁ_iﬁlfﬁiﬂid%@_{Eﬁlli?‘l@ﬁ?)x Paasagio (3967)
indieates the range By be Upper G@Q@m&ﬂiamuﬁa Heesbrichiian
,im_églf'ﬂm&a@ ghrate, IF the lower limit of the dpooien
pange g8 indicated by Pesaagus {1967) ig valid, thon the

pesurrenceé of L. cosvebats i %h%‘@a@éliﬁ@ll& dakotvensis

Aggemblage Zone marks the Lirst appearanoe of the specles.

-5

Loablichella poarebita occurs Lo Unid Ds 8

pelte and Unlt W &b Woloobis

Genne ROTALTPORA Brotzen,; 1942

Rotalipara gieenhornensis {Morrow)

“ﬁlqhgr@talia gréenhornensis Norrow, Jour, Pales voke Oy

6. 2y e 1995 ple 31, Fige Lo

Planuling g@aaahmrman@&a Gughuians, 19k6, U 8. Geol., Bunrvey

Frofs Faper E@@Q The l 9§ Pl &QQ Flgs 3o

T&&lm&ﬁﬂl%@i& pﬁ@@ﬁba@ﬂ@ﬂ@iﬁ,ﬁygnmimam pod Brawig 1@§@@

Rolopae gools Helv.y vole 1O, pe 538y ple 204
£

5«. F"’"{E}- I



HQE&L&p@y¢ gfamﬂhﬂﬁﬁ&ﬂuiﬁ Toebliel and Tappail, Lobk,
&

 Miceopad g ?aiﬁ ?% o 3 Do 2995 Ple To fhes

Bisher, 1965, doup. Pal.y wide 3 006 B P (}L}{}g
Ple 106, Pige 1le |

R@ﬁafﬁﬁﬂf#‘ﬁgtﬁlipmra groonhopnensles ls oharacs

povined bgua,d@ﬁ@“umbiliaﬁf B nhﬁwwﬂg &nﬁlad and kseled
peripheryy alstingt @a$V@&‘d@p§@a3@d.&u@u@a@ﬂ and. - ine
Flabed chambers on bhe wahilical side wlih an wmblLlical
ghoulder .. ?haﬁﬁamﬁégzagﬁaim@ma:af@ iﬁ@n@i@al with the .
o inaey Gypes . |

Qosurrenco. = Seyeral specimens dccur in the

Mansos Shele near the base of bthe Gavelinelld dakotensle

Apsenblage Zone 1n tmle @l ab Gellup aad Unls W3 ab
Woleobt, Although ﬁ@wr@w (1934) res ﬁ?l@w@d the range of
the species to the Gp genhorn F@ﬁmﬂ%iﬁﬂ in Kansas, Blchew
(1968) deasribes the speclea from the Graveros Formation
in Eaaﬁ@?m4ﬁéla@ad@; There 18 apparently. a &%cr@asa in
abundanss of the species aopbhiard from the Gull Goast

{(Rioher, personal eommimisation) . Robalipors greca-

ﬁ@gﬁﬁ&@ia eleowhera; however; 0GeUra workdwide Lln

Genomanian and Lower Taponian atreato.
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Pamily  HMARGINOTRUNCANIDAR Pessagno, 1967

Genus  MARGTIOTRUNCANA Hofker, 1956

Mazed o bruyo ang, ?@ngi‘{@&ndalfi)

Plate T, Llguras L3sL5.

¢lobobrungans yensi Gendollfl, i?& 25 Rive Ital. Pale, Aun,

4By wem iy pe 12N, text - Pige LSawe, pl. by
fi@;é 1«54

£

Gloholrungana o.fe 1&pp&r@mﬁi goponota Bolli -~ Palli;

1957, U. 8. Wat, Musd., Bulls 218, p. 58, pds 3,
i’ié‘;g ¢ Bﬁ‘i“@ A

Marginobruseana pengi Gandolfl - P@@gagnag 1967, Paleont.

Qfﬁ‘%f@a} el Bwfy e Sg P e 31@09 }3;14 ,J“rﬁ ﬁi.{f;@o L&‘*??
ple 65, Pfigs. B0-23; pl. 99, figs. 3-4. ({Ses
- Pessapgno Pow sddibional BYN0nemY ) \

Remarks. - Marginetruncana renzi is charaptberlszod

by haviog five to nix pebaloid chambers in the lasgb whowl,

8, @14m@u@aanﬁ test, beaded sutures on the aspiral si @%5

and d@pra&gﬁé oy flush, @uﬁv@d gutures on the wbilical
aide .

Asgording to Pemsagno (1967, p. 311) M. reunsl
hag hed o "chaotic baxonpmle hx@bary, The specinmens wero
@ﬁ&%ﬁﬂ&ily”@amp@f@é with and @ﬁnﬁ&ﬁﬁfud sangpecifio with

U BRI . P

the gpecimen of @1@@gﬁrmnaaga Gad s l&pp&ﬁ&mté @@Y@ﬂ&%&

polli (Bolli, 1957, loe 6it) ab the V. 5, Wablonal Husoun.
sinae then Pessagno hes placed that speclmen 1o aynonoumy

with M. pengi Gandelfi, The wrlter follovs Possagno by
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referping the speolmons an the Mencos Shale o i vennl .
" bizsg ST

Mapging Brineans venpl differes From Globotruneans

Eﬁ%&&%ﬁ%ﬁ Vogler in its plano~conves teat, an wabilicale
eatraunbiiical prinary aperbure, and depresged or flush
guhures o the umbilienl. side. I differs from M.
ﬁiff@ﬁmf {andolfi) in & aaorly flat spleal side and,
deprogssd curved sub uf@ﬁ on the vmbilical side.

Plgueead hypﬁtyp%: Mazdrum diamsber @,ﬁ@ iy

phickness 0.25 .

Pomlly OLOROTRUNGANIDAR Brotzen, 1942

Ganug  ARCHABOGLOBIGERINA  PoRsagnos 1967

&?“h&@@’i@bh?%?iﬂ&‘@@&@u@m%is_ Pasangno

plate Ty figures L-6.

Arﬁhaﬁﬁgi@bi&@%Lﬁﬁ hgsau&ngig P@@ﬂ@hnm, 196?; Paleonb.

Amer o, Toke 37y 10O By pe SLGy ple. 060, Phps. Geld.

Remaprkae = Apcheeogloblgoring begguensis i

éh&?aﬁﬁ@ﬁiﬁ%é by siz bo elght chamnbeys in the lagt whorl,
s amall desp umbllieus, and ehanbers which lncreade in
size geadually. Pesdagno (1967) stabes that the specles
is ﬁh&?aEﬁéﬁiﬁaﬁ by a palatively high prochasplral soll
The illustwationd sf the holotype show thab only tho last
whewl 1a hipgh spired whercas e ear’ly whorls ape low
grochosplral. The speeimens in the Hancos Shale apo
bypleally low apired fn the cawly whordl and have s high

gpive Lo the Linmal whearl, Oualy one speclmen in the Meanehs



o
Lo
&

2’““

ghote ie high gpiied throupghout. Gpon earaful examl
o falat cavinal band s vislble on the chawbers of the
Lagt whoprl,

ﬁﬁﬁﬁa&%&lﬁbl%ﬁ?iﬂ& b@aqwendig Aifters from b

erataces arorbipny by an &@@ %ﬁ@ 6 sovan ﬁhﬁﬁb@?ﬁ in the
lagt woord &m@tbg‘%h@ gbrencs of & diﬁpwnuu'ﬁ@ubla keal.
figured spaciméeny Max cimum diameter 0,50 mng
vﬁhiakm%a@'a 30w

Deosurrende. « Af&h&%ﬁ?iﬁb?g@ﬁLﬂ& b@aqua a has

poen fovhd only in oneé gample. ai Waleott where it odours
abundantly and i$ asasociated with A ﬁi@ﬁa@@& BE50 feet
above the bage of the Fovmabion. At Dal%a Lh oseury

raﬁ@?y in the &&V@&iﬂ%ﬁl& R&mg&gﬁmﬁim @éamh?ag@ 7000 .

Are h&@ﬂﬁlﬁhiﬁ@?iﬁ& hosguengle oocurs oily in samples Bhatb

aonbadn ﬁ@?gin@trunaana venzl {Ganda)kii)y. Lts préagonh
known pangs Le Lower Santonian (Pessagno, 19671 . Ib
appavently oceurs only lo gamples contalning a varled

henthonie fauna.

Arshasogloblgavioa @wa%a@ea‘(ﬁ'éﬁﬁigmy)

plate 7, filgures 1002,

,@lﬁﬁiggﬁiﬂ@‘gﬁ@ta@@a aroebigny, 1840, Boc. Gsol, Frantd,

WMen.; Parls, vml. 25 00 by Ve 3lis pha 3y Lhgde

Globg bryneena orobaces Atorbigny - Bamner sad Blow, 1960,

Genbr e Cushman Fouxd, Forams Heses vol. 11, ppe
5 gk

B=10; ple Ts Plase losde.

;-n
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Agchagoplobigering crphaceq AdtGrbigny ~ Pessagnd, 1967,
Paleonb. Amere, Whe By N0 37, Do 31T, Ple 70,

fﬁ»ggs 3“‘8; }J:}ut (;)!49 figﬁe !%“5@

Remprke. = arehaepglobigering orglacen is
characterized by o low gwochospiral appsngenent ol guthye
spherical chamberg, @ undform smell Inewease in slae al
shanbers of bhe lash whopl,; extrenely weak double sarinal
bands which ave wore appayent in the early chambers of
whe Lagt whorl, and inbepiomaprginad vmbillsal aperiture.

Apphaevplobl gering srabocea difiers Irom 4, bLowi

Popaaguo by the move spherical, chanbers.
Tpured hypotype: Maxlow dtameber 0,60 wmg
#hickness 0,30 .

Gocupronoe. « Lo bhe Manoos Shale grgﬁa@@glabig@?im&

gratocen ocourd i the lewer half of the fJavelinglis

»ﬁﬁﬁgﬁiﬁi Appomblage Z@n@ at Delba, The upper Limlt of

the apeties apperently 1is soologieally sontrolled bocause
above Lts sbtrabigraphic range ab Delia no plaunkionle
Foraninlfora have heen lound. Tn dhe Guld Uoast it

vauges Lrom bagal Conisclan oo middie Masstrichbian strata
{(Passapgns, A96T7). The probable pangs in the Mancos

Shale is Uppor gantonlan= Lowel Gampanian.
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Pamily OSANGULARIIDAE JTweblich and Tappan, 1906k

Genus  GYROIDINOIDES  Brovazen, 19ha

Gyroldinoides subsonicus (Morrew)

Plate 6, Cigures 7«9,

Globorobelis gubsoniee Moprvow, 1943, Jous. Pal., vol, &,

n0e 3, Pe 200, pl. 30, flgs. llase, 10,
loatberie, 1937, Nebpraska Ceol. Survey, Bulls 12,
2ud aevles, p. 43, pl. G, Tlgs, 10aen,

Remarks. » Gyreoldinoides subconiocus iy charade

teriged by a flat to depréssed gpirél gide, convex anguley
condeal umbiliecal side, & smvoith bo slightly lobulate
@@ripﬁ@@y which Llg angled bub not keeled, and & deep;
gmall uwabilicus.

Losblich and Tappan (1961 p. €59) in tholy

gyoonony place G. gubcondous in the genud Globhorotalites,

Hawever, Morraw (193L) nod Loesbterle (1937) do xot menbion
a kool and ﬁh& holebtype shows ne evidence fop either a
kesl or porelesds periphery. The Henvos dpecluens ave
idenbical with the primary bypes and show nelther a lkeel
now poreless mavpin. The speciea is thersfore placed in

the genus (yroidineides.

Plogured specinen: Mexlmun diawneter 0,25 nmi

Oesuprvents, - Seventieen speoimens of Cyreldincides

gubgondoug have been found in the Mandod Shale in the

Gayelinells kangsssusis Apseniblage Zone at Woloofit,
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‘@ﬁ@ﬁt@rlgsilqﬁ?) F%aﬁﬁés‘itﬁ'ﬁﬁauﬁﬁamaa ag widely digs
teibuted Ln the Ford Hays Hember of the Hicbpave Formabion
in Kansas, The faeh that it has pfgvlaualy been found

only in a Linsgtone %u@@ﬁﬁﬁa*&‘limit@dvaqologi@al diptribue

Eami’iy c,,;wc* \f"“mmh, §. K, Bylkovay 1959
Gonus  OAS sm}z}z_,m | tofkew, 1951

Ga%si&ellajﬁggglg@a,(R@us@)

Virgulina ﬁ@guiata ﬁ%uéég 1§ng Haiﬁiﬁgéw‘s Habe ABD«,
%?'@3.,4, hp e 2:'(39 531& L‘; flgf lg- | ‘

Bﬁ&%?&ﬁ& uagul& o, Reuss « E@fﬁ@ﬁg 1930, dauf Poledn,. »

v@la Bﬁ nos Sy De l@é ple 30, Cige, ﬁl&“be

meaatmmum @aguLaﬁuﬁ,R@u@s - W&ghmﬁn, 193%, ﬂang; LR
G&@349 Eull b1, p. 515 pl. 8y fipg. B o
TOUNg, l@ﬁiy Jaurﬁ Palgan.g ol E’ m@.-lg b 6lis
pl (AN fl%. 13, | |

ﬂ%maﬁkg. o Qa&aiﬁ@L@& L@gulata in ah@waatﬁflv@@

vy Lus @lﬁﬁg%@@ ﬁl@ﬁd%f b@@a@i@l ﬁ@atg by ita aii@hf
wedating and by Lo low @ﬁ@&d am&mb@rs.'

Figuréd hyp@ujﬁ@@ L@ﬁgu& 0,35 mnj magloumn widigh
O l}; @h%a@m@ga OO0 mite

ﬂaeuﬁr@m@@, o Qasaidali@ haguia%& 1g prasent in

th&,}&v$lim@lm& @a&@@&ﬁ&i% Agsemblage Zone ab Gellup.

in gther paprts of the Weatern Takerloy ib has been
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raported {ron the Froutler Pormation {Young, 1951} and
from ths Upper @?@emhmwm FPormabion in‘Wy@miﬁg [ Poxs l@ﬁg}
and Eangas {u@ﬁﬁww? LQBQ}* It p@aﬁL&le that this

dl@%lH@%u@% @p@@i@a had a g@ @ 5 obed ﬁ&ﬁgﬁe Although rare

i 18 useful fow Q@%ﬁ@l&ﬁléna

Fawlly LOXOSTOMIDAE Goeblieh and Tappan, 1962

Genug @ax@ SUoMUM  Whvenberg, 1850

Loxogbomum ¢lavatun ( Cughman)

Bedlvine cl&v&%mm u%hmﬁﬂg 1987, Guﬂlmam Lab. Forma, Res.

ﬁgntﬁ., vole 2, pbe ks ps B7» pl. 12, figs, Basb,

i@ @@ﬂamum @l&%aﬁﬁm Gughman 19&@; U & G@@l. Suyvey

Pfef Paper 9@@, p. 130, ple Bl flgs. hw

R Y

4R@m@ymg, « Loxogbomu olavetun difiers Fyom B

nghmami‘wi@&@adaﬁ in ite highly‘ﬁ&péﬁﬁd test and in
posaeasing more erénulations.
Figured hypotype: Dength 0,80 may diameter 0,22 mm.

Gecurrence,  In the Mancos Bhale L. glavatum

oeeurs comnonly in the Gavelinells heghegtl Assenblege

vane a4t Delbta, ;m the Gulf ﬁaa@ﬁ Gushman (194 6) @QQO
Lbe ﬁﬁﬁ&blgr&ﬁhza range to b from Austinan bo Paylowan

stpata. However, it is typleally Tayloran 1lu age.



Pandly ANOMALTITIDAE  Gushust, a7

gonus  ANOMALINOTDES Brotren; 1942

Anemalinoides #p.

plate 8, figures =3, =0,

@@ggyiptiaa& o Teost free, mearly planisplral with

portions of savly chewbers visible on the spiral alde,
and only chambers of %hé Last whorl vlsgible on ﬁh&
spposite unbllilcal side, bia@nVaxﬁ broadly rounded, B5-9
chambers viaible on the umbilidal sideg peripbery
slightly lobulaiae; ehambols ailutinet; wider than long,
fnoreasing alowly 4n #ize) suburas distined, sllghtly
depreased; aperbure an aguator ial siit extending fromn
fhe umbiiia&l alde of the periphery o the last 3el
chambers of the apival alde bowvdered by a narrow iy ex-
tending from the periphery to the unbilical meprgin of the
tagt 3l chambers of the splral sldej wall caloareous,
hyeline wivh extvenely large perforationsa.

Figured specimen: Plate 8, Digures Loy mazimum
dbameter 0,27 mm, thickness 0,17 mu.

Figured gpécimens Plate 8y iflgures Wby masinug
diamaber 0.26 mn, thickoess . .

Remarks. » Anomelinoides gp. differs from all

gimilar specles by Lin lapge perforabions, Dbecause of the
Limited nusber of apecimena Lo only & Pew sampleos, the
wpilter considevs 1% fvappropriate to nane 4 NOW apocles

at Bhisg Hime.
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Qeourrancy, = Anogalinoides gp. occurd in three

gamples ia the vppermosi pard i the E&?luph&ﬁnaldﬁﬂ

rotn Assomblage Zone ab Delba,
Genug  GAVELINELLA Brobzen, L9h2

Gavelipella sustinana (Cushnan)

Pl&mullg& auauimana ﬁm%hﬁ&ﬂg @QQ, Lughg Lab L@?&ma Red.

G@ﬂ'@ﬁao & vole ll%g Qc égg Q‘:Lé ;LEI«’ éﬁ.{gfﬂe &&*@3»
Gu%hmaa@ 19 hég Ue 8o Gonl, m?vay Ez@x. ?ﬁﬁ@” @Gég
| jei 3,561, ﬁ)io é}l.sg f@.{:, i‘:’)u | o

R%m&fgua - &av&linal&& auat;n&ﬂ& ié d&ﬁﬁimﬁ&$éhéé

by ibe @&m@raﬁ ad @hul&ta &féﬁh@&g&%d ﬁ@&ﬁg a1i&ht1v
iﬂ?l&ﬁ@d mb&mb@&q numb&@xmg &Fbﬁ ﬁa u&ﬂ ln an@ Last
whorl, @i %i net fine @ar?@r&ﬁi@na, amd &?aﬁﬂuval f&ag
which broeadens Ho a trilangulap flup in ghe &W@&ll@ﬂu.‘w
gpecimens in the Nancos Shale arg idam@l&&l %LEW uh@
primaey Lypes. | | |

ﬁaw%linﬁlﬁa augbinaneg differs from (. ﬂaﬁ@ﬁ@mgl

by its lavger pigey 8 &1&tiﬂ¢tlj l@bala@@ Lenty palned
gukuret, wiﬁh‘ﬁabﬁar d@pr@gsaﬁ, rara&. Plush, sulures in
#he final whorl. fwmall apaa&m&n& ail G au &u@hxm&né ape

aieriouls bo di@t&nguhah feom G @&Eﬁt@ﬂ%l& b@aav@@ thoy

pend not to have a lobulabe yar&ph@vya
Pipured specimeng Manimun diauetor Q.03 g

windmue dismeter 0,30 mmg maxinu phickreas 0.13 e

Desuvrenca. = Gavelinelln gusbinana is shumda i

nedr the top of the &, dakobensls Ansemblapge Zdone ab
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Gallup. Alshough it hag besn reported oualy from the
Austinen in vthe ULl Goast {Cushmeb, L9W6Y, in the Hancos
Shale 1% 18 aspoeoiated with a vapried and btyplesl equivalont
Uaper Gresbhorn fauna. “ité‘éamg@ wust therefore he oxe

tonded dovwn to the Upper Cemomenian - Lower Turdnian.

Gavellnella blghorneusis (Young)

Plate 9, Tlgures 10=1d.

Anomaling bighovnensis Young, 1954, Jours Palaons,; vols

25, no. L pe 66, ple M, Tigs. D722,

Rém@%kﬁ;‘% G@V%lin@lla‘bighernaHSia la digtine-
gulghed by its swall sizey by itg uninflated chawbers
mumberiag § to 10 in the final whorl, and ia belog
Goarsely perforated.,

| Meximum diameter 0,23 way thickneas 0,05 mm.

Oogeurrenca. < Gayeliueldla bighornensis ccours

raraly in the Gavelinella daketenals Adsemblage Zone atb

<

Gallup., It has previcusly been wecorded from the
Frontier Pormabion 30 feet below the "Vaseoceras'™ beds
{Voungy L951) and from the Greenhorn Formation in Wyoulng

(Foxe 1954) .

gavelinelle dukobengly (Fax)

Plate 8, flpures 13-18,

Planuling dakobensls Foxy 1954, U. 3, Geods Supvey Prof,

Paper ﬁﬁQ“E@ e 1199 il E’,é@ fhig%« LO9=21,
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ovelinella dakotengls Fox = Bieher, L9065, Jouv, Palay

vol. 39, pe 30, pie 6; fig. fe
eenn? 1967, Jour, Pal.; vol. Wiy pe 186, pl. 19,

Lig. L.

Dageripbion. Teal frae, brochosplral, gkl

slightly bleonves, sHLon

yly compressed; per iphery rounded,
aubsoute; £+3% whorls viaible @ﬁ gpival side, T=9 ch&mﬁéﬁa
viaible on oppesite silde forming & ahallow wabllicuss
shembers diatinet, not inflated ilu early portion of Lesi,
Tagt 3=l sbightly inflated; subuves distineb, limbate,
poised or flush in early whorls becoming depressed In last
3ely chawbersj well caleareous finely perforates gupfnce
amoothy aperture a low jnberlomayrglaal = axtrasunbilical
alit bopdered by a narrow Lip exbending from the periphery
to the umbillous.

Fipgured spoclmenty Moxinun dlameter 0.23 mmj
thicknoss 0,00 mm,

Remarks, = Gavelinelis dakotengls differs fvouw

G amnonoldos (Reusa) in feweyr chaubers §n the final whorly

from Gy Eﬁ@iﬁ& Beobsen lo greater scompression and in raiaed

pe Tlush limbate suturesy rom Gavelinella kangasansis

(Morreow) in smaller gine snd absense of a caloareous

gaourronce. « This gpecles lg very comnolr in the

Mencas Shale at Gallupe A fow spocinens odeur near the

pase of the formabion at Delta gad Woloott., The digtinetives
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s wide disteibutlon in o Liwmited

=

ness of the speciles and !
gheabigraphle interval guggest uselulocss as & sanal,
fouall.

Cavelinella dakotensis has peen preported as
L LIG L UPRRLE L

apundant in the Greenhorn Fermdiion in South Dakota (Foi,
195h ) where it 1s posbricted Ho the upper Grednliori.
nieher (1968) describes the spacles from the wppew

greenhorn and lower Garlile Pormatlons in siabern Oulorado .

gavelinella henbestil ( Plunes )

Plate 9, Figures Le3, L=6.

Ampunline hnenbesti Plummer, 1936, Pexas Unlv., Bull. 3501,

e 5"39(3, pla g;ﬁ fif{;ﬁa T=10,
Gushman, 1946, U, S. Geol, Burvey, Bull. 206, pe. 1Y5,
pil. Bl Tig, 2.

Planuling @Qmplanaﬁa plunmer~hoehterie, 1937, Hebpaska

Geol. Supvey, Bull, 12, dnd ser.,; D L3, ple B,
Plpas ka=g,

Remarlks. - Gavelinella heubesti is cheracterized

by & mush compressed umbonabe best,; parbs of early chanbers
exposed on the umbilieal gide of the tast, and by a

swochaspival chamber aryangement bhat fe nearly planispiral,

- gavelinella benbesfl ls one of the most easily
rosopnized and abundant species in the uppes parh of the
Mancos Bhale. &1@@@@@@ many semples which contialn G.
honboatl also genbain o number of obthey benthonic and

planiktonic specled, goveral yhelded only speulmend of G
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honbesti . msl or. somples yilelded o fow spoelmens of othey

spocles ineluding G, henbesti.
\ i et P e

%&uﬂé&nﬁ&y from 2000 bo dé@@ Faet abovae uh@rba@@ of the
foruation. ot Delba and frow 1800 feet to 2000 feeb ab
Woleobt. Ih is known Trom fhe Fort Haya Meomber of the
Miobrare Formation and from the Payloy and the Navaproan

of the Gull Coashb.

G@v@l&ﬁa&ig K&ﬁ%a%&@ﬁi% {Morrow)

| Plate 9, £1 Lpures 9.

planuling kensagensis HMoweow,. 199, Jowr, Pal., vol. O,
no. 2, p. 201, pl. 30, Tigs. Bowc, 12a-c, lba«c.
Loebbeila, 1%3?; Hobyagkae (eols Survey., Bull e &Eg
and ser.y Do 49y ple By figa. Zdaw=e
Gushman, 1946, U, 8. Geol. Burvey Prof. Papor 206 4
P 1575 pla Glyy Fige 128, |

Rewaplks, - Gavelinella kansasenaly is chayasberizod
by the lavge number of chambers (10-11) in the lasd whorl,

1ts lappe size, and its welative thinuess.

goeurrence, - Gaveliuvella kansagendls cocura come
monly in aoamples fywmegab B 1100 feet above the base of
ﬁh@_fﬁrm&%i@m ab @@1ka;. Alsoy iﬁ‘h&a baen found in several
&amplaé at Woleobh, Becuuse of 1bs wide googrophle dlstyibu-
tion in the Wesbtern Inberilor and its limitad vayhical
vonge 1t b@ﬂ b@an choseén as a @bm@ xma@iL« In othey paris

' the Wastera Tntewler 1T ig Kﬂ@ﬁﬂ from the upper CGaprlile
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Pormatlon, the Niobrara fommabion of Kansas, aad from the

fiobrara equivalent of the Gody Shale (Fox, L1984).
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APPENDIX 1

PLATES OF FORAMINIFERA



PLATE L

Flgures 1, 18, Roopbaz brayerl

Hypobypes Lrom the Deltes Seshion 3hY feeb above

the base of the fopmation iln the Haplophraguoidoy

rota Assemblage Zone.

Figure 1 (& 50)3 Figure 18 (x 25)

Pigures 2; 9. Flabellemwing cowprossa {Belgal)

Hypobtypes from the Delta secbien 3584 feot above

the base ol ﬁh@hf6§Mﬁti@m in the Haplopragmoides rots
Agpenblage Z008.
Flgure 1 (% 50)3 Flguye 9 (x 41}

figures 3, 8. Gaudeylna benboepais (Cavman)

Hypobtypes from thé Delta section agih feet shove

the basa of the formation in the Haplophragmoldes

vote Aesemblage Gona

Pigure 3. Hypotype (# 4L} showing uniserial
avvanganent of aduli chambars.

Pigure 8, Hypotype (& 82} showing biserial
aprangement of adult chaubers.

Figurs 4. DBigenerina hagbate Cushman {z 65)

Hypobype from the Gallup Sechilon 180 fosh above

the base of the fermatlon in the Gavelinella dakobonuls

Anaemblegs 2006.
Figure 9. Splreplectemmine lalickeri ARbriiton and Fhleger
(% 65)

Hypotype from the Delta seeblon 1090 feeb above bthe
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page of the forwstion in the Gav@lin@lla kansaseng i

Asgenblage Aoue.
Hoaplopheagmnoldes ponanzaensls Steck and Hald,

Mpupes Ow7,
{x 80)
Hypobype from the Haplophrapgnoides poba Asgemblage

gone 351 feet above the hoso of the formabion a%

Delta.

Mipgure 10, 1516, Haplophraguoides xoba Neuss
Plpure 10. (x 80) geuahed specimen Lfrom Hho
Delta section.
Pigures LE=1G. (% 68) Hypotype from the Delta
g%a@iaa WLy feet above the Lase nf the fermablon.

Pipure 1L, Bullopore laevis (Scias) {x 60)

Hypotype from Delba section 2250 feet above the

Cormation in the Gavelinells henbeati Adsenbloge Zone.

pigure 12, Seccamuine Aifflugiformis {(Brady) *x 6F

Aypobype from the Pelba seobion 35LY feet above

bhe base of tlhe fovmation in the Haplophraguoldes roia
Asgemblage Zone.

Figure 13. Dogothls bullobd (Gavsey) = 00

won the Delba dection 390 feed above

Hypotype ¥

the base of the Fformatlon in the Haplophragmoides rolo

hegemblage Zone.
pigure 1. Ammodiscus opetacous X 35
om the Delba socbtion 352l feot abuve bhe

nypobtype fv
baso of the formabion in the ﬂaplmphyagm@iﬂ%s Ry ric)




15Y

Figure 17, Thelwennammige sp. (& 00)

Specimen Lrowm Delia section B feet abova the base

of the formation iun the Heplophwapmoldes roba Assemblage

g,






PLAVE &

Frenpos Led. ?ﬁ@lm@nmammzm@ gp. L= 65

Pigured speoimen from the Delbe sectlon 35LY
raen above the base of the formation ln she

Haplophrapgnoldes pote Assenblage Aone.

pigures 3-8, 68, 9«10, Twochamulng Sp.
Plgures =5 (= 142)
Tigures 6-8 (g 80)

pigupes 9-10 (x  60)
ALL figured a?aaim@ms fyom the Delba gecbion
3520 feet above Bhe base of the Pormation im the

Hﬁpl@ph?agmﬁiﬁ@g pate Assemblage Sona.
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PLAYE 3

Fiogures Le3¢ Trochewmming wilforma Be 8D. Hivseh (x 68)
é‘ SRR ot o % & & # R 2

pavatype frow the Delia geetblon BE0 feet above

tha bagse of the formatlon in the gamggphra@maid@&

poba Assemblage Zone.
W-a

Figure ly. Frondicularie avlig Horrow (x B82)

dypotype Lrom the Woleoht ascblon 35k Feet above

the base of the fowmabtion in the Gmvelinells kauga-
gengls Asgewblage Zone,

pigure 5. Frondiculavis lnversa Reuss (x 02)

Aypotyps from the Gallup section 140 Leab above

the bage of the Fformation in the Gavelinella

dakeotensiys Assomblage Lono.

Figures Ge7. Haplophrogmoides bonanzaensis Sbeck & Wall
(x 65)
Hypotype from fthe Delta gestion 3710 feet abuve

the base of the formation iﬁ'ﬁhe‘ﬁapi@@hyagmmidas‘raﬁ&
Asgemblage Zoneg,

Plgare &, H&ﬁgiﬁg&imepais anplagpira voung (% 76)

Hypatype from the Gallup gection 130 feet above

the base of the formabion in the Gavelinells

dakobensis Asgenblags 4ous.

Mpures 9, 10, Marglaulina galluping w. spe Hivseh

Figuee 9. Helobype (% 2li) from the Gallup sectlon
130 feeb above the base of the Formabien in the

ovelinglls dakoteunsls Assemblage Zone .
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Meaure 10. Parabype {z 19) Lrom the Gallup gecblon

130 a@&% abav@ ﬁhs baa@ of tb@ f@wmatlgu xm @h@

Cavullm@LW& d&?@ﬁ@ﬂ%l@ A&a@mh}agg Aane.

Paim&l& guﬁaﬁ&laﬁ i@*Oxbigny} {? 32)
uﬁti@n 554 Ew&@ #Hove

Fﬁgufa 11
o va@typ@ f @m,%h@ Mﬁﬁaﬁtt
£ ﬁh@ ﬂ&v&l&m@lla aam%&§@m%1@

%mg bagu @i uh@ f@tm&tiam t

&@g@mﬁi&g@ %@ﬂﬂ &t Q@lﬁa,
V&gmnu&lna &ackli R@@m@r

hxgur@ﬁ lg Lﬁg 1%
| AL mygatgpa
&&v@limelia dakatenaig Aﬁﬁ%mbl&g@ Jone .
Hypaﬁyp@ (= uG) 1%@ @@ﬁ abava %h@

&w@ fwmm Lha &&Llup S@@@i@m in the

Flé” '(3?{? Lﬁi ‘.

b&ga @f sha xeﬁma%l@ﬂ,

?iguﬁ@% ld, 19¢ ﬂypcﬁypi& {3 a@} lgﬂ i@wt ahave

the base af e f@rmabmmﬂg_

Plgure 13. DéntaLina rafl@x& M@@r@w éﬁ G67)

rom the Delta &@ﬁﬁi@ﬁ &0 f@aﬁ above bGhe

Hypotype £
base of the formation in ﬁh@_&&vglia@;;a dakotensis

hssenblage %one. . |
L of . ﬂ¢ aanaahrim& é*&rbigmy (= 30)

Fi&?ﬁf@s 1’«%‘ 1)0

Hyp@ﬁyﬁ@ ff@m Ghe &allup ségtzﬁm 15@ feat ab@ve

the basge af %hﬁ fﬁﬁm&ﬁléﬁ in %h@ Gav@lmn@li@

é&&@t@ﬁ%a& &gg@mblag% !@n%a_
ﬁ@nt&iin& l@?ﬁﬁi@ﬂ& (ﬁ$Q§b1 ny) (K 1)

b%igwag 3«-?§ &»5@
Eﬁp@tyg@g frore the Gallup ﬁ@@blaﬁ 9%@ &@@L abova

%h@ baas @? the faﬁm&ti@a in tn@ &éféiLﬂ@ll@ @akatgﬂg&@

&aawmblar$ A0S 6



160

Figupe 20, Sapacenaris raggided Fox (= &)

Hypotype fpon the Gallup aachlon 130 feeb above

the Bage of the fermation lo the Gavelineila dakobensis

Apaenblage bone.
Plgures 2128, 238, Lenticouline gaaltig&_éB@@%h@Lin}
(x 83)

fAypotypes fyom Ghe Gallup geotinn 130 feol above

the base of the Pormabion in the Cavelinelle dakatongis

Assenblage 4008
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PLATE N

fipupes -2, 3=h. Dentienline povlting (Berthelin) (& 834
8 4 enuiil 5 !

Hypotypes from the Gallup sedtlon in the

Gavelinglls d&@aﬁ%ﬂ%&%\é@&@mbl&g@ VAT

Fgure B Paluule spe (x 30)

Specinen from the Gallup section in the Gavelinelle

dakotensis Assemblage HONG .

Figusre 6, 12, E?aabulimina earaeyas (Plummer) (x LOBO)

Hypotypes from the Woleott seeblon 770 Lfeut above

the hate of the formation in the Gavelinells henbeatl
Asgemblage 2006,

wigures 7, 13. Nepbulinina ganadensiy Cughman and Wiskenden

Hyposypes from bthe G@V@lin&li& dakobensis Aasenbhlapge
Zone at Gallup.
Figure 7 (x 112); Figure 13 (x 80)

Pigure 8. Preebulimina wyomingensis {Fox) (x 212)

Hypotype Irom.the Gallup a@@ﬁiﬁm 180 feet above

the base of Ghe formation inm the Gavelinelia dakotenszis

Asgemblage Z006.

Pighres 9-10. MHeterohellx morenani {Cushman) (= 10)
Hypotype from the G&liu@ geetien 130 feet above the

mase of the formation in the Gavellnolls dakotousis

Lapemblage 4008,

pigure L1, assidella hegulae (Rouss) (% 130)

Hypouyps feom the Gallup geohion 110 feob above tha

bass of the formeivlon in the gavelinelln dakotensig
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As ﬁﬁﬁ@l&g@ 70N .

}{gﬁgﬁ@h@ii‘ég 3%&’35@@'& 6:%%13?65&&%@{:} if :342“@}

igﬁﬁwﬁ =15
‘ ‘m ﬁm@ %éﬁ%li%@ll&

Hypaﬁg@ﬁ fﬁ@m 'h% Delba &@gﬁxwm
héﬂb&@u% &a@ambla@@ Z&ma. o

H@u%@ﬂﬁ%l&ﬁ glabulma& QEh@@aﬁ@?ﬁ} Qﬂ é‘)

Flgures 1éwlf¢

Hyﬁa@ype r@m the waiiup @@ﬁbl@ﬂ}iﬂ_%ﬂ@vﬁ&?ﬁl}ﬁa&l@

Lka%@nala &s@wmbl&ﬁﬁ Z@ﬂ%,_

&m@mb&im%%ma aﬁ@ﬁaaaa uu&bman (x 16@)

'Figura‘lag
1 Bhe G%ﬁ@ilﬁ@l&&

Egp@tgg@ foom the &aklup a@@ﬁlmn i)

ﬁ&%@ﬁ@ﬂ%i%,&&%@ﬁhl&g@'gaﬁﬁg




16k




PLATE &

Figures ke3. Hedbergolia delrioensls (Carsey) (= 100)

Hypotype frem the Gallup section 150 feet above

the bass of the formatlon in the Gavelinella

dakobengls Assemblage Zone,

Flgures lj«8, 10~12, Hedbergella plenispira (Tappan) (x 150)

Hypotype from the Delta sectlon 50O feet sbove

the bags of the Formetion in bhe &n&m@linﬁideg

kansagensis Aspenblage Zone.

Figures 6«7. Hedbergella smabllis Loeblich and Yappan

{x 100}
Hypotype from bhe Wolcott secbion 52 Teeh above

the base of the Pformation in the Apnomalinoides

ransasensis Asdenblage Zone.

Pigures 8-9. Globigerinelloides prairiohillonsis Possagno

(x 100)
Hypobype from the Delta sectilon 2290 fool above

the base of the formatilon in the Anpwalinoides henbesbi

Aspemblape Zovné.,
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PLATE 6

Figures 1«3, Hedbergells bribtunensis Loeblich and Tappan
{x 50)
Hypobtype Crow the Gallup sectlen 136 feeb above

the base of the formation in the Gavelinells dekobenyis

Asgemblage Z2one.

Figures l«6. Loeblichells coarcteta (Belli) (x 150)

Bypatype from the Gallup secbion 262 feet above

the bage of the formavion in the G&?@liﬂ%}i@

dgkotonais Assemblage Zene.

Mgures T+9. Gyroldinoides subconicus (Morrew) {x 100)

Aypotype Trem the Woleebt sestlon 382 feeb above

thie bhase of the fﬁﬁmaﬁi@ﬁ‘in ylie &av@linﬁila

kensasensls Assenblage Zone.

Pigupes L0-12, Valwpliderils lotierlel (Tappan) (x 100}

Hypobype from the Gallup section 130 Leet above

the bage of the Pormablon L tﬁ@_&&?@liﬁ@ll&

daketengin Assemblage Zone.
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PLATE 7

Flgures 13, Hedbergella plenispira {(Pappan) (x 140)

Hypobtype from the Gallup sectlon 150 feet above

bhe base of the Termation in the Gayelinella

@&@@ﬁ@ﬁﬁiﬁ Aagenbilage Zone.

Plgures h=6, 1012, Avchaeplobogerlng bosguenals Pessapgno
(= 70)

dypotype from the Woleott sectlon U538 foet above

the base of the formatlon in the Gavelinelia

kensasensis Aussembloge Zone.

Flgures 79« &Q&@iighﬁll&ic@%ﬁaﬁ%ﬁ&nPeﬁgagnbV(% 70}

Hypotype Ipom the Gallup secblon 202 reet above

the base of the formabion in the Gavelinoelle

dakobensiy Assemblage Zone.

Fipures 1012, Avchasoglobogerina cretacen {arorblguy)
(x 70)
Hypotype from the Wolcott mection 3Bk Teet above

ghe base of the formabion fu the @av&lin&lia kangagensis

Asgemblegs %one.

Pigures 13-8, Marginetruncens reunzl (Gandedri) (x 70)
Hypotype Lrom the Delta secbion 920 fest above

the base of the formation in the Gavelinello

angasenats Assemblage. 4on6.
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PLATE O

Pignpras le3, heb. Anomalinoides dp.

Pigures =3  (® 180)
Figures h-6 (% 120)
Mgured spesimens from the Delba seation A51h foetb

ahove the bese of the Tommation in the E&@l@phragméiﬁ@%

roba Aspomblage Zone.
Plgures 79, 1012, Valvulineris lobberlol (Tappen) (x 120)

Hypotypes from the Gallup secbtion 130 faot above

the base of the formabion in the (avelinella dakobensais

hasemblages Zono.

Figuves 13-15. Gavelinelle dakobensis (Fox) (x 120)

Hypotype from the Gallup sectlon 150 feet above

the base of bhe formation,

Figueas 16-18., Valvulinewie plumerae Lotberle (x 120)
Hypabtype from the Gallup goubion L30 feet above

the bage of the fosmation in the Gavelinella

dalkotenaiy Ansenblage %eno.
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PLAYE &

143, l«6. Gavelinells henbestl (Plummer) (x 78)
Hypobypes from the Delta Section 3240 feet abova
bage of the formatlon,

7-9. Gowelinells kangasensis {(Mowrow) (% 78)

Hypobtype from the Wolpott Sechion 30l feet above
base of the Lormatlox,

10-12. Gavelimella bighorpensis (Young) (x 120)

Aypotype from the Gallup Seetion 130 faet above

hase of the formabtion in the Gavelinelis

dakotensis Assemblage Zone.
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UNIT 6 UNIT 7

— Species present in sample
———— Inferred range of species

NS
emmmm No samples-Fm. covered

-—— e o e——

3A0QD pB8JBAOD UOlDWLOY

s9jdwbs oN — ,00.¢

Soccammiina diflugiformis
Ammodiscus crefaceous
Reophox ftroyerr
Haplophragmoides rota
H. bonanzoensis
Thalmannammia sp.
Coscinophragma codyensis
Ammobac. coprolitheforme
Spiroplectomnmina [lolickers
Trochammina uniformo n.sp.
Gaudryina bentonensis
Dorothia bulleta
Dentalina lorneiona

D. ref/exa

Lenticulina kansasensis
L.sublaevis

Bullopora laevis
FPraebulimina carseyae
Heterohelix globulosa

H. striata

G. prairienillensis
Hedbergella amabilis
H. delricensis

H. plonispira

Loblichella coarctata
Marginotruncona  renzi
Archoeoglobigerina creracea
A. bosquensis
Gyroidinoides subconicus
Loxosfomum clavatum
Anomalinoides sp.
Gavelinella dakotensis
G. henbesti

G. kansasensis
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Saccommina difiugiformis
Ammodiscus cretaceous
Reophax ftroyer/
Haplophragmoides roto
H. bonanzoensis
Thalmannammia sp.
Coscinophragma codyensis
Ammobac. coprolitheforme
Spiroplectamming Jolickeri
Trochomming uniforme n.sp.
Gaudryina bentfonensis
Dorothia bulleta
Dentalino lorneiono

D. reflexa

Lenticulinag kansosensis
L. sublaevis

Bulloppra laevis
Proebuliming carseyae
Heterohelix globulosa

H. striata

G. proiriehiliensis
Hedbergella amabilis

H. delrioensis

H. planispira

Loblichella coarctata
Morginotruncono  renzi
Archoeoglobigerino creracea
A. bosquensis
Gyroidinoides subcomicus
Loxostomum clovotum
Anomalinoides sp.
Gavelinella dakotensrs
G. henbesti

G. kansasensis
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