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CORRELA'l•IVE VALUE OJJ' FORAf;1IlHFERA IJ:,l' THE Pil!.'RRE 

SHALE OF COLORADO 

;?u,rnps~ 9.! ~ Investigation 

The purpose of this investigation was to determine 

whether or not Foraminif era have any value as horizon 

markers in the Pierre Formation, The drilling of oil 

wells in the Fort Morgan area and ot.her parts of eastel'n 

Colorado has ahown the neeeesi ty of' oorrela'ting the va:ri • 

oua horizons of the Pierre and related formations pene­

trated by the drill. It was felt that Foraroinifera and 

other micro-fossils might serve bl tna.king the cort?ela.tions. 

Aclrn,p~l ed&me,n ts 

The w~iter is partiaula~ly indebted to Professor 

R.D. George and to the University of Colorado fol' making 

thia work possible. The direction of PTofeasor George, 

and his efforts in making available a University truck 

and ot,her equipment a.re a.ppreoia.ted. 'l'he study has 'been 

expedited by the advice and criticism of' Pt'ofeseor w.c. 

Toepelman, .i:'ro:fesaor P.G. Worcester , ar. Harry Aurand, 

M:r. Vl.A. Waldschmidt , and Dr. c. Max Bauer, and by the 

assistance of \ r. R.E. Murphy in field and laboratory. 

Xrua Pier~e FoTm§tion 

The Pier"'t'e »'o-rmation is known to oacur over nearly 
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ll of that par of Colorado which 11 to the eat of 

the Foo hill. bel of the Front Range. It r ng e from five 

to even thou and feet in thickness, nd is compo ed of 

buff to dark- To;y marine shal with interbedded andetone 

nd oonor tion ry 11 e tone trin er. 

1'he Pierre lie conformably upon the 1obrara limestone, 

and the lower two thou and f et of the formation is very 

largely dark gr03 , carbon oeous, fi sle shale with frequent 

in erbedded strin era of fe~ruginous, concretionary limeston 

and sandstone. 'l'hese conoretionary beds are seld.om more than 

six or eight inohds thick, and u ually re per iatent only 

for <hort di tance laterally, insofar a field evidence 

indicate. The concre ion re commonly very hard, but much 

fractur d and broken. The t~inger ooc tonally develop 

into lenses more than a foot thiok, and one pro inent 

concre ionary bed noted in the Deg,e ea are hich w 

made u of Apheroidal ferruginous concretions more than to 

fe tin diameter. Th last n· ed bed ie eraistent ove't' a 

consider ble area in the i~ ediate vicinity of Boulder e.nd 

11 s about a hundred feet below the Hygiene so.nd tone member 

of the Iierre. The lowe t two or three hundred feet of the 

Pierre shale are, in general• mu.ch harder than any of the 

shales found at higher lev~l , and that part of the formation 

which lies below the lygiene much or limy than any of the 

higher b d • 

There 1 a variable zone of incr a ingly sandy shales 



and lternating thin beds of sand tone and hale Which 

grades unward into the Hygiene sand tone. The thickness 

of thi zone may •aey from a f w feet to more than fifty 

feet, and in plaees the al te-rnating lay era a't"e entirely 

absent; the hales become more and more aandy until they 

grade imperceptibly into the sandstone. 

he Hygiene sandstone is the moat ersistent of the 

group of sand.stones which occur in the Pierre. It 1 a. fine 

gr ined, quartz sandstone , comx.nonly g-ray in color , but often 

slightly green or brown, ee ecially on the weathered surface. 

Inclusions of c l"bonaceous materi.al are very common; part 

of the bed may be locally very limy, and concret.ionary horiz­

ons are common within the sandstone as are haly intenals. 

'l'h Hygiene oa.n be tr ced north a-rd fror,1 '.Boulder to the 

Vicinity of Jtort Colline. a distance of more than fo-rty miles. 

Above the Hygien, t~e~e i a zone of al eTnat1ng shales 

and sand tone , nd sandy shales, which rou y OCOU">ie 

the 1111ddle bird of th . Pierre formation. In the immediate 
. 

vicinity of 3ould r the ;~giene is the ohly well defined 

sands ton in the g-roup • but in t,he viciui ty of' Ji't. Collins 

the group includes five well defined sandstones known from 

bottom t.o top as the Hygiene . the Terry sandstone, the 

Rocky Ridge sandstone, the La.rimer aandatone, a.nd the 

Richards sandstone. The sandstones are separated by strata 

of sandy shale which vary in thickness from one to four 

hundred feet , a.nd the intervening sandy shales ugually grade 
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into the andstonea which are remarkably 1milar in tex­

ture, oompoeition, and a.ppeara.nce. The sandy zone de ... 

scribed above is variously known as the Hygiene zone and 

the Hygiene gt'oup. 'l'he sandstones gea.1" an abundance of 

mega.soopic fossils, bllt would appear to contain very few 

microscopic fo:rma. The microsoopio fossils apparently 

are more abundar1t imi-i.ed.iately above and below the sand­

stones. 

The shales above the Hygiene sandstone are very 

similar to those below except that t.he uppei:- beds con­

tain lees lime and more sand. 'l"'he ha-rd• fert"Uginoue, 

oono~etionary stringers continue with mo~e or lees f~e­

quenoy to the top of the formation, but appear to be less 

continuous late-rally, and are a.11 rather limy as they are 

throughout the lower paTt of the PieTre. The higher 

shalea of the formation are a.pt to be lighter in oolot" 

and softer than those in the lower part , but this is not 

always true. In the ~ldo~ado Springs section the shales 

immediately below the Fox Hilla formation are ha.rd, platy , 

and black. 

It was found in the laboratory that shales from the 

upper part of the Pi erre usually break down when soaked 

in cold water, but moat of those aha.lee 1n the lower 

pa't't. of the formation diaintegt"ate only partially when 

broken by mechanical means and boiled in a lye solution. 



The upper part of the Pie~re seems to be in general mo~e 

sandy in the northern part of the area studied than in 

the aouthet"n part. 

The Pierre is overlaid eonforma.bly by the Fox Hills 

fonnation, hich rep~esenta the last phase of marine 

cretaceous deposition in Colorado. The contact between 

the .Piert'e and ]'ox Hills 1a a gra.dational one and can 

not be exaotly placed. It is usually marked by increas­

ingly sandy aha.lee and al t.erne.ting thin beds of aha.le 

and sandstone. 
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Economic Importance 

The :Pierre Fonnti,tion in itself is not of great econ .. 

omio iml)orta.noe now, but the Hygiene me1nber often shows 

trace of oil and was the ma1n producing horizon in the 

Boulder Field. Too , shale from the Pier't"e is uaeJ., extens­

i vely in the mn.king of brick in certain localities; 

The present economic impo~tance of the Pierre is in 

prospeot.ing for oil. The Dakota form1:t.tion 1a most fre• 

quently the oil pt'oduaing horizon, but to reach it the 

drill must penet:ra.te the overlying :.t.Jierre shale. i'he 

desirability of identifying the horizons penetrat.ed , 

especially the Hygiene Zone, seems obvious because the 

Hygiene is an oil-bearing hot"izon in many places , and is 

the moat persistent of the sandstones of the Pierre. 

Location .Q! seotione me§&aured_ .!!19:. aam32led 

Th~ aections measured and sampled are: Coal Creek , 

Eldo-rado Springs , Degge i.,{eaa, Little Thompson Creek , 

~os 11 Creet , and Big 1hompaon C~eek. These sections 

traverse the following areas: The Coal Creek section-­

sections l 9, 20, a.ud 21 of 'l'lS-fl70\q Eldorado Springs-­

section 33, TlS•R70W; Degge Mesa.~-aeotion 31, T2N-R70W , 

and sections 1, T11~-R71W , and 6,8,9, 10,13,14 1 '£1N­

R?OW; Little Thompson Creek--section 36, 13N-R70W and 

sections 31, 32, 33 , 34 , and 36, T4N-R69W; Big Thompson 

Creek--seot1ons , (next page) 
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14 and 23 , T,.5.H .... R.69.W.~ :Fossil Creet--sectione 10 , 11. 

12, T.6.N. - R.69.W. 

l'he location of the Coal Creek Section wa,e chosen 

because of the e~cellent outcrops of the PieTre formation 

in the cuts along the Denver and Salt Lake R.R. where nearly 

the entire thi<:kneas of the r ierTe is exposed , leaving not 

more than two hundred feet, stratigra.:phically , covered with 

alluviwn. 'l'he lace at which the Hldora.do 8pri.ngs Section 

was atudied was selected becau.se it presents the greatest 

ex osuTe of the Pierre formation between Coal CTeek and 

Degge Mesa., and ia l.ocated. nearly midway bet een them. 'l1he 

JJegge 1:..esa. Section was stu.diad a,t the place given b~cause 

that looa.tion present the be:::,t expo ure of the Hygien4 

sandstone a well as of the lower part of the Pierre shalea 

in the immediate vicinity of Boulder. 

The Little Thompson , IU.g Thompson . and Fossil C-reek 

Sections wet"e chosen principally on the advice of M.r. H. A. 

Aurand who reoornmended the excellent exposures in those 

localities. Sections looated farther north might have 

been better suited t,o t.he problem , from a regional standpoint, 

·out time and financial oonsideratione prevented extending 

the area. 
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Field Methods 

The )"'i eld work was done during the Winter and Spring 

of 1932. Work during the Winter wa.e greatly hampered by 

bad weuthe-r and low tempera.turea , and work waa done mostly 

on week-ends and during sohool vacations. 

The Coal Creek, Eldorado Springs, Deg~e Mesa , and 

Little 1fhompaon Creek Bect1ons were measured vii th a plane 

table and stadia rod. The Dig Thompson and l?ooail C:fleek 

Hections were r!lea.sured by uaine thicknesses pl"evioualy 

rnen.su,:-ed by r. H .A. Aurand as a guide• and ohe<Jking the 

thickness of the aam.pled zones v1ith a Bl'unt.on Compass and 

steel ta.pe. 

In tho e sections whioh were 111ea.aured wit,h the plane 

table, great cal"e ae ta.ken to insure aeauracy in the 

mea.sureinenta and the position of the samples. taken. All 

tul"na in t.he traveTae wel'e made by usirig fore ight and 

backsight. t"eadinga, and in all ca.see a.n effort was nia.de 

to keep the readings within 2500 feet. In those few 

instances where it was 111;;:cesaury to take longer t"eadings ,. 

the stadia distances were rechecked with the St.ebinger 

screw. 

Uome sections could not be measured in a single traverse. 

In such oa.e.es care was taken to break the traverse on some 

established survey point , suah as a section corner, and to 

continue the new traverse from another auoh point. 

A rod shot was taken on each exposure to be sampled, 
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and if th exposure was large eno gh to require the taking of 

several samples, the location of the a.dd1t,onal sample wa.s 

found by running a B~un•on trave~ e to tie them 1n. In 

ea o ure ·heTe am l could be ~ak'en right angles to 

the trike of th b ds, an effo~t ae made to take th 

plea about twenty fe ~t apal't, uain the rod to mea. ure 

th distance. Large exposures , requiring a gl"eat numbor 

of sarri-)le we:re tied in with rod shot.a at both ends, and 

on ·ny sand tonea or other prominent beds which might occur 

1i hin the exposure. 

~a.mpling 

Two general methods of aa.mpling the outcrop were em­

ployed . 1'he fi 't'st, met.hod wa to dig a trench across the 

exposure at. right angles to t.he trike of the beds , and 

to take a com~osite amnle of the bottom of the trench. 

The second method as to dig pits in the exposure, and to 

take a composite san le from the idea a.nd bottom of the pit. 

The 1 .a ~nd t-renohes were dug to a minimum de-p h of 

one :foo+., but the great sca:rci ty of eets oonpo ed of ag­

glutinated foreign matet'ia.l would indicate tha t the ah les 

must be pe netra ted to a considerably greater dep th. It 

a pears f;hat the ag lutinat.ed tests near the aut'face a.re 

largely destroyed by 1 round water and surf oe water lealOJ.1 ng. 

It i suggested that workers securing samples for the at.udy 

of fol'a.rniuif era. excavate trenches or :,i ta to a depth of at 

least two feet in order to neou~e better preserved nate~1,1. 
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Labgt"ato:ty Methods 

Ordinary lfol pa.per aa.cks of a good grade were used to 

conta1n the oamplea. The samples were numbered when 

collected~ using the rod•etation number and a numerical 

suffix to indicate the location of the sample. Sample 

l• .. -l would be sample number l, :from the outcrop located 

o.t rod station number 1-A. The samples were filed in 

boxes in propct+ order at the end ot eaoh d.ay',s work in the 

field. 

Various methods of prepa:ring the material for study 

were tried, but the following »rodedure proved most 

satisfactory: About fifty gra.ms of shale are plated in an 

evaporating d.ish a.nd covered with water. The sample is 

allowed to soak for tv1enty.four houre. and 1s then placed 

on the hot plate whe't"e it is boiled vigorously for a.bout 

an hour-. If the matel"ial fails to break down under this 

treatment, a emu.ll quantity of lye ie added to the solution 

and the boiling is continued until the ijhale is at least 

partially broken down. 

The disintegrated sample is \Vashed by addin 1 water, 

agitating the .material to place the silt in auepen~ion . 

and decanting. This operation is repeated until the wateli 

is no longer discolored with silt. The sample is then 

dried on the hot plate , and placed in small paper sacks 

to await examination. The samples are treated. in lot,s of 

t enty or mo-re for convenience. 
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' ethgd P..f. Examination 

The following procedure wa.s used in examining the 

samplea; The material was passed through 16 and 115 meeh 

screens. 'i'hat which remained on the 16 mesh screen was 

examin~d with the unaided eye for fossil material. The 

other two sizes of ma.teria.l were placed on separate parts 

of the tray for examination , the greater pa.rt of the tray 

being covered. with the nia.te-ri aJ. retained on the 115 roesh 

screen. The sizing was chosen beoauae fossil ma.te-rii,l left 

on the coarser screen oan reac:Uly be recognized without 

the aid of a lens, and the greater abundance of forrun1n1fe~a. 

will be retained on the 115 mesh sc't'een. 'l'he matet'ia.l whioh 

passe d through t.he 116 inesh screen wa.e examined, to deter uine 

whethet" 1 t contained foraminifera, and to study the oharactel" 

of the individual &,rains comuoa1ng the sample. 

A Spencer binocular mi c-r,-oecot,e was used for exaniining 

the samples. An auxiliary stage and tray were devised to 

greatly faoili tate the worl!'. 'the stage was ma.de of a. piece 
I 

of plate glass twelve inches square painted black on the 

lower side, a.nd mounted on four legs ma.de of corlc stoppers , 

which were glued to the plate with Canada balsam. 1'he tray 

used was constructed f rom a piece of plate glass five inches 

by three and one-half in~hea which wae painted black on the 

lower side and edges. The unpainted surface was ruled in one 

centimeter aqu.a.res v1ith white ink, and the squares nwnbel'ed. 

The material exa.illined was spt"ead thinly upon the tray Whioh 
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can be moved easily about on the auxiliary stage. This 

auxiliary stage f1tR over the regular stage of the 

micl'o cope. The t~ay proved very at1 factory beoau e 

it ~rovided a hard, smooth surfaoe ove~ an intense black 

background. J rtifi cia.l li&h t w~s yaed al to6ether. 

ountinb g!, specimens 

i'he forwninifera. and other material taken from the 

samples were r ounted on slides of the type devised by 

' r. . . \: aldschmidt for uae in the laboratory of the 

1dwest Refining Co1up ny. Canada balsam wa.a u ~d as e 

mounting medium, and the test placed in the desi red 

attitudes for study. A numbe~ 00 sable-hair bl"Ush and a 

fine need.le were used for pickin,; out the tests and 

mounting them. 
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DESCRIPl'IO:tf OF SPECIES 

HaRlophras-'lloidee A.,_anaTi enais, ( d' Orbigny) 

Pla.t·e I• Fig. 6 

Test fla.tt,ened peripherally I in side view long 

and na.t"row, umbi lieate; oharribei'e eight . the ekes 

thiokensd. , the central part dep-ressed, deformed; 

sutures straight. apparently originall.y straight and 

radial , distinct; wall finely arenaceou, fairly smooth­

ly finished, firmly cen1ented with relatively little 

cement; aperture obscure; color dirty white to gray. 

Width 0.23 mm.; length l.OO min.; he1gth 0.46 mm. 

Plumier has described thi& species from the id­

way fo mat ion (.Eocene) of ..i•exas. 

P;r~ br9a,l:,Prt121dea :t>.rJ!Si.1.!. ( Cuahman) (?) 

Plate II, Fig. 13 

Teat planiapira.l , small , involute , periphe'I'y round• 

ed. deeply umbilice.te: chambers five or six in the final 

convolution , some very slightly depTeaeH~d.; autui:"es very 

slightly depressed, nearly straight; wall thick, finely 

arenaceous but smooth; aperture a eries of tiny openings 

at the base of the apertural face; color white. 

Diameter 0.40 mm.; thickness O.l? mm. 



No deeol'iption of thie species in t.he upper 

Cretaceous of other sections has been found. 

Family Ti.XTULARIIDAE 

Subfamily Textular1inae 

Genus Textularia (Def~anoe) 1824 

'l'extqla.ria: U• 

Plate II, Fig. 9 

Test elonga.te, tape-ring, large; chambers nume-rous • 

late oharobers ·oevomi.ng progressively larger, b.iserially 

ar~anged throughout; sutures distinot and depressed in 

later at.age, forming a somewhat. zig-zag line down the 

center; wall arena~eoua, well oemented, not rough; 

aperture a alit at the inner margin of last chamber; 

oolor gray. 

Length 0.76 mm.; width o.55 mm.; thickness 0.40 mm. 

lo reco~o of this genus hae been found elsewhere in 

the upper Cretaceous. 

Family CRISTELLARIIDJ\li! (Reuse) 1861 

Subfamily Crietella~iinae (Schultze) 1854 

Genua Cristellaria. (Lamarck) 1812, 1816 

Cristellaria OHltr~ta (~ontfo~t) 

.Plat e I, Fig. 4 

'l'eet pla.niapi ra.l, lent.i cula.r, bd.Jconvex, involute, 



slightly keeled; chambers six to eight in final 

oonvolution, translucent ex:oept for a narrow- ma1"gin 

on all ides; utures flush or slightly de-oreesed; limbate, 

curved, becoming wider at peri hery, ano merging with 

a quite large and omewhat c1~cular oent~al region; wall 

aalca reou, finely ncrfo~ate, thin, appeaTing fragile, 

tr nsluoent; apAttur ra in.ts. tett:ninal, on peripheral 

margin of pertural face; color shiny tan. 

JJiamet.er 0.60 m.!l.; thicknea 0.20 mm. 

~. cultreta ie described from the T ¥lor and 

Navarro of Texas. 

,1; odose:ri ~eHdnud1a (Reuss) 

:Plate I, lf'ig. l 

The te t of Nodona;rj.a seminuda is large, those 

obtained by Goes from depths of 530 meters in the 

Caribbean Bea me aurin 18 to 22 millimeter in length. 

The lower ~o~tion of the test carries a few au~face 

et~iae, bu~ the u ner portion i smooth and shining. 

The chrunbet"'s t"e rathe"l" olo ely et and. the form stout. 

The se~ta a~e not strongly de reased, nor are~the segments 

constricted, thoagh they tend to beoomu o tcn,.ra:td the 

ultimate chat'lbere. ny are :perfect, u.nd the longer 

fonae are eix milli~eters in len th. They are not as 

straight e the type illustr4£ted ·by <..roes. J.'he primordial 

ohambei- is lee bulbous than the type, but it oarries 
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the epinoua pl"<;)longation oha.racteristic of the species. 

Genus liodoaa.ria Lama:rck 1812 

Genoty-pe by designQ.tion _ llauti lus ra:phanistrum, Linne' 

Nodoaar&g s2tuta 

Plate I , Fig. 2 

Test. with the ohanibei-e in a. et-ra.ight lineal" set"ies , 

the chamber . distinct. not strongly embrasing, sutures 

norlllally at right. angles t.o axis; wall calcareous, finely 

perforate, glassy; aperture eenti:-al and terminal. redir.te, 

often with ohwibtrrlet belovJ Vii th ~ :rounded, opening in the 

ma.in cavi\y of the ehWilber. Shell smooth, straight or 

arcuate; ee~euts inflated: septa depressed and traneverse; 

some specimens muoronate; few ch/i:..mbere. '.t'he deep oon­

etr1ctions between the chambers make these shells ft'a.gil • 1 

and. they are eldom T,)l."eserved entire. 

Fa.1;.i ly POLYMORPH IN IDAE 

Subfamily Polyniorphininae 

Genus Polymot"phina. (d'Orbignyi 

l?ol;rmorn}lil'!.'- oom;ela.natg (d 'O't"bigny) 

Plate II , Fig. 16 

'l'eet elongate, compressed, ell1-ot.iQal in end viet1; 

ohambere ten to twelve. a~~anged biserially. compressed 

slightly becoming larger lr11. ter I aet directly oppoei t.e • 
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giving straight. oent-ral line; sutu-res slightly limba.te, 

little if at all depressed , slightly curved; wall thin , 

oalcareoua; aperture radial, terminal; color light, dull 

tm~. 

Length 0.83 mm.; w1dt,h 0.26 mm.; thickness 0.09 mm. 

This species is hot described elsewhere in the 

u~par Ct"etaoeous. 

Genus Vaginulina (d'Orbigny} 

Vae;1.111,1lin& l;egultlep 

rla.te I , li'iga. "I and a. 

Test compressed,. usually with one side of the test 

straight , representing the pe~iphecy in coiled forms , 

the other typically aonvex; sutures oblique , the hignest 

on the straight a,ide of the test; aperture at or near 

the periphe-ral a,ngle. '.l:he se ta are oblique and. some­

what depressed; the aut"fv..oe ia tZmooth; the ul tima.te 

ohw~ber is p~olonged on: the inner ma~gin inta a nipple 

shaped fissured. aperture; the ini tia.l segment may be 

with o~ without spine. 

Genus GLOBI G:illB I.bA ( d 'Orbigny ) 

Globi geriqa bulloidea 

Plate II , ~1g. lb 

Test troohoid thl'oughout, uu,billicate , chwnbera of 

the young , especially int.he mioro,spherio form in a 
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flattened troohoid form like Disoorbie. Usually smooth 

and the wall thin; later chambers globular; wall thiok 

and cancellated; in well preserved, espeoially pelag1o 

species , clothed with long slender spines coming f~om 

the angles of the cancellated. su'l"fa.oe area.e, the baee 

of such area \1 1i th the pores of the walls ealoa:reous; 

aperture large opening into umbillious. 

Genus PSEUDOTEXTULARIA ( Rzehak} 

~ eudotextulatia varia.n (Rzehak) 

TB t with the eaTly ahambet"s as in ~umbelin~ 

but in the adult having a series of globular chambers 

arranged in a. 1.11o't'e or leas sr,>1 ttal mannei:- about the upper 

portion of the test. vuru.~e!i,nQ:, test with the oa.:rly 

chanibers planispi ral • at lea.st 1n the .microspheric form , 

later chambers oi erial; wall calcareous , pefforate; 

aperture large and open, arched, at the base of the 

inne't" ma'J."gin of t.he laat ... fo-rmed cha11iber, with out teeth,. 

O t-re.cod shell 

One speo1ment of Oetra,cod vraa found by the author, 

a shell with the aha~acteristic Illc4r~inge of 0At~aeoda 

and haging some minute node. 

Sponge apiouleA 

Qny long thin tubular forme we~e found , some of 

th m bearing atri.ations; othe-rs ere smooth and ta.pe'red. 

to a. fine, needle-like point. 
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Carbon residues 

Numerous pa,t"ticlee .of what seemed to be ea.!'bon 

reA idues were found. Th.eae were a.bout the size of aa.nd 

grains. Moat of them we-re shiny. although some ai-e 

dull and g-ranula.t'. 

Pyrite 

Some sphe?'oida.1 agglol"l:el."a.tea of tiny balls of 

y rito we~e found. It haa been suggeAted that theae at'e 

-pt'oba.bly the nroduot o1~ reoTyotallizat:ion from ground 

water. and because of this origin a"t"e orobably not 

-related to the bedding • 

.t1la.ok balls 

BoJJJ.e round blue-b.acl< pe:rticlee were found, probably 

carbonaceous matter. 
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Conolu81one 

. The re ul ta of this investigation hu.v not indi• 

cated tha'i. Fora.rninifer h ve any 'P rticular value as 

horison markers in the ~ierre formation. It as 1oped 

at the outset of the problem that the study would indi• 

cate definite foraminifer 1 zonee in the hales which 

might be u ed to oorrel te various trata ithin the 

formation, nd that the for m1n:f.f ra .,, . o eroial 

v lu as n id to i ntific tion o 11 cu ting. 

Th f i ur o bli .. h ny d fin t zon rnay 

be due to one or both oft cc u e; fir t, that form­

inife-c of ny p rtic l· t" s p •u:ie, t.l.l"e not. confined to 

any ell-defined zones an:1 ther~for have no correlutive 

v lue; or, oecond, th outcro l .. 3.re su.ojeoted 

to uoh a high d grce of l aching by urface wat rs and 

circulating gro:.ind ate-r t.hi t, much of 1.he forruniniferal 

materia has been de~troyed. Jf it is true that the 

t t of the 1ni o-ro co 1c animals h v been t" :.mov _d 

f"C'om the outo't"op am le , only t,he drilling of R large 

number of ·ells will ftt-rninh sufficient flam.:>l • o 

de•ermine the cor~el a tive v .lue of ~he io~o conic 

faun 

't'h~ i-e-sul t of oth l" mi Ol"O"'CO ic tud i. of th 

E i t"r.e indicate t, a t fo-raminife't'a. re much more ahund nt 

and that a grea.teT va-riety of specie ':lt"e ?resent in 
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well cuttings than in the samples used in this work. 

The di tribution of fora.minifera found in the ~ierre 

would indicate that the abundance of any speoiee or 

grou~ of specie at a p articular hol"izon, see plate IV, 

in the formation ie robably due to local environment 

such as t emperature, velocity of cur~ent, or ty~e of 

material being deposited. 

The almost corn lete absence of recognizable foram­

inifera in the Hygiene and othe-r sand tone membe rs of 

the .Pierre may indicate that the atronget" cul'rent necess­

ary to transnort sand was not favorable to the develop­

ment of microscopic faunas. 

The presence of Glauconite in all the sandstones 

ex.a.uu.ned and in the shales immediately above and below 

suggests that shore conditions must have be n preoent 

at no great distance , or that the water was rather shallow 

when t.he sandstones were deposit ed. 
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