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In the noln this theslo 4s 8 study of the woupholosy
and systuaatics of cootain speciluu of umall:y foruninifu:a
provus.nt in th: Lower Curboniforous dspoolés of Britain, It
is bascd on materlal represented in the collections of
soveral inctitutions end in perconal collictions mude from
various urcas of Avonian sedimenta, Since the scope of the
work 15 confined to curtuin species little or no nmuntion is
maue in the followin: pa;es of the British Carboniferous
reprusontatives of the Textulariliee, the Amaodiscidae, the
Opthulmidiivee or the host of formuw whoso affinity to the
forcminifora remains doubtful,

In‘adJition t0 ‘he morpholosicul asp.cts a eneral
outline of the distribution of the smollur foreminifera 4n
the Britich Avonlan, especislly in the causce of .icotland

and North=dssturn .ngland, is included,

HLSTO0uY OF .o il

Bufore ls70 the smaller foranminifora of thy Jarbonifire
ouu weru known only from isolatud rocordas. The firust
reference wuu thut madc by Duckland before the Asimolcean

socioty in 134l followed & fum years lator by the deseription
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of wnuyothyra bowmani, first by Brown in 1843, ani later by

Phillips in 1346, In 1849 M'Coy d sorlbed Nodosaria

fusulinaformis (Saccamuina carieri of later authors) from
the Ixrish Carbonifcrous, and Roulllier and Vosinsky published

thelr desciiption of Nummulina antiquior in itussia, Later

whrenbery (1854) enc .ichwald (1860) recognis.d such forms

- @8 Nonionine rlobulus and Nonionina rotula in the i{ussian

doposits, About the same time Hall (1856) racorded Rotalia
baileyi from the Lower Carboniferous of America. Thus until
absut ths mid-ccontury only incldental accounts of isolated
specles had becn given,

Bztween 13¢9 and 1876 the maln coentre of reascarch lay
in Britain, where the woric of Brady culminated in the
*Monogzraph of Carbonif:rous and Permlan Foreminifera™ of 1876,
Brady's account wac based not only on extensive collections
from Britlsh arcas but included material from surope and
"the Uniteu States, Unifying all the provious isolatud records,
including his own, Brady described in detall the morpholo.y,
systematies, und vtrati:raphical distribution,

This Mono;raph hus formed the basls for ncarly all later
research, Nevertheless 14 must be recognised that Brady had
a strong inclination to group wildely diver:ent foims tozether
and often showed great rsluctunce to recognise what now
secm: 10 be obvious differences., Furthermore the meterial

used by Brady has been shown to be contsminat2d in some



instonees by & mizing of forms of voery Jifferent aes.
At the timu of the Honogrephipreparation the utratiosraphical
ssquence of the Lower Carboniferous was imperfectly known
and the vslue of the founas in strutigorephy could not be
properly acccossedy v fuet most of Bredy's formas were obtalned
from bads uow known to be of Upper Avonian agu.

In DPritain little has been published sincu 1876. Jlowohin
(18ug) listed 6 few now upecieu from the Low:ir Carboniferous
of Northumborland end discussed their diustridbution, lollas

(1921) re=dcooribed the wallestructurc of soccemnina carteri

and introduccd thy nuw genuric nemo accerminopnis, It

wuo not until the lats 1930's that intercut in Britein rovived
chicfly throu:h the aotivities of Mr.A.G.sevis of the Anglo-
Irunian 04l Company. As pait of the search for petroleum
in this countyy kr.ocavis hoe carried out an extensive atudy
0f theue foruaminifers but uvnfortunately only a very small
purt of his reoults heve been publiched (Duvis 1945),

soon after thie publication of Brady's HNono roph theru
apﬁearud o serice of 1aportunt papers by Vaelarian von tollor
(1877=-1378-1860) on the foraminifera of the wussien
carbonifirous, In thess von Hollor reviauod some of Brouy's
work and avicmpteu somewhat unsucceoufully to relats
nuthenaticul furnulao to the morpholo y of thu tusts, One
othur mojor contribution by the .ussiun was hls obsurvation

of thse ocveur. encou Of pores in the wall of sone of the
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LNdVihyridta,.

Jio fuxthicy reoscorceh appeardd In livssila untll ths late
1030's, Suring the paost decsds however, thoe intenoity of
ths vtudy to which this group 1s boing subjscted 1u shown by
the crvat nuabor of papers whioh have appearud, notably in the
wue 0Ff coavboulforovii forsminifera fox ths sonation of
petrolifurous und coul=buaring sudiments iun tho Soutihern Urals
and vibaerlen onrzas, iich faunas have been discoviered at all
horigons snd muny new spsclies end sone new gonsra have been
desoribede Up to the preeent day, however, individual records
have been more or leoe isolated end little ss-ecment hos
becn moue of th: valuo of thess discoveries in relation to
the phyloguny of the foreminifora as a whole,

In Amcrioce no major revearch, apart fron #hitfield's
revision in 1881 of liall's earlier work, wus caryied out until
1627 when a8 numbey of papers b Cuchman end #dutexrs om the
foruminifdra 0f ths Upper Carbonifurous appouroed, In the
followin: tweonty five yeurs over 600 new spuclos and 40 new
gonera have been recorded from the American Permsylvaniaen,

Ho ecqulvalent study hos beun conducted on tho

Missicuippian, apart frou a few papers on the Baimett hale
end allicd formutions., work onm the uiénisnippian 03 & whole
uld not aeppear until 1900 when Zelloer summoriced the

svolutionary succes.ion in the .ndothyridac and divcuussed the

phylo nctic und stratigrephical implications of his rosults,
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Outclde Orltedn, the Uanlted stotou, aad the Usoe-ele
veuy littlu roucorceh hes buca caraled one schubsrt (1907),

by introducin; such generu as Velvulinells and luiltuxis,

correctad vome= obvious er:ors of Urady's work, ani Liebus
(iBJl) vutlined thu widespruad occurrence uf forsminifira

in the cvimen ape Austrion Lower Carborniforovs., Othor
recoris, cuch ag those of uschwagser (18:3) in China and Heyer
(1814) in south Amur%ca, indicats the worli=wilie distribution

0of thie group of foraminifura,

ACKIO Gl .0l Hive
R

In the prepuration of this work I hav: be'n poimitted
t0 Jraw on the yesources and matoriels of suvorul
inatitutions end huve benefited by tho expoert advice and
assistance froecly glven by various authoriticu. 7o
Profusuor Yellevilly Guorge vapeclelly my thenks srs dus not
only for proviuing the oriinal opportunity to carry sut thies
regenrceh but for his uldance snd oncourajument durinzg its
progruss. I am inucbted to Mr.F.MM.And ruson of H,ll,
Geoloygical Lurvey of ucotlund for his valuable co=operation
in the prepuration of sevurul aspeets of the work, particularly
thoae aeppertulning ulrcetly to tcottish colowyes In like
maniioxy I would record ny approclation of the helpful
conulucration ;lven 9 me durdng the course of thie work in
London by UreCedeotubbleficld of 11, 7colo dcul Jurvey,
MreCoudOvey 0f the Britich llusoun, Mr.oorter of Inperial
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Collc i, Undverslty of Lonuon, ana Mr,A.Ge.avis of the
Anglo=Iranizn Oil Cocpany, Othsroe who have adviscd and
asclotvd during the progrsss of the research incluie Yrofessor
A,u00d 0f thu Undiversity of #ales, sevoval Amuerican geologists
of whom the lute Lre.ded,Cuslmun and .r.Alived Loeblich chould
bu nentioned inuaividuelly, the librariens of various
institutiona especiaslly tdiss Bsrbar and brs,lussein of the
geoloicul .oclety, and colleaguse in thu Univorsity of
Glos;uwe 10 all of these people I sam indebted t0 & varying
degre: and finally I would like to thenk my wifc, isna
Cummdnzs, $0r her vneouragement end for hoer sagsistence in

miny of the more tudioua tasks of field ani leboratory,
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WAL L IAT ANEL i L L VATYTON .,

The material on which the revults sre basel cmounts
to mozre thun 16,000 speciviny snu t0 oveyr Ll4,L0 ldentl-
fiable scetions of foreminifera 4n 880 thirnesccetiors of
conuoliduteu yocke Hhiwe are ropreventative of tle: Lower
Carboniferou. seulnents of threé areas 1n the peing the
Midlund Vulley of dcotleomns, the Hoxibhedectein Province of
~nglend, and the Cower Pendnsule in Louth «olee,

A suniary of und notes on the verious collections examineu

end pruparcd s glven belows

(1) Colluction of the Guolo~xical .urvey 9f .cotlonis

Oridnelly collectud by vmith, Bennle and
Lacconochic, Approximat:ly 9,400 :cottish specimens,

(11) Yhe TullliseYoun : Collection, Kulvir wove lluscum,

lggggggg} Preparcd by the lats Joln Your.y fiom the
ayrchire and Lenarkoldre succoselons, Approzimatoly
776 wpreliens tozether uwith Gu slidcs contuining
L100 1uontifiadle sections,

(111) golleotion of the Guoloideol .urvey, .outh

Kenvintons Approximatoly 600 upeciuivna together
with by slldes conteinin:; 78 scetions, froom a

nunb.r of cscattursd Lritish locolitico,

(iv) Uolloetion of thy Huuturien luseum, Univarsity of



Glasgows  dHaeterial Loom localiti-s in scotloeni, the
Modlunds, and the outh=destein Vyovince., Approximoe-
tely 878 upecizens,

(v) ihe dyue vollaction of H,B,Bradv and the dencweal

vairbonlferous >ollzction in tho britich Iluscua, south

Kenvingtons onm localiiice thyougliout wr.ut Uritein,
QG 1nu%uu4u Amcricun muturiel. Approxl ately C0UO
wpoucinens toethor with 91 sliics conteining 8L0
scetionas,

(vi) Jolicction from the Fortheiestorn Provineces Made

during the cource of personal ficld-work iu the
Lower varboniferous of Acstmorlound, Apuroximatoly
W00 egpocimens togother with 170 uliucs contuinin::
bLoU sectlons, depositued in the hunteriun Museun,

(vii) Colluction of Lrofessor T.Neville Goor s

weprecenting in the muin materiul of Lower Avonian
ge from the sowor Feninsula ard sreconuhirce, ..ome
W6 vlildes conteining 4200 scctions,

(viil) Collicction of the Kendal uscun, wostnorlemds TFour

sliucs wers located in thils muscun Juring the scarch

for th: miwsing type of .ndoihyrsa boumuonni Phillipao,

Oue of the spicinens is cloucly slullar to thut
fisur.4 b Prilllps.

(1x) Hincy Collcetionss A nuwmber of umull collecetions

bave been examined L£or purposcy 0f compurison,

These includ. matordal collected from the Irdsh
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vairbonif . soue by dr.I.lieciupson, ani frou the
10sie Llacstone by Mre.GeCral:zy eone 230 sp:acl ens

ang ldb slides containing 1280 s.otions,

Precseyvation of the Fauna,
i A - TR 0 15 W Sos 5 B I 2 A R YA 45 bbbk

On ths whole the foruminifere arc yomurkubly woll
prousurvads  Freguuntly such fuatures as th: fibrous oall-

structure end pores of Archacdiscus karrerl sre preserved

in the minutest detall, But in every asuemblaze there oceurs
8 vexylng proportion of spuocimena 4in which the struoture
1o obscured,

“his muy be due to slteration of wall-utructurs, to
dlstortion of foxrnm, or to actual tost Jeotruction following
noimal weathering and thu proeess of foesilisation,

the affects of reerystallisation, Jolomitization,

silicificution ani compaction ar: Jdiscuused in a later

craptor,

gonteuination,

within the collections vxamined thexre evrv a nunbor of
exumpley of contemination elthor known or suspected, Thio
arloss from sumixture of maturiel by cerclecu luboratory
technigue or from incorrect cempling or labelling in the
fiely, ouch contuwaination is known to boe the explanation

£ox the Carbonifeious vecord 9L humaulina pricdting und 1o

ths suspected reacon for a number of othur anomulous rocords,
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Lol 1, ..

ihurs cos.vlution by as. enbla v 4u practicud in

10,

strutliruphy the rolotive vbunuancs 0f the particular roupu

bodn_ uoud oo wull ws thode geo. ruphicul iistribution ar:

of princ importunce. 4An analyesis 0f th: occurrcnoc and

the faetors countiollin: oceurivuncc forrs @ neces..ary prelulje

thorefors to any Bo.es.ment of the value of the emoller
foraninif.oyu in lLowey Curbondfurous strutl ;rephy. —uch an
onolyois buw buon coyiied out in esch of th. noin ar:ag
conuiiered vig, Scotlond, walece and particulayly llorth=-.

Weot prigland,

Ocourrunice in Northedeot .n:zland,

In unconuolidated muterlal « noteriol rouilly Jlointee

gyroteu 1 the luboretory to yileld ooliu osprel vne = the
nuetlou of cotinatin; relufive abuniancuy has bocn to
dutoimine the nunmber of forunminifors pr.ouent in 10 m, of
thu preparcd recldue of the samplue  vhore the numbows
rungus botwe.u 1 and W they orye rejordcd ao rore, 10«00
provent, O=ll0 comion, aénd 1l end ov.:r wbur.iunt,

O11 thioc basis th. 1l vpres shoun in fuble A havae boun
obiuined in o sexrioe of Lttty camples ron dv s from the
bavel conglom.iuty 03 th: Atlyris glubriotoln Jonu to the

LAbunoplyllum sone (5aYwoou, WLL pPes-10).



TABLE A.

RELATIVE OCCURRENCE OF FREE SPECIMENS IN THE
NORTH-WESTERN PROVINCE

Relative [No.of |Perc'nt

Abundance [Samplesiof Total LITHOLOGY
>
Pebbly Grits
No Friable Sandsts.
Foramin-| 31 |[62% JNon-calc.Clays
-ifera Carbon. Shales
Weathered
~ Dolomites
\
Y7
Rare 9 I8%

Calcareous Clays

Present 4 | 8% |llcalcareous Shakes

Common | 4 | 8% ||(Argillaceous Lmsts.

Abundant 2 49/o |||Weathered Lmsts.

N\
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ihe eonuolivat.d mutoriul has been stuales only in
thin-ucetion, licr. the wmethod of computation huw b.on to
calculate the number of ldentifieble sectious of furerinifera
prevent in one eguury contimetyre of the thinecscection, shere
the nunb.r o8 thece rungus between 1 ned § they ar: regerded
as raru, =10 prosont, l0=ld comon und over 1O abundent,
Ths yatlo betweun the nuaber of frugmenty of foreniniferusl
testy Lo the lucntificble section renges from 231 to as hiush
a8 103l depenucnt on the nature of the sodinunt. %The
resvlty for thisv enselyusis in the Horth=dcot Provincee arc
bascu on a totul of Loo vamples renging from the -olenopora
wubegone to the ;oncr port of the Upper ldibunophylium Zone
(Garvwouu, l9l2,p.449), ond are sumnerised in Teble B,

She viffercnees in methods of couputation ars arrenged
in trkis manncey to offset the observed anu oftun lor:: ecale
destruction of tuotse which toker place Sfurin: the prevaration

of wached reolunuo,

8030y coutiol.ln, Vesurr-nau,

Thees results show that foraminifeys ary prescent in a
l1tile ovesr hulf {the veulmernte=typous of the Low.r Corbordfurous
of irituln, ihelr rulutive sbundence vurios fron 100k type
to rocﬁrtypq but in epitc of this tnoy usvally occur in
sufifelent nuwbeio 40 be wvwiiliood ror Jtautl zaphicul work,

Ao dluctivoue in later chaptors the factors uhich control

the occurs-uece or afivee the poevsence of toraninifera in the
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sudiments cun be sumnariscd under four headln s
(a) =nvironment of .eposition
(b) Mode of .volution
(c) wffects of Ligzencsis

(d) westa e in Laboratory Preparation.



TABLE B. Relative Occurrence in Consolidated Material in NW.Province.

vy a.pl‘-f

L e .
_
Number of Samples & STRATIGRAPHICAL Iom_.NWz |
Relative Abundance Athyns gabeustria | MICHELINIA P&.hSS:SQo— _mczo?:C.c,ﬂ TOTALS
: Lone $Basal Beds. IONE hemphercus Zone | IONE w‘!
— I -
No Foraminifera 28 &_o\o - I .wo\o_ 5 wo»u wh wwo\o
Rare 27 uOo\o I3 43% 7 a.\o\o umo\o i 60 uoo\o
3% 7 47,13 3:

Present 9 13% | 10 33°%| 3 mOo\o. 12 woo\o wb wwo\o
Common 2 2% 5 17%! 4 NOo\n‘ 5 _wo\o 3 _Oo\o
Abundant 3 4% | 2 7% - 6 _mo\ow I 7%
Total No.of Samples 69 30 15 4l INTY:
Number of Samples &

Lithology.

Pebbly Grit& Sdsts. | 3 - T 3 6
{Sandy Limestone. = 2 6 - 2 _ o |
Oolitic Limestone. | 16 | 7 - - T 34
Shelly Limestone. | 5 ! 7 2 23 37
Dolomitised Oolite. 11 4 - - 15
Dolomitised Limestone.. 29 ! 2 - 32
Argillaceous Limestone. 3 2 | - 13 18
Calcareous Shale. p - 3 i - 1 . -1 3
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CHALYT v IV,

eoole g BOUITIONAL CHANG .

A closc relationship exists betwecn the assembla-es of
the Palacozolc smaller foraminifura on the one hand and the
petroloy of the host sediments on the other, both in reaspect
of orisinal enviromm:nt 6f deposition and of subsequent
dia enculs,

Briefly the effects of diagenesis on foreminifiral
.contcnt may be sumuerised as destruction or obliteration
of specluens, aa diétortion of form, and as altération of
wall=gtructure, brou ht about by reerystellisation,
redistribvution, dolomitisation, silicification, and

compaction,

nffect of hccgystalliuation and Redistridbution,

Little iy known of the dlagenutic procesues in sediments,
but the results arc evident in a great many of the British
Lower Carbonifurous Jdeposits. The materials which are
especially liable to redistribution are slirhtly soluble
substances in a finely disseminated condition and compounds
in en unstable crystulline forme The culcarcous sediments
arc particularly aficctod by changes of this kind., #hilst
regrystallisation in a sedinent may often be suspected the

actual proof of its having occurred is oftun difficult to

wotablish,
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The ¢ffcet on micerofuunal content, in particular the
foreminifora, is hi:hly variaeble, The tests 9f th: cranuler
calcarvous forms such as mniothyra appear to be able to withe
stand an apprcclable dugree of reorystallisation; but whers
" “the original matrix of the sediment is thoushtto have bucn
fincly disscminutced calcelts subsequent alteration of this
type leads to a fuiing® of the form (Fls.l),

Testy of fibrous caleite, as in Archaediscus karreri,

scem Y0 be particularly prone to elteration in shaly

sedinents but are¢ much more resistant in linestone,

The Pfoct of Lolomitlzation,

0f theue post-~depositional changus dolomitization scoenms
t0 have the most profound effeet and is undoubtedly the most
widesprcad.aa en agent of destruotion of the microfaunal
oontcnt, |

The relationship of foramlni;eral occurrence und
dolomitization hav. been overlooksd or nejzleeted by the great
majority of foraminifcral workers and only in a small number
of papers d.aling with sedimentary petrology has it recelved
a pasusing mention, Bracy (1876, p.6) remarka that "the
minute structure of the Carboniferous and Permisn rocks
only affeets the subject incidentally", The faellecy of ouch
a statement 1s readily apparunt.in the eccompunyin: Table C,
The dominuntly morpholo;lcal approach of mud rn American

workers also overlooks the relevance of diajenesis to

assemblase paticrna,.



The Holllicay Lusriy S2overse.,

She efrfect of uoloudtization is woll woen in the
sunpling travorse mode in the linllhead Cuarry. Lying
two m-les noxrth of Konual on the Crook :oad, at the foot
of Cunuwick wcar, this has been cut in the upper part of
the Athyris lubristrio jone about the level of tho
Thysenopliyllun Band (refer Gerwood, 1912,pe49).

“ho gettllo of this truverce are presunted in
Jle srummatic furm in Twble C. Using Lomburg's solution
(sov p, 28) aud by measurinz the arca occupiod by dolomite
rhombs in thin-suction an approxinate cotimution of
dolonmitigation at vuccesclve levalsy cun be conputcue The
results £for thu lowes part of this traverse arc plottouw
ggainst the average number of foraminifural voctions por

sguare centimetre of thinescction,

17,

In weble € the dirzct rveloationship that cxluts betwoen

dolomitizotion and fuunal contunt 1o ohown, Yhuu within
the vame type of lithology whun facles control is a

conutunt - au botweun canmpling Yooltlon 29 ung S8 - the

sbundance of foruminifora depends dirvetly on the amount of

dolomitigation prescnt in the vample.

Ihe Hanner of Fuunal estruction.

L=

fhe monner in which the founal contunt 1u Juutroyed
by Jolomitigution iv of a tuonfold charactci, fYhe uficct
0f the ruuistribution of nmuognusuim carbonats leuads to a

gsnerul recrystallisstion of the rock which nay or nuy not



TABLE C

Relationship between Faunal Occurrence & Dolomitisation

Demuled  Lithology

OCCURRENCE
NUMBER OF FORAMINFERA PER $Q CM

5

+

o

QOLITIC | IMES TONE

étto
(L 73
BPEORETENT SANDSTONE ——————

— GREY SHALE

|

CURRENT 8EDOED SANDS TONE

OOLITIG LIMESTONE

Five Fest

.....

Hallhead Quarry Traverse

DOLOMITISATION
PERCENTAGE OF AREA OF THIN- SEC TION

40% 0%
T L T

37

33
32

3

—3s —
—34—]

]

n

30

Corvonocaous Shale s————

FRAC TURED LIMESTONE

L
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be sciective, In sone cuses th: moliusca are destroyed or
partly alt.rsu whilot the forumimifors remuin, In othors
the convurse 1s true, Usually the framents of the
~chinoderma withutand slturation or erv mercly 'feothered!
about thelr cues. Yhies sculectivity 18 not fuliy u derstond
but I belliove the pruuunog of araszonitu in certudn types
of ohell may supply a partiul explunation,

It thouc cascs whore rhomba of dolomits ave devaloped
the piocuun 18 murely one of rowth of the dolomite cryetal
at the cxpense of the foruminiforal test, A porfoct

oxample of thiu type of deetruction iu shown in Text Pi:.2,

The «fgipt of Lilicification,

In the presont work silicification has been found only
as g ruther linited ans localised featurs oxcept In the

cauu 0of the uaccam:ina cuarturil Buond,

garwoou (912 p.&iQ) rocords beclkdtise!l forms fiom
geverul horlgons und locallticu, copeciully in the liichelinia
aonoe, fThe silicificution of thio zone mppuar. to be hihly
selective, only thu brachiopods and coruls buian - affeeted,
the foruminif.ora remoining u.-altured.

In wceotlaonu silicification of the .ockra Linmsctone in
Law «uarry, vubuiuic, north of .Jalry, Ayrshi.: 1. probabl-
the beut and nost typicul fnutonece  Howe puesfeetly
precorveu ellicifivue intermul nmoulds of foruninifcera b:lonin -

to tihv .nudothyrinae anu Yextirataxinae have been found,



EFFECTS OF DIAGENESIS

Text Fig. |

- { % 05 MM, :
FADING OF ENDOTHYRID IN RECRYSTALLISED LIMESTONE.
a. NORMAL PHOTO; b. "TRACE' PHOTO,

Text Fig.2

O-5MM,

L O-5 MM, I}

DESTRUCTION OF TETRATAXINID BY GROWTH OF DOLOMITE CRYSTALS.
a. NORMAL PHOTO; b. TRACE PHOTO.




secondary cilicification muy obviously aff ¢t tho
nature of the tust wall, ‘fThus 8 wulleprescrved specinun
of Ylocto wyru, from the uhales’ofvhaw (aurcy, Jdisseolved in
dilutc hydrochloric aciu, ylelded en sppreclable r.cidue of
very minute but dlotinet qguortz grains, whilst a cloucly
simi ler spuclucn firom the shales of the .ockru Lic dotone 4in
Lugton wuar.y yicluecu a negllAble residue,

Ytheve ulfssrences are sipndficant for thre¢ reasong,
They Jduemonstrate the inascquacy of tho dilutu hylrochlorice
seld toeot wo extunulvely uvocd by Cushmon and oth:irs us an
indicator of walleconposition, They 4llustrute th: nocesoit
0f stuuying thineusccetions for intorpruting wall-structure,
They ucuwund u conglucrution of studying caech us .mble ¢ in
relation t0 the enviroment end alterution of its hout
sedl ent,

It shoulu be notuu that the familisr ap.corance of the
weatheroed spccimunu in llusstones of the vescumi’'na Band 1is
by no means whiolly due to silicification, In many of the
specimens exuaincd the more resistsnt tests have not been

sllicified but huve under;one recrystallisation,

Ihe uficet of vo .paction,

the ronuloes culeurcous and 8y :lutinated forowinif ra
s8¢ m 10 have pow.vsueu @ shell=wall which vas to some oxtent
flexible, iu which thoerofore compaction usually produces a

dlutortion of foim in turn sAving; rice to frecuunt uifricultice
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in morpholosical studye Thus ;niothyra oblique Brady (1876)
is probably mor.ly a crushed gndothyre ornatu, (se poze 116).
listortion is nuch comwon in arglllaceous sedlments
than in limestoncs, Its common occurrcenec in some types
of foruminifora iu firoquently overlooked or reovives scant
refercrice though obviously it moy prove hishly =i mificent

in the Intorprotation of wall-structura,



CHATT iV,

0f the wide choicc of method which exists thut adopted
in the present work is outlined below,

The host matcrial may be divided into two clauscess
consolidated scediuents which can be stuiicd only in thin-
section, and unconsolidated sediments which can be
disinte rutud to yleld free specimens,

Previous work has tended to be basced on only one or
other of these classes of material but, since the Lower
Carbonifcrous foruminifera are not confined to a sinsle
envirunment, & unificd anulysls is necessary o m:asure the
full effect of facius control. In view of this every
attempt has becen made to colleoct both types of material

at all horizons,

Ficld Collcction,

In the North-aestein Province, where the router part
of p.isonal flcli—-work has be.n conducted, the normal
procecdure has becn'to collect samples at fixed intcrvals
enu from eveiy bed along dip trav rse scetions, irrespective
of\lithology. Un the other hend wcottish ficld-work has
consict. i of visits to isolated localitivs for checkins
purposver 9r ror the collection of aduitionol maturiul,

welecetion of matexial in the field has been found t0 be

23,
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of little value for often the ssmples which are the mout
fosciliferous are the ones which show no irsce of fauna in
hand-specimen, At horlzons where postedepositional
alteration is known or suspected scatter samplin:: has been
employed 10 ryeduce the possibility of nejgutive rusults,
sumple orientution uufinud by the beduing plenes (seller,
1905 p.9) hus proved to be of little use and - as mi:ht be
expectud 1In the casc 0f the 0oolites - foruminifura are
usually distributed haphazardly,

Consolidated Matcerial,

The averau dimensions of the thin-sections preparcd
from induratcd somples hes boen 4cm, X Scm, Althou-h
etching with hydrochloric and acetic acids (Morumen, 1930)
has bevn attempted, no positive results have be:n obtained
becausc of the'rarity of beckitised faunes, Stuins have been
used in a number of casces (sec p. 26 )3 and the saccammina
carteri Band has been studied using. ccllulosc pulls, a
methou which has beun extended to prepure scrial sections of
inuividual foraeminifera,

Thin-usccetions of free specimens and scdiments have been
examined und xr the petrologlcal microucops. In the case of
the scdinents a raduated moving stage hus been employcd
10 ensure complets coverage and after the recordin; of
petro graphicul detaeils, feunal sbundance, :ic., 8 trace
photo raph has beun made of cach identifiuble section

present (uce p. 28).



Uncgonuolidatod Lateiiul,

Aft_ou colicetion, thorou:h dryin: by .low cvaporation
= not rapld heatin; = has boen found to fecilitate th: later
disinteyation of the vample,

In tihe prepacution of this typ: of muterial the method
of ucin; a "pilot® wvaople deseribed by lumi:x (1944) hus
bucn uUsede houlu the "pllot" prove to be drevoild of fauma
this 1. taken to by the cuse for the whole cwzaple but, if
positive results arc obtainod, thun, in addition to9 the O
gramau of the pilot samplu, the remaining 200 ramms are
preparcd uluo, (uantitative teots reveal thios nothod to
be corrcet in ovur 907 of the ocascs testod,

-om: shulcu anu clays will disporue in wator whilst
othure huve to be broken dowwn mechanically as u pr:liminary.
By fur the sreater mmber require chem cal treatiicnt’ b.fore
they disvint. rute, the methou used boin: u asevelopuent of
thut uuserib.u by Bartcnstein (1980), %he usrics sample 1o
vlaccu in a 1C/ volution of hydro:um peroxide anu, uftor
s¢tiling, is .loaly heatced and maintoincd <1l ktly below
boilin; point for @ puriou varying from 40 min:tcs to 3 hours,
Variution in the tinc of treatucnt 1o preforuble to hi~h.r
concentrutions of hydro_.n peroxide which l:ai to t2at
disruption, Althou;h the majority of saapl:s arce washed
throush sieves (wunie 40 = 200) the decantetion nethod,
auvocutey by Pluxicr (1940), Hias also beun wioptod und

founu to yicld better rcoults,
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~gparution of the foruwinifera from ruuid cQ using
such ligulds au curbon tetrachloride and bromofora has
been unsuccessful due to the frequent infillin; of tosts,

Jsurin; the course of this work a new method to obtain
oriciutatcd thin-usccetions of individual foraminifera obtuincd
from wuasheu residues ha# been evolved (Cumiiinzs 1980),

Pveparcd residues have been c.amined unler a binocular
microscope uuing a magnification of x15 and x30 and the
microfaeuna picked out of a squared tray using a damp camcl
hair brush. Prec specimens have been mounted in Chapman
slides using ;um traacanthe. In morpholo:sical study
magnifications up to x180 have been used tojether with such
alds as stoing, imacrsion in clove oil or xylol, and acid

etching,

steining Teehniques,

Yhese have been employed in a varlicty of ways ani the
various typcs and methods are listed below = for further
deteils sc. Henbest (1931).

Malachite Groon. Usaed for detailin the wallestructure

of Yetratuxinae and for estimating the pcercentase of clay

in somv¢ limestone eliics this appears to be of conslidcrable
vValuc in enhancin; al ;al structurve. I have cmployed the
seconu method listud by Henbest ana find this . hould be
epplicu uuring, anu not after, the preparation of the slide.

Alizarin., Various members of the oxyquinon: -roup




Text Fig.3 Example of"Trace’ Photograph

O-5MM

CROSS-SECTION OF TEXTULARID SHOWING DOUBLE LAYER OF
WALL - PRESENT IN LIMESTONE SLIDE




. TS

(cese slizurins, aolizuorincercd, snd pupurin) may prove of
value in the uetvrnination of altoration in wallestructurc,
Henbeost has uscu these to duteet foraminifera on polichud
11 cotone surfuces and in enhanein; 4 tail, as in Braldyina,
In suuition I have used pupurin to Jdefine ecryctol structur:
in the @nuotibyzinace thou :h aifficultics have ericen in the
tenuendy of tldo uye 10 setilv vnevenly.

Lemberts .tuine, This well-kmown ataln, pruparaed

according to Palrbaenk's modification (scc Honbewt 1931) has
bucn usad in cotinations of dolomitization, Its diffurone
tial cliaructes in sveoryostalliced secinents 1o a problem for
furthcy zcocasch,
Illuctrution,

Yhice types 0f illuotration have boun cnployed, line-
dyawings, 'tracce! photo ruphs, and normal photo rupls,

w00d (lVsb) deseribed a rupld mothod of makdin - accurate
drawings of umoll nicroscoplce obJeets., Ac a uuvelopmint of
ihdu I huve prepurcd a micro=projeetor uuvin; a normal
petrolo docul microscope une 4 vimple pecp-liole ceaucra, This
inetruncnt hoo bect used chlefly for the rucorudins of
Poran.rnlferul veetivns in rockesllices by meuns of 'traco!
phoiov rephs. In trupunitted MAght an ipe o 1. focucad
on 4 _rout.u=;luaus gcr.en and tho latticr repleccd by an
adapted pluto=lolucesr containig eh ¢ty of orulnury contact

printing papeyr, uvovaliy Ilford Lromids Dedelele(.in:le

29,



felsht, Hurd vloooy)e Shese paper sheets arc cxposed and,

after uoveloplinz, "truos" photographs are pro.uced. All

variations in contrust and intencity can be achiovaid

(Boe Toxt Fig.3d) nuanificutions up to X250 can be attalned,
»ua %0 lack of fuciliticvs at the British luseuwn no

photo raply of specinons in the *Brady Collection' could b2

attempteds Hunce illustrations of type materiul are confinoed

in this study to cuamere~lucida drawinge, only scottiesh

materisl has buen photographed,
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2Xow JasTe PALA OLTOIOGY .,

Ciinpe s VI G AL JON T . fUIO0N.,

Tho rxinciploy of Clusuificntion,

Ac Cuchmun (1948) points out the idcal classification
is on: based on phyloguny. But since the phyloenetic
developnent of a purticulur surlee 18 inferr:d from the
morpholo;ry unu ontogeny of individuals in strotisresphical
puccusi.ion, the p.oimery task in olasusification is th:
detadilcd morpholosicul and ontogenetic analysis of memboras
of bloscrice, It then buoomes possibloe to delincaty the
arbitrury unlts of spoclus and goneras within on: cns and
to trucs the morpho;uny of particular blochuructirs in tine,
Only when this 15 complete cen the phylosuny of thu w=roup
be infuired,

Onv of the firut vurentiels is the oclection of a
vellable differuntlal bioocharucter as th: basis of the
claseificotion, f%his should.ruv;al a funduancntal oubdivicion
within thu group and have en clementary rolu in the physiolo
of the indiviuunl, .ccunt ruscarch bng shown that the mo.t
suitabiu bilochuracter in the caso of the foruninifiru is
the wall=structure of the tiwty and the clusoiflcations of
Cushman (1943) und Gluesoner (194L) ere bauca 0f thi,
feature, Thoye ore insiocetions, howsver, which nay be

CXtendoed with furthur roucarch that this blochaoract:: 1
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not truly differcvntiul but progresuvive, in that its pattern
of chengey reveuls the cvolution of the group. The full
value of the charactur can be obtuined only if the detailed
mierostructurce, as secn in thinescection, is exasmired, Thls
has been demonsirated by Food (1949),

. In the interpretation of phylogeny in the formminifera
the major difficulty is the lack of deteilced information
on the Palacozolc faunas, Thae differing views of Cushman
and Galloway on the evolution of the group both rest on very
slender and often doubtful evidence, end any dctalled
examinution of the Palacozolc foraminifera has thus a sgreat

intrinsic iwportunce.

The liajor uroups und dallestructure,

Wood (1€49) has d-tuilea the various types of wall-
structurc ana hes illustrated thelr fundamental lmportance
in the classificetion of the foraminifera., In ad.ition to
the more common types he has noted the grenular calcarcous
type of the Uppexr Falaeozole, which reaches its fullest
expresuion in the Fusulinidee., He has also mentioned the
possibility of this being a produet of the recrystellisation
of anothexr primary culcoarvous structure, thoush wmore probably
it is 1tself priwmary und distinct from all othurs. It is
true thut it may be combined with other types, as in tho
cuse 0f the Tetratuxinae and theygrchaediscidu, but these

combinations may be expected if wallestructure is a progressive



32,

bilocharuct:re cuslmen (1948) roerds the runular ealour-
eous wall=-stiuctuic v, & merv variution of th. aruvnacuouvu
typy anu hicnes, for cxauple, dincludes the uniothiyrius in
the Lituoliuauv. On the othor hond, Glacs.n.: (1949)
belleves thut foums posses.dns @ ronular caleur:ous wall
ar¢ a ulutinet otocke whe revults of this work acrec
closuly with such a vicwpolnt end hence I have adopted the
classificution of uloeusner throuhout the reatir part

oith minor modificutions at vurious astaes,

Taxonony, .oseription, snd Limorphicm

Lhic concept 0f the holotype s thu boofu for the
ucfinition unu deueription of a speclcn creatos a up:eial
problem in the cuoe 0of the foraminiferu w cre th. life cyclo
is of a uimorphic pattern, Ths usual pructicu 1s to over-
lock th. pouuibility of alternating genurutions or to Jdesoribe
theas ae wiffcxr . nt speelus where the divergene: of form is
sufiiclently muvkcd, %The relutlonship betweon the tuo types
con be shoun by biometrical :ethods in som: cusus, dhere I
have boen ubly t0 uatuet Jdimorphism thius has b, n noted in
the desceription of the spuclews, one jeneration buin:
represented by the holotyp: anu thue other by an wpyroprlately

lubclled parutyp:e

vontasminution i tho odruiy vollectiont,
Nowrly the whole of British revesrch und u lorje purt

of the untise regearch on the vomllicy forvninitf:ra 9f the



Carboniferous 1s baucu on Bra.y's "The kono ruph of
varbord forous and Yurmisn Poraminifora® (157¢). “he type
specimens 0f his upcolues form the "d¥rady Colluction® of the
British Huseum (Naturul listory).

A foature v the colluetion is that it 15 contunlnat.d
oith nateriael which 10 not of curbonif.roun or Yurmten oie,

Thue Nwanuline pristina wes described by Brauy (187:4) on

the baziu of mat.:zial forwardud by Van den Broeck from onc
locality, th. carrlers du Fond d*Arquet, Nemur, Belsium,
Later Ven ucn Broock (18¢8) demonstruteu trut this
*Carbonifeyous™ record of llumnulina was incorrcet and trat
the muterlul uoupatenied to Brauy had buon mixed inedv . rtently

with uvo:.1: of lLicoozoic apees Humuulina pristing was in fact

Nuniuline vuriclona Lemarok.

Althou hr Vun den Broeck refuried only to Nunrnuline 4t is
hizhly proboble thut other speclos lmown only firom thls ono
Bel dun ldcality arv not of Curboniferous aje, 'Thuoe

includs the followin records by Brudyse culcurina anbi -ua,

Yulvinuling broockiung, druncatuling bouvura end

Yruncatuling curbonifira, wuvichel (1940) huu advancod the

vam. opinion in th: cuauc of these anomalous r.cor ue The

Bulidun recovas of Globivelvuline bulloiics (Brady) ar.

buscu on wspoel ens of globd waidny amongst the oy aiyp:s and

I regurd the presvnee of Amphistesdna minuto Neuay aond of

neothyra gubtilisvina Brady as bodng uue to contanination,

posuibly roow slociul cluys,
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Thu Levision of .orli.. sorlk,

In the study of alstribution anu in the roesxanination
of old collections I huve notud many new ond hitherto
undeeseribed foim., some of which poasess both o vtrati raphicul
end & morpholo ‘icel value, Tho scope of this prescnt work
dove not ullow of thely inclusion end I have conccntratod
on & ruvizion of cortein previously desexribed specl s and

genera ond u new uelincution of tholr moxploloical importanc.,

Agglicution of Bilomutrics,
e — ]

tuunti tative ooethous have buen used extenoively in the
enalysis of cpeclus und fuunss s @8 furthor ald in the
prepurution of gualit tive description. ..xamplus of the
biomcetricul mothods uvued are included at various points in

the following chaptere,
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The rectilincar smaller foraminifera of the
Carbbniferous are referred usually to the Hyperamaininee or
to the eophaclidae thou:h, on the¢ basls of wall-structurc,
threv groupus may be recogmisced,

The Hyperemmininae have an arcnaccous or ailiceous
wallestructure snd possusc a spherical proloculum followed
by a more or leus stralght umsegmented tube, They occur
in abundance in fhe -emmsylvanian of America but were
unknown in the Lower Carboniferous of Britain until thedir
discovery in the Horthesestern Provinee durins the preoent
work, |

The Reophacidae are characterised by an arcnaceous wall
larisely composcd of forelzn, agglutinated materlal, such as
quartg graiﬁe, and a rcctilincar, uniserial chamberiniz,

True reophacids have not been recorded so far from Ui

Lower Carvoniferous rocks but are sbundant ana of

strautigraphical valuc in the Pennsylvenien (sce Plummer (1946)).
Uistincet from eithor of these groups in wallestructure

are the speciuvs incluscd in the genus Nodosinella Brauy.

These differ from ihe normal reophacids In havini: a ranular
calcarvous wallestructure of equidimensional rains of
caleite bound by calcarcdus cecuent, frequently occurrinz in

a twofolu layer. Both vushman and Glaessner place



Fodosinella In th: :cophacliece thoush Glucs nuv not.y thu

uncertainty of wuch _roupin’e Iu viow of th. idffering
nature of thy woll tlds inclusion is vury cuestionable,

Indeed, On th. buelu of this blocharactur, lodouinclla chows

a greator aflinlty to the wnuothyridase, It muy well prove
on further invuotigption thut Hodosinclla represente un
indepeniuvnt stock related to the Endotiyridwe und

dsomovyhwous wiith the Reophucldac,

Genus HOOUIN.LLA Brouy (157¢).
;  Lrpe ospocles, Nadousinelle dicitats Boudy (1576 p,.103)

benteling (purt) of suthors (non 4'Orbimy 1826),

guscrlptions udcct free, uirailght ox arcuat., wholly or

partly tupuringy chombexs usually distinet, cimpley sepla
at times only puxrtly udevelopuds wallestructure ranular
caloarcous with calcarcous oument, lujyering preounmt,
froquont concentrution of coucnt on aytoador; uperturs

ucually simple, torminal. Carbonifurous = Jlrotac.oua,

3G,

semarkus  asdventitious meteriol has besn recorded in the wall

0f sevural specius but ell of thuse arv v:.y doubtfully

refurred t0 the gunus on the bouls of other featurca,

slstributions lioyosinclle iu widewpread in the Upper

Yalocozole, boing recorucd from the Lower varboniferous of

britein, Ucimany, anu wussia ond in the Femnsylvenisan of



thy Unditid ototuu.

Hououin:lla? concima Braiy (lu?76 p.l06)

Tuxt=Lfl sed,

soseripilons deut froo, unlusorial, strui hit, tirunslucent in

clove=011l, rulutivuly broau, tauﬂrih:, composa! of sorics

of sube=_:lobular chunbers, Initicl larze lobular

proloculma followed by two s.herieal, int .amcuiute chembors,
and 8 final, lar i, inflated, conlcal chamber. .uturcs welle
markc.i, deep, brouad, wWall rolatively thick, non=calcar:ous
due to veconuary sillcificatlon, Aperture terminsl,

trien uler, lyin; cli htly offecntrey of final up.rtural foce.

Pinensiongs Len.rth, Lith,
Total, 0,96nn:, - -
Lagt chuuber. 0e4lam, 0437,
Intuimeuiete chaaber, O¢limize OeJd4me
Proloculum, O.20am, 0.5,

Distributions Upper purt of the succusuion of the Horthe

dosturn krovincej Lower anu Upper Liaestonce Groups of
oeotlung,

kemarkss Lateiul crushing frequently producus un
ellipsodual incteud of circular croscescetion. Ghe tout
Roy huve had an ociginual silleeous or arencceous ari not
grunalar calcurvous wall=astructure since scconuury

cilicification aypeoes t0 have occurred in all cusus,

374



e i NODOSINELLA

Text Fi1g.4 :
a b | c

| MM,

NODOSINELLA? CONCINNA (BRADY) a.CRUSHED 8 SILICIFIED -LATERAL VIEW;

b. LATERAL VIEW—?MEGALOSPHENC;C. FINAL CHAMBER- PARTLY CRUSHED.

-~

Text Fig.5

MM,

NODOSINELLA CYLINDRICA BRADYS d. INCOMPLETE TEST - LATERAL VIEW,;

b. LATERALLY CRUSHED APERTURAL FACE.
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dgeptroyin: pel ary featurvs, fThe speuelcy Lu thevefor:

soubtfuliy refoerred to Hodosinella, In extornul form 44

rasembleo upeclus 02 Hormosina (hitherto known only from

Hupogodc and Wertlary rocks) to which 1t may prove to belonys,

loudg.iinclla cylindrica Brady (1476 p.l04)

Cuxteflp. B
yegerdiptions Yoot lur e, uniseriusl, moderatcly curved, round
in croous=sectlon, opague in clove=o0il., .phurioul
proloculum followou by tubu shoving no appursnt increase in
diemctey until uistinet inflation takes plaoce at apertural
vnde Inflation mwy be due to dlastortion of thinn:r wall of
finul portiones No Joefinite or rogular chumburing but
ivzegularly spaccd, thin, depressed suturcs insicots
position of intuimal, partially developed uscpta which are
more pronouncud in f£inal portion, Surface wmoosth, dall=-
structure of fince rsincd calecitic particlive bound by
calcurcous cument, latter concentrated on extorior and
layuring prusent. Aporture roumd, turminal, obout one=-

fifth Jlumeter of tube, with lip.

sdcnsionus Length of test 2,8ma, 0f proloculum O,1ldnm,,

Llemetor of teut = 0,07mie, width of apeyture 0,06mn,

#uotributions HKnown throushout the Avonlun of the Northe

éeotein roovineo thiu specicu exkbibits an increuse in siac

tlu 8 trenu towurds xeowlority of form at oucces.lvely



hober Loveloe It huu also boen fung at on: or two
locolitlics in both the Lowsr und Upper Ldnc.ton: iwoup. of
scotlanJ.‘

hemoarkss Loteral orushing and pyritisation are comson in
this form end¢ the wportural rogdon 1u usually deutroyci.
Inoluuicu awon:;st Brady's ori:inal éyntypuu (3:ition Museun
Slide ¥,306487) are vone wvp.oclmens of textulurils ani one

of N,? concima,

Nouosinclla lin-ulinoides Birauy (1876 pl.l06)

sxomination of the syntypuas showa thio speclus to be
basea on very unsutisfactory speciiuns, Of th: two slides
in the Brouy Colleetion the first (Brit.Hus.:lide P,3L4u0)

contuinu two spucimenu of H.Zconoinng, two bolondn: to

spucive Of the gunuo stochela, anu a fifth (Brady P1,VII,
fi:.84) 46 oppuruntly blucrisl, In the sceond slile
(Drit.ilusevlive PeoL4Yl) there 1o one specluen prescnt
(Brauy P1l.VIL, f1:.20) anu tbhis 48 a latcrally comprossed

menber 0f the Tuxtulariidae, This recoru of licdouinulla

must be discountud therufoio,.

Hodosinclle digitata Brady (187¢ p,.103)

The syntypes (Dritich Museum olides P.50489/9) of
thie wpoedco arc from the Yermlan of Yunctall hHill, Co,.urhem,
ibouch Brauy listo thio form as presont in th: Yorodales

N0 Curboniferous wpeclncns huve been notod in any of the

Culleetions oxr areuy uvxualnoue
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I have incluled in this subfomily of the pirillinidac,
{teolf u furdly of the Loteliides, the two suncra
gpirillina onu srchacdiscus. The morpholo;y und phyle seny

of thesy two foinmg are laruly unknown, how.v i, uni this

classificution ey newid to be revised when detuils of new

generd civon in sussian Wtoroture bocome avollable,
Gonus L PLILLINA Jhrenberg (1843),

fype spuciuss _pizilling vivipera _hrunborg (1843 p.42:)

fhls genuu 1s known to have exiuted from th. Jurassic
to Lecunt, rForms urc sluo recorded from the American
Pemnsylvenien and the Lowey Carboniferous of wussia but it
ic doubtiul if uny of {huse are proporly roferrable to the
genug o

Thuao, in thy cauc 0f the dmerioon records, the wall-
clivctusy o2 one specles 4w not d.oseribed ana that of tho
Othere 1s slven au inperforate and hyaline, ihio may imply
élther feomorply or insdequate utudy, since guutmen (1948),
Glaesencr (1945), ana #0oa (1949) oll deserib: tha wall of
the type spoci.s oo puriorats end #00d auds that th. structur:
is never yasinl hyuline but 1s drregulerly £ibrous.

Yhe luecion records arc dus to Moller (1379) who

deseribad thyee upeeius of tpirilliine from th: Lower




KOhl’dnkalko 02 theae Hikhsilov (19&3.)) veluectad

vpirdltlira v wlaruc as the type upecieu of his -enus

rungis, wnd wnother, Jpirillinae suban:ulets, es the type
gpuclee of his sernns Forcehia, doetsalls of Mikheilov's

L

- work arv nut evalluble in thig coumtry but 1t woul! appour
thot theoe Lucoien ospeclee are rouped now within the
Ampodlsclioe, 1ot the wpirillininee,

Tt would vecn Ldghly probably ther.for: thut no upecles

a
[

truly referrable t0 thu enue Lpirdillina oxict in the

Palaeozolc but thut thicre u0 ovcur forms which bear a
close rusevmbluncee It iu very probable that an entiicely
inuepenaent ralavozoice stock has baun resurded in the paut
as part of whut 10 in renlity an isomorphous serics of
later ustue In vicw of thie the inclusion of such

varbonlfurous gunsro as Archacdiscus in the Spirillininae

is regarded as provislonal penuing further stuly,

Genus ASCHA DL .CU, Brady (1873).

Type cpuciuo, Archsediscus kerreri Bradgy (1873 p.28¢),
Archoediscus Brady (1873) end (1876, p.142).
s9chuauinn (purt) of Brady 1870,
Zeueriptions Yost faouo, lenticular to sub-sph:@riocal, morc
¥ luo. ssymuctrical, consiusting: of proloculws ung lon:
Won-septato (7) ocecond chuambur olose-coilcd in voryin:

ilrections, «all calearcous, usually perfor.tc, with a



o

fvrous structurc slowln: osconsary thickenin ; wii in nore
primitive opoeics with o thin, indlutinet, inawz, ratulore
oalcarcous lay.xe qurture at open ¢nd ot second chonbev,
ygptributions The vorliest occurrences ere thouss recorded by
Le Yaitrc (1340, 1951) from th  evonion of TFrues, In

Lower Cerbonifiryius rocks Archascdiscus is abuiuant uni

sldespreod bein: rocowded from .urope, -.outh Amcalco, and
Euocie where 14 1o rcgurduﬁ a2 perticulerly choructoristic
of the "Uppur Visean" and *Lower Namurian®, The abusuncae of
North Am¢iicen records is possibly due to the lack of
detelled work 1u the ldseisuipplans The dictiibution in

osritain i ulscusced below,

Leparkss Yhe systumntic positlon of Archacuiscus 1o
doubtfule, Bruuy (1876¢) placed 1t within the Numulintda
on the basis of severul wnalogous ontogenic ani
mrpholo;dcal featurcu. Cushman (1948) includcd the ounus

85 a sub=-femily within the Cemerinddse implyin: an encestral

3910 10 Archoudiscus in the evolution of the numuliteas,

On the other honu Glusoensy (19-i5) doubtiully places the
genus within the ~pirillininae end .avis (10:5) also notus
the affinity of Archucdlscus 1o thls subfumily. hilst 1t

1s obvious tuut a cloc. comecotlon exists betwe.n
Arohiscdlscus aig the soecallud splrilliniic of {he Pulucozolc
the dnclusion of the ounuo 4n the wpiriliduinue 1u a
tentative move penuing further ostudy.

¥owms refurred to Nubogulurig by verville (1956) arc

3.
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in need Of roevision and probably bolon; to Archucdalscuu,

archucuiscus karrceri Brady (1873 pe2306).

Text fl3.6.

frochamrndnu coruiolis (puvt) Brady 1876

peseriptions Test free, luntlculur und asym .ctrically

biconvex with wbucnes of external detoll du: to secondary

hA,

thickenin:, Form.u of proloculum und nomescptate (%)

tubu coiled in a Jdominantly planiepiral merm:r but with

axis of coiling movin; 4rresularly in a planc at ri ht
anzglee to that of coilin:, opiral cuturc not secen excupt

in lust half volution whure it 1e indicatud by inflation

of tube, #ull composed of fibrouu caleite with perforutionas
of two slzes, vsubjuct to secondory thickenin:, rarc traces
of inner granuler calcurcous leyocr, Aperturs forn:d by open

end of tubu,

Dimunsionés
I Lox,. dancters Min, danctuc, “hicknusao,
Fl.-puciaun
(Brauy rLl,Ix), 0 «900114 0,90:1 0.+47urie
Floeupecdien ’
(toxt.fi: 6), 1.,02mn, 0,90m:.. 0.6om,

dan ;e of ucot-

= 1loh speelmcny, 0490rriml06mi, 0,8:mi=0.00ua 0 432mn=-08cm i

edetrivutions 4his wpecice has beun rocora:d fiom mout
lower Carboniforvus Jeposite, In thu puet nourly all
forms 0f the _enus have been placed 4n this .peelcs end

thercfore the run e und Jistiibution neeu revision,



Are cdlscuy kureori scusu stricto is knouwn to occur in

%@ Germany, :.uwucle, ond thooushout the Buitiih arca, whore 1t
L xS

r vlppears to be charueterlstice of the miuJle port of the
r Dibunophyllum Zone,
>
!
¥

Hemarkss In crosu~scotlon this spucies 1s charact.:iued by
8 sub~¢llipsolual outline, by the elmost hemiuphurical
shapy 0 thie tuby, by the marked esyauctry of ihe coilin:
and the trucs lincs of thu surfacve of vaerliocr whorls (s.c
Text £1:2.8 Loll).

iiweently the non=peptate character of the tube hau
been quustioncu by L.He avivs (personul vomouiication) who
has recognised poartitions in the corly part of th: tubs und
believes them to be septa which under;o resorption, I
have only svuen this feature in the speclmens studicd by
sevivo (Brit.luseslide Fe4813) althou h soms 2000 othur
thineosctions of this spucicu have becn examinedy un: 1t 4s

doubtful 1f proscnc: of septu can be ruarded tu an

veociitlal morpholo dcal charucter,

In nearly ull casus there 1o Jdestruction of thu
Spertural r¢ don where the wall 1s thin and seconuury
tidekenin;; sbs.nt, Custs of the interdor er: con un,

e buin. the lew so exawpls of tLrochamuinu or.iialdio

dones any rarkesr figured by Braay (187¢ PL.III, i -.8) \

(suc alud Yoext fi{,’ob}o |

Yhe dnncye cruvular calearcous luyer of ths wull is not '



ARCHAEDISCUS

-

Text Fig.6

4
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ARCHAEDISCUS KARRER! BRADY

d LATERAL VIEW -TYPICAL SCOTTISH bCAST SHOWING REMNANTS
SPECIMEN OF WALL

Text Fig.7

a b c
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ARCHAEDISCUS GEORGE! SP. NOV.

J HOLOTYPE - LATERAL b PARATYPE- LATERAL C PARATYPE - SHOW-
VIEW . VIEW -ING DESTRUCTION

OF APERTURAL
REGION




47.
usually recognicoble but in rore spocluons, wicyo
reciystullicution of the interlore of the tub: is not

advencoed, fuint trucew cen be nmede sut,

Archuediscus _eorzel ape.nov,

Text £ige 7e

Troobordng incerta (part) Brady (1876 p.7d)

Trocha dnu orulolis (part) of authors.

weoeriptions idcust freo, lenticular showing olight

asynug try and absencu of extermal detail duo to secondary
thiokgning. Fomced of proloculum coiled in a marm.y

slmilayr to A,knr.crl but with less divergenco from the
planispiral mode. wpiral suture se n only in last hslf
volution, 4ell calcarvous, perforate, of two layurs, a

thin ani oftun discontinuous imer groanulaer calosyuous layer
and an outer 1rregular1ﬁ fibrous layer shouwin: scecondary

thickening, Aporture open end of tube,

slmonsionss
Moxe,idameter. Min,dsnetere. Tliclkness,
Iﬁlotyp&l‘ Ogm. 0.5‘“&1. OQI&n ‘o

kengs (based on

W paratypes)  0.52mmO.4dmm 0 ,30mm-0,39mn O, 10mre0.2lmn,
Yepositoxries cta..

Iolotype, Dritish Huccum <lide P.40869 ex P.360u9 of the Brady

Collcetion -~ lrochammina inc:rts, Colster

Cleugh, ncar ..lsdon,

- .



43,

yuratyp.oue sritioh dMus.cun Hllis £,50009,

Jdstributions unges fiom the upper purt orf the Michelinia

donc into the .ibunophyllum Zone in the Hoxthe.wut.in
Yrovince ung 1u kmown in ths Calelferous .ar .:ton. .ories
and the Lowey Liocotone yroup of .cotlend,.

pemarkss .xtornally the surrace is oftun rouhened aus to
soconsery elterutlons In form thiu spucivy bears a
reovmblance to A kar:cri from which, howuver, 4t difforc in
the .mullvry slsc, th: relutively smaller thickmuss, tho
greater vegree of oyrmotyy in codlin., the prescenc: of en
innur grunclar calcuveous wall, and the more lunat: outlin:
of the tube in crous.=~suction,

thdle upsclis was dncluded by Brody uni.r $rochum ina

incerta und describud oo the biconvex form, onull
oiliouous cests occuriing in the Carboniforous and

Proviously refer.cd to Yrochummina ~mordialis should be

Incluscu in this now opucleo,

sevelopuent o0f Archuedivcus dn seotland oni tho Northe
AR S S A0 D T AR AL I AN R~ S R
keetean ¥rovinca,

Archacdiscus hau buun recorded in Britain theou hout

thy greutor purt of the Lower verbonifurous sucecssion una
in ncarly every Inotunce the uvpecliens hove beon ceforoed

Y0 Archucuiscus kare ri. A study of the duvelopua.nt of the

&-Nus huy beun neae in two of tho arcao ut.oy conulucration



unu the resulle cumoordosd ln Text £15.8,

Ko.l,

ROeko

QO:S.

Nog4,

Avchucalacus spe  rFroevalent In the .omluula cre aria

sube=20ns and ranging vpwards, this form exhibit.
uominantly plunlspirul coiling with only a sli:ht
variation froa the plenc, The tost io amell, disee
like, wltih & wull=structury 9f ¢us uistincet loyors,
Llhiov i the moot primitivs foim it 1 not the

carlicst record of the genus,

Archueuiscus ope This appears to dovelop from lo,l,
in the Low.p Yart of the Uichellnia Zonc, vompared
with the carliur form, Ho.Z8e Lo Liw,jexr, with the
imer sranvlar luyer much thinner, the tube nore
lLunate and showing a sreatur accoluration in haicoht,
the coilin: still luor;gely planispiral, but showin~ :om:
axial rotution in the cmbryonic sto:u, and tho outur
fidbrous luy<:r thickor giving the test un cllipuwoidal
outline,

Archaculocus reor tuil sp.nove Apporently developin

from No,l. indapuniently of 1oede., thio forn uappears
for the flret ti.s in iha upper part of the
Micholinta 4one and cxtends upwaras into the
Libunoplyllum Zone, beiny knmown f£rom cqguivalint
horizons in the wcottlash Arca, VYor 4 tails of
morprolo 7y su.. abovu,

Archacilscus op, liaving an ancestral foru uimilar to

l10e2, NOo,4, 1u rare an. confined to th: shule fucles

0f tle uvitor purt of ti: Hichuelinla Jonee "clcully



1t 10 wn culavged f0um of 1I0.%e but showe a
srenter roojularity of coiling, o ton.uney towawrlis
o wpherical foim whilut the tub: has u sube
rectunJulér uppearonce in crosu-gection, (The
wall of the finel whorl in both Nou, & en: 4 zhows
no cecunuary thickenin: and 1o conpoc:d of the
gravular imner leyer only. She frudlity of thiu
stroctus: may explain in part th: freguunt
destruction of the apertursl ro dons of tre
archucdiuvelds),

Noobs Archuzulscus iarrerd Brady. fussdbly steming
£.ou Aepeox el by an increasing sphorielity sng
irraularity of coiling this spoclies 1o
churucturistic of the middly Jibunophyllum Jone
of thu Lake District and the Hurlut horiszon of
scatiand, Por morpholo:dcal detulls ses cbova,.

Noete Archuauvdlocus upe Arising from A, ccor i by a

resumption of plundlopirsl collin; eni a roduction in
thickn:og, this form 1s abundant in th: shale facics
of the Northesdcstern Province and in both the Low:r
and Upper Limcotone uroups of .cotlad,

The archueilselds are nuch more conpl:x than has be.n
hitherto thou Lt ang uvmana further receucrch, Thelr
developacnt in the lower Carbonifeorous 1o uc-ninrly
CXpres ¢y in a roduction anu flnul Mdusapuvcurunce of the

imner sronulor wall lay.r, in un inercacin g irre zilarity



02,
of volling 1u oouce linaa, und (thoush alio no uoubt of

locul covirowmental liiuction) in en incrcuse in sizo,
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CHATAXTIHA .

The 1_aelqtiomhig;x__@%’cqitlon 02 the Teflz_cj_ataxinae.
$he x}elgtionahigs”qr}d Pauii_tlon 0% the Tc{.}j_ataxime. in tre
lower purt 0f the Lower Curboniferous and ulmost immediatoely
gadneu 8 world=vdue distribution onu obunuonce. iince they
poscess a trochowsplirul form they are vsuully refurved to
the Trochemmdirddas and have been looked upon as

developuunts from Trochammina, Too little is known of their

early Motory to uake definite statements on orizin but, in
view of basic Jifferences in morphology, this rclationship
may bz uoubtcd enu they are probably not elosely related te
the frochumuinldase

Throughout their long evolutionary hiutory, silurien
10 Lecent, thu iQrochmmuininge have shown themoclves to be
an extremoly congurvutive estock end to have prescrved an
arenaceous charucter of the wall in which adventitious
moterial formu en interal port with calecarcous framents
&nd cement, On the othur hand, the Tetrataxinee, confined
to the Uppor Palaeozolc, have the teotewall composed of
caloarsous gruinu bound by calcereous cement ant in many
Spcedes exhibit o layerinz by the introduction of flbrous,
8lmost hyalinoe, bonis end buttresses, Ko adventitiou
mattur 18 prosent, Indecd, oo far as the wullectructure

s concerncy, the Tetrataxinae, show e mueh weatcr




64,
affinity to the ..ndothyridae than to the Trochamuinidac

and may have a comuon encestry with the .nmdothyridae,

The qstematic l’alacontologg: 0f th: Tetrataxinse,

Not only are the systematlos of the family open to
question, but the use of certoln morpholosical features in
the recognition of gencra end species is to be doubted
also, oince the tests are pronc to collapse during
‘fossilisation such featurcs as the heiizht of the cone and
the apical ungle, used extensively in the past as
biocharacters in the recognitlon of specles, must be
unreliable in this role. A number of spccies have been
described on very inadeguate evidence, some bein: basced on
8 single thin—section in limesgtone and others on neanic
specimens, and no great reliance can be placed on them in
stratigraphical work.,

As a result of extensive blometrical work 1t has become
evident that a valid subdivision below gencric runk is
that buseu on the chumbiral arrengement when this is examined
in serial scetion, oize is conditioned by envirorment, but
the growth-rate, us expressed in thp increuse of the
veripheral margin of the ohambers, has a phyletic valuc,

The volume 0f the umbilical cavity - the "nabelhohlung"
of Sohellwien = may also prove of value wherc distortion

is sall,



Gunue £ i“.ul_é Shrenberyg 1849,
| oo e - S TR

Typu vpecdes, Sctrataxio condceu Shrenberg (1843 pl.4al)

Yalvulina (part) Brady 1876¢ (rom d'Orbigny 182c¢),

lesexiptione, Teut froe, trochospirally coilud, compoucd of

nmerous ¢longatu, crescentiforn chembers lying with broaicy
eige t0 purdphery number per whorl varying between adults
and In Jrowihi; wabilicul cavity wid and d:ep with lobes
projJectin; to cuntre from chamber-floorsy wall consistin:

of two luyers, un outcer ;remular calesrcous luycr énd em
irnner flbyouu laycr, at times elveolar, buttresein:

varlous parts of the chunbery aperturcs at innor en, of

each chuambey opening into umbilicus,

Ylstribution, Uhis genus eppearu for the first time in
the North=soutern Provine: in the Michelinia Zone and
repldly becoumcs uominant in tho beds of this arca uni

0f the ueottish Provincc,

Tetratuxls conica .hrenberg (1843 p.422)

Text Flg.0

gl{olutinu ¢orden Broaay 1871
Yulvulina palaco troghus Lraiy 1873

Leuc:iption, Teut fru. or poucibly etieched, conicul, with
flettencd, circulor base slihtly concave Or cV.n COnvexs
apex of canc pointuedj chamblirs nunerouc, lu at: in outline,

ubracing 10 wli_Lt 4. gres, closcly adpresuvd, formin: a

tn
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TETRATAXIS

Text Fig.9
b
%C
\ O'5MM. 9 . OS5MM.

T I 1

TETRATAXIS CONICA EHRENBERG; a.s b. APICAL VIEW; c. LATERAL VIEW.

Text Fig.1O

| 1
TETRATAXIS DECURRENS CBRADY); aab. APICAL VIEW; c LATERAL VIEW.

05 MM. | OSMM. |




guadricerdal ar.ung. .onut uier Indtial utase) wall of
oaledte _runul:s bound by culearcous cumunt, oftin with

fibrous innui buttires: il 0f chumbers, Surfuce cmooth,

Aperture openin:; into umbllicus, covurced with valwvular flap,

Dimensions. ,

Hol bt lax, taacter of Bage,
Fliurod uopece
Bl'uuy..'r’loIV. OQOQMQ 0.78131“.

ﬁég. lu, be

Mstribution. OFf worlu=-wilde ocourrence this upoeles is

preeent in thuy Upper Avonlon of the Northedcatoin and

+co0tiish urcas,

enerkue Teconica pusces throu:h sll sturea of trancition

into 1,ducurivn, the relationship betwecn the two buin:
shown graphicully in Text.fi:,11,

totratuxis decurzens (Braiy) (18373 p.6o)

Text f12.10,

Yalvulina decurr.ns Brody 1873

devordption, Teut frus or possibly attechuip formed of a low
Cone with outupr-ad basej compoocd of au trochospirally
Glrenged swrleo of croscontdform chamborug booe flat ox
tOncavey chambors guadrisuidal with indiotinet ueptationg
thin any clogcly aupriusede #ull of coleite ronules bouma

by Calearvous coment often with inner fibrous patchuu,
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sporture opendng into umbilicus and coverod with valvular

flap.
pimensione,

' Ielzhte Max.Diemeter of Baso.
Magured opecs,

Brudy «¥ 14111, 0. <mne 0.70mm,
Fig. 17. .

Mistzibution. 4lds opeeles is kmown in the Amoriecen
Pemnesylvaniune, It has the venc stratigraphical range in
Britedin as T.condca,
Gonus POLYTAXI, Cushman & Faters (1923 p.bl),
R TIIE

Type specless Polytaxis laheui Cusklman & Jaters 19283,

fetratoxis (part) of authors (non Lhrenberg 1843),

"aarly part of teut similar to Tetrataxiu, in adult

spretding, chamber: numerous in each whorl, ventral sidoe
concave, lrregulary aperturcs seversl, on ventral silde®,

Appurently & Jdircet Jevelopment fronm Tetrustuxic this

gnug has hitherte been yecorxded only from the Amurlcan

6Ye

rermsylvunian, but spparcntly congeneric forms have becn noted

from the Upper Limeutone sroup of secotlend.
Gunus RUDTEAXIS Schubert (1920 p.180).

Type specless, Valvulina rudis Brady (1876 p.00),

Jalvuling (Part) Brady 1376

“"Test sinilar to Setrataxlz but interior of chamburs

labyrintrine swall moxu coarucly end roupghly srcnaocous”,



It secna probuble, ufi:r eiamination 0f {h: type
ppeoiur, thot this vomowhat unsatisfuctory enus 1u based

on spucl. .cnu of Letrstuxis that have underone distortion

gny altcrations 1he lobyrinthic interior io nore likely
to be due to seceonvery Infilling than to primary struotuze
= a8 featury alroady noted in the cove of .uecamriinopuis

fusulinufornis (11'Coy) any other early racordo,

Genus VALVULIULLA sehubert (1907 p.2li),

Type specliess Vulvualina younid Brady (1373 p.63).

Valvulina {part) of wuthozrs,

description, %Teut conical, ocolled in a trochold spirsly

chumbers fow 10 o whorl anu wholly or partly .iviied into
tho horizontal scries of chumberlets, with division often
sliowin: throu h outer nally wall struoturu of calcite

sranules with much cencnti aperture on the ventral svilde,

Astribution, T1ds enus is known only from the surboniforous

of Dritaln anu :urope where it app:ars to be of

stratioraphionl 11§portunue.

icmarks, Cushnen (1948) places the genue Volvulinella

in the Orbitolintdas ar. reaeyks that formc int :mediuate

botween 4t and Orbitolina may be looked for in th: Grics

i Juras.ide, sliboul there is a superficlal vimilurity
between the tuo _enera in the external layer of cellules

end @ phyloenctic link may exist betweer thon, ilaeiiner



61,
probably recogniccs the tius afiiinitios in plucin:

VYelvulin.llu within the detiutuxinae,

The genué 1o derdived from Tetratexin by & subdiviocion
of chuwburs intu veries of chumberlets and o reduction in
the relative thiclknous of the wall, The cerli:ct foimy
show only & pextinl cubiivielon of the chembers (sce Toxt
figel2) whilet those of @ elightly hither horizon cexhibit
complete Jevelopument of the cellules, Thie developnent
must have buen extromely rapid and appears (o have taken
place in the wcottiol Lower Carboniferous cbout the lHurlet

rorizgon und at a wimilar levol in the Northe.outern Yrovince,

Valvulinolle younsi (Braiy) (18735 p.€5)

Toxt fiz.l3.
Yalvulina yow:i:d vur contraria Brady 1873 p.8?

sescxdption, Tceut free or poscibly edherunt ot timeo,
coilud in a trochoupirul fashion into a hih conc with
curvin; muy 4ns., Composed of & large numbor of chumburs
with aintinct sutures on exturior, intcrnelly sublividced
into chamberlots.,  #ull composed of celelte ranulos boﬁnd
by gulcarvous cument, Apextures of chomburs openin © into

unbi licua,

vimervions.
Laaaat =i irdiondl givacdlh
Iedshye of Conc, Hax, dwactoy of Bage,

Eiuul“.ld BPCC, 4
Brauy (¥1.IV, 0,6lrm, 0. 6umte
1(;0 68’ b.



— -VALVULINELLA

Text Fig.12

IMM. I MM,

VALVULINELLA CF YOUNGI - SHOWING PARTIAL SUBDIVISION OF CHAMBERS;
a. NORMAL PHOTO; b TRACE" PHOTO.

Text Fig.13

O'SMM, 025 MM.

VALVULINELLA YOUNG! C(BRADY) asb.APICAL VIEW, c LATERAL VIEW.




g‘;}gtributionl Of major imparience us a marker foscil this

form {9 characteilotic of thic lurlet horizon in .cotland
sny the middle purt of thy Dibunophyllum Zorne of the Northe
destern srovince, It hwes been recorded by Licbus 1931

from the Yos0uonia Bedw of ¥Prenkhaussn near Arnsborz.
pemavke, The teut wppesis 10 hav. becen flsxible to e
mrgeu degres mid crushed forms are comuone Brady's

Voyounadl vavecontrarig lo ropzarded as @ ddstorteu specimen,

The reletionsldps to the genuvs tacheia are discuased in

the followin chuytex,

The -JZUttl‘_atiU yuluwon‘coloiﬂ!g of Gensra chowin- an aff‘iuitg
P Bt ~ T~ ey o~ A e e s B 5 =

10 tlm wtmtwdm}e

1wo pgencra of the Bidtloh fauna, Globivalvulina snd

Ionghinia, ar¢ of unkmown relationships bdbut appear to be

allieu to the Tetratexinae in some wuys,

Genus GIOHEVALVULINA Gehubert (lv20 p,183),

Type opcelis, Valvulina bullolics Braldy (1876 p.89).

Valvulive (part) Brasy 1876 (non d'0rbigny).
Zescription. Te.ut fre:, hemiophurical to sudrlobular,
ventrul elde uovally flattenad end dorsal esi:. utromily

COnvex, formed of ;lobular chumbers arransus in a biascrial

feshion sbout wn axin plunispirally or trochoopirally coiled,

Wreally all chamb.rs arc viuible but ventrally only

Hnul poir weun,

63,



84,
vordphery browdly puun .d 19 thawply engules, «ull ronular
ealcorcous with (accorcing to selehel) an wi itional thin
outer £ibrous laycry and at times an inner porforate layer
which only occurs on the septa, Apartural face
depres.udy made up of copta of lest two cheabers, with
gperture g little below cuntres

dstribution, This senus 1s rarc in the Lower

arboniruyous but 1o an imporiant member of Penmsylvanisn
and Formiun faunuc,

Lemerks, The morpholo -y of (lobivalvulina has b.uen

jescribod in detoil by nedchel (1948) and Pluaver (1948),.

Both deal with the inadequacies of previous work ani
emphesice the bilsorlality of the form. whilst Plumrorx
sucvestu 8 cloue plnilerity to Cascidulina, Loichel implies

ths incluusion of thu genus within the Tetvatexinae, The

relutionship to the gonus Meceriamm:na Tchernysheva (1941)

requires further ctuuye

Globivalvuling bristolensis weichol (1945 p.b524),

This speeics waes deosceribed by selchel (1bid) from the
Candnio Q9lity of the Avon Gorge.
Gunug HOWSHINIA Cushman (1917 p.42),
p =l -

Yype opuveless Yatelline bradyena MHowchin 13 .8,

Patelliry liowehin 1688 (non #illiexoon 1303)

MeodAaGetivio telly me he bos @ popus in preos on the



poaplo Loy tnd uletlilbutisy of 4he type wpeeless le has
strosved alroaay ihe siratigraphical valuo of the fornm in

e previous work (.avie 1940). In the meantinu th: follacy
of Guchnan's including 1t in the Orbitolinidue may be notod,
It hay & volue ws e horieon markzer in the No,.2, Lincatone

of thu eaet of the ceottish Arcas,



€C,
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Th. oyetcnotic Fosition of ths sunus iituchola,

The relutionships of the genus stacheis wry ruther
obscure, Cushnuan (1943) pluces it in th:e Flecopsilinldac
but this 1o un avtificial roup besed on veosilu habit and

incluucvs suceh Jiffersnt gencra as Placopulling, styloling

anw Acrulianming, Jes.lle hadblt in ths foruminifura, far

from bedin limdlted to u single phyletic stock, 1s adoptoe:
by membors of o numaboy of Jdifferent stocks at Jifforont
timesy uoa thus atiesched forms ars no mor: than crulely
homeonorphlc,

vloeuun.r (19«L), uoubtfully refurs the .onuo to the
Lituolidaes but the type spucies, by pruvious dcei mation,
is stucheiu mavoinulinoides Brudy in which the teotewall do
compoueu of culeite granulos bound by culcar\;ouﬁ cunment, in
controst t0 the sconacoous structury typicul of the
lituoligy,

Brudy ori:inal conception of the gunuu inclu.cy usone

forms, wuch wo Ltocheds polytrematolldes, posuusiin: a wall

composed purtly of uortg~rains und othir uiventitious
Duterial, sheoc must bu removed from thu genus stuchela

bud they wie now ruferycd to thu new wcnus ctichuolics,

Ihoushi the vystoatic poosition of thic now onus 1o not

Vet vottlou, ~tochiia ciaends 1a 1teclf without uoubt w



€7

pembor of the Lutrutaxinue,

chapman's _ncndation of .tacheia,

In 1306 vhopuon cmended the genus otachels und oreetud
four nuw opecles from the qhuwetic of dedmore, ..omuruet,
Luter In 1901 he licted one new and one othir speclus Pron
rooks 0f wenlock 4;. in Gotlund, An exunination of soms
of thu typuw of thouu specice in the Britioh Huveum shows
that nonu axc rolated to Corboniforvus forny of _tachela,

and sowe may lio even outulde the foraminifera,.

Genus JLACHIA Brady (1876 p.l07).

Type vpeelone .tach-da mordnulinodics Brady (1876 pells)

geseriptions fGuot attuched, with earlicut chumburs of some
speclen v gusting a spiral errangement, In the auult
chambers yelutively low in heligoht, at times urdscriel, in
0they cuwey drxweejulurly er.anjed, and subaiviucd into
Chamburluty, with partitions freguuntly ulchotonmously
branching; chanb.r wulls and partitions of 1o ular ang
constunt tlilokness g wall of culcareous fronulus bound

by calcarzous cum:ntj aperture usually hidden but

brobudbly ci.ple, cireular end nay huve necke.

sAstyibuiions The muny previous recor.s of thiu vnus in
the Lowew varvonif.rous of Britein wrc now in nced of

revivion, It iu curtuinly pressnt in the Lower ana Uppor



— STACHEIA

. |4 DIAGRAM SHOWING MORPHOGENY WITHIN THE
GENUS STACHEIA.

S.congesta var
lobifera

S. congesta

S.acervahs

I MM
ALL FORMS

S.pvpoides | %
| |k,

S.? tusitormig

Accessory diagrams
illustrate interngl structure

S marginuhinoides




69,
Lincutone Uroupu of .cotlend and the Hibunopliyliun Zone

of thue lloxth=sostuin Province,

pemerkus . The ontojeny of Jtachels sese is very obscure,
In s0me wpucles thoro appears to be a very short
trochouplrully coilud stace lumsdiately followin: the
proloculum, Growth upycars to twke pluce by thu
aduition of chuanbers in a unlscrial or ir.o -ulur paticrn
the Laet foriics alnost completely covering the eurlicr,
The chmabers axe subulvided by vortical partitiona into
chuaberlets theouhout, The partitions may be simple or
branchin:.

Al tlo provunt time detailed phylor.ny must rumoin
largely gucs:uork, but two main trends appour to erist
within the gunus, Tho first is e trend towardu ivre ularity
by the wbandonmunt of uniscrial growth, by tho .isruption
of chambersol form, amu by the inereasin: brunchin: of thu

septa, Thusa the ro ular er .engement of L marsinulinoldes

Yiclds to @ greater irresularity in SePUPOLlicy unu ruaen s
an acmv in p.conjuuta. The socond 4s & trend towards incrossing
the rolative surfugu area. Thuu the smooth form of

%ulinoium yicldu by inflation of th: teust to the

humo cky 42 luscdity of L.coniata var,lobiforu.

ihe ponus, us g membor of tho Tetrustuxinae, appears to

bave wyisen from Yetrutuxio throuh Valvulin:lle by a

tomparuble wmphusie on trends towerds irrce ulwity of form,

The Wallegtiructur: of ..tachelo 13 iventicul with that of



70.

Vulvulin:lla, tucheda upl.ors to poscess a trochospiraol

replonic sta ¢ whkicl moy bu taken 10 inulcat: a

tatz'ﬂtuxinih; unceatyrye 4l posses:sion of chunborlets is
seen G0 8 progrescive d.velopment within both juncra. No
definite recorus of otucheln o,5, Occuriing curlice then

Valvulincella sre wnow: snd both appear for the firet tinme at

apiroxdl atily the sane stiatigrephical level,

.tachcla conzesta Brady (1376 p.ll?)

Text fijolb

cceeriptions Yuut attachedy fusiform to cylinirical outline,

Interior osubdiviucd into very lar:e numbor of small
chemborletn, Luttey vomewhat cuble, 0.02mu, eni arranged
in u11 htly arched layers, piled on top of onc enothur,
OVereluppin: at muy Ans, Chemberletas sepercted by
purtitions, wom: O.0lbmi, in thicknuuss, 46lls conposcd of
minutc calelte ruins bound by caloarcous c.munt,

homo zuneous therou hout. No truc apsrture viuiblo.
diwnsionss Length d,4ma, wldth 1elmm,

detributions Abunuant in the Lower Limcston. Group of
ve0tlany snd the Uibunophyllum Zone of the Northedustoin
Yrovivee,

wBorkes  Brudy (1876) ond Harlton (1928) deoeribe the
thamborlets us driculer in shape emnd er.uni. ..nt, but thls

DEY well be uue to secidental variation in apyearone.



— - STACHEIA

Text Fig.15

I MM,

STACHEIA CONGESTA BRADY -~ BILOBATE FORM -
LATERAL VIEW.

Text Fig. 16

I MM,

STACHEIA CONGESTA VAR. LO3IFERA VAR.NOV.
HOLOTYPE - LATERAL VIEW.




depenu-nt on ihe plane of section,

stuacheia concestu var, lobifora vur.nov,

Text Flg.16

otacheia congusta(part) Brady 1876,

Descriptions Vaeriety differs from typical form in having:

—

relatively larzc conleal protubcrences of unegual len:sth
forming greater part of test; typlcally cones have sinsle
rounded aplces but some have doublee~crown., Chamberlasts

arrenged as in stachein congesta, lying parallel to surface,

small, closely compuct ebout 0,02mm, in width, almost cubicj
separated by walls, 0,015mm, thick throushout., No suturin-
or overfoluin: with growth visible but some canes, produced
in adult stage, may ceuse overgrowth, Jurface smooth, 4Aall
of calcarsous grains bound by oalcareous cement, No
distinet aperturc; apices of cones sometimes worn, appearing
8s small rounded openings.

binensionss Length, l.2:Zmnm, Breadth, 0,blmm,

Convs = approximutely one third length of test, tapering
bluntly rounded.

#iuth of convs at apices, 0,08mm, = 0,.22mu.

Lepositorics etes

E&HlE&EQ- Geoi.surv.(acotland) slide No, 1,9064%,
I.pe Locality. Main Limcstonce, Ponlel Auter, Lanarkshire,

+Jcotland,

72.



Aotributdons ovccuss touether with stocoela con -.uta,

semarkos  Yhiu nou varloty coriies the genirle tronds further

then the typical foim.

tachicly marpinulinoldes broiy (1876 pl.ll2)

Tuext fig.l?

_egeyiptions Yoot wtiluchud, of moduorste size, uniscrdal,

glongate, slightly cwwvea, subeylindrieal, won. tapeiin-

out from initial purt, Conpoced of a numboy of convex
cha-burs ad .ed urds.rially sndg increusing in size as adied,
Chambers mors or luws cmbracing, superi.poseu, sub=diviicd
into chumberlets, Jurluce smoothly rounded, broken only by
thin yeprvsued suturce Siving periphery slishtly lobulato
appearonce, «ull of calesreous Jraine bound by calearcous

cument, Aperture tvrminol et infolding,

lmensionss Len;th, l.2nn, Meximum breadth, 0.0,
- Maxiuum len;th of one soment, 0,5 Lan,

ditytbutions .iather rare in the Lowsr ani Upper Lin:utonu

Groups of ucotlund wnd the Libunophyllum Zon: of th: North-
desturn Provingu.
aburkss  This form buars @ close relutionship to .tacheia

Pupoiuve in mannur of srowth and form of chumburl:tus,

stacheln? fusiformis Brudy (137¢ pelld)

fext fig.lB
lesoriptions 1Tcct ettached, chort, uvtout, cymactricul,

73



74.
fusiioxm with no cup.rficisl mavidns ang rovd in croou-
gection. cComposcd 0f layors 2f chumberlets (or sub.iivileu
seguents) symuetricelly arrunced round e thin colummay
foicign body, each layer unbraclng the previous one at
ite periphurul muxrin, Chambors thin, numcrous, ang
subidviuca by oceonuary scepta into nminute chumberletn.  Wall
calecareous and homogeiieous theou shiout, Apevture not visibloe

but believed to be toeimlnal,
sluensionus  ben jthe 0,67mn, Hoximum breadtih, 0.91ma,

detributions Lrecent in the uppermoost Avoniusn of llorthe

dgatern nglund and Seotland,

semarkss  Thiu upeclen 1o doubtfully referved to . tachels
¢ince it vhows oseveral morpholoical diffcrenecs from the
typu spueleuyy motubly In the differemce in thicknus. between

vuptal purtition und chumber floor,

wstachels pupoides Brady (187¢ p.lly)

roxt £ig.19
Lecriptions fSest atiached, clongate, vuiscrlsl, tnporineg
mposud of a line of irxrcgular convex segments lying on
Wrtace of a forcipm body end purtly cmbrucin- 1ts almoot
¢lreulur in eros.=scction, Jhembers influted ond
intertorly oubuivides more or less rejulorly into chuamburlots,
wepte or partitious dividing thewe chambors muy be vivple

Or brunchin;, .urfucy neurly cmooth, «all of culcite sroing



Text Fig.18

|52 FUSIFORMIS

ALATERAL VIEW.

STACHEIA
—

Text Fig.17

S. MARGINUL IN-
OIDES
BRADY

LATERAL VIEW.

025 MM.

BRADY -

0-25 MM.

B.LATERAL VIEW

-REVERSE SIDE
SHOWING IN-
FOLDING.

r

Text Fig.19

STACHEIA PUPOIDES BRADY

LATERAL VIEW - SHOWING
INFOLDING AT APERTURAL END.

O:5 MM,

Text Fig. 20

STACHEIA ACERVALIS ( BRADYD

LATERAL VIEW - TEST ATTACHED TO
POLYZOAN.
I MM,
—

- 1

—




706,
bounu by coleuicous ceaent, homogeneous, Apertuce: teiminel,
buval,
idmengionss Lengthe LoOnum, Mexioum breadth. 0.C7ma.

zistzibutions Lower ard Upper Limestonc .jroups of the

Leottioch Carvbonifuiouu,

stuchoin acorvelis (Brady) (1873 p.lle)
Text £fige 20
dubbina gcurvoliu Brudy (1873 p.69),

wesoriptions Teut attached, of mod.ratu wilze, composcd of a

wnell nuabes 0f chaubers of varying size arsengoid in
acurvuline or inucfinlte mamere Charberc subiiviieu into
chanburletue,  .urfucs umosthy wall compousd of calelte gruins
bounu by calcarcous ccment, Aperture téiminael, on under

surface of tuut, usually with neck,

nmcnoionss Lensthe 1,39mne Breadth, O.€mm,

#detributions uure cnd kmown only in the Upper Avonien of

veotland ang ljorthern .n:land,

genua SYACH 0T .5iu gene.nov,
EECERIIRISIE SRR

fype vpocl. o, ctachois polytrumotolius Bra.y (1876 p.118)

zduchela (purt) Brody 1876 end othurs,
duserviptions f$ust attacheu or free in vory rars cuswes, of

iriv_ ulor form dependent upon neturs of ho.t, Growth



iricoulur end sftoen roticulete with formation of num rous
chambes leta ariunged in approximatuly tubulur pottoim,
Partitions soparutiug chambirlety of difforont thilckneus

thar. roofs una floors ung often showing other irre ularitieu,
sall combosud of mixed uaterial, largely reuulis of calelte
with wvmoll propoxtion of quartz- xains and bouai by
caleorcous cenent, Apcrturvu prescent ou th apices of

the drzc ulayly scattored protuberanccu,

gdstributions this ;unus i knmown to occur throughout ths

drouter purt of the iritich Lowuer Carbonifurouu,

semoykes  Qho distinction betwucn this sonus anu stachoela

has becu outlineca below ( pe 80.)e

stocheoidcs polytrematoldes (Bruay) 1876.
Taxt fig.:?l.

ytecheln polytocmatoduuy Brady 1870,

Qeucrigt;ggi Tcet asdherent, fusifoim outlinu when attuched
Y0 spincue or polyzouns, iriwgularly spreading ani encrusting
on crinodd stulan. Growth charucterdsed by tubulur habit

but of an extrumely irrejgular pattern with numerous umall
Chamberlets pileu upon one snothur ana &r.snjed in hum.ocky
Protubcrunces ot rare intorvalue Chamborlots rou hily

rvetan ular, Ko suturcs but in=froquent growih rides,
sirfucy rough unu ortun maamillated, #all lax s:ly

calcarcouu but with adventitious naturial. L:tinaot

77



75
gpertur.s on apicos of the drrosularly scutturce] protuberances,
vlmenciones  doponuent on hostj~(not confinei to typs

mat:rial,)
on cerinodde stums toe sise recaches Gelma, Maxinom len tth
on spinu. Leddmi,, na<lum brouwdth on upine 0,67nu, Avora

niuth of buce of protuberance G,.17mnm.

JAotributions This wspecius wpocars to range throushout the

greater part of the Lowery CGurboniferous of Britnin ani to bo

especlally com.on in th¢ Upper ldmestone hroup of scotland,

femarkss Polyzoen [ru gaents have becn placed under thias

specles dn thu past in spite of the obvious Jifferenceu,

~ =tuchooldes papillata sp.nov.
Text £lg.l2

veseripiions f%eut attuched thouzh a fuw probubly free
vxamplves found, .eneral outline varlable dependent on
shape of hout, usually fusiform but may be cylindrical
r sphericul, ourifuce characterised by num.rous
lobif.ratu, conicul to sub-conicual, relatively cnull
brotubcroncus posuessing a clrcular aperture in an
sperturnl ucprcosion at thelr oploos. Inturnally conposed
0f rows of chemborlety irre mlearly laid on top of one
wnoth.r and gurrosuiuing host, the floors thinn:r thun
the partitions. oize 0f the chamberlets 0.,0Ommie in 1:nsth

= averasu, No sutuiring present but overefuluins occurs.



( 79,
surfoce aedothe dull lar ely mess up of culeur:ous  vaing
bourwt by calearvous ¢ nent but adventitioun mturinl
includude Ayexturol openings apparcntly confin.. to apleas
0of protubcranceu,

Liaensionss  Layely dupend.nt on hout, £1iurcs for
holotlypes
Iensthe led<muiaz, Broadth 0,7ma,

Ltepocltori.u uvtes

lolotypee GiOleuurve;uotland slide No,R.99¢5.

iype Iocality, Jdicctony near top of Caleifcrous ..ondstone

~eries, Penton Linu, Dumfrieshirc,

vistributions cJomaon in the Caleifurous canastone erdea
ond recoydcuy in the Churlestown ilain Limcctone of cotlandy

not yet recorded in thoe Lower Carboniferous of nnglond,

semargss  Yhouh closcely similer to Ltochelu concesta, with

which 1t has b _en confused in the past, this Torm is
wlotingulshed by the ulffurences in wall=_trvoturv, position
of the upurtuive, lar;ur chamberlets, end veriation in
thickmusu of septal partitions, It 1o Jistinrulichad from

8 by a diffurcnee in gunerael form

Jtacheol . ou polytrenatolide

end in the lwg:r nuabor of protuberunces,
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Coupuriugu R

In orice to vmpuwsise the

80,

SAacholu ung otocheoliios,
: LT S S T,

eonsivorable Jifvirencoeys that

eXist between thuse W generda both in their morpholo:y wni

oniogeny und to vulidate their

separation and the roevmition

of .tachcolceu, a compuxdson in chart foim 1s riven baolows

~ub=femlly,

fype specics,

iall -
otruvturue

ihicknussy of
wall,

Kode of
urowth,

Aperture,

atlachelas BelBo

awtuchoolicn,e

yetratuxinae, Incerta souis,
2Y.mardnulinoddes otdl.polytrematoldus
Braay. by previous Brody, by deci mation,
aquesi mation,

Granvlon of calolte
bouny by culeoarcous
conunt,

Constant throu.tiout
catorior wall and
partitions,

Formation of low
chiumbers in uniserial
or aocurvuline musses
with shect like habit.

Usually hidden
tezminul und dbesal,

Arvnaceous of mixcd
matuoiial, lurg:ly
calcit. ani much
cunient,

Partitions thickur
than roofs ana floors
0of chaubors « othuy
irrc;ulardtics,

Growth irxr.:vlor and
reticulate with a
tubular habit,

Usually sappears on
aupeslor surfaece ap
arall orifices
surpow:tin; convg,



STACHEOIDES

—

Text Fig. 21

STACHEOIDES POLYTREMATOIDES BRADY - LATERAL

VIEW - TEST ATTAC/HED TO PRODUCTID SPINE.

Text Fig.22

| 1 MM, 1

STACHEOIDES PAPILLATA SP. NOV.

a. ? FREE SPECIMEN - LATERAL VIEW.
b. HOLOTYPE - LATERAL VIEW.

[




CHARY o XT
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. Lo LYRINA L
o ST

The HiﬂhiE‘Taxonomio drouging of the :.niothyridoe.
Cushmsn (ly43) includus the endothyraniu foruninif.ra

os 8 subfumily within the Lituolldee but severul mujor
morpkoloicul Jiff. roences oppose this proce:durce, ‘Th:
arran enent that I have adopted 1s essentiully the canme

as thut given by vluescner (1940). As a dev:ilopm:nt,
owever, I have ylviued the .undothyrida: into two cube
funilieu, the ..ndotnyrinav end the Bradyininee, on the
bapis of impostant differcnces of walleutructure and general
foim which have beun overlooked by previoue suthors. Thus,
in the .ndothyrinue the wull is composed of .runulcs of
calel te bound by culcureous oement and hus no porforutions,
whilct 4in the Brauyininae the wall 1e poxrforate and
frequently oontains adventitious meterisl in adudition b

the basic calcurcovs constituents,

.ndothyridea
~ndothyrldue Musulinidace

¢ Bradyininae o thyrinae

82,



50.

aupecty 9F b torpholo v of th. niothyrina:,

av the woov dupertunt undg mo. .t wiucspread group of
gmallew fLoruminiforu in the Lower Curbonifirous the
~nao thyrina. have been deserlbed in dotall wnot only in
the gonexwul stu.izo by Cuslion (1048) wnd ulacs .ucs (Ly4H)
but ulso in he speciallscd work of Jeoti, Jeller, anu Zeller
(1947} coa dellur (L090), In spite of this scveral aspects

of k. morphology remain highly controversiel,

Variation in Form anJd uize,

The variation in form of the .niothyrinse is sum-.arised
in diarammatic form in Yext.fig.25. The size differential
is extremely largc for within one genuo there often occur
specific forms come six or seven times larger thun others,
Althoush Instances of grain-size sorting have been noted
this variation would appear to be of specific value since
it is usually indepenuent of fuecles control., Zeller (1950)
has notcu the stratiraphical value of this size
differentlal in the Mississippian and I have found it to be
&lco of value in the stratigrsphy of the North-Adestern

Province {sce p., 147.),

Mod. of Srowth - Menn.r of Coiling,

The test of the indothyrinae grows by thLe esuidiiion of
chambes in e sinple series and usually Ln a coiled

Pattcrn thou:l this may be superseded in some cases by a



ENDOTHYRINAE

Text Fig. 23 Variation in Form of the Endothyrinae,

Y'Y TN

MILLERELLA ENDOTHYRANELLA SEPTAMMINA

PLECTOGYRA

Text Fig.24 Chamberal Arrangement = shown in section.

® @ b

ENDOTHYRA

COLING SHOWING HIGH b PLANISPIRAL COIUNG

C COILED8 RECTILINEAR

— e—

INANT LY mm HIGH
ML ROTATION

— e—

-

—

COoILED ¢ RECTILINEAR

- - - - -
b - -

-—— - -

ENDOTHYRANELLA

‘ oecnee OF AXIAL PORTIONS
| TABLE D.
RELATIONSHIP BETWEEN GENERA OF ENDOTHYRINAE & COILING
?._
TIVE ABUNDANCE
MODE OF COIUNG IMPORTANT GENERA RELATIVE ABUNODA
[— RARE ———} ABUNDANT —
PLANISPIRAL MILLERELLA . N
bo— o ] _ -1 | [
) e 'I l/
INANTLY - SR
PLANISPIRAL ENDOTHYRA !




80,

seetilinoar patiein in the weanle or opheble staze,

No:molly three typen of chambirel errung.nent are
eoognised (ses Text £13,24) and are of mujor importance
in jonerio distinction, Novertheluss, althou:h in nearly
all recvnt work these types heve buen regarics nwa dlstinet,
they erc in fact merely dominant, beins linked ot all
stages by trsusitional forms,

Of the "planiopiral® forms Millerclla is the only
genus in which apeoles have a truly planispirel mode of
coilir; wni, in some cuseu, this mod 31u not auopted until
the neandc wtuge 1w rotclhiede

auller (1900) recuntly defined the coiling in
ndothyra as "plunioplral® in contrast to the "plectogyroid"
mods of Plecto.gyrae Kefervnce to the i vees of _ndothyra

dlven by Zellcr, however shows conclusively that axial
rotation is appreciuble in the nepionic or ncanlc stages

of all his forms, 7This is borns out by obscrvations on my
oun muterinle Wresellor (personal comuunication) now asrees
that the coiling of .ndotlmré is not truly planiupiral
throughout, and that the boundary betwecn .niothyrs end
klectocyra is ™ a usomewhat arbitrary one”, lic adus that

any distortion in coiling of !niothyra is "of an irregular
or haphazerd natur:", though in my expsricnce th: coilin; of
sndothyra shows a very low rute of axial rotstion throu shout,
or in planispiral in later stages after earlicr stesges in

which axial rotation of varying degree takeu place,
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I cwawry, only iu sorc spiel:c of Mill.relle iw

the codling truly plenlepirale I'owever the.o uOcs occury a
prevsominemtly lurge group of formws in which the coiling
gpprouachies the plunispiral mode, usually in the epheblo

01 neurdic =2lugcu,

Yhe esceond typs of ooiling was Jdegisnat:i ori -innlly by
Leotty, Lcller wndy 4cller (1947) as "endothyrsnoid" end later
chemged by Z4ellor (1w00) to "plectogyroid", escriboed as
*a three=dimcnsional £igure produced by a point movin: in
8 pluns 20 84 19 gcnerute & logarithmic spiral whil: the
plane is einultancously rotetsd about n axis pescin; throusgh
the centre of the spiful" this mode of growth 1ic in fuot
conceptuel anu hus not besn cemonstrated to occur: 4t 1o
indeou higkly improbable exvept @s a browd approxination,
Obesesvution vhowa the Jdegree 0f "engular or rotational
cietortion® may vary irregsulurly within a single "plectogyroia”
ppecimen und iv a dirvet variuble of the dlamotcy in the more
iip. mlar forms, Thy term “plectogyrold” is therefore
suspuct ond 1t 4s prefurrable to rcfurAuo anpropriate
specimens as cshowing a high degree of axiul rotation,
Hoxr.ov=z, althoush coecimens rhowing @ hich Jderec of axial
tation form a Jomivant -roup, all staws of trunsition
exi:t to the yoninemt neerly pleniuspiral :roup,

Flnally in the third type of coiling, (colles portion

Lollowiu by reetilinear as in zndothyren=1lla) the trunsition

from the nepionic colled stu sy to the asult rectilincar
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stayge can be yocognloce dn tie outosny of on: indiviiual,
In th. chart (Tubilc 2) I heve swmnariscd my views on
the wodec 0% ¢odiling end thedr occurrence in the more
fnpoxtunt sencra or 4he nnldothyrinae, Th. uefinition of
genura iu purvly erbitrary, bodng cloacly relutc to the

dominant type.o of collin.g,

Thye Tceot dall,

Orisine fGhure oxistuy two dlametricelly opposed
interpretutions of the origin of the wall in thu
~nuothyrinae, Brudiy (187¢) duesoribed th: well as composed
of celcurcous sand ("the only source muturial in e limeutone
sea") bound by culcorcous cement and hence implied that the
sndothyrinae wure agglutinated foms, 1ids view has boen
supported by Cuchman, Henbeet end Glaesonur, ahon;ut
oth:xrse In 1879 von Moller desc.ibed the wall not only

as purous but ss huving arisen from the adrcet sceretion of
the protoplasm und, in recent years, he hos beun supportaed
by many authors incluuing liurlton end Gallowuye. fThe
frequent occurrcnoe of resorption and of layexin: 1nlaomu
spucice, may inulcetc that the wall arises by dirvet

secretion,

Compoultiorn un. ¥loro=_.tructuru, It 1s ndw onorally eszrecd

that tac wall is compooscd 9f culearuous pertleles bound by

Calcurcous cuw.nte 40293 {(1949) d scribes the tiout of
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sttty e bodng nads up "of very minute cryutalo of
culcite in which th: purticlion of colelty urce cguluainmensional,
subangulayr uni cloucly fitted together“, Altliouth Zeller,
vlevs.ner, end huuser-Chernoussova arg in a rcement with
this uefinition Cushmun nainteine that there occurs in
every test a varlaeblu but caull purcentagze of wdventitious
mot.xial which 1w revealed in thine-section and in the dilute
hydrochloric aciu tent, The inadequacicu of thls test and
thu poosibility of infiltrated forei.-m material have bueen
discusecy previously (ace p. 21.) and shouli be recogniscd
in an asseusument 0f vushaen’s interpretation,

Ihe wall=structure of all the true enuothyrido exumined
has proveu {0 be entirely calcercous excopt in those causeo
wherc diszvnesls of Iwet sediments has tuitun placc,

Lndothyra crusue Brady ie an apparcent exception but, as will
be shown latur, 4t fulls outside the -ndotiyrinac,

Laycrinz of the sall, Tuls feature was described for the
first time by ucott, Zellex and Zeller (1947) 4n the ceue
0f .ndotlyre baileyl (Msll), fThey belleves this specios
exhibiteu @ typical fusulinellid wall structure of t.otum,
oluphanotheca, anu imner anc outer teetoriu, the last budn;
referrdu to as the supplunentary & pooits, Zeller (1000)
Jd.seriboed thevs geatures as charecterictic of both
snuothyre end rleetogyras He notes that "th: thirs layer
nuy be aboent®™ but the relétion of this to the oth.rs 1is
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IV 16 ciondificant that loyoring e be geun in only
g fow of the 1llustrations of recemt Amcricun uap xs.

#00d (l94¥ p.2dd) says "no British specinens of _nlothyrs
I have seon chows the throe layere in the tost Jese:ib.u
by wcotl, dellor, wni %4eller (194;)".

In un attenpt to resolvs thoese Jluagreouents on
morplologzy I have obtained from Dr.,séeller speclnmens of
typlcul Mlasleidp den wndothyrinae seld 4o possens a
luyerea walle=structures Those, from thu .olun Limcotone
of Illinois, chow in thin-seotion two laycrs spproximating
t0 the tvetum und the inner tectorium mentioncd obove
(oo Text £17420) but no third layer = the diaphunotheca
= 1o rucognisuble, though the so=called supplementory
deposits «» thu fourth leyer of Zeller = ars present 4n
80mMS ClUBCL e

Amonzst Lriticl spooimens exemples of o loyered wulle

gtructure hove bucen obucrved from a n mbor of localiticos and

one of the bect British examples, from the wpper purt of the

Avoniun Juccession, svon Gorge, Bristol, is shown in
Text 1,26,

The compooition of the inner of thusu two luy ‘ry = the
Imer toctorium = 1 seuvn to be the normul one of
sQuloinenuionul srenulvs of culeite bound by culceurcous
Ocmunte 1he outur luyer = the tuctum -~ 1o sim lar but s

Very much fincr in toextuse on: appoors to contuin a hisher

89,



PLECTOGYRA

Text Fig.25 Text Fig. 26

. O5MM. .
L}
PLEGTOGYRA SP.- AMERICAN PLECTOGYRA SP.~AVON GORGE,
FORM SHOWING LAYERING OF BRISTOL; SHOWING LAYERING OF
WALL-STRUCTURE ('TRACE’PHOTO). WALL-STRUCTURE ('TRACE PHOTO)

Text Fig.27 Structure of“Secondcry Deposits”in
Final Chamber of a plectogyrid,

outer wall- surface of final chamber

inner surface of tinal chamber

¥ apertural face
e

aperture

exterior of earlier whorl

anteriorly curved shield -"baffle-
plate™ ot "secondary’deposit

“sccondorz’dcposi!s on tioor ot
tinal chamber




propoartion of or:anle material, I belicve the tectum
repr-sentoc an exceussive development of cement on the outsid
of the test,

Amonzat some 8000 speelmens of the undothyrinae
exemined f£rom the Britiuh Lower Carboniferous this layering
of the wall-stiucturs can be demonstrated conclusively
only in the larger specles of Plecto yira,.

I belleve thut the diff.rences of oplnion between
Brltish and Amcericen workers is duc to the fact that they
have not been exanining the seme type of matcrial,
Anexican resvarch hes centred, in the main, on the larger
plectogyride whaere luayering is at a meximum 4 velopment,
such forms kave not been incluaed into British studies

until now,

Perforations, Moller (1878) first reported and illustrated

pores in the wall or .ndothyrinae but hls records have b-en

doubted by many later workers including Henbest (1631).

91.

scott, Zeller and Zeller (1947), however, noted the presence

of numerous closcly packed, very fine dark lincs orlentuted
at right angles to the epltheoca in the diaephanotheca of
Plectozyra baileyl., They regurded these as por: canels
which had been fLlled with foreiymn mattier but doubted if
they were ind ntieal with those record .d by loller. dood
(1949), howcver, consid:red the wells to be imperforate -

a8 vicw subsequently accepied by Zeller (1980) endé confirmed



Ve i wonn Obulavullone,

alt.cution Of the Yoot #alle wo0Ou (1949) expros. od the view

that "1t 1u uot pusulble to say whether the tuut of
Jnugtiyra has reerystallised fiom a minutely crystalline
teut or was seorciud in ncarly 4ts prosent state", I renard
the noxmul structure 9f equidlnensionol :relns of calelte
bound by  calcorcous cemunt au prinary or eusgentially so
for the followin: reouonn s~
(L) uwcerystallipation would lead to th: destruction
of thu luyered type of wall in a mannur independent
0f structural pattern,

(11) Bum.rsus cascs occur of undothyrinacz showing the
usual nallegtiucture in slidcs contuining normel
membors 0f the £ibrouvs welled archacdiscids and in
vlices @ntaining altered mamberg of the same .jroup.

(411) As far as I cun aocertain recrystullisation of the
soulment leads to a fading 9f forn in the

-n.otli, rinuc as svun in Text fig.l,

siglution aull-utructure to Clagsification. 14 4, now spperent

that the genun .nuothyra es conc2ived by 3vuay ani othur
carly workers was polyphyletics Glaes.nor (194) notes

that [@ausur-Chaornoussova has gistinsuish. throee groups
\within tho oridnul lirdts of the genus, the one typified

by uebowmanni Prillips, the second by .. rlobulus ( ichwald),

end the thira by ..cropsa Breiy. se.Crosua hvody ang sllled
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wpsble o vy BOWCVLry 06 propsrly wveezibed to the subfenily
(sec pe 129 ) anu th. varictions in wullestructur: of the
reed@fined ndothyrinus ars elidilar to thoe: whlch taku
place withln the Fusulinidae. They are vericilons of
texture and arxangeacnt within the ons busie typs of walle
styucture sna, thou:h of sencric importunce, Jo not

sepresunt Inuepund nt isonorplious utocks,

sum.gyy 9f dull=.tructure,

(L) Probably arising by direct seorstion th: wail is
composzed 0 closcly compaot, squidimunsionnl, :ube
anulur ruins of culelts dbound by caloarcous
cenment,

(11) Vuriation in grain-cize and inercace of coment
may lead to a layered structurz, as in Ylocto ryra

b&i lU;!i .
(111) lio perforutions are present in the ~ndothyrinae

ond tle noimel walle-utruoture, as Jdeoecribed above,
has ung rsone little or no rucrroiullisation,
(1v) 5o azglutinated foims exiot within the .ndothyrinae

ag now roedoefincd,

dhe Souoonusry® Lcnoeiis,

The presence of "wecondary™ . posits - (Lo outur
teetorium or uuppicmcntnry d posita -« in the .nuothyrinac
bao been noted by cuveral authors. They arc known in

«ndothyra sensu gtrioto (see pe10l )y in [4ller:lls




(lesp.on Ledd) un. rvech thely mexi um aevelopment in
Pleclognra (acller 1990),
userial median sections of speclmens probubly belonging

t0 Plectogyia balleyi (liell) 1eveal the foirm of thege

deposits in thuly fullest expresclon., Bucauuse of

resorption in the carlicr chumbers they sre best seen in

the final portion of the test, where the d pooit takes the
form of an enteriorly curved crescentiform shield lying
slightly posterior to the apertural face (sec Text fig.27?).
This <hield hus 1ts maximum height on the median line and
becomcs lower towaraé the umbllici. Althoush this shicld
represents the moaxinum development deposits orf this type

arc fruguenily scen as nodes 0 ridges or as mere thickenings
of the chamber floors. As such they may exhlbit an original
form or indicete partial resoxrption, a feature pruvalent in
the ecarli.r whorls.

Having their maxinum dcveloprment in the finol chamber
theue d posits appear to form a baffle-plate behind the
aperture so that no direct connection with the exterior
exists., As new chambers are added they underso resorption
10 increusce the height of the turnel sme the vestibular
character disappoars.

Pruvious asuthorg have rcegurded these aeposits as
seconuury in orisin but I am indebte: to Professor wWood for
the sugzzestion that they may represent an intesrsl part

0f the chumb.r wall and henc: be primeary. It may be that



ee 8 now chembor s add  not only ic the outur wall and
gpertural fuce_formed but a lay:r, continuous with {the
cuter wall, 1s ueposited along the floor of the new chambsr
and as o ridge behind the apertural openins, Thesc 1 posits
tave an id ntical nicro-struciure with that of the outer wall,
and resorption not only affaets them but also the imner parts
of the primary oseptae., Fucther evidence on the possible
latcrul conflucence of septa snd dapoelts 1s nocessary before
a final dJdeclueion on the stutus of thece deposits cuen be nad:
Hence they arc provisionally described as "secondary",
Althou;k Jeller (1980) has attached a siratigraphical
value to this character of "secondary® deposits I have not
becen eble to find evidencz of this in the British maturial

gxamined,

ne}atiqnshig to the Musulinldae,

iue slailaritics that eximt.betwccn the mdothyrinae
and the Fﬁsulinidau nay be summariseds-
(1) The walls of both groups are culcurcous ond of
9imi lar structure,
(11) 7.e scpta are m:re incurvings of the spiral-wall
whose growth 1g dimcontinuous in both cases,
(1i1) uagﬁ gioup exhibits resorption anu has "sccondary”
dupositc,
(1v) A mediun tuimel is present in botn  woups,
(v) Certuin fusuliualds have an irrcgularly coilad

Juvenariw rescmblini endothyrids showing a hish

“



erinl ootetlion of coilin.,

1oat authorg consider theoe srounds as sufficlent
evidence for regarding the undothyrinoe as uncectrsl to the
. Fusulini.iac, wecintly Zellcor (1980) has quesiioned this
relationship on virlous morphologleal contrusts incluuing
gpertural and wall structurce, tunnel form, the manncr of
resorption, scptel ctructure, and the position qf "secondary"
deposits,

#ldlest agreeing with Zeller that these diffirencee are
sufficient to regerd the two groups as distinct, I think there
is & good deal of supplementery sugsestion in these differences
that a clouse rclationship exlsts between them, Thus the
wndothyrinae already exhiblt a tend.noy to close the aperture
in tne forms possessing a vestibule and anticipate the
complete clusur.: of the aperture in the Fusulinldae, where

pores a.e functionully cquivalent,

stratigraphlcal ..unze und ueographical .istribution,

e v v

Lhe wndoth rinae are known to ocour in ijevonian rocks
end they apparcnily became extinet towards the cend of the
Fermian, Triassic rccords of the group are from the
Bellerophon Limustone of the Alps which is kmown now wo be
0f Yeruian age. Chepman's records of Khaetic and Liassio
8pecics are unrcliuble,

thege forms must be umongst the most widespreuu of

foruminifera sincue they are kmown abundantly in the Upper



ralawozolc or loxth and .outh Americu, tho Britich Ioles
and the Luropean wd Sicditorammcan arcus, conteul ung eastoin

puspla, thc Far .ust, onu Avotralasia,

svutumatic ralaco.:tolo v of the nJothyrinac,

Yhe present=duy systoenontics of the nuothyrinue is in
man, way. proviuional, und the claémificution 0.:0pted con
be ro_@rucd only as tomporarys it may roguire drastic rvovision
with furthqr wouk,

~o.entially I have concentrated on a rovision of tho
~iothyrinee pruviously rocoomisoed in Britain, Althourh
nuny new formos huve buen discovered durin: the pro vcou of
this work their full description awoits furth.. morpholosical
(incluuin; blomutrioul) studye Thoy ere, nuvertheleuss, of
some strutlsruphical sl miflcances The new gpucivs crected
result £rom tho reovision of previously desc.ibud British

~ndothyrinac,

S10ys X0 WA Glaes. nur

Jioaa e dn . Glaes. nox

JEAOTHYINA . emend.,

gonuu L AOTIYGA Brown 1849

Iype specluss _niothyra bownmani Brown 1444 (nog ?h%llipu
8406) .

aidothyra Brovm 1343 (non Phillips 1846 p.277),

sbuvtlyru (purt) Bro.y 876 unc otheyrs,
Invqu%Iua ?purtg of uuthoro,
...ﬁ?ﬁo?ﬁnu purt) ;.ichwuld 1860 (non 'Orbvi my 182¢C),

97 e
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peve.1ptions Le.t fre., closvecoiled, oftun complet.ly
involute, in curly stuvs oxhibitin: a vuryin: o . of
axlal xotation in coiling unu bucoming larisely plunispiral
in wyult stagesy chambirs numerous, distinet, cimple; wall
compouu 0f equiulucnsional calelt: grains bounl by calcarcous
cament, no poxcy or euventitious mattery extorlor smoothly
firished§ aperture siaple, typicelly narrow, at buase of

apcrtural faou,

iiotxibutions Tho kmown rungu of the zenus as Jdefined here

wppears 10 be from the middle of the Lower saerboniferous

up to thu Loucr Y:mmian,

semawkes A grout deal of the confused systemutics of the
~auothyrinoe urloces from the orizinal description of the
types Brown's oridnel uesimaetion apparcntly restud on a
nanuscript belonging to Phillips, to whom the unus was
ascribueu. PLillips name being unpubtllshed ans not aveiladble,
the JbUUU.CIQGrly 1uv Brown's,

Drown's ori _inal dcasc:iption and f£iures arce inadequats
for a complete ucfinition of the genus, MNoreover th. type
Spucluune of the type specles are regarded as budin: logt,
Lo whole guestion is ut thoe prusent time boin: utw.icd by
HreC,.,0vey but no comnents or fuller o sexiptions huve buun
Publisheu,

In the clrcunstances and for the tim: b-iu: I follow
doller (1900) snd, on the basis of availwble uvidenc .,

rugara the typo speelus as lar rely plonicpiral an: cov.red
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by the provisional unerdic description Llv.m uwlov.:,

Qo thyra davisellae ape.nov,

Toxt fig.i’B

.nioth 18 lobolus 2pu1t) Brouy 1973 pe63.
Lrwothyre clobulug (port) Brady 1876 (non Nonionirs rlobolus
CE)WE}[ / P’

Legexiptions west free, mou retuly large, neutilold, dfscollaly

low ruts of axiul rotution of coilin: an: o li 'htly asym otrical
with latuy whorls appuaring fo eross over plunc of testy this
emphasiscd extoimally by preconcs of umbilicus on one side,
revealing Jd. tailu of ecarli:r coils, and by indlutinect

wbilicul ueprescion on oth.ur,

In auult 4} whorly, showln; regular ana raiuval increase
in clze and almoct completoly cmbracingg lust hulfewlorl
showin; _rowth iruugularity. Numbor of chuubers in final
whorl 14, in ponultimate ll, .4dmmetcy of proloculum 0,01lm,
but cotuily of uimorphicm unknown, vChunb:@r:. od ratcly Larie,
cruucuntic in foim with a sube-rcotonulor outline in .edian
sectlong towurus apertural end chambory inflaetes, xolativi:ly
largs, and Wi hitly 4rrooular in pocition, .Juturus thin,
depreu.ced Mncu,

weptyd thrveeqguurtero hei sht of whorl in lep th andg
ubout onceguurtexr breadth of sdjacent chunbors in thickness
incliney uf sbout 20 J- greos on sldes of chuwb .z but ulmouot
verticaul to tlo tongent of the outer wall alon: the poyipkoral
Uneg tuprin: ulihtly in outline enc oft.n tkickmoi at



e ——————— ENDOTHYRA

05 Mm,

Text Fig. 28
b
5§ MM,
——
ENDOTHYRA DAVISELLA SR NOV.
Q. HOLOTYPE -LATERAL VIEW; D DIAGRAM OF APERTURAL VIEW.

SUBTILISSIMA

»

1

Text Fig.29 SHOWING DISCREPANCIES IN BRADY'S FIGURE OF ENDOTHYRA

Q.HOLOTYPE -LATERAL D.APERTURAL VIEW C.APERTURAL VIEW AS
VIEW. LATERAL s SHOWN BYBRADY OBSERVED N HOLOTYPE.
CPL.VI, FIG.9 >

Text Fig. 30

ENDOTHYRA RADIATA CBRADY).
Q. LATERAL VIEW -TYPICAL SCOTTISH boacram oF APERTURéxL
SPECIMEN; VIEW.
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thedr budcoy Lornd by on ingfoludn; of out.s wull, Turiphosy
broad ond wmduthl. roundedj periphcral mar -in with faint
lobulation, .urfuce smodth ond ;lassy, #ull composcd of
sranules of ealcite bounid by calcureous cementy woak
merifectation of “sccondery deposits®. Aporturul face
ssymactileal, with aperture & low crescontiform opunin: at

bauie

Mnensionss

Haxe.dametor, Min, Aumeter, Thicknees,
Lolotypo, 0 ,.48mm, 0.42mn. 0.17mm
slobulus,
.U.l'auy 4L e .ﬁé_g.?. 0.47“;1. ngmm. 0.18mm.
wCottich speclicno,
average 0f J6 £ortine (0e88=0,tmm), (0 431=0 yatmm) o - - -

woposltorics vtos

Lolotypes G0l suurveucotland Collection sliie No. R,9966,
iype Locaiitys 1lain Limestone, Poniel Water, Lanarkshire.
ilotributiont Churscteristic of thoe Upper Avondlan of the
Rorth=dcstein Provinees in .cotland, sbundent in the Lower

Lncstone Group, end reconivd from sevural localities in

thy Upper Dimostons croup.

icvmarkss Le.davisclla representu part of the muterial -roupcu

by Brauy wunieir Lis _..:lobulus but 1t 4s not the sumc as

Nonionina _lobolus J' .ichwald which 48 @ wuull.r form, has
8 yiffeient sriongeaent of whorly and collin, ani £ ower

chunbern,
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ihe asymetry 1. not well s¢ n in nedtlan coetion,
sue 10 vuriuble wewtherlus the sutures may show as thin lin s,

ao broau bonds, or us rid.rcs,

niothyrd subtilissima Bruiy (1876 pl.l0l),
besplte repeutey scareh this specleo 1o represcnted
by a sinsle spociuen, the holotype, from the Brockl:y loculity
in Lanorksldree f4Ghe ulsercpancies between the £1urcs dvom
by Brauy (R¥Ll.V1l.fl3.9a, b) ani thu obscrveuy shupe are shown
In Text Pi3.29,

The holotyp. upycurs to be a rotaliid, pos:ibly
referuble 10 the gunus Gyroldina., In vicw of the lack of
confirmatory rocords, the very 300d state of prescrvation,
thie generol morpholoy und the known contamination of th
Brauy Colluction, I uoubt very much 4f this spoecies is @
trus Carbonifeious foruminifer. In eny cas:e 1t cenrot be

referred to the .ndothyrinae,

n.othyra rao.iiata Brady) 1869,

Text £12.,30

involutina radiota Brady 1869 p.379. _
Yioblus yuyiaty (Brudy) Galloway and Harlton 1923,

desoyiptions Tout frec, of moderate silz., nautilotd,

Wlecodual, latorully compressed, cCoiling lus :oly plenispiral
but @ Lliht 4 gyvew OF uxisl rotation leaus to an ciyually
bt uymuetry so that chuubers adopt un involute pattern

M oone sidc and subtoend @ small wvmbilicus on other,



- ENDOTHYRA

Text F]g 3| RELATIONSHIP BETWEEN E. RADIATA & E. DAVISELLA
-overiap of scatter-areas showing transition,
Based on 5SS specimens from one locality.
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Prun dmdd whioxrls, olowly wnug ze:ulurly inercasins in
hol it with 4 veriution in lust four chumbors uus to very
vlight ssymactry onu not to chenjze in jrowth=rutej whorls
almout completely cubirucing, appearin: in crouoesecction as
inverteu chovron=shnped with curved mrgine, unmber of
chunbers in finul whorl 17«18, in penultimet: 16, iameter
of {Jroloculum 0.,03mi, Chambers long, narirow, ruadiul and
slishtly curved, tapering toward umbiliocul r. donm snd with
rectangular outline iu medlon-section,

vuturce thin, failut, curveu to straisht, deprosucd Linos,
septa extenuing down ebout threveguartsers hel ht of whosl,
sope Onc—thir. to onceguartor as thick su wiith of aijacent
chunbers; vomctineu with bulbous extremitiszs; in cerly part
rogial but in finul portion lonier, thinnexr ond inclined
at about eixty uc rucvs; periphery markcdly ensuler to sube-
anular except in casc o finul chambors, and nurodlon 8 smoth
curve, ouxrface smovth and gZlessy., #all homogeneous, composeo.u
of granulus of caleite bound by calcereous cumsnt, layerin:
Presint in rasc casva, Apertural face usymnutrical and

tperture, low crcucentiform opening at beoc,

Unenaionss
h_—--.‘“
ng.uia.nutur. Mn, fameter, Thicknoeas,
ey spocy |
Rudy ¥1,V., 0+47m1s 0 o<0mse 0. 19mui,

60 llu. b.

“00tidsh spec,
W speeinens 04 411, 0 ¢30mm , (O 9) HTSIN
from one locality) (.en:e 0.31l=0.6lm)  onc O,&0«0 Limi, = = =
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Text Fig.32 Varlation in E. radiata Brady
~BASED ON 40 SPECIMENS FROM ONE LOCALITY.
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ristributions rot appcars about the mi :le of the Lower
Carbonifcerous in the Hortle=west Provinceg in Scotland 1t
runges £oom the top of the Calelfsrous Sandutone Gories to
the Upper Lduncotone Group.
semarkss Brauy noted fthe closu relutionship that exiuted
botweun soenlobulus aund e.radista, 4bhis rclutioneldp is shown
in grapldcol foim in Text Fis,31 snd the varlution that
ocvurs in s.ruuiata 1s uhown in Toxt Plg.32,

This speclics has not buen placed in killlorclla bocause

of the low number of whorls anl ths definitu asymnmetry of
codlin;, Novertheless together s.daviscllae and _.raodiata
show a trund towerus the features which dlotinguish

Hillerella and orv of importence as phylogunctic Iinké.

Genue PLLCTOGYRA Zellexr 1980,

Type Bpccless rlectozyra plecto yra Zeller (1900 pl.3).

sndo thiyrs (pﬂrt) Brady 1870 and others (non Brown 1843),
potulfa linll 186¢ (non Lemarck 1804),

luvoluting (part) of suthoru.

desc:iptions Teut ulscoidal, umbllicate on onc sii , broadly
round.d, coilcd 4in 8 threve~dimensionsnl spiral with e high
degreu of axial rotationy chambers numerous, complotily
umbracing, inflateds suturce welled. finedy wall composud of
calcurcous Jrunules boucd by celecarcous cement, oftun showin:
layeidngs, dmperforate end with no adventitious motorial,
'Beoonuury“ d: posits frequently presenty upertural face

Stymctrical with wpertusu low, slitellke, ut cuntr. of buoe,
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Q_igtributigm nowrn: throu hout the Lower carbiniferous

of Biltain any the lidsvio dppion of Ameidocu, thls jonus
exhibite a wid raenge of vorlation end appesrs to be of
value in strotiruphicol subdivision of thu laticy sreva =

see auller (L960),

repnorkss I beve ucmonstrated above that no one type of
eoiling 16 characteriutic of a particular gunus in the
bndothyrinae ard thut, on this erltexrlon, the iifference
betwecn _ndothyra end Plectozyra is larsely arbitrary,
Revertheless I rezard the difference of mode of coilingz
combined with othur aspucts of the morpholory as surficient
10 warrant scparate guneric rzcognitione This rucosmition
isy, howuver, purely provisionel urtil the morpholosy of
the type of cndothyra is satisfactorily Jdet.rmined,

In past Britiuh work ncarly all forms of thiu runuvs

bave boen pluced under .niothyra bowmsmni Broay., A lurze

mambér of new omms found in tho North=destiam Province

ére to be desexibed at v later date,

Plectoyra boileyl (Mall) (1886 p.24).
Text £1g.33.

Otelia baileyi lmll 1866,
si0tlyra balleyl (liall) shitfield 1886, Lonbest 1931 end

) Othul‘U.
gliothyiu bowmanrd (purt) Brasy 1876 wnd othoru.

W: Tust fres, ‘larse, nautilold, leturully compr:s. cly

00ilin vhows higzh uegree of axial rotation oo thut lutural



vicew nuy very Lfoom circular 1o ellipsoldul with o dictinct
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wnbd licus on one wlue aud with e complex of the inn:r chemb:1y

showlng in a shullow umbillicul uepresuvion on the oth.or,

\ about 4 whorls, exhibitin: e ;xradual and reular
fnereasc In volune and hel hte 9 chambers in £inul whorl
Cand aperozicately 8 in penultimate,  Jetuils of proloculum

aud corlicr chumbers obwcure due 0 coilin:, In modian
guctlon clLamberu sub=rectanguler in outline, ans finel
chanmberas tending to0 overlap into umbiliocus partly dbu to
seymactry of ¢ulling enu puartly to lateral  prolonjution
of chamﬁuru.

outurcs distinet, depressed, almout stiraisht lines,
sepurcating slizlitly inflated chumb.rs, Internally septa
thin, pvrpendicular on medisn plane but inclinci up to
70 uigrecs laterully; some two=thirds helht of whorl in

length and about one-six wiuth of adjooent chombors 4in

thdcknesay in modian soction foequently with cuspat: terminal

awelling.

Yeaiphory broad end smoothly roundedj psriplierel narsin

wlth sli:ht lobulution, surfacu omooth and oftun waxy,.

4all homogeneous, of Jresuulus of cualelte boun. by

culcervous cument und chowing lagycringy well-iuv:loped nodes

iy xdiuges of "sooondory™ deposits on floors 0f chumb:rs

&nd bofrle=~plat. behind aperturey efrfeet of vesorption

8, parent, Apertural face inflatod end assymactrical with low,



PLECTOGYRA

Text Fig. 33

PLECTOGYRA BAILEY! C HALL)Y = TYPICAL SCOTTISH SPECIMEN
a LATERALVIEW
b APERTURALVIEW - DIAGRAMMATIC
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ereae=ntiTorm, cxeontiieally situat:d aportuzc leaiin;

into vecotlibule,

D;g" onalonss

Paxelinacter, Min.,"1mmetor, Thicknens,

tvera e oL 30 O,7dm, 04 6-imm , 0,2¢mn.,
sottiol wpecus (0s61=0,80um)s (0e42=0,75mm1), (0.19-0,29m.) .

Topotype. Brit,
Iﬁu‘db‘m Uo}'l' 00803151. 0.67!.‘1};}. 0.2411!!1.

stributiors In the Northeicstern Province this specice
ranges from the Lroductus corruzatoe-hemisphoericus Zone to
the midule of the Dibunophyllum Zone, In scotlund it ha
been reeorucd from the vpper part of the Caleiferous
sendutone sorieus and the Lower port of thu Tower Idmeotone

Group ™

wporkes The meterlial examined includes soms from the type
locality of the Lpergen Idmcutone of Iowa, Uls,h,

Bracy svouped this speeles withia his _nlothyra bowmanrvi.

lenbost (1961) aud others have sugeeted that this i a
Wdotinot form and, huving exemined topotyps mat.rial, I am

onvinced thut they aru coxrects

Plecto -yya op.nov,

Involutina lobata Braly 1309 peS79.
dudilyon bowmanmd (part) Brauy 1976 and othus(non Brown 1843),

ihe diftioultics arising out of the early taxonomie

hiatory of thu gunus _ndothyra have been alscuss:d alrcody
(e 98, } It com be stated quite definitcoly that the forme
Iteribeg by Brauy (187¢, p.92) us _niothyro bowmoni u:v not
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the oeme el thoue oxiglrvelly floured end deuscribeld by

Lidvwine tlic Ioxzmer ake sofuredble to the s.nvus I'locto rvra,

~b

oo 10 webelleydl end othurs to new specles, and one of
of the tasks t0 bu carited out by Hr.C.ii.0vey 4in hie
tewcBreh on the type 9f _ndotbvrs will be a »cd scription

of kia.y's spucliens under tkie new generlce hesdin s,

Plectoryra circumplicate (Howchin) (1833 p.5ss),.
snaothyra circuiplicats Howchin 1858,

Irdis sepuclus wan originally deseribed by liowchin from

the Lowuxr Carbonifcoyous of Northumberlond, $'he type
specimens have nut becn exemined but recently form. almost
14 nticul with them (8¢ desoribud by Dowebin) hav: boun
foun¢ in ecotmorlunie On tho supplementary morpholo dcal
ctvluence proviucd by these I have no hesitation in placing

thls opeeles in Ploctosyvra,

Genus 3 OTIYUAN LA Gulloway o Harlton 1940,
Type speclcss Ammobaculites powersi Lurlton (19:8 p.307).

baculiteu (purt) of authors,
wploplhiru galun ?purt) of authors inclu.iing Bragy 1876,
Lo thyya (purt) of authors,

R g

9. seriptions Tent fre., early chembers elooe ¢oiled, latex

Ones typlecally in « lincar scrics, sinplejy wall compoused of
vGuliimensionol rains of calelte bound by culcarcous coment,
N0 porus and no adventitious materialy apertur: at base of
Sperturul fucu, in adult rounded, t.iminal, sinple,

gdstributions althoushi comion in the Pemmsylvenism of .merica
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and th. Low:r Carboxdforovus of hwasia thl: senws Luas
netuorto not bioin recoslucd fron locelitios in Britain,
amnrkss One or two new specles of this gonus huve bin
mted in the Hichelinle Zone of the Wistnmorlund area but

require further vtuiy. lHoplophrasmivm roctyr of Bra:y 187¢

chouli: be includeus in this ginus,

rdothyranells reota (Brady) (1369 p.s79).

haplophra mivm ecectum Brady lood,
ebuculltes roctyuy (Brudy) of suthore,

1kis wpeeles 1s ropresented by only one specilien in the
Brady Colluetion of the Britich Museum (ulidc P,30a79). OF
the thre. upecluscns on this slide only one pousesses toth a
coiled and a reetilincer portlons Under hiah mamification
the surfucs of the tust shouws no truce of auventitious
mattzxr ung appusrs Y0 be composed entirely of caleite grailna,
therefore I do not regord this speeles ss belonying to

Amsobaculites, The othur two specimens on th: slite agse

broken fragments of rectilineaer serivs of chu bars and are
much larger thun the straight portion of ths upeclmen
deseribed above und Ligured by Brady Pl.VIII, fig.8a8,b. Thoy
Iésemble vury closely speodies of lodosinella and this is
Particulurly trus of that figured by Brauy PL.VITIT, fL:1,9.

Genus o ELPATTINA Meunin 188,

Lype spocicves septamiing ronsulti Heunicr (18 .8 p,,L36)
(by i si.mnotion),.

Wtuolu (pert) brauy 1876 (non Lemarck 1804).
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"orm ldenticul to niothyrorclla but with a cilbrute aperturc”,

lemarius Yhe validity of thiu gemus 1s to be doubted since
1% 1u buccy on an extremely poor desc_iption together with

an inad. quate illustration made by Meunier from thin-section
study only, cushuun (1943) agparently regarus this form

6 posuesaing the svame wall-stiructure as .ndsthyrenella

from hle description quotud above, For this reason
vepiommina s 1ncluded here in the cndothyrinac ponding
further study, though 1t might possibly posses: an

arenaceous wall-sctructure, in which casc 1t would be included

in the Brauyininac aud would include the igenus Haplophrammella

iauser-Chernouscova (1936) ae a synonym,

septammina bradyl Cushnan 1948,

Lituola neutiloides Brady 1876 (non Lamarck 1804).

Brady's record is baszd on a einzle specel.en (Prit.Mus,
Nat.dist.olide P.35485) which appears to be a highly weathered
cast of a form similar to sndothyranclla but littl: can be
determined of the wall=siructure, oJushman has adoptid Drady's
regord without gqucution and introduced the new specific neme

on extremely slenucr evidence,

Genus MILL .« .TTA Thompson 1942,

ndothyra ?ﬂ;i ~5frhﬁih6;%z’“rella marbhlensis Thompéon (1942 p.404),
0robias tpartg of Galloway €

Mas 3 » o _ .
fsullnells (part) of authora. . uo.ion 1950,

Fusullnells (part) of authors,
staffclla (part) of suthors,
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Deseriptions doot frow, Jdiscoidal, of five to ~irht skrorls,

varying from c¢volut: 10 1nvolutep chamburs usuvually squarish

or recitanguler in medlen sectiong plenispirally coiled
tlooushout though juvenorium may show axial rotation, Wall
reluiively thin, cumposed of zgranul:ags of calelte bound by
guicuicous culicnt, no pores or adventltious material, may

be layered end show “sicondury" deposits (primitive chomata?)j

lisiributions The genus appears for the first tim: at sbout

the same lovel i LOoth British and American succes:.ions -
towarus the top of the mlddle part of the Lower Carbonifoerous -

and yupldly b.comes the dominunt member of the ..ndothyrinac,

uemarxgs Here ageln the recognition of this senus is
provisionul until the completion of Mr.Ovey's work on the

type of ..ndothyra, <hould this prove to be planispiral
throuzhout and to have a large numbes of chawmbers then
Millcrclla will huve to be regarded as a synonym of indothyra.
For the time being, hoﬁever, the genus liillerella 1o

accepteu and defined as above, differing from ,.nJdothyra
in the larger number of whorls and chambers and the greater
d.velopment of planispiral coiling,

Dunbar in Cushman (1948) points out fhat there 1s serious
doubt whether Millerclla should be included in the Tusulinidae
as Thompson (1942) meintains. In view of the relatively

small sige, the thin and unspeclalized wall-stiructure, and
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tlic proevervee of o upertore I profor to incloue thio form
in the -ndothyrinas una to regerd 1t as en aberrant

spuvelalication alon; the line linking the .ndothyrinae with

the Fusulinidas.

Idllerclla ormata (DBruay) (1873 p.99).

Pext figl.d4.

Luiothyra ornutu Brawy 18Y3
=nuothyra ornuta var,tenuls (part) Brady 1876.

Leseriptions Teast frec, rautiloid, laterally compressed and

of mod .rate slze, Coilingz almost planicpiral and form
bilaterully symuetriocal, 6-6 whorls present, showin: «
moucrate increace in size and volume, with last completely
embrucing earlicr oncs end with & rather narrow, deep umbilicus
on both sides, 15 chumbers in final whorl, 1Y in penultimatc,
Construction of varlicr part of test varies and needs further
study, Jilumeter of prolocvlium, 0.,03mm. and 1s followed
immediatély by planiupiral éoiling in moust cases,

surfaces of chuambers appsar depressed because of
distinctive charactier of sutur<s, Latter stout, thick, rounded,
racdiate costse fusing at the periphery to form a distinct,
crenulatud keel, Ueptal detalls not fully determined but
eppeasr as thick and radlal lines in mediun coction with
a very narrow and low usptal aperture, FYoriphery markedly
an:ular, carinat:, and margzin crenulatcd, .utural costee
Produce unduwlating surface which is smooth enuy glossy, wall

rzleatively thick anu homo :n:ous, made up of -~ranulcs of
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caleit. boung Ly culearcous cements,  seteils ur wpes tural

foce urirown uuce 1o distortion of type ane othur specinens,

mensionss

boxe.uigacter, lin.uiamcter, Ihickness,
Plgursu spec,
drady volluet, 0 o -irinle 0,07, 0 .<8uun,
wuoliioh wpecu,
Averajge of o0 0,60m:, 0.52nmn, 0.15mm,
BpeClileliy e (pnuntge Q448 = (nénge 040644 = (ranze 0,12 =

0 ,671m) 0 .54mu) 0.27mnm) .

iistributions In the North-#¥estern Province this species appears

for the first tiwe In the l'roductus corrusnto-hemisphericoes
done end in Heotland 14 has been recorded from the Hurlet

horizon and the Upycr Limestone Group.

nenorks s ¥robubly Brudy's .niothyra obliouas is based on

spuclmens of this specles erushed at right anzles to the
plane of coilin: (see Text f1g.35) end som2 of the syntypes
0f undothyra ornata yarstenuls sre leterally crushed forms

of M.,ornata,

Millerella tenuls (Brady) 1876.

Text flg. 46,

sndothyra ornate var,tenuis (purt) Brady 1876 p.l00.
zndothyra yudistu var,tateana Howchin 1888,

Vese.iptions Yest free, nautiloid, large, laturally compressed
aid sigulur in apertural vizw, Colling planisplral throuzhouts
biumbilicate, with marrow, excavated umbilicus on either side,

composed of O=~6 whorls with early part very similar



Text Fig. 34

. 05 MM, ,

T 1
MILLERELLA ORNATA (BRADY)
~LATERAL VIEW.

Text Fig. 36

MILLERELLA

Text Fig. 35

periphero-lateral aspect

DIAGRAM SHOWING PRODUCTION OF

ENDOTHYRA OBLIQUA (BRADY) BY

CRUSHING OF MILLERELLA ORNATA.

Text Fig. 37

— | MM i

1 O-5SMM 9

MILLERELLA TENUIS (BRADY) - a. LATERAL VIEW; MILLERELLA? AMMONOID-

b APERTURAL VIEW - DIAGRAMMATIC.

-ES CBRADY); 0.LATERAL
VIEW; b.APERTURAL VIEW
- DIAGRAMMATIC.
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to Meorveta but with lost 132 whorly chowin ¢ idctinet
altorntion, due to marked changs 4in plan of wowth, Intcr
whorls hnove much reater relative helght than thot of ecarlicer
part anu tost involute, About 23 chsmber: in final whorl
with 18 in penultimate. xternally ohambers are long, thin,
tapering to vmbilicei; in median section they have a squurich
outline in euarlivr part and bocome sub-rectancular in final
whorls, Proloculum circuler, diameter 0,04mm,

.arly suturvs single, slightlj curved, thin, depressed
lines but in final part become thick, broad, limbatce, and
show as radlal costme on surface of test, Change iIn growth
plan has corresponding change in form of septa which becomes
relutively much thinner in later part, thoursh radiasl
arrangement and low septal aperture maintained throu:shout,
Yeriphery sharply unguler and margin carinate, .surface
smooth; #ull of granules od calcite bound by caleoar<ous
cenent ; no pores or adventitious material., Apertural

actells not known,

Leposlitordics etos

bolotypes Brady Collection, British Museum (Nut,Hist,) 51id
?,56470, from “Foraminiferul Beds, Leigh Woods, Bristol,

“n&lﬁm:‘.
slucnsionss
Max,Uiameter. Min.Jvlametor, Thickness,
liolotype,
Flyur:u=-Brady 0,.,97mm. 0.74mn, 0.2 .
"JIOVI ofib’o?.
acottish vpecs, 0,94nmn, 0 ,.84mu, 0.24rm,
(Avera_c of 12),(itunje 0,81 = (Ren;ze 0,71 - (itanz: 0,21 =
1 007m') . 0 09711115]) . 0 .2.;'71‘11‘111) .

—
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Adovtilbutions Churuct oristic of ths upp-v puart of the

valeifesouvs vundotone serico und the arlet horizon in

pveotlund but runyge in onlish axvas ius unknowrn,

hemurkss The syntypes of ..orxnats var,tonuis Brudy includ
cruchicu spuoclicns of Mesornats (Brady) ong ropresontoetiveos of
e tenuiv uwpe.nov, The lattir 1s a vory cacily alstin wwiched
form and bears u reucublance to Fusulinells struvii Mollep,

bowehin's Le.ra.iata varstatvana 1g incluic: co u synonym,
Y Ja

Millerollo? ammonoides (Draay) (1873 pe.63).

Tuxt £ig.d7.

Lndothivye ammonoldes bLrudy 1873,

seseriptions Tuut fireu, relatively umall, of & complanatc or

bleoncuv. fom, Llatorully compressed and dloccoiuule volling
planiupiral throughout with whorls only slightly umbrociniyg
benee teut cvolut, with brudu shellow wmbllicus on cithuer clde
and bilaterully symrctricals Presumcee of dinorphiom susp:icted
for vome formw ulow a degree of axial rotatlon of colling
iu first hulf whorl eft.r proloculum,

fdhorls dncruase very slowly in hei hit and cmbrace cach
othur up to ubout onc—quarter of this heishty numbor 10
in auult tusts anu cach contein largs nuaber of small, slihtly
inflated, cuboldal chumbursg some 23 chambers in final whorl,
In eorly pw't sutures tidn, depresved lines but in luter
portion uepres.uudy much broadeyry snd pos:ibly linbat with

8 sutursl curvature awey from the apertursl yo done opte
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extetiu yown wbout thrve=quarters heiohit of sfiorl und aru
ubout otiv=guorter vwilith of adjucent chunbuyu in trdcknioo.
Periphoral margin cnodthly rounded end outling lobulate,
wurfuce smooth, True nature of wall-struotur: unlientifiable
« ull wecetionu uxunmin.u reerystallisedi, vorminul, wposrtural
fuce, vhieldelike ond sli;htly inflotedy vperture vely low

lunat. opunin; at basc,

glmensionss

Maxsoianotur, Min, . Aua:tur, Thicln 56,
Flyaured upeo,
Bl'ﬂdy PLQV., 0.5731\‘3. 0.5*&!111'.. 0.11m ‘e

1"16050

The ocottlsh spuolnuno tend to be smullur them thios end
there 1o a u finltu olzu chungu betwoen those of the Lower
Limsutons vroup und thowe of ths Upper Limectonu Gyoup, tha

latter bedn; much smalloer,

ilstributions Thio 4o a roletively rars form ocourcing
throu;hout the Limcotone droups of the .cottiuh Arca and

the grcater port of the ..nglich seqguence,

Lemaxkes  As soou (1949) points out the scetlon £1ured by
Brouy (PleVe,fige6.) 1o unuoubtedly altercd und noelther
Up,A,Geuavis nor myself have discovercd a non-recrystalliesocd
spucimens This muy indicate a basic uiffer rice iv wolle
gtructure from the ..ndothyrinae,

This upecles 4ocu Mot tppwsr to be cloocly cvelutea to
eny of thL¢ known formu, end, in viow of th. usual condition

0f the wall, uuy bcloi to vl unknown jenuss possibly



21,
representing un aber.ant spucialigation o 1u the coave of
Paracndothyra. Until accurute u tally of thi: wulle-struotur.:
gre¢ known I have teatatively referzea thu wpeclus to

#ilerclla,
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CHAPT. .l XII.

B:LADYININA L,

The Rccogpition of the Bredxininae.

I have outlineu in the previous chaepter tlhie major roups
of the .ndothyridea anu divldcu the .ndothyriuvae into the
Brudyininac end the ..ndothyrinae, In o ntrast to members
of the latier group the Bradyininee possuss a very much
thicker perforate wall in which adventitious materiasl 1s
present to a varyin: dezree, together with the normal
calocarcous matcrial anu cenment, Other morpholo rical
glfferences includ the mode of septation snd the prevalence
of the cribrate form of aperturc in the Bradyininae,

Indecd the differcnces between the two groups ar:, in
meny ways, sufficlunt to indicate a greater dissimilarity
than that usually rccognised between sub=fumilicvs, However the

intemmediate characters of ~ndothyranopsis scom to indicate

thut the Bruuayluninac are en carly speclalisation from the

endothyrid stock,

Thegﬁxstamatic Ealaeontolquwof the Brggl}nineo.

The genera recogniscu in Britain as forming 'his sub-
family are listeu below together with notes on their
morpholoyy, ontoseny, end taxonomy., 2 scoriptions of the
¢crtain specles occurring in the Lower Carbonif.rous of
Britain ure incluied, In eduition a larsc numb.y of

specimens of new upecles of the genera list:od bolow have

2o
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been Tfownd but swait furthor stuldy.

ndothyrid a Glacounur,
hnnothxridae Glaen. n:y.

Hradgininae nov,
senus RGYINA Moller 1878.
| ~ e T

fype speeloss Bradyine noutiliformis Nollor (1873 p,.78),

Draciyina Idolle. 1374,
onlondlna (purt;, JLchwald 18GO,
uolu (puit) Drady 1876 (non Lemerck 1804).

Legscriptions Yc¢out fre., subspherleal, close=collud in a very

low trochoid spire, moustly involuts, almoust bllatorully
symnme txicul in wdulty conmslsting of fuw whorls and chembuorssg
wall calcoreous, of grenules of caleity with much culesrcous
cement and oftun including adventitiouvs mutoriul, coarscly
pexforute, (Cudhmon reoords chitinous innur liningz),
Chembuers purtly diviued by interseptal chuaborlets or cunals
formed by septu and one £r two conver dAng s.utal lunellae
(pre=~ und posteseptul) or by septel formution as infolding
of outcy wally canale com .uniocating with umbilical chambere
letes apertur: compound, of a lower and an upp<r row of
YOUNL6s poruae or vlits, or cribratej supplimcntary scries

siound sceptul line comuuniceting with septul chambirlets,

Jdotributions ihds genus 46 known throuhout the Carvoniforous
ard Permion und has 8 world=wide distribution, In the Horthe

wg3toin ¥rovinece of Britain it sppears for th: fir::t time

Se



in the meoudle 0of the Lower Corboniferous and b:comoi
incrcucsin;ly sbunuant in thoe succecding horizons end iu th-

cguivalont beds of the ucottiuh Area,

somurkas The ontouny of Bruadyinas 1s somuwhat conplex and
regulicy furtlcr studye. 4dhe internal structur. of thoe
!t;st hus beun acucribea in Jdetail for vurious upceies by
huuser-vheinouseova anu eltlinger 1987, .oth uny .kinnoy
1950, Venukof{ 1839 and von Hollur 1878,

Iwo typus of rowth or septol eleborution asre present
in the genus (veu "ext fig.385. The first of th:u: hes boeen
descrlb.d by Venukof? 1349 in Bradyina potenini, ‘uringy
the adultion of u new chanbexr the apertursl focoe is broken
down or yesovbed to a point short of the upper row of
perforations. fGQhe new outir wall gzrowoe forwurd for somu
distance fiom the forcshortened end of the aparturni faoe
end then, with inflation, swings into a convex cuxv:, In
this woy é uouble weptum lu produced by tho extonoion inwards
0f the walls of the two chunbers, Between thes: two sides
0f thu wseptum lics a sutural chamburlet or canal connccted
1o thu main chumbers by perforations and cov.red cxteriorly
by & septul flup bosring sutural pures,

e seound type of growth has boun dJdemonotrat.d by Hoth

iy okdnner 1900 4n Bradyina mama, Aftor the broak'own

0r resbrption o the uoptal fucs the outor wall form. in
much the vane punner as iu the ndothyrina:, the dovelopment

i ocomplicuted, however, by thi» formution of a proegoptal



or p9ut=ucptal luiina or by both which svive to seul off a
suturul chuwb.rlet, Thic 1s linked to the nuin chamber by
perzorutions in the lumina and may or may not comuunicate

with the exterior by sutural pcrforations.

Proiyina rotula (.ichwald) (1960 p.2:1),
Text £4g. 39,

Bradyiro rotula (.ichwald) 1860. Moller 1873,
Tonlordua totulu .ichwald 1560,
vituolu bennicuna Bruugy 1876,

In lituola bommjcansa Brady 1876, th: fuature which Brudy.

regarded ws labyrintide structure ido morcly the reoult

0f the infillin; o the intcilor of the tust by secondary
porcolation. The spucius is thercfore inclwicd in Dradivina
and reguraed us o synonym of Bradyina rotula, lloller (1978)
included Lituola bennieena under his Bradyive nuptiliformis
but the.ovw aiu obvious wilffeorunces of extoernul form und in
the mumber of chuubers in the final whorl,

Aritlich speelnens ¢f Brudyina arc usually
Ligzhly weathercd, éuats bedn; comnon, and it 1y often
Jifficult to wtudy J tells,

In Jeotlund the specles has beén noted at o numb.r of
loculitive in both the Upper end Lowoer Lime.tonc Groups. In
the North=sout.im Provinecu it appoears for th. tir:t time
in the kroductus corrugstoe=hemisphericus Zon. wui ie
verticularly comuwon in the lower part of the iibunophyllum

donc,



BRADYININAE

| Text Fig.38 Modes of Septal Growth in Bradyina

outer wall
outer wall

vtural pore post-septal lamelio

sutural flap

]ow\urol —
\ pores

pre-septal
lamelia

1@ AS SEEN IN BRADYINA POTANINI b AS SEEN IN BRADYINA MAGNA

| IMM.
?
!
BRADYINA ROTULA CEICHWALD) o LATERAL VIEW, o
‘ b APERTURAL VIEW; ¢ DIAGRAM OF INTERNAL CAST
Text Fiq.40
s 0 P .' b -—v-w\ c
I\ T
|
IMM
4

‘2‘:‘; < v- J

ENDOTHYRANOQPSIS CRASSYS CBRADYD o LATERAL VIEW;

b PERIPHERAL VIEW, ¢ APERTURAL VIEW
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Genus CLIOUPI.A Moller 1878,

Type spucless Cribrospira panderi Mollur (1878 p.86).
Cribrospira Mollur 1878
] fituo?a Howchin 1848,

icscziptions Test free, mostly involute, usvally bilaturally

symue trical in the adult, wall-structure as in Bradyina but
differs from latter in having cribrate aperturc of numerous,

smally, rounded pores scattered over the apertural faoce,

Distributions uefinite records of Cribrospira ar. known only

from the Lower Carbonifcrous of itussia sino: the Cretaceous

record by Cushman i3 open to question,

hemurkss wimer and Fickert 1899 included wndothvra panderi

Noller 1879 under this genus as Cribrospire moclleri,

rkecently, however, sndothyra panderi has been srouped und.r

the genus Haplophragmella by Rauser-Chernoussova and

Reitlinger 1946,

Cribryspira? rotundata (lowchin) 1888,

idtuola rotundata llowchin 1888,

Since the type specimens have not been examined tiio
species cun be referied only doubtfuliy to the genus

Cribrospira, It is obvious from Huwchin's description and

flgure that therc ius no labyrinthie struocturc in {the interior
0f the test and hence this form cannot be placed in the genus
lituola, On the other hand the general form, the chumberal

shape and number, and the position of the compouna cribriform



aperture indlcute o close similarity to Cribroupiru,

Gunup LITEOTHY AITOPR. T, 7anienov,

Type wpecless Involutina crassa Draly (1869 p.s79).

Involuting (purt) Brady 1869
~v.othyra (part) Brudy 1876 and authors,

veweriptions Teut fyrec, large, subslobulary coilei in a

low txocholu spirc o0 thut teut has slishtly acymmetrical
:}fbrm. welatlively few whorls and mouerate number of chimbors,
«all granular calcarcoun bound by calourcous ceument, with
purforutions anu wonme adventitious maturisl, Aperture low,

creocentiform opendn: ot buose of apertural facce,

gdoetributions A churacteristic genua of the upper part of
the Lower Corbonif.urous of Britain and occuriing at similaer
levels in wusuia.
wmarkus Thds pgenue differs from membuers of the ndotlyrinuc
in veveral feuturcs incluuing the thicknes.. ond composition
of the wall, the node of ¢olling, the number and form of tho
chembers, und powscibly also in septal conotruction, Itu
inclusvion wiihin tho Brauyininac is werrante.. by 1ts
obvious simdlerity to other members of the sub-fumily,
Althou:h only the type wspecles 1s now uoaseribod, other
specievs of th: genus dloplay a wilde reng: of vurlation which
reguires further otudye The specliceu llsted below ar:
incluued in thils senus provisionally until type mat.:ial

curi be exunmined s~

1293,



andothyra consplcun Lowehin 1888,

Lnudothyra crassa var,compresca Rauser=-Chernoussova cnd
weitlincr 1936,

_nJdothyre crassa var,sphaerica rauser=Chernoussova and
Reltlinger 1936,

Lndothyranopsis orassus (Brady) (1869 p.379).

Text fig, 40,

Involutinag crassa Brady 1869
Luothyra crassa Brady 1876 and authors,

Descriptions Test fre., nautiloid, relatively large,

subzlobular, anu slihtly asymmetrical, Coilcd in a low
frocholu splre, involute on one gslde and with shallow,
indistinct umblilical depression on other,

Lhree whorls present, inereasing moderatcly in haigzht
end almost completely involute, Microspheric form may
poscess a degrec of axial rotation of coilin: in initisl
part but further study required, Proloculum varies in
diemeter from 0,02 = 0.0imi, usome £8=35 chembers in
complete teot with ten in final whorl, Chamb:irs crescentiform,
with maxinum dinmensions on peripheral marcsin and tapering
towarus unbilical reglong in medlan aszetion have sguarish
outline§ no marked inflation,

vuturcs inconsplcuous slichtly depressed lines whioh
are crecnulated in paris and loose 1id.ntity towarus umbilici,
Septa vary in shape from periphery to umbilicu.s, aligned
elmost rauially, extend down some two=ihirds hei sht of

Whorl end have breadth some one third that of a.djacent
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chuaborey rolatlvely thinner on periphoroel mar sin than at

wmbilicuc, weptul aperturz: lunote and docys not extunl to

bl licuu,

Rorlpherul nw 7in broadly end smoothly rounded and

Hittlo or no lobulution, Lurface roushencd, #all composed

of grenules of culeitc bound by calcareous cument with

slvenititious matirial (usuvally quartzegrains) ound perforate,

Aporturul face, broad, convex, vlightly inflated alleld with

gpexture, low, lunatc opuning at besc,

imevisionss

Max,ldemcters Kin,-lumctor.
Brady Colloction
Figul'ud.x’l.v,ﬂg. 1.4111113. 1.29Hm.
IL - 17, :
seottish Lpucu,. le3«imme -+ leldmm,
Av.ra_e of &0 (Lange 0,92 «  (iange 0,58 -

1,74mn), 1o53ma) o

Thicknoas,

0.91nn1,

0 .83mm,
(ian:e 0,57 =
0098111.1)

Wstributions In Lcotlend this aepecles 18 confined to the

lower Lincutone uroups It is very characterictic of tha

ekra Iingstone in the wost of tha Midland Valley ant of

the Ho.2.Llscutone in the cast, In the liorthwaecstern Provinoo

it appcurs for the first time in the Productuu eoriugato=

hemdsphericus done end rangus upwards into th: lower part

0f thy Dibunophyllium Zone,
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Py Coe L AKIBUTTON,
oAl XTIX
FJ‘\UI:L..
Ihic accouiit of the distribution of the Lower
garbondferous smuller forominifera 4s besc! orn results from

thrce oreaus uceotlond, Horthedestern wngland, and the

Goweyr senincula,

OulU.dealy .8

Althoush nmuch vwork renains to be Jone in both systematiocs
and stratigraphy, the r sults so far obteincd arford roeasonable
grounds ox using the foramindferu for correlation by
as.enblaee The uffects of dlaeneuvis have boen chown to
be a factor in the control of apparont numbursj but of much
greater influcnce on occurrcnce ore the mod of evolution
0f the _roup wnd the envirormunt of deposition. Jfun: provious
authors have regarded the distribution of Curbonifurous
forowinifera wo budng ontirely a rufleotion of the ¢nviromment
6f the coutelnin ; weulpent and henece as beln facleos fos.ils
0f 1ittly stratigraphical valus, .oufficient cviicnce hau
buen obtuined, however, to show that this viuw 1o
subutuntlally incoricct, Although foraminif.ra arc eboent
from many types of Lower Carboniferous uuuiﬁuntu. the
recognition of thrce blonus within the facleu 4n which
foraminifera arc presunt and the tracing of a t1 . seyu:nce

0f changing uwscembla:eu within these blomeu l.ud to the



ucfinition of broud zoncs which are of major

stratlioaphical importunce,

CaaBONTE aul . PUAITHIPR . AL BIOM .S

Of the many und varled sedimentayry types which are
wuvoid of foramindferu in the Lower Carboniforous th:
rudaceoun, arcnaceous, aud carbonaccous forn th: reuter
part,

It should bu streseeld that absence of fauna uo.:s not
neceséarily noan irimical environment of sedimentation,
Yoraminifera arc relatively rorely prescorved in the Athyris
glabristria zZone but this cun be shown to be .ue to
destruc.ion of the orizinul fuuna by diasenctic procus es,

&#1thdn the fosuilifcrous sediments the.. main types
may bs recoinived, each posuessinz a dlstinoetive grouping
of foruminif-ra,

(1), 4h. Caleurcous Blome.~ The llacotoncs and hirhly

culeursous shales contuin a fuuma in which the
snuiotiuyriuca are the dominant roup,.

(11). the arrdlleccous pBlome.~ Thoe oalcarcous clays end
vone 0f the shales have members of the tutrataxinae
and th:e archacdlsclds us the predominant forms,

(111), She *carbonuccous” Diome.~ #ithin th: marine bunds

0f lagoonal and cwanp arcags, whore thi sedlaent
is ni nly cerbonuaccous, the elays, shalus, and

ironctonus often contain spceleu of thu
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Amwoauisclidac,

Between the fuunus of the arglllaccous and calcarcous
blomes there is u good deal of overlsp which assists in
stratigraphical correlation, These two blomes cover the
sroateyr part of the Avonlian sequence in Britaln,

The fuuna of the "carbonaceous® biome 1s distinct
from ths other two and no examples are known whore overlap
occurs., As mizht be expeected this bilome is predominant
in coal measurcs, belng recorded from the Pennsylvanian,
and from the Upper Carboniferous of Brituln and Gsrmany
where Bartenstein (1900) regards 1ts prusence as indicative

0f maxine incursions,
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VLA LBUTON OF 21, LO& o SAVIDNTR .l
ORI RN AR R A A A A MR8 i AU

POLOLINIF LA OFf UUOTLAND,

althou:h it 1u not pouuslble as yot to preusunt a
compluete swa.ory of the dlutyibution of tho tmallor
foruminifera in the Lower Carbonmifurous rogks of .cotlaend,
since nmuch remuins to be done in systonmatic ani phylogenctie
studies and in tue efrects of faoley control, what 1is
known of tho distribution is already of utiutigraphical
value, ihis is chown in Tuble .y, based on som: 22,000
specineno from U7 localitien. UWinimisingy the efPfsot of
faciovu control by incorporatiny records from a wiue runce
of vedinentery typuu, I have included conuolidateus and
unconsolidatoeu mutsrial,

Althou:sh there sre indlcations thut an asuembla co
gonin: of the whole soquencs may bs posuiblu at a lator
yate, thu muln gtrutigraphical vulue of this tuble livs
in ity distinction of the lower part of the Lower Idme:ston.
gxoup fiom the under=lying and overlying formaotions, To
confirm this rcsult a further 12,000 speciucvns from 45/
localities huve beun used in thu comparison of this interval
in th. weet with menburos of the Lowey Lincuton: Giovup in
the caut of tho kidland Velley,

G 0AL L ToTE B TN,

Thy reoults shown in Yable & ave bagea cliufly on
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naterial Loow localiiice of lmown struti wachicul rorizon

in the coguatiecs of ayroshive ens Lenavk:bdrce At present

it 16 poucible to yofur foramimifural foaunas to the upper

purt of thu Culeif.rous candstonu ..uries, to the lower

part of the Lower Limestons Group, anid to the upp v part

of the Upper Liuciton. droups but 4t 4o not pos:ible to
distinguich the upper part of the Lower Limc:tone uroup

from the lower purt of the Upper Lisestone Group,

Calcifuious .onidstone verles « The Broadutone As.embla o

A yot thu grooter port of this scricu lus ylelied no
trace 0f forun:niferas Thus sampling of the Bullacan Beds
ut the fossilifurous loecality in Auchenrcoch ulen, of the
Landerctone Limcotonus 0f the .ast e cucees.ion, ond of
the Burdiehousc Limoutone and marine banis of 1ddlothian
has prouuced only nogative results, Ths aebsenc. of
foramindfora 1s largcly Jdue to facles contiol sincu almost
none of the sequence 1o truly merdne in ths scense of the
overlying; Iowcry Limestone group. The carbonuccous blome
misht be expected however, since it 1o oharucturistic
0f lapoonul enu swamp ercas and is known from the marine
bands of liottin han und serbycldre (.uwasds und
~tubblofiuld, 1948 p.:209),.

In thy upp.cmout part of the Calcifuious andatono
wudduw the true marin. horizons lying below the lurl.t

Limcistony, dncludlng the Broadstone Lincston: of Ayrshira
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and the lollybueh Lino.tone of Lanarkshlir., yicld an
abucdant un: choracterlstic asscemblae « the hvoudoton.
Assemblage, Yhis contaulns a larger percentaie of the
Brauylninac and the Textularildec than thow: of overlying
fornations v is oututanuing in the luaryg: sizc of many
of the specles prescent = a featurce not wholly conditloned
by enviioma-nt, ..spcolally chaructoristic of thie
susemblu 3¢ arc the following specless Cornuspira ﬂrundiaz
niothyranopusis op.nove, Millerclla tenuis, Plccto wra beileyl,
una stocheodd u pupillata, Other specles of Braiyina,
Uribroutomum, and Climocamning appear to be confinud to

thdio asounmblu ¢ but reguire furthur stuldy. .tuzos of the

various phylogenetice lincs noted in earlier chapturs ars
prevent aleo uns auwslist in £ixing the strati pephicel
position of founaos of this types Thus the archeediscids

rueveal o stoju miudway butween Archeediscus -oorzel and

kayserd, tlic latter belng characteristic of the lower
purt of the Lower Limcstone sroup. Ageing in the hi heut
loyers of the s.idoes, such as the 4dee Pout Linustone of
Ayruhire, Valvulinella cf.younid is preocent tjmd 18 the
transitionul foim between Jetratexis and Valwvulinellae,
the lattur an important member of thy ovii=lyluns "lurlcet
Assemblage®,

lovwgpr Liw oione sroupe IThlo is uivisible at proount

into two purts on th: basis of roraminiicral osucmbla jog
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the bounuury butue.n the two lyinz et th. top of tiw

2

Blavik:all idvcestone 1n the weat,

owey Fart - Yhe Hurlet As emblecre, #thin thisg interval

the BEitiol foramivdfora reaech the acme of thelr developmont,

both numuiicolly und in vaxdety of vorm, an. this distinctive
lurlot Asscmblege buu been recomiscd as marking the cane
strati sraphical hoyigon throu:shout scotlund, liorth=<estern
.nglany, oid pearts of south Wales, Althou h many specles

are common {0 both this and the underlyings Broadstone
Assembla ¢ the diotinction bstween the two is msrkel by

the incoming of a lar;e number of nuow forms, Many of these
urc fewboss 0f the andothyrinae widceh dominat: th: asscmblesc
but there arc aloo present such problenmatical foims sao

Axchaela reniu howchiniana, Calelsphaora sp., and Jrafenia

biloba, smongst ti.e mout importent spucivs ar:
Arohacuisous kuryuil, Archocdiscus sp.nov., Braiyina rotuls,

saccanrdnopuds fusulinaformis, .stacheds eonvoute ver,lobif.ora,

vty Yulvulinelle youn d, all oconfined to this ssscmblaego,
whilst
vtachely apiovar for the flrst time, 7Towerds the top of

Jidothyra davioella and the various spuci:s of

the interval jowehlniu bradyens rapldly beconss a dominunt

form in the custorn Loottish arcas but is unknown wo yot
in th. west, 4Shio lest spocics bus buen not.i by Lavie
(l94by p.dlz) @s choracturistic of the BL « PZ bedu of the

Alpoxt boringz in .oubyohirc,

-
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Uppur urt - "he losic As.ombla o "e On: of the moat

oututunding Leuturcs 0Ff the distribution of foruninifira
in the wcodilash sequunce is the rapld impovorishment of
gpsomblagze which bei;dns sbove the Hurlet horizon and
continucs ints th. Upper Limestone uroup. Shis
inpoverishment 1u roflcected in the losio Asusembla re and
may crvate difficultivo in the superfleial distinction
between 4t und a poorly developed lurlet Assemblaste, These
difficultivs ore purtly overcoma by the rucosmition of new
speclis charucteristic of the Upper Poart of the lower
Iimestone Group, the great majority of which however requirs
further otudy. Present eriterdie uscd in the r.comition
of tf» losiu Assemblac include the pregenc. of such

charoteristic vpecic s as Globivalvulince plicata and

igctocornuspiru lituiformiss tliw phylogunetic sta-es of th»

-ndothyrinne; anu finonlly the abscnce of tho J(lagnostic

specles 0f the lurlet assenblage,

Iincston: Coul Groups deoently endothyrid foraminifera

have beun recopnised in the Jolhnstone whell Bud, Thias is
the only rccord from the formation, by fer the reater part
of which has prov.u unfos.iliferous,

Upper ldmositone droups Althourh thig fornation may be
subiivid.-u into an uppir and a lower purt on th: basis of
foraminifceyal asscmbla e the distinction of the fuuna of

the lower purt fiom the Hosle Ascembla e is almost
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irpouidble at the picaent tlne,.

lovyuey Pairt -« She preocnt dnabllity to cecormise

uiffercicee between the founa of this interval ane that of
the upper purt of the Lower Limestone Group may be cue to
insdequate studye the progresuive impoverisiment of founa
besun at lower horigons continuese. The cndotlyrlds are
marked b thu»pravulenCu of planmdispirelly coil.d foims,
such aoc fillcyrolla ornntu, and such previously importent
groups as the archecdiecids become very much reduced 4in
nunbers, thiely plac: bulng taken by mcembers of th:
Ammodiecidaa,

o« Abtout thu level of

Uppex Part - il Calny Ag.cemblasg

the Orchora Limestonu ther: oocurs a marked chonge in
faunal pattein with the introduction of an entirely new
faunistic group in many weys closely similur to thut of
the Americon Pennuylvanisn, In the und rlyinz formations
asconbla réa Jlepluy variations in which the .ndothyrinse,
the Draudyininae and the archeediscids comprice the rreater
part of the fuuna, In tho Calny Asuembla e, however,
previously important families are abesent or veiy much
reduced, while the Anmodiscidae become predominant, Thus

such opucive us Apgthaandne robertooni, icctocornuupira

centrifu - a, Cornusplra incerta, end Trochamiinol.les unceps

arv especlally charwcturistic of the intiavul, It 1y posoible
tliat this norked change herulds the introduction of the
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¢.rbonacious blome of the Coul Measures but it Lo inteve .tin:
to rote that no oiullar change occurs boelow the Iincstone
voal uvroup wos micht bu expected 4f this were solely due

to fucivs control,
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Ao Ot o O B O TUTTRL AL DEORTBUATON T 5T

O bt PAOVING

supplenentury to the moin study in the Lcottieh
dyedty YeuwrOl has boon conduotsd in the Avonlun scdiments
of the Hoxtle.cotern ¥rovince with two muain objectss to
epucue the otrati ruphical voluc of the distiyibution of
amaller foraminlif ia in an area where a conslderudble part
0f the Avonlun scyuence 1o representoed, and to eutablish
a cosrclation botween the seottish ond Northoim .n;lish

QX i3,

LILAIBULTON T 41, Ol & 0T LN PAOVILHG .., .

A churt of the distribution of the smulleyr foruminifera
in the Avonian seuimsnts of this région 1s chown in Table F,
Une 0f the fuatures of Brady's pork 1o thet moet of the
spscleu be duécribcx came from localitics in the upper
paat 0f the Avoniovne oince the systemntica of the present
study 18 lurgcly confinud t0 o revicion of Drauy's work
most of thc speolwu o 8eridbed in Part B erc confine: to
the uppur Avonien. dhis leads not only to & very comuon
pmention of such horlgons as the lurlet Limeston: onl the
dAbunophytlum zone in the specles desc:iptions of Purt B
but 8leo lindity the systemutics J seription of meny of

ihe now foims noted in the lower part of the Avonlan
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peguencs 9f acotioilangg und for the time buin: theo: new

Joxrmes are o scxlbed vg Plectogyre Ay _ndotivyu B, cto,.

Table P is bascua on souce 8000 speelnmens from the Lhap,
Kendel, Kirkby Lonsdale, and irange=over-.ands. arcos of
th. Noitheaustorn Yrovince (Guiwoud, 1912),

Yre lower part of the Athyrls glabristrlia son,
compri.ing the unfonsiliferous Bagal Beds, the Lolenopora
uub=sone, and tie seminula gregeria sub=Zon. up to ihe
Thysanophiyllun fund, coutuinc a very poor fauna freguently
Jrstroycd by Jolom: tisation, Yhis faunao is nalde vp alnost

entircly of small, primitive wpecles of Plectoiyra thowing

fuw clruiboero, u simple wall=structur:, ant no scecondury
Jepoosltse The only other foruninifur of note is

Nodoeinclla, thoush somc doubtful forms, tintetively

roferxcd t0 Calcisphaerg thouzh they may lat.r prove to

belong to th. vnus Archaesphecra, urc aluo pres.nt. A

gd 0ilour fuuna t9 this has been secn in the Cuninia Oolite
of Jowuy and in lowermout Main Limestone of lireconustiro
twouh no aticmpt con be maue 0 corrclut: tlie arcaos,
aAbout the lovel of the Thysenophyllum Band in the
Lorth=dustern Provinee e new asscmbla;c may be rsco mised
in tle £irut appedrunce 9f 8 large nuwbur of new foins,

These dinclu:  wpuclus of Nodosiunelle, Cribrootomum, end

jextulurin, The fuunu 1g still on the whol. ratlicr poor
in nunbersi the dominunt mombers ore thie pleeto yrl.o, which

are slihtly leay jer and sonewbat more wavenc.d than



hitheisto. Yhiv asuemblage continuves upwards to almost
the top of the Jeminula gregaria Sub=Zone,
A wellenurkced ond abundant aessemblaze of foruminifera
occupies the interval ranging from slishtly below the
base 0f the Michelinla Zone 19 slightly below its top,
The wndothyrinac are the moss common memberss of the

assemblage, The specles of Plectogyra become larur and

wore complicated in stiructure, anu representatives of
sndothyra appear for thue first time, In this zone the
erchaediscius become important, and such genera as

Bradyinre and Teirataxls make their first appearunce as

small und very piimitive specles, Sinilar essemblagces are
fouud in the uouth=destecrn Province in seudliiunts of C2S1
apu .

The next major faunal breek takes place about the
level of the Clisiophyllum multiseptatum Bani in the
uppermost laycr.; of the Michelinia Zone, the new aseemblage
being present in all horizons throushout th: Productus
corrugato-hemisphericus Zone except in the upper half of
the Nematophyllum minus Sub=Zone, This new assemblage
is extrcmely abundant, over ninety per cent of the forms
present belongin: to the sndothyrinee and the Bradyininae,

Kany new specics of Plectooyra, _.ndothyra, Sceptumnina,

and wndothyranella occur. The plectoygyrids emd the

endothyridu both bu.come relatively very large and



conplicat.. in ctructure ani the supplew ntory uupbsitu in
tre wall of the £orm.r reach @ hish e :ree 01 ¢ov:lopment,
iLiv assembluze cun ulso b yecogmis:d in bouy 0f 82 aj
in tlr. Jsower Yeninsula,

fhe cueccediny foropinif:ral agsemblo ¢ oppeors in the
wlauls purt of the Nematophyllum minug Lub=Zone, fThe
uominent foimc of this feuna, which rangces up towurds the

top 9F the lower Dibunophyllium Zone, arc membors of the

Bradyininge anuy Sextuleriidae, many of which are nuw specie.

14¢€,

and 1t is 1v thic sscenmblese that specimens of ndothyranopsis

becowe comuon, HNevertheless there 1s a wide varicty of

Hinio and cuch groups as the Tetrataxinae become incrousingly

inportunt, In itc normal developnint this as.embla v is
cloucly simllar to tho faunas 9f the Caleiferou: ..andstone
serles recorded from the Clovsvburn and Penton ILimn ar:as
of vunfrieshirey in the uppur beds 1t bucomes almOnt
14 ntical with the Broadstone Asscmbla e of the scotidsh
vucees.ion,

The f£inul changs in fauma recomiced occurs at an
horigon slightly above the bounidary botween the Low:r und

Upper porte of Udbunophyllum Zone, immellatcly ubov: the

vage of the Lonsuale floriformis .ub-Zonue H:re the "Hurl:t

Asccmblawe® gppesrs £y the first tinme, indistinauichable
in charucicr from 1t typical developmunt in the .cottish

ureas and contuining sll the dlagnostic speclue including



Y

Archiediscus bua . ody Brooavine: solula, Valvulinella younsd

e cGcawn dnwpesls Cucullnulormloe  thu contrust.ou

litholoicul fuclico In wideh tlds sascmblege ocours = of
the Youcuule type in the Klrkby lLonsuelc er e and of a
colear.ous natuce In the shitp, 'azdai-anJ weotern 8re8g =
proves it 19 bLe not nmercly o facivs vl mificance but a
besie for ¢ relisble corvelation betweln the base of the
Lower Limeston: Group in deotlund and the buse of the upper

part 0f the ulbunophyllum Zonua,

sl NOLUSION OF i, N OWiYRINA L I 41i AVOLTANL

o e

Horphoguenetic chones in tie .ndothyrinac in the
foruminifoerul au.embloes of the North=dcstorm Province
hove been noteu above, Since the group 1s prog.nti throuthe-
out ths vntire avonian of all arcas oxemined and exhibita
markcu morpholo;lcal und phylogenctio chon~es 1t 13 >t
great value in stratigraphy,

In fe:t £12.4) I heve sumcardsced the chan An ¢
charucterivtics of the .ndothyrinec as seen in thin-scotions
0f limeutonc thorou.hout the North-festerm aeng cottish Lowoer
Carborndiforous, This serves to show the development alorg

the phylogenetic line Plecioyyra = _ndothyra - Milloiclla

unu the variaetion in sige of some groups, & variation widceh
does not appeuyr to refluet sinply onvironnm.ntal modiflcation,
4heu thio chert is compsred with Zell:r's (190, PLl,t) of

the evolution of the amexicen Mississipplan ndothyrinao



Text Fig. 41

DEVELOPMENT OF THE ENDOTHYRINAE -as seenin thin section.
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merny ¢lowe Loapdlluritzes in thoe pativrn of cvolution can
be obusaveiie
Gl VAl . UF LacoAkbIROY oI, MY ULIHARO 331,
R SR TS N TP AL S I SNSRI W AR VD

Froyuent reforcnee has boen made to paccaminopedo

fusulinaformls M'Coy - the Jaoccammina corteid of authors -

in thc dlscuscion of stratigraphye This problumatical
form which can be refuryed only doubtfully to thoe
foramindifors iu rocorued from the Ordovielun and has boan
fuentifiod 1n the oilurlian by the present asvthore Provious
workero have recopniued the saccemmina carteri Dand as
being of jgxcout iuportunce in ths corrclation of th: Avonien
soulients of lortherm snzlund end Gcotland (arwood, 1912
Pedad lacgrejor, 1929), Othors have denicu the value of
the form and have pointed to records of it occuriing outside
the noimul L2 position usvally eseribed to 1t (Hurtl.y, 1956).
In the presvnt study close attontion has been paid to
the occurience of this form in the Carbonif:rous ani meny
varlicy recorus hLwuve becn checlkuds The revision hus shown
that 1t hes bucn confused in the past on more than onc
occasion with silioified casts of ostracoda, with unothur

problematical rform, Lruferda blloba eneot spenov., aond

with ¢llipsoiusl fironstone noduless Thus records of it
in the Gilmorton Limeotone of shiteficld (uuryy neur Carlops,
and of llllhead (uurry near Peniculck arce bused on wpecimens

of jrufunie biloba, Asain the record from th: Zni Cnlay




Liicotone of fratdwond (Mxody, 1876) 1o incovooetl sines:
the muturiol cawwe fron the Mudn Idncston:,

I¢ would appecry that L pecurreivopedc fusulivaformis

is charactirictic of the LS done in Northuin njlend awd
vecotlany anu 1o also known et the sene hosizoen in INorih
walcuy the Isl: 92 iun, and Irzclund, wvis (1948) records
it Liom P28 beds of the Alport borings in .icbyshize,

The strotiguphiical occurrence 9f this £orn bhas boen
deseribeu by a nunber of provious suthors, Lunging over a
viola tively short time intorval 44 exhiblis a naxinunm
devolopment about the middle of that intervel, Therefore,
wiilo{ often ubuncant in one liuwestons bund it nay be
preuvscent in severual above und below.us in the iourth,
Clint's Lin:stone of the soridngton vistriot (llemeucol,
SOYVeuxpleuhicet 28), In relation to the furaminiforal
asgumblage - the turlet As.cemblage -« 1t appears to rueach
1ts maxinum ucvelopnent in the lower Lelf of the inturval
coverud anu to appear for the flrost tlac ufter most of

the other dlagnoustic forms,
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IN BITAIN,

o ulycet comparison between Britain eng America 1s
pos.ible becuuue of the almoust compleic abucuc: of American
Misuls.lpplun faural studics, on the on¢ hand, end of the
British Upper Carbonlferous on the other, Further
complicationu arise from the tendency of American research
10 concentrat: on the morphologlcal aspects rather than
the tine signlficance of the fuwmas,

The one major exception is the recent study by Zeller
(1960) on the strutigruphical signmificance of the
endothyrid foruminifcra of the American hississipplaen,
There 18 @ murked similarity in the evolutionary pattiern
of the .ndothyrinae illusirated by Zellur (1950, Pl.6)
end the developuent of these forms in the North-Jestern
¥yovince anu scotiish arvas = as shown in Text fig.4l. In

‘both arcas the lowermost Lower Carbonlifurous deposits
contain represcntatives of Plectosyra which are small and
simple in pettern, In both arcas too thesce arc succecded

by much larg:r forms of Plectogyra and by the development

‘of zndothyra in the middle part of the Lower Carboniferous,
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Finally 1n th. Joheoterion of the otates and the Uppow
Avorlem of Byrituln I plectogyrids bocon. roiucet iu
size but rotoin cuch fLeatures ag the bescl Jdoposits,
whilot the cndothyrlis glve rise to the nor: primitive

opeeler ot Lilluaclla, Morther stuay wmay show thio

similerity to be of lons=ranse value in coroclation for
its ;xneral pattern 1o aluo rizognisable irn th. southern

Uralo e don,

COlkA L. 00 OF L .walvUn X0l I Wil Usuei e . DTTATH,

~ince the greater part of Loviet resecreh has buen
concelitruted on the Lowur~Carbon1furouu & eloser compurison
with the Brditich secucuce of favney is posuible thun in
the cane of Amcylon, %his comporison io renuerad wifficult,
howevuyr, by the ingecessibility of Loviet lturature in

thide country and by the fruguent noniva nude which war:

employed,

Foruminircral wsscmblages huve been racognlsed ot all
horizons in the Lowoer Curboniferous of nuesia and avs being
actively employce in a stratigraphoal work, Uosing the
results of muny outhors, includlng liauscr=chosnoug.ova
(1948, 1939, v, LVd44a), Krestovmdlkov (1936), Sulfimanov
(19<0), Yolstikkina (LUsd), adocnvery(lvas), Twes (D7),
Mikhad lov (lYsb), Khvorova (193H, 1987), ichuinysheva (1lu4l)
Petrunko (lYsb) enu keltlinger (193YV), I buve pruparcd a

churt (Gable ¢) of the generalised distribution of what
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sxc roguracd as the nor. impostant sonal £ousils of the
tusclen sueces.ione Whio covexns the roclons of th lionetz
Bauin, the Lwow “rou'h, Novaya Zamlya, and th: very inportant
aree 0f the .ovutherm Urels, I have adopted th: .oviet use
of thu turmo "Soumelalon®, *Visecan", eto,, t0 .neurs case
of roferoncy but would point out that theos stues noy or
may not coincly. oxactly with those in the typ. urcus of
fesluwn Luropee

By reforence t0 iably ¢ and the rolovant iiterature
it cen bo ohiowu thut, ullowin; for differeneaus in tuxonomy,
trhe foraminiforul founal successlon of the Lower vorboniferous
in botn countrios 1s womarkably similere The rolutiv:ly
poor fauna of th: lower Avonion of Britaln containin- the
precuasoxry 0f the unaoihyrid plexus Ly cloa¢ly paralloled
in the "fournnision® 0f thu UsSeseiie by famas larsely

eomposed 0f _ndothvra communis ani .ndothvra primoeva, In

the miiile of the british Avonien therc occur:s the
remarkable outburst of the andothyrld pluxus enl thlis cmn

be gaun in the "Iower ena Midale Visoan® recorus of liuesia
Where, in adsition to lerg: numbers of species of _ndothvra,

8llled genera such us Juplophrasmolle, Nenic:lla, _ taff:lla

any gemparins appesr for the firot time. In the uowlan
suceesedon the "poor Visean™ is maxked by th: incomin: of

Archoediccus kavro:vi, nucthwru cracsa, Broisdes potuls

and numerous spuclus of (limecemeiva end g ibrogtomm,
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The parallel to this faunal assembla;;s in Britain i: to
be found towards the base of the upper part Dibunophyllum
4Zone of the MNorth=festern Province and in the MHurlet

Assembla e of the Scottish Lower Carbonlferous,
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