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CENERAL MoRPILoToGY

The minnee bivalved crustwces kmown as Ostraceda exist in ecountlese
pumbers in both fresh and marine waters.  Just as to-day, so in the poast
they were execedingly prolifie, cerlain rock strata being composed almost
entirely of their shells and separated valves, The foszil foring morT2over
are very constani in the lobing, surfacc ornamentation, and olhar featnres
of their shells, so that they have become most nseful to the fow who know
them in identifving stratigraphic horizens. In order o ingrense the
nuraber of students of these creaniams and thus to widen their application
in stratigraphy, it was thought well to prepare the following account in-
gluding their anatomical and shell strocture. This seemied particularly
appropriate at this fime beeanse of the fact that the preater part of the
Silurian faunae of Marylind consists of ostracoda.

ANATOMICAL PEATIIRES

The vatracoda are amall, generally minute crustaceg with the enlire body
elelosed 1 a hovoy or calearepus carapace, the right and lell sides of
which are separate and articulated along the dorsal edge so ag to form a
hivplved shell. The body is indistinetly secmented and has seven pairs
of appendages of which the first two are anterms, which, like the others,
ore also adapled for ereeping and swimming, These appendages together

* Pullisbed by peomdgsion of e THreetor of the 17, B Qeslogical Sucvey and
the Secretary of the Smithsonian Inatitation,
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with the caudal extremity of the ahdomen are prolruded along the venlral
margin of 1he carapace when the valves are oprued.

Hehind he Orst two peirs of appendages (antennules and anlenise) s
o palr ol mandibles, followed by lwo pairs of maxille and Gually two pairs
of slender Jegs, Phe abdormwen 18 ehort and sucdimentary and its rxtromity
utuy cousist of a single spinous plate or may be bilurented. he details
of the anatanyy of Lhe uniual are ehown in the aceompanying texl fignre.
With a single sxceplion Ui fossil spocies pressrve only the carapace valves
a0 Fig 11-1) 2o that Lie anstoimy of the anipial s knewn abmesst enriealy
frum living species, )

S emall metan exe and two lange lader) eyes sre commondy developed,
the position of the laller boang ndicated en e exlerior of the valves of
vertnin foseil speeies by a wmall * sye tubeeele ™ o ocular spot. A distinel
Lieard 35 not developed.  Tespiratiou occnre throngh o number of respira-
tory plates fasiened o the awath parte which by their motion Feep
up aetream of Tresh water poneg bebween (ho valves. The alimentary
ard generative orgaus ure geuerally well developed.  Small aninals anid
Mecaying vegetalle matter forw their ool for the woet part.

SHOICRL )0 ARALEL IS

Mie valves are elose] hy o sabeentral adduetor muzele, the situchoeul
ul which iz marked on their inber sidos by o tnhorele, pit. or a number of
simgll spols.  The ebell 15 compacl in slrvelure, commonly rom §.5 pm.
to b v 1 length, althoegh in cermain doubtfal Paleozoir forme [Leper-
ditiide) wmetimes exconding 25 . The owber gurface way be surooth
niel gy, o grannlo=e, pitted, reilenloss, striate, hursule, or otherwit
miithed, the efect being oflen guito oruenlal. The two valves may be
of equal siee (DPrimitiiche) or more or Tees anetqual with either the right
i left valve overlupping at the ventral horder only { Leperditin} or au the
loraal border as well [ Medrdi), or in eome enses overlapping all rovad
{ Clythernlte)

Awong e Lossdl Tovoes, paetioalnely those of Patenzoic ages, the valyes
aen commonly Inbed or ealeale or nodose, and variulions in the number,

llﬂ:-"ifjl.]'!'l and velatiom of Llwee snclnee vlineweters are regarded as important
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i, 11 —ARATOMY OF THE OBRTHACURA,
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by the paleontolegist in segrogating the scemingly endless number of
specice inte genern and families. The sindeut of the Hyiug depeuds for
Lis taxonomic eriteria abnost entirely upen the claracters of the soft
parts of the animals which are almest never preserved in Lho foszdl stata,
However, as the lobing of the valves in the fosall forms iz developed in
similar manner and offen eveu more distinetly ou their inner sides than
on their exterior sutfaces it is evident that the varied lobing and suleation
of the valves nnd the presence of large protuberances ar nodes on the
exterior con be nothing else but external mawilestations of and cou-
forming to intornal anatomical featnres of the animals themselves.
Though it may be, as a role, impossible Lo interpret the meaning of these
ghell clhiaracters we oy nerortheless appreciate and establish thair respec-
tive values as taxonomic criteria by noting the relative persistence ol each
particuler feature both sevetally and in combination with ether charactera.
Tf the same peculiarity is recognized in a nmnber of otherwisc similar yet
clearly distingunishable species then we 1y reasonably infer that it repre-
senfa aome anatomical character of sulicient importaior to the animal to
pegilire its maintenance and eontinued deselopment though one or mors
diverging or parallel lives of gepeticlly allicd epecies,  Obvionsly, loa,
the relative importanee of any single character or any combination of
rharncters is in propovtion fo its persistence fo nature. It follows alag
that the taxonorie importance of o character s determined not so ueh
by extravagancs in developinent as by ils persistence.

Regurding the lobing of the cavapace, particularly as developed in
Beyrichiide: and Zygobolbids, it may very well be vxplained as so external
manifestatine of Lhe segmentalion of the animal ifaedl.  Tu the living
species the body usually is indistinetly segmented and ihe abdemen short.
Pt 1t dues nub follow Lhat the segmentation tn the Talecsoie Beyrichiace
was similarly indistinet o1 that their abdomen wag equally shart. On the
eonlrary, if the Ostracoda wore cvolved, as seemns most prubable, vut of
preceding Branchiopoda the chances strongly favor Lhe assumption that in
the Desrichiaces the scginentation of the body was more distinet and the
abdomen hmyrer than in recent Ostracodn. At 2oy rate the defipite in-
formation eoncerning these parts in the Cambrian Branchiopoda which
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we owe to the researches of Waleott ' leaves no doubt regarding the
cleathiess and generally larger number of their segments.

The exeesding porsistence of the posterior labe and the Inct that this
lohe often is prelonged by carving anteriorly across more or loss of the
vemtm| slope of the walves suggeeis that it received the infolded thorax and
abdomen when the animal retreated to and ¢losed the valves of ity shell.
Tf this suggestion iz well {ownded, then we got some idea of the length
of the thorax and shdomen from the degree in which the posterior lobe is
prolomged along the ventral side. They would have been long, for instance,
in such Ordovieian genera ae Prapatells, Ceratopsis and Tetradelle, and
relatively short in Beyrichia and mest of the Zygobolhde. This sug-
gostion alen gives a plaveible explavation of the purpose of the otherwise
nnexplained submarginal ridgs which zo offen, notably in Fargehmine
and 2#repanclla dics put en the anierior slope.

Under the law of determining values by relative pereistence certain
other foatures of the shell thal are less abviously connected wikh anatoini-
cal eharacters of the animals and which aceur mainly among Palezoic
representaiives of the class musl also be counted as important. We refor
heve particularly to the faler horders which commenly project heyand
and lide the true contact cdges of the valves Sometimes, ns in the
Jiuryehilinine, these fortn £rill-like extensions of such great width that, it
seemn imposeible that the appendages of the animal could have been
protruded beyond their outer edges. Oltem these frills are developed best
or only ax the posterior half or two-thirds of the valves and sometimes the
contgve area bencath them s broken up into loculi. Their purpose is
deubtful, the only plausible cxplanaiion being that they served tur the
temporary ledgment and protection of broeds of yoang.

As only the shell of the Ostracoda i= found {ossil, and sinee the majoy
classifiention, as determined from living forme, is based principally npun
characters presented hy the appendages, the relations of fossil to reeent
furins is neecssarily mers or less unecriain and in many inetances prob-
ably wust remain undelerminable,

A Waleott, €L I, 3iddle Cambrian Branchivpodo. Matacoatracd, Trilcbita
and Meroslomata, Smitheenian Mizecllanecus Collestions, 1912, vol. 191, 0o, €
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Most eamnualy the outhine o the eazapane is ovnte v renifortn, gnd it
iz always =0 when the valves overlap on the dorsal side.  Tu Wiy cnacs,
Lowever, eillier and rarely Loth ends mar Ye pointed or deawn ont io the
farme of & beals; and when the dovsum is steaight, the ends usually join
it angularly, the sharper of the two being the wuterfor,  Although wsually
arnvex, the ventral margin 1= somelimes straight or genlly coneave, Tn
fossit forins it i= sometimes Dnpossible to dislinzguish hetween the uolerior
anel postecior extremirives of Lhe shebl but as a rule the posterior habl even
thowgh nf equal or less height thae the aniorior i zonewhat the thisker
ot blunter in doreal views, Fregueotly in ecrtain Middls Paleazaie g
a brand panch is developed, thus clearly marking the posteriin: end, Tl
hinge-lite may be straighl or arcoate, the Linge itself being pructaty
simple, although swong the CUrtheridie hinge feeth anl corresponding
snekets ave offen developed.  Exvept in the large Leperditidm, which wuy
be Phyltopoda ather than Oelracods, the exterior of the valves only very
enrely gives any definite indivgtion of either the small mediag or the two
lare luteral eyes that ave found inamwny of the Tving spectes,

EE RO oTIoN

e sexes it the vstraenda are distinet bt wsnally in the reesnt speeios
the shetlz of both sexes are of the zame size anid slape. To some, howaover,
or example, Tundona, the rates are targer and of different shape while
Lo the well-kuown Oyprs e fomales are tie lager. Foth the wale and
female sexual orgaus are of rather complex structure and vaations in
Uieir form gre regarded by systauutists as valnalde specifie distinetions.
Propagation is Loth by ferbilized eggs and by unlertilized opgs o
parthenogenesis.  In the latber ease a mnnler of pactlienogeuetis genera-
tions may be preceded by & sevou) oue.  Again in ssne speries, sven aftor
long seareh, mates have never boen dissrvered, These varioms wethod-
#f propagatioun, uomely, alwoys sexial, tenporarily parthenosenelic nnod
always parthenogenetic, lave been used as distivetions of generie valie,

The egas ave eovered with My shelle varying i eolor with the speacs

Lo white to orange rod md dark preews, "Phey are daid 1 charaeleristie
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wivs, some singly, others fu packels on the leaves of waler plants and
sthiers again in regular vows. Dotlom forms erawl to the roots ol water
plants ane iben o the lenves where they deposit their egge and [asien
thes with theeads, having previvosly seraped off a suifable place wilh
their antenme,  The eges have great vitality, (or those in sanples of dried
rnael aller 30 years' {ime have been balehed.  Indeed one sindent, G. O,
Snre, ling desceibed mauy wew species of ostraeods which he ratsed from
the e contained 1 dried mud senl him from distant countries. The
gy hateh ot larval forms, nauplid, whieh differ greatly from the
mature stages into which they pruss alter many maltings,

Sa far the rocks have eevealed o trace of lacval forms of Ostragoda.
Tudeed the possibility that such may yet he found seems quite hopeless
when we consider the attogether unusoal eonditiong, eeferring especially
to wle guddenness and permanence of their original burial, that would
e requnend to fnsuce the peeservation of such delicate and readily decay-
i erganizms,  But the Lussil fu'ruh: are not enticely uneanmunicalive on
s impoertani & fastor of reprodustion as sex disertmination. There i
at legst ome lurge group of fossit Outracoda, in fact 1t i the mwaeet nn-
portant of the Paleoznie representalives of the class, namely, the bBey-
cichiaesn, io which Uie individnals of speeies of many genera ave separ-
able by most consplenous diffecences, into two kinds that eon sraroeky
indicale auything other than fertibzed fomales oo the ome Land and
males and prohally also vopenductive [emales, on the other. To it
simplest exprossion, ns in the stroogly comvex easrapaces of Wellrria
and Plethololbing, {he difference between the shells of the two sexes son-
sists merely of the slightly zreater nhesity of the post-ventral kall of the
individnals thut we are designatiug as fewmales.  In ils most speciabized
development, 85 7 the relalively emaciated earapaces of Beyrickia, the
difference is muck woee conspiouous. the slight swelling of the sucefuie
heing represented in these by a lange semiovate or subglobnlae poucl which
covors most of the post-venteal quarter of each valve.  Hetween thess
two cxtranes the many geneeg in which soch dilferentiation of the sexes
is knewn, the Imoad pourh as we call it, alfords 4 great vaviety of inter-
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mediate forms. In others again, especially iu {he genns Mastigobalbing,
the brood pouch is extremcly large aud capavions, covering the posterior
two-filthe of the valves. In olhers again, as in Wesomphalus, it forms
a long samgage-shaped swelling covering mogt of the ventral slope,  Fi-
nally, in the genus Zygosallu, it forms a narrow curved cxira lobe ox
ronnded ridge close to and paralleling the posterior edge.

As a rule these ponches communicate directly with the inner cavity of
the shell by means of a large opening just within the contact vdges of the
valses. As a rule, again, though their bases commonly spread to or
bevend the outer edwe of the bhorder, their greater part lies on the conves
part of the valves within the border. However, in a fow Ordovician types,
nofably Furychiling venirese, there is a similar swelling with probably
related functions, that is entirely confined to the border and which does
not comnert directly with the 1nmer cavity of the shell.  Ancther peculiar
ant entively extornal development of the ponch ocents in Primitiopsia
in which it forms a lerge simple, exterually smooth and obscurely all-set,
interually concare addition to one end of cach valve. What may prove to
be & transition {rom these cxternal eavities toward the usual internally
oprning ponches is found in the Baltio Ordovician Chiebalbing dentifora
Bonuema. In this species the innee third of the pouch lies on the ventral
wlope of the valve praper. TUnfortunately it is not known whether it
opens on the inner or outer side of the contact edge.

I4 hns been suggested that these pouches are aboormal, n fact, patho-
logical swellings. Baut it is inconceivable thal anything aboormal or of
pathological origin conld possibly have been developed with the conntancy
of form and position that pertains to these pouches, One would expect Lo
find more or less of unrelsled irregularities in fonn, «ize, pasition, and
surface marking in amy shnormal structore, On the contrary, comparison
of many hnodreds of these [emale vxarnples, amounting in some instances
to more than two hundred of the ponched individuals of the same specics,
s resulted {n abeclute failure to discover any such irregnlarities in the
development of the pouches. 1odeed, no specifle feature is more aceurately
reproduced fn the individuals of a particular species than iz the particular
form of brood pouch which helpe in characterizing it
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DISTRIDUTION

Like all other organisms the distribution of the ostraceda is influenecd
by the conditions nnder whicli they must lve, bat n= a class they are
pothaps Yess sensitive to change in environment than mosl other olasses of
animals. Direct light accelerates all their life processes so that the free
snvimining forms are almoet indicative of well lighted areas. Agnin the
forms less able Lo ewim spond most of their existenes iz the slimy deliris
and ooze of the bottom. Setne forme exist indefinitely in waters that have
heeome guite foul, as in sewers, others live in sulpbur water and in hot
springs.  But practically no species are found in pore cold spring water
or woll water. Such facts suggest that the estracoda thrive very well
under conditions that wenld be decidedly unfaverable for the existence of
most other kinds of invertebrates. They not only coald live under condi-
tions that would usually be regarded ua nnluvorable, but on aecoant of the
minuteness and lightness of the shells these were swept along by waves
ant] currents to places where they did not live; all of which tends to
enlhance their value as guide foseils. Accordingly we find their remains
in 21l kinds of sedimentary tocks, with little difference ms to ahundanee or
kimd, whather the rock is o sandstens, & shels or a pure Hmestone,

The recent Osfracoda, including both the frosh water species end the
marine forms, are world-wide in distnbolion. Nof only are many of the
gpocies properly lermed cosmopolitan, hut they are also epparently un-
limited hathyinetrieally, Te-day we find them swimming at the surface
or ereeping over the bottom in great celonies, and after the desth of the
amimel theoir shells are seattored far and wide, both on the land and in the
watar.

Many of us in our field work have no dombl conie across small pools,
sometimes 8 foot ot less I diameter, swarming with freshi-water vatracods,
In such instances, as evaporation proceeds. the pool will become a fairly
snlid maszs of osfracods, and finally, when the water has dizappeared
cotirely, their dead zhells will he scattered by the winds as dust, zometimes
to considerable distanees. Tresh-water Ostracods are therefore o factor
in eontinental depoeitz. In the sea a similar wide dispersal, independent
of the animal’s life histery, depends on the waves and eurrents, which
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bhear the sdead shells far from their habitat in lifv and scatfer them braad-
it &0 flat their linal resting place may be i Lhe shallow Tittoral depasies.

Muost of the wodern as well as anclent Ostrueods ure of nieroseopie size,
aud for this resson, even though i individual development they probably
exretl almost every other cliss, they must ulware remain an inconspieunus
clemant of any Luma, Ancther and more serions difftenlty, eepectally in
tlie stidy eof the Lessil fornes, les Do the snaplicity of shell strocture fonnd
in some of the familics. Awong the eecent faunmles, speeics and oven
senern, puthicolarly of the smooth hellol familics, axe establizhed on
snatornical chamacters, the shell being practically disregardml. Tt i a [det
that severnl distinet genera have shells with cssentially the =ame ontline
anvl zurluce cliaraclers,  The difficplty, f oot impossiliality. of distinguisl-
ing such genern among fossil furms s obvions.  For example, Byilacypris
tylandrica, an abnndant fossil iu peactically all of the Middle and Upper
Urdovician formations ix closely diferentiated from associated Cyprida,
ver the nmme possibly overs shells of a oumnber of distinet specics that
were rendily distingmishable by anstomienl peenlianties. In Jact &0 far
“ds ulie can ser, its shell s practicatly duplicated in ontline and general
strueture by Ahese of Hviug species hﬂ1::11|ziug to widely separated genora,
For straligraphic puyposes, theeefore, mest of the Cypride liave little
vilue, However, Uus may be said only of twese relatively characterloss
t¥per.

The ease iz squite dillerent with the wuech more cdiaracterizstic Dey-
richincea, which comprise the bulk of the Palewmic Osiracods, and Lhe
CUxtheracea which are so coommnon in e Mesn®nic and Cennenic formatiots
and in the sess of to-day, Nearly all of these are sopurable mto finely
ilrawrn and previsely idenlifable apecies and vacielies of relatively short
lueation, When we add o thess qnalittes the alrendy mendioned facts
vonterning therr ready adaptabihite woull Binds of environment and their
eavweeding whundanee and witle grographic distribution the high value of
tese vemaing as guide lusals o eteatigraply i cleayly apparont,  More
over beestise of their simall sige thie value ds particularty manifesl n

letermining the sge of beds passed theough o deilling deep wells,
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METHODS o ST

s the Lozarl ostracods ovewr in all kinds of rock ranging [rom unoon-
splidated sancs or warls o dense hurd liweslone or sandelone, 1t is
evident that the preparation of spavimens for zludy vares with the
wiadriz, Most ol Lhe Megowole and Crueepic ostracods oscur in pRegun-

eolidaded muterial Crom whicly, afrer washing awav the elay, the specimens

L e

Fro. 12 —ArranaTis FoR WHITENING OIJECTS VOR BTUDY.

L!mwmx lhrmnfh the 111-'.-uthpie¢.e {3} tue Fuwes af byvdeschiovlc webd CHUOL) and  aoumaopis
XU N unbre gt and demwsit p thin costing of white anwnpniagm chlocide vpan thre
nbu!-:t Lield o Cew i hux Iciao A= pint

are ensily preked noder a himd lons o1 bimocuaksr lwivcosope. Samphes of
sl rocks supposed Lo cotituin eeirgeods shonld e allowed o soak in
warer [or eome onrs, The material may chen by agitotor) and the moddy
waber poewred away,  Conttnoing thi= geocess anil e asilgeed water 1o
lomger hevoanes muddy the residual mass 15 sel aside to dey. The dehris
when doaed w then ready for mssoroing although passing il through sevem]
gieves of (i Feront wesh greatly facilitates the assorting of the contained
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fussils. The ostracods in such debris muy be coneentrated at the surface
lo a conaidersble extent by geutly tapping the containing vessel, hecanss,
being light and boat shaped, they have a temdeney to mse lo the surface.

I'he frequent ovcurrencs fu Pulsoroio rocks of o thin seam of shale on
top of & fossiliferous limestone bed alfords an opportunily o secure the
ostracodn as well ns other fossils in prester abmudance by washing quanti-
tics of the shale in the saine manner ns ubove described,

For species oceurring in eolid lmestone the procedure ie quite different.
Specimens in hard clayey limestone may frequenily be releazed from the
matrix Iy the application of caustic potush in elick form and carefully
waching and sifting the resulting wuddy debrie. Cryetalline limestones
preserve the catracoda hest of all, but here the proparation iz more diffienii
becanse the rock must be broken to expose the specimen and the edoes of
the valves ns well ag the snrfuce [eatures musl be carcfully nnecovered with
a fine lilhographic pick or needle. As the shell of the ozslracoda iz fre-
quently very smoath or glossy, the apecimens often pop oot of the lime-
glone when the Tatter is brokem into small piecss, Bueh rock ghounld be
inelosed in o sack and pounded into comparatively amall fragments with
n wooden mallet.  The resulting debels may then le washed and sified for
oetracods as before.

In limestone in which upon weathering the foseils tend to beecore
silivilied, the ostracoda e well ak other orgauisame may be Ireed by treat-
ment with dilnts hydrochloric acid and then picked out of the resulting
debris,

Frequently, u= in the sandslones snd saudy shales of the Clinton
group, the shell has been dissolved away, leaving only the interior and
exterior mold of it. These molds often preserve details of strocture and
surface orowmentation that arve but seldon a0 well shown on specimens 1n
limestone thut have baen rxposed by sutweal weathermg., Very satis-
factory replicas of either surlace of the valve are proeured by means of
impressions iude of guttaparchn or some other plastic muterial,

The simplest way of preserving ostracoda (Lal have Leen freed from
the matrix i= (¢ mount them upon curdhcard slips of suificient size to
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receivo the data concerning then bt stil) small onough to be coutzined in
glass vials.

T'he shells of many fossil ostracoda ure of such a color that the dotails
of the surfuce structure upon which the exitena for determination depeud,
are diffionlt to see and interpret.  Thie is particularly true lo the Silurian
forms such ag the numeroue species of Alindensllide whose black shells
aceur by the millions in cortain steata.  Agnin the glaselike shells of mnost
of the recent and many fossil specios are most diflicult fo stndy for the
suie reason, [n all of these casos tho surface outhnes and markings are
brought out in great clearness and porfection by whiteuing the spectmens
with a film of ammenium chioride. A simple appuratus for thie purpose is
shown in text Fig. 12. The hydrochloric acid and nmmonia used should
he of groat elrength for the hest restlls, and smull quantitie: only should
b crnployed ¥o thut the bollles com be emptied and dried freqnently as the
reagents not only bocome weakened by the absoxption of water but lowe
their strongth in @ day or twn of use. The sublimate can be deposited
apon the object in such s uniform thie filo, varying gocordiug o its
thiokness from light blue to ivory white, that all the details of structure
ire roproduced perfectly and can be views) even under the microscope
without exhibiting any crystalling structure of the ammonium chloride.
The white fhin can be removed by simply breathing upen the object so
eoated

Orientation of the Valves

In the study of fowsi]l Ostracoda the question se to which of the two
ends of the catapace i= the anterior is the most troublesome and the one on
which students havo ditfered most. Jones and other authors commenly
follawed the rule of regarding the thicker or biunter end as the posteriaor.
In our esperionoe Jones’ rule proved wmuch oftener trne fo nature than
migleading. But there were too many exceptions se that it beomos
necessary {0 seel; other eriteria which might prove lnss uncertuin.  Such
other criteria were pointed out and discussed by ws iu an corlier revision
of the Beyrichiidm® Thorongh stady of these together with all other

Urleh, B, 0., and Basgler, R. 8, Proe. U, 8 Nat. Mus., vol, xxx¥, p. 280, 1308,
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Ostracods likely 1o throw any light on Wlis vexing qoestion resulied in
the diseovery of four clher more or lees belplul siemilarly frending and
taket togeler pealaldy decizive means of solving il These eritetia con-

12
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1. 2. Valems of Faprraitee {1) el Zsfordalls (2 ibamiag wmeedls gpot T3) omT e ot (KD

3-8, Valves of Chenobelbina (1, Primibar (1), Perechosing (43 and Drepemcila (G exbobitueg Lis
posdiion of the auteciie (a) medlpg (B} and postnrior (i bibes

T, & Two geerss, Tetracedlo (T) and Cermitgeds (F) tn widsk the wederior lohe 4 divided (a, sl

#,  Lohados ic typiral Segrioh i

10y Right wnlve af f2pcale in Zeooholbe phowlng Droool pensrh (peg.

11, 12 Fiwdeyetle (V1) with Tohatles Me ddevelaped aid Dtepsopiesm (021, of the Rovdenellidr
in which 11 rearlos w2 «almome, "

Ih A Sllurlan spocien of Bebrizhhi wilth nodree dovsiopmets of labes.

gerved (1) the rdative widtl, postion and direelion of (he wedian forrow
or #uloews which was fonnd to be wider thun either (e aiterior ot e

pasterier sulens, to Be almest always nwee or lesz behind the mid-hmgth

ol the vulves and which when protenged ventenlly was Lound to snree mors
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or loss backwavd ; (2) the correlation mud identifleation of the median and
posterior labes, hoth of which e belind the meding sulvus and usually are
distinotly separated by the posterior sulous thongh weensionnlly com-
pletely confluent, ae in fenabolbing ciliafe; (1) Lhe outline of the vilves,
partionlarhy in strnght-hinged forms, which commuouly are more or liss
aliligue aud widest behind with a hpcloward wwing from the hinge, and
whirh soggeats w porollelesran mufher than an obleng; (1) the lovatiou
of the hrood panch which hwiously should be associnted with the posterior
hlf of the earapare nad in fact alwave lies at lonst for ite greater part,
behind the wnterior Jobr.  Ancther erilerion tml often 1z wseful resie
on the previvusly suggested puurpose of the veutral prolongation of the
peeterior lobe ne 8 lodging space for the incurved abdomen wheo the
aniiial retreated to the inside of thie sbell gnd closed ils valves  IF Hlais
sugeienstion x hnsed on fwec them it follows ohvinmely Lhal the more prer-
sistent mil of Lhe submurgivad ridee must e posterior and the other end,
which mey die out at sy pelnt between e middle of the ventral side
and the antero-dorsal angle, must e divecten] tenened Lhe [ront. The
gy lealares hoen discussed aro Qustraked on the gecampanying test
Hguee (10 12a).

viteria an Clieifying Fossil Outracoda

‘The vriteria rmployed i the stuily aud sopatation of species of forsil
usteacodn refer entively to the slell. Thev maoy be classified nuder the
following hiradings:.

1. Diferonces in size, outline, convexiry of valves and lovation of great
oot Wickness.  Such distivetions vy greatly in valne being ueed iu dis-
erininating vorivlies, specics, genera and Tamihes, the valnes dependmg
ol relative persistonce of oecarrence.

2. Nutvree of liinge. Tt 3= essentinl to observe whether the binge 1=
atradght, the two valves fitting evenly, ov whelher artieulation is by overlap
ol the more or less townded domsal edye of one or the obles,

% Modifiration of the hinge Modifieatinne such as interoal denticles
(Cythiovidie) o extermal interlocking processes { Wleodepullidm) are 1m-
portout and slinull be carvefully noted,
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4. Overlap of edges. Studying entire carapaces, it thoold be observed
whethier the valves are uncqual or squal and when wnequal which valve
overlaps the other and whether the overlap is mainly or wholly confined to
the dorsal edge which 1s rather rare, to the ventral side & more common
oecurrence, ot takes in the entire circumferenon, one valve being set into
the other. Buch modifications are usually considered of gencerie and
Tamily 1mpartance.

5. Surfare characters of valves, Ilere it shonld be obscrved whether
the valves arve simple, smoothly convex, or develop terminal spines or a
border at the contaet edge or a false border which overhangs the contact
odges. 'I'he false border may be aimple or developed into & beoad. radially
Timned frill. This £rill may be a eimple flat plate or may be convesly bowed
to form a marginel chamber benoath it, or it may be modified in various
other ways.

0. Yobation of valves. (Jood generie characters are found in the loba-
tion of the valve. In the simplost forms there is a small subeentral depres-
sion or pit (probably always indicating the aftachment of the addurtor
muacles} which may be prolonged elil-like o8 a suleus to the dersal edge
o extended toward the ventral margin., In other forms there is a node on
either side of the pit which may be modified into leng lobes. The lobe
posterior to the median snleus iz designated the median lobe. This may
be defined on ity pesterior side by ancther suleuz thus separating n
postrrior lobe.  Anterior {o the mediun suleus is the enterior lobe which
is often agnin divided by another sulcus. These three lobes are prosent im
one form or ancther in practically all of the Bevrichiacea end vuriakions
in their development always wlford good specifin charsciers and oficen
distingnish gemera. Any or all these lobes may be prolonged into spines
dorsally, The confluence of the lobes or their immersion in the geperal
gurface by an increase in convexity of the valves or their breaking up into
greallor nodes or ridges are all to be noted und are of varying importance,
Fxcellent examples of these features oceur in the Klmdenellide and
Boyrichiidee"

 Uirlch, B. ©.. and Dassler, KK, 8., Kevinion of the Reyriohiidaae, Proe, U, B,
Wat, Mws., vol. xxxv, pp. 277-240, 1808
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Y. mmface arnsmentation. Az a4 rale reticulation and other forms of
surface ornnment of the valves are not of peneric nnportance but are
alwave useful in speeific determyinations,  Creet-like 17bs Lraversimg Lhe
surlace irrespective of the lobes, ot crowning them, as in Sleusloffia,
Mastigebolbing and Steepula, are conunomily regacded as of Ligher value,

5, Sex ohwraeters. The presence or absenes of o separate pouch-like
swotling regavded as a broad chamber £or the development and prodectivn

af the Inevie in many of the Beyrichiacea 8 cogarded ng o generie character,

Srparicitarnae Occunnescr, 0oy aNo CixTens oF ThivRiormuwr
AT THSIRIET TION

Muny species supposed to be Ostreceda have beow deserilbed from
Cambrian rovks, but reeent unpnblished stodies show that all of {hese are
bivalved Beavclitnpody sl pessibly true Conehostraes,  The oldest of
the formsz atill pdained o the Oatracods are membeors of the family
Leperditiidie whieh also may bave to be romoved to some other arder,
IMewever, a3 Lhe Teperditiidae are the only known group of Euerustaces
from which the troe Ostracodn might have beon devived the moest logical
wonrse provisionally is to leave them as hitherto, numely, the finer family
of the superorder Osteneadna,

Aveardingly, beptnning with the Leperdilitda: the Ostracedn malke ther
ezl appearanve i the Middle 4o Upper Canodian recks of America in
which apparently nearls cvpteal spocics of Fsochiling linve been found in
e south ceniral states of Tennesses, Missauri, Arkansas and Oklploma,
nnd in the Champlain Yalley of the northern Appalachian tegion. The
Lannae with which these ocour, lkewise the regions in which they lave
been found, snggest that they originated in the soull and nuddle Atlantic
and invuded e Awertean continental sons of the Lime from dwose diceo-
tioms, %o far vove huve been fonnd o Paeilic or Burepran depoesits of
Canadian wre. Dring the Ordovician the Teperditide inereased fu im-
portanee dnd extended heir range In vast, north aod west diteetions while
holding Lheir oo ju the south, But [ollowiog the Trenfun they seom to
have beceme oxlinet in the snothern witers; oo Leporditiida heing knewn

in any later Owlovielan or Silurian fauna cencerntug whiel anything

13
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like certninty prevails regareding its southern erigin, In the notthern
Atlantic and Polar Tegions, on the contrary, the genus Leperdifia attained
ita maximmre developmient both as to size and almndance of individuals
and species. Thia greatest development preceded auly a relatively ahort
tiwee the final extinetion of the family in the carly Teronian,

The oldest of the smaller troe Ostracoda are fomnd in ihe lower
Ordovician rocks of the Chazyan serics. They include Aparchitidie—
which probably weee direetly derived out of Teperditiide aud altained
their maximum developument in the Ordovician—and a great number of
primitive Deyrichiaven, The Aparchitide are west aboudant i ihe
Atones Tiver and Black Ttver fanuas that invaded from the south, are
entirely abaent in the sseeecding southern Oredovician and Silurian, lut
reappenr 1o medest mumbers in the Ouandaga Devonian and ecrtain Iate
Misgiggippian famnas, The family is wot represented in the Chazyau
faunas of the middle and ndrthern Appalachiang, but in the late Black
River itz most typieal representatives had spread to the Tolat zeas from
which it invaded to Miuoesota with the Decorah fanma.  During the
Silurian {he Aparchilide seem bo have been confined to the north Atlantic,
leuving a fmw representatives in 1he Appalachian and St Lawrence fanuas
of that time and were of them in the Wenlock of Bogland and the
Gotlandian of Sweden,

‘I'ne Beyrichiacea are alrendy slrongly represented in the early Chasyan
deposite, eapecially iy those of the southern Appalachian togion and in
the Simpsen fornation of eenteal Oklahormu, by varoos types of the rela-
tively simple Primitiidm and Bursehilinine, Though probably ariginal-
ing in the aoulh Allandic thess soon attained eosmopolilan dietribwtion,
being found in lewer and middle QOrdovician deposits in Nevada, the
Mismesippi Valley, the Appalachian regicn from Alabama to Canada,
Great Britein, the Baltie proviness and other reginns,  Hame of the
Inter snore specialized genera of the fanily apparently were of relatively
ghort duration and limited in geographic distribation., For instance, the
late Ordovician Joneselln scerns to have been eonfined to southern fannus
nf Eden age ; PHerauelle and Délobelle 1o northern invaziona of [ale Black
Thiver and Trenton aves ; and Primifdopse to the Silurian of the Baltie
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region, ‘The extraordinacy horned genuws Adechming, although firet de-
seribed from Siluriay species found in Evgland and the Island of Gotland,
hogan miuch «arlier in America where we find wn inelpient species in the
lower Ordovician, a typical Tepresentative in the upper Ordovielan, and
nt lenst one Silurian aud onc early Devonian species, The cosnly related
Pavaehming, on the conlrary, though also o widdle Atlantic type 1= un-
knowit in Europe, but widely distributed and represented by miny speotes
in vastern Ameriom,

The Beyrichiide alse seem to have origioated [u the south doring the
Ordovieian though they delaved their advent to the middle Ordovieian.
The Ordovician genera of the family differ from their Silunian descendants
in hiaving {he anterior lobe divided, making them quadrilobate instead of
trilobate, alse in Incking the brood pouch which genetally distinguishes the
feannle in the Silnriagn gemera, Tt 35 interesting 1o uote that in the de-
endenec nf the family, which Lecanie Jargely extinet in the Devonian and
entirely a0 in the Missiesippian, at least ooe of fhe genern (Tolling)
reverts to the primitive guadrilobate stage. Others are so much like
iniddle Ordovieinn epecies of Ctenobolbing and Cerntopsis that ene is
left o doubt whether they should e regarded as sarvivors or as
veverslonaty new developments, Ordovieian Beyrichiide occur somewhai
sparingly in northwestern Eutope but the more prominent of the Amer-
fenn geuern, particularly those associated with distinetively southern
fannas, are anknown there. Direetly the opposite s true of the Silurian
ReyTichiide. These nre exvesdingly abundant sod vuried in structore in
northwestern Europe but exceedingly rave in American Sluman faunasz
that invaded from the sonth. Even more umerpecied is the fact that they
are wanting also in the northern Silurian faunas. DBut all ostracods are
practically wauting 1o the Silurian of intetior America rxeept in those
faunae that are definitely Jnown to have invaded from the Atlantic side.

I'he Silurian Atlantic invasgions gave us the execedingly prolific astraced
thiene of the Appalachian region which are deseribed in thie velume. 3o
far a9 known it wae only during the cloging stoges of the Clinton thal
these Atlomtlo invesions cxtended wosbwird inte intervior arcas that
commonly were snbjected 1o albernating northorn and southern invasions,
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The most dmpeclant 1L not the only well-estobliehed instanees of such
westward extensions are (1) the comuingling of distinetively Adlantie
oebracods like IHzpgoplesrn and Parmokoine willl uooelly soothen fypes
of hryoroa and ullier classes of lossils o the Tochester zlnle of wostorn
New Work: (2) Lhe extension of the fanng of the Heslipobolling {ypus
gome 0f 1he upper (licton in oneontamionted condition from sonthweslery
Yirginia acress Keutucky into sowthern Olio where it 38 confined to a
delinftcdy limited formmtion known as the Alrer formation; end {43 1he
similur cxtenzion of the Lrepanelline clorle Tuuna at the top of the
Clinton to the ssawe part of southery Ohio.  As the conserned fnuual zone
i wanting in Virgimia, e latter invasion of Ohio muost lave fallowed n
dilferent peetl, Beitbently it teroed more diveetly westward [rom Penusyl-
vania of Marylaand,  Another interesting featnre concerning il 1z the Tact
thal wheress Lhe Drepune!ling fanon vooors inon shale formation with few
tn many thin layers of pure mestone in Maryland and Pruneylvania, in
Orhio, on the eoutrary, it is fonnd moa slightly cherty dolomite known s
Lhe Basher meember of the West Union formation.

Lake the typeal Silarian Beyniclaide se also the Zygobollida, the
Rirklyilm and the Bledenchide of the same peried, sto almeosd eutirely
conlined to fawnas that must have invaded Amencn Irom the uerth
mitldle Atlantic. Many of Lhe genera of these Tawilivs ure sngmested or
represetited by primitive types in the sonthern Jower and middle Ordovi-
vinn fnwnes bt only Prepeneifs, whisl is prooninently sonsidered a5 «
proballe ancestor of the Zygobolbide, appears in any post-Ordovicim
soatheen fawna, After o long abeence [Foan sauthern [unass, lasting
theongh the upper Llack Tiver, "Prenton, Kden and Mavevilbe apes, Lhis
wens repppears with o sigebe well-marked species mo e Jower Riclnoond
nf Ohine The same speeies nvcurs ulse in the Tower part of the red Juniata
atnl Bequatelie formations in soulhwestorn Vivginia and Tenmessoe, sl
o red bede ol the sre of the Quecnston shale near TPoronte, Canada, So
far as known thore 35 1o conson to doubt the essential conlemporancity of
these widely soparated acewrrences,

The Crpridacen bogaen i the lower oy middbe Ordavician aud ave lived
ou to the present. They zerm nlzo to have attained cosmopelitan distobo-
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Lion ently in their histery. They may thercelore be expected in almost any
foasiliferous bed, but on acronnt of their simple, relatrvely characterles
<holls we oflen find it difficult to reuch encively satisfactory decizion as fo
(Leir epecific and generie relations, The Cypridacea probably origiualed
i soutliern seis by development ot of dpecekifes, In same of the lower
and middle Ordovielan species af Lhal genis there 1a a fendeucy to o rounil-
inge of the dorsal edge and it seenis but a step from these to Torms i which
the hingeuwent & made by darsal overlup of the valves. Besides the oklesl
of Lhe litler forms pre rolatively short aml this sre wwore pearly ecom-
parable in oulline to sverage Aparchitide.  Fioally, so [ar a5 knowi, the
Aparchitids preceded the Cypridacea.

Living genera of other families have been identified, maindy by Jones,
in Paleassic forinations.  Notable amuonyg these is Uytherelle, Cypridinn
nn Xestoleberis.

I'n a1l of these cascs Llte plain shells of the L'ulearoie epecies cerlainly
rosenable their suppesed living relatives, lnt when there ie nothing in the
futervening systemn ut all like cither, some doult as to the generie ulentily
of the Silueinn or Jater Paleoroic spevies and the living {ypes of lhe
geneed seeans pardonalble.

That unguestionnble Cytheracea vecurred alrendy in Palenzoie faunas is
not unlikely, I is probable, it only for the rewson that this superfamuily
is 5o woll ropresenled in Mesazaic and Cenotole [punpe tiat oue cannaot
well eseape Lhe convietion that the Mezozoie [orms were descendants of o
previonsly well-estallished tribe.  1n auy event thére are a fow, mostly
undeseribed, middle Devoniau species and othore in the Mississippian and
PMennuvlvaniayn thal fit bot poorly in the Kirkbyidm aud clrorly forezhadow
the Cytheracen. Acennding to present informution and refecring only lo
drseribod spevivs the Cytheracen were derlved out of relatively sanple
Kirktwide, Tke Youngiella, wul these ont of some <imple pomitinn stock
like Primiticlla,

From preceding stateinents certain gouerslised conelusions may he
deawn,  In the fivst place it seemns veasonahly ortuin that the Uztrareda
originaled i southern seas by developmeat shrough ealy Teperviifiide
out of Wsalved Branchiopola. Next, that in the midile and loter stages
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of the Ordovician a greal cxponsign of the superorder both as regords
variety of expression and geographic dislribution oeeurred. all of the
mnin Paleczeie families beiny introdueed o this period. Third, dnring
the middle Ordovician there seems to have Leen o decided ehitting of
the Ostracoda [rom the southern scas to the nerthern, This was aceom-
pamied by considerable changos in type. Thus while the Ostracoda of the
Stones River and early Wlack River fauuns, which are of southern oTiging,
consist mamly of Leperditiide, Aparchitide and Eurychilimime, the
next succeeding late middle and uppor Ordevician depositz in Uw Baltic
regiod of Enrope and in the northern arcas of North America, which canie
in from the Arctic and uorth Atlantic sides, contain only [ew of Lhose it
ingtead] & larger development of primilive types of Beyrichiscea. Turther,
all types of Ostracoda save the Leperditide and the already cosmopolifan
genus Euryehiling are rave in the rocks of Trenton age in the Mississippi
and Appalichisn valleyz. Bul the succeeding Iithologieally sumilar Cin-
cinuatian depesils in the Ohio valley lack all Leperdititde and Euryrhi-
lining: and almost all Aparchitidm, whereas they sliow a great addition of
species clogely akin o Lhe late Black Tiver [orms that are fonmd in
Amevien north of Missouri and in the Baltic region of Europe,

In pusging from the Ordovicion to the Silurian fle Beyrichiaces mani-
fosted also a striking struclural or rather sexual change. Brood pouches
were only very rarely developed fu Ordovician geners and the few Ondovi-
cian instances of auything compaxable to those ponches are confined to
species of Kurychilina. However, in the Silurian representatises of the
mperfamily brood pouches pre gencrally developed in what we take 10 be
fertilized females of nearly all the Hevrichiide and Zyroholbide., The
pouch was adopted at this time also by ull of the surviving Emvehilinine
and occurs even o & Lew of the Prumitiide, notably in the new Ballia-like
genus Boldibolles, o fret, the common occurence of porehed Beyrichi-
uces may be accepled ns o rensonably positive indicalion of the Silurian
age of Ustracoda so provided, A cleurly recognizable brood puuch is
tetamed by ouly a few of the Devonian Beyvichiiday, particularly Tre-
posgells, and seems to have heen abandoned iy all othier ostraeods of this
nnd subseqiteni periods,
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e nhuoost total abecoee of Ostracoda save leperdific in the North
Americn Silurian faonas that invaded from the noeth and the zonth in
ooutrast to their extraordinary abundance in porth middle Atlantic faunas
snggests a fourth conclusion, namely, that the exclusion of the ostracada
from the Gulf of Mexieo 1u the south and the Aretio sea in the north could
have heen bronght about only by the development of physical barricrs
wlich prevented froe commmpication with the middle Atlantic. And this
harrier lasted with but a single known and very brief interval until the
Onoudags invasiou from the sonth,

In the Vevonian period the goneral aspoet of the Ostracoda changes
markodly. True Leperditide have practically dissppeared, ouly a [ew
stragglers occurring iu the lower beds of tho Helderbergian, The Bey-
richiidae have eralved inle new generic gronps with a quite diflerent aspeet.
The hitherto poorly represented genem, like Kirkbya, Octonaria, Thlip-
gura, ete, now muke np a considerable portion of the total number. It
appuanrs Lt the arca of develepment and dispersal wie aguin shifted back
to eouth and niiddle Atlantic waters. The general aspoct of this ostracod
founs was not materially chanped until the elose of the Missiesippian, In
abundance and varicty American Devonian ostracods are in contrast with
those of Tonropn becauee the tatter ave 5o poorly devaloped.

Except ns sporadic cceurrences the Ostracoda are sbundant in lhe
Mississippian only iu a thin zone near the top of the Kinderhook stage
and in the Goleonda and (Glen Dean [ormatioms of the Chesler series
It the Pennsylranian a sumber of types not hithorts scen are introduced,
the natehed Cypridinoids, primilive Cytheriidm, and numerons Cythercl-
loids, At this time also & host of fresh-water fore are introduced —the
first knuwn, By thiz tme the warive Ostracoda have become sq cosme-
politan that the leens of their development can o longer be traced. In
suceoediug time the resh-water forms beecome more and moce abundant.
They are frequently fomnd in the Tted Bede of the West, and layers are
often almost made up of thow in the land deposifs of e Cretaccous and
Tertinry.  Although a [ew can he deterrnined ag land forme, many others
nee g0 snnilar o the marine Cypride that on their own evidence it would
lie almost impussible to decide that they are actually land forms and not
marme,
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The marine Cretaceous and Tertinry ostraceds consist ulfunst entirely nf
Ortheracea and Cypride and the goneral aepuet of these 1s very eimilar
i the twp systerns, the difterences leing only specific. A large numbey
of these has been deseribed from Furopon deposits of these ages, paclicu-
larly [rom the Puris lmsin of Franoe nnd soutlrn Fuglond and the
Vienng basin of central Euvope, Some of the American Tertiary marinn
representatives have been desoribed in the Murvland teporis hut mnny
others from the southem Constal Plain reinain to be descried.  Howover,
the host of Cretaceous speciss known from American depozite are whally
untoveled.

Similarly htthe diference can e dotectnd between Tertiary ostrocods
end Lheir modern descendants, although on scconnt of the fucilities for
stadying the snutomy of the soft parts [t has Jeen possibide o distingmish
many getieru wuong the bring lorms thal cannet be cortainly derermine|

mowng the fessil forme.

CLASPCATIoN AND Disaxests 0¥ PAnEnwsTo Dsmaicens
Family LEPERDITHDAE Joncs (restricted)

Extinet, thick-shelled ostrucoda of congiduralile size {370 mm.} ; shell
stwonth and glossy, of very compnet steuctnee ; valves mory or Tnss muequal,
one overlapping the other om the venteal vide, naually with eye tnberele,
otherwise amonth or with two or three low nodes in the antero-dorsnl
quarler; wuscle spot reticulate, flat or elevated; hinge line straight:
anterior and poslerior ends oliliguely truncated or rounded and neither
gaptng nor exosed.  (Fig, 13,)

Genus LEPERDITIA Rouault
Shell suboldong with an obligue Yuokward swing, nsvally lazge. comn-
nwonly exceeding & mm. in length.  Ventral edge thiek, formed by the
overlap of the right valve. Valves strongly anequal, the right the larger
il widely overlapping the ventral tlge of the 1ell; hinge simple. A
small tulerele or “eveapnt  js genetally presont on the sntero-dorsal
fourth while a large vounded subeontrally situated mosenlar imprint is n




UWT, S[IIAYEE . Daogs

—ouat[ (sloqae) wergsenolp  cds or sk upapse g adiipous
RPN UIBAR A TS o ST

B SEI] [T US0]OT DIULL §1ErgIng Ay pdeosd dunpos] of RIS

SNU3T w3l Y113TI044¥S “nusn

.H_..._...m..._._”_._._.m .._._._m._.“.”_._..‘._u_m.__.qg .,..—n”_.._._“”_._.._ T T qawﬁ.nmmﬁ___be_m..m.ll.u._m__‘mw_uﬂbh__
SO0 L0 ] LA SULLIH0S GRUEIE  CaA[Bs JIELT
arja o adpe pap@ae Autprodsarion v 4q paddepaoso srqug eere Fodopz v

TR R JAETA CanOla AT REAIETRE WY REY Y
dE T Fenthe pagdefiog wlloouadl go aapma gpe go o opdoerss gy CWnied A magea ey i
“AErEy] AT SEl0sa ] {ROTUSLT Y UHOFAG O i
alth WAL aya 40 paddbpraid #] gappae s Supdeis Buiminp ST [UIDREI C3A MA R [ SGRA
aflpe quipitay g lEpRAG AN WS 00 BT W PeOnIedad eaa[du 0wl g0 osdls pily 4 cwula
hm___u: 200 SAA[EA dal]y Aty MELL G Aladgpp lul e U Saousdinassd  ARjo [HIM o aEs
ARIU[ “hely nle HUpedgs Cptp o Cddaangagy Ry SEepycnel 1o sA)EW JFRT TR BRLO[ TUAHRAeE] g
RGO SUHIUEE] {Jaafi ORI ) UM ACTa  EAA[HA
any o dwvdduprase aopun yoiessad ogowc aselaul awipy cwiSmen enas £l u:.—ﬂ_..m EfppaTad
PEULIU] [0 5338 O} 9 UOfeSaldir] MOlmoyl 'E o< “ma[Ba JEID 3] 40 LeLLTjup Ripp pROIEE) Y
,_.:_Ehn.a...? anres ary 10 whelh i8pa DaIN3A pNT [EaRY I003H0T BT RATTA JOAIL LIALE[ M)
0 afpe [Erluas FURDIR Loat MISLLATELNYS J) PUE 1008 a8 agl ‘and afoup agg o Supeagsg)
“Tox ManoTy sapmuent vepepeadacy po somdmi IT)A K fo- #NS TR CT JIUEROY Dl ket -oag

AU LIRS ATIINVE AL “-._?.u._.._...rha.m.r..__.:.l.ﬂ._” .C_”r.n._”

8 L

I

§[ AJAL3 BA[BA 1fR] A3 UTypk A37)ERT o] deadsnd Aua T eIl B0y 0] Wk

I thRIaAG JOU Op SuAEA M AJIOTIAN 1B plosxe wripradary s30T
sauel YNITIHDOE] souath
URTIOAS] ATLUR CHRIPRIRE  HUBNO] g mppaadeg—adfijeuan
TTLIERX O] g

LISTR AL ,.__ﬂ_..“_.._w.__.._.._”_r._.m_..._._._.*,w_.m_ ST ALIer _.”:._..._" JDTAHALL 1)1 T ALY Be] PAMIRIIE et

i AAMLOG IVOIDFIOAT) XV AIVIT



20§ Pavpozole OsTiacopa

Family APARCHITIDAE new family
Simple, unsulcated, smonth ostracoda usually larger then the fverage
size (2 to 3 mm.}) with straoght hinge e and thiekened, often channellod,
free edged, the edge of vue valve sometines elightly avertapping the other
venfially. Dorsal regiun olten protrading over the hinge tine, {Fig. 14.)

9

6

\

5

10

Fro. 14 —1LLusThaATING wilk FAMILY APANGHEII0F,

1, & Erperditefle Tlrich, 1 ol ety valve af Fepprdivelly iafate Olrheh, x 10, 2. Imterler of
3 largr el valve of dhe sime speciew, » 10, showiee ihe towrgine] Froove Ints whick the freg
_wdgre of ﬂl;@t walve Ot Owdoviclan (Blsck River) limestome, Wigh Bridee. Bentucdtr.

T Keleridiclls T E Kxterior of right valve of b groctrpe Brbmddlells rossimerprmabs
Ulrich, = I, rbowing tbe brosd horder god the gibbons dotl region. £, 5. Damtering s
viewr mnd iulctior of valve, x 99, {Mowritiie (b wores fhlures  Ouidoelcien | Hisck Nives)
Hmmttane o T incovss.

83, Fridscanchs new pomm.  0-f Eridessncka slofodder 1L i dutinguished be ity rouwsdad shape
wml few baods, the owter sriw of which s #imply Impremed Jwer. 6. Gne vaive 1Y right)
af an erdie spectmes, 2. 7. Deral o view of soop, wilh miwote snlens I povea)
tatdy of valren. 5. End view of mng.  Bisok River {([leorsb) shales, 81 Poul, Minoesnes,
0. Talre of Eridecomeha rugess © 6., the wenolype, = 20, Aitingdshed by ila drmmeverse
form and cmoerons stightly elevaled mmoentric rlham  Mavaritls (Corrrwillel  divfadem of
Lt rdmeiring AL Clueiwmaty, Ohie,

1912, Aparchites Jonea 10, Exterlot of vubm, = 1, 11, 1% Asterior end gl ve-tral vies of
an enlire exmople of the genotrme Adpsrodifer whilanees Jonm, % 10, showing valves with
Hilckrnod adgn Ew.rr, oot u'r'arlnlnain;. edoviclan (Teentim} of Manitelm.

13, 14, Mamperchiter Tlrich xnd Basaler,
umerpay Titcich and Baslor 0. Tnborlor of rlgld valve, % 20, showdnp g Year nockaee
far tecertion of edges of ppposite Valve, Trppnr Carboultorems of Fanaes

9. Txterior of alva, % 80, of the wenobepe Pammmrihibes

Genus APARCHITES Jones
Shell not exeeeding 5 mro. in length, equivalved, rubovate or obleng
htnge strnight, ventral vdge thickenod, often berelled o channelled ; sny-
face convex, mostly in the ventral half, amooth.

Genalypr. —Aparchites whitpavesi Junes.  Oydovidian. Silorisn.
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Genus LEPERDITELLA Ulnich
Similar to Aparchites bul the left valve i< larger and has s groove within
{ts ventral border inlo which the simple adge of the right yalve is received.
A munre or less obseure broad depression is generally present in the central
part of the doreal hall. Length 1 to & mm.
Renvtype.—leperditia inflate Ulrich. Ordovielan, ? Silurian.

Gengs SCAMIDTELLA Ulrich
Trnwnlcated shells, 2 mm. or less in lougih, short, subovate, broadly
umbunate, most convex in the dorsal region and pinched in ventral slope
right valve overlapping Lhe left along the ventral margin.
Genatype.—Schmidtella crassimarginale Ulrich. Ordovician, Silarian.

Tenus CRIDOCONCILA néw genus
Small, apparently wnequivalved carapaces with comeentric, simple or
rugose bunds or rows of punctn, regembling an equilaleral pelecyped or a
leacliopod in shape amd markings.
Genolype.—Nridoconcke rugose n. wp.  Ordovician, Sihurian,

Superfamily BEYRICHIACEA
Family PRIMITHDAE new family

Molutively simple Besrichiacea with nudeiined o well defined median

galews or élmple snbmedian pit.  (Fig. 15&.)

Genns PRISMITIELLA Ulelch
Srmall straight-tacked, equivslved shells with a broad undefined median
depression mainly in the dorzal half of the valves nnd wilh marrow border.
Genotype.—Primifiells conxtricia Ulnch. Ordovicien, Devonian.

Genus HAPLOPRIMITIA new genus
Jiistinguished from Primitia by the absenee of a horder along the free
edge of valyes and eccurrence of n gimple slit-like furrow in the doreal
hnlf.
Qenolype.—Hoploprimitio (Primitia) minutissima Ulrich. Ordovi-
vinn, Devonian.
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P, 15 IMLEUSTRATING THE FAMILY PRIMITIIDE.
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1, Primitieltu Tieicl. Bight vahi, of MPrisitialls cometrieta Ulelalic 990, didwlig lhe rhiardetes-
Intle brood undefined meslal depression.  Bleck Wiver [Dieoridip slhides, Minieupoliz, Mine,

& Huploprimitie nrw poius.  Toft vabor ol Haplepeimatin (Moot meicttesa . Ulrlel. 204,
Haalratiog absence of boavder and eccurernce of slinple siclive forrow in dorsl half, Tlack
Miver {(lwocili) shales, Foolain, Miio.

L Peimithy Joncs and Moll  Right wwive, % 30, of Primitie sinctnegiemsis Yiller, n tpieal
:J—:!rl af Ut gosime with Lhe Tow node feaficated an the posledor side of (he curved salcus

aply Hilorlam (Michoends cshale of southaestern Olie

d. Lapeoprimitn new peaus Ll vilve, & 30, al Laeeoprpnitg { Primilia) cenbralin Ulcloh shew-
bg ches clatduteriaclc sngle, simpjc, sbeYrolar Mi & Jittde alave the midiscight, sod the
boader, thdavirisa {Torwtan] Jngetewe, West, Day i, Kenbncicy,

b l'.'urﬂn'h- raw gepws,  Hheht valve of the [ype mprelo, Kweedmito | Primindg) ssdctipadc

ey, awd mal crw of extire urapece, eahibil e abmple sk e dowhls
P el el et et e L I H i s S I

[ B ejin Tiire i m a ol bl refijerm LUlriok, pemidype i e
rrmreely Tethulste surfere, the lroil suless sod (M bk bocder.  Devosien [Onowdsgs)

7 r!:":r': P'Eﬂm'nun' f the

: - (fiap-r vex, sirwn a ErnnEyre  Mrimibepels plonifroms Jowet, « 30
T Minle beft vube, o« 30 58 Keterlse ind inlsThor views o un'irnnrr et valse, = B4,
shiaving Mo and jeomichon of D] ek, silara, Jalasd oo i el

T feehin Jousd  Lafl valre, = 30, of [Erichin cowmdi Jined, shoWing s well-developed node aa
earli wide ol & warcely visiple sulons, Niddle Devonian shales, %u-ﬁl'l\:mﬂ:r Debarria,

1108 Mol Jewes maud proll. 17 Higed velve, = 00, of Mefla Sicolling Jones aivl Tloll sowing
ihe cantral leon wid the smrgion) odge,  Silurian ot Wenbick, Baelowd!, 12, Right velve
o Halha meguls Jotes, © 30, slusiing g diflerant expraplay of ths peise, - Devonfzn of
Western Vayrland,

Lh, PMacentnla Paven gud Tiall, Yobe, enlarged, of I’!uﬂnﬂmlu eemmpnin Jrooew and Thell, [Hestrel
111llu"tl-rlm Lt Lo Badhia bl the leop b @buller dn frosl ol Lhe widder. Kibtrion  of
inglnnd,

M, Janinanlla lLIl‘II'TI. Riglt vahve, = 18, of Jonseeiin mﬂ'i\'dwﬁmt'ﬁ Yielub, with shaensbsrbdle
cuapn| ﬂﬂfl‘ an the metetior porclen.  Ovdavieinn (Fdao) shipdes st Cincinnatl, tio,

W PHeraneln Uleleh,  Xiglhc ¥alve, w20, of Paeramalfo iesenie Uleled,  Oilovician  [Ahek
Hiverk shales, Minneapolls, Minm.

16-1K. NedbibpiTin new genne, Views of ghe rﬂ-‘ﬁ_‘l i frofhibiallin fubraan oo oapo, % 90 16 Tk
valve af female Tnx;;m rhewing the bread poo 17, 14. Taght valv of male and sdze view
af same.  1n this spncics Lle sukelike Ioog Te smill sl Bw wwl (b gxle ja nblique: trthe
Iitigu Tiwe.  Tie caniinal sngles ste very obtu.e soul u chich falm barder orcirs nround Hre
varilral lall.  Milurisn fAsiiroslinn-Tepiter Wiveir], .F1u|||u-n-, Iwlind of Niwplepstl,

10-%1 Aedmming Jonew and 1l L#-21, Raterl, omd and wenered viewn, w ML af Eehmina
righaiendenels n. o, clwely allied o Nepmioa bardna Jones bt |onger and 1acks Lie saml}
epdned o0 ke veriral eddge o valvow Early SOurlay  (Michenowd Clkbern) Rickmond,
Indlama. 24 Loft wploe, % ¥, of FEehming mupidets Jemes ang Hall, showig: the
witrerdliaty devslopavehl of the spime.  Devoilan (elderiengioni Tunedone of Wetrrs
Maryined 2. Left vabe of the weuolrpe Fohming bevine Jowes, ¥ 35, wifh mergim) mow
ol wpimes well developed.  Biloriew | Wenborik | Enaglaned,

Y T P e — mt,  Right wloe, ¥ B of Posecbades | Mobeieg) spisess 15Dl the peoo-
g, llipdrating the charicterbcle shige aloue fle frer slgs, the spins sid the pH ear
i b, Milwrisn (Bochesler shumie) Lockpor], K. Y.

AL Awrenstelly v proos.  Exierel, end ool venkml views o the prantrpe  deronatslls
Aideler nosp, = 30, Bacly Elierfas (Ristnoond-Kikkearny HEChmand. [nat

£ Flobella Ulrieh,  ¥alve, o 20, of Filadeiln typa Wirkeh, iparating ihe teg (aree subewoal

S separated Wy 3 desp subieptial solow. Ordoviclan (Paek Stiver) sbmies, St Paal,

finy

B0, Awrvwlelin Jones.  Yaho of Bursuleflo {Fanruiesls Jones, = 80, Ariurlan, ldand of Jottand
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Genos PRIMITIA Jones and Mol
Dristingnished from Primitiella by having & well-tnarked soticentral,
usually curved solens with undefined swellings or low nodes on one or
hoth sides of if instead of an undefined depression. A= a rule also the
valtrs ure shorter, the outline baing wenerally move ovate,
(fenotype —Primitie mundula Jons  Ordovician, Permian.

Genus LACCOPRIMITIA new genus
Valves with s berder along the froe edge, & single, simplc subeireular
pit a little above the mid-height gnd without surface nodes. Otherwise
a8 in Primitia.
Uenotype —Laccoprimitin (Primitia) cenfralis Ulnch.  Ordovician,
Carbonilerons.

Genus EUFRIMITIA mew genus
Like typical Primitin excopt thal the carapace lias o sinple suleus,
telivulade ormamentation and an elevated false border around the [ree
edge of the valve, making n bicaneliculate edge in the enlive cloged
vATapIce.
Urnolype —Buprimibia (Primibia) sanclipauli Ultich.  Ordovician,
Silurian,

Genus WALLIELLA Ulrich
Like Buprimitin bui with hroader suleus and very coarsely reticulnte
surface which rises fo grealest height in antero-dorsal quarter. Thick
double horder.

trannlype—Halltella relifare Trich., Orlovician, Devonian.

Genus PRIMITHOPSIS Jones
Oblong, strougly convex, borderless shells with a sharoly defined bot
émall, deep, subeentral pit and reticular evnament.  [u the female a ralher
wide internally concave and distinetly smooth area along the posterior
side repreeruts the brood pouch, Femnle, therefors, piuch longer than
the male.
Genatype.-—Primitiopms planifrons Jones,  Silurian. Devonian.
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Gernus ULRICHIA Jones
Diiffers from Primitin by having a sharply defined node on pach side
of the mlous, which in this ease iz scarcely impressed.  Oecasionally olher
nedes are present on the ventral half of the antface.
Geroty pe— rtchie ponradi Jones, Ordovieian, Dovoniau.

Gepus BOLLTA Junes and Holl
Distinguizhed by a eentrally situated loop-like or horseshoe-shaped
tidge, the [rec upper extremities of which are often bulbous ; & more ar less
complete marginal ridge may be present or wonting.
fenvtype,— Ballie wniffeea Jomes and Tlall. Ordovieian, Carboniferons,

Genus PLAGENTULA Jones amsl el
Probably related (o Bollia but differing in having the * loop * generally
in [ront of the center and close to the dorsal margin.  Asa rule a rim-like
ridie parallels the onter horder of the valves.

Genotype.—lecentuls ezereata Jones and Heoll,  Ordevician, Siturian.

Genws JONESELLA Ulrich
Binall chlong or subovate horderless catraceda distinguished by o hoTse-
ghoe or 1-shaped tidge on the posterior fwo-thirds,
frenntyne.—Janesells crepidfformis Ulrich, Ordovician, Silurvian,

Genus DICEANMELLA Ulrich
Distinguished [rom Ulrichin in baving one or hoth nedes developed
inde long, horn-like, diverging prominences and vanally with g bropd frilk-
like wrder along the free edge of valves.
fFenotype.—IMerarelln Dicornis Ultich,  Ordoevician,

Genus BOLEBIBOLLIA new gennz
Like Bollia but males and ferales distinet, the lotler with broed poucls
fenatype—Bollibollin lolrosa no sp. Early Silorian.
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Genus AECHMINA Jones and lieil
Straighl hinged, simply eonvex ostracoda withont pit or suleps and
lelkaliun conlived to a single, sometimes cnormously doveleped horn-like
prrocesd,
Fenatype—A el mone Doving Joues and Holl, Ordoviciin, Tevouin.,

Genus PARAECHMINA new genus
Differs fevn Aeehming in Laving o well defined ridge-like elevation
aleng the free edge of the valve and tu the development of a pit on the
posterior side of Lhe baze of the spine.
trenotype.—Porechmina (Aechmina) smnosn Mall.  Silurinn, De-
VoniarL
Genus ACRONOTELLA new Renos
Sirple, yubordered esteacoda with lung hinge and produerd dorsal ox-
tremities, vrossed obliquely by o sharp sulows dividing the larger. evenly
sonvex anterior part from the smaller mavw comipressed posterior alide.
A low nedo jusk beneath Lhe middle of the sulens and beneath this and
ploge to the veutral edge, o thick sploe,
fronatype—Arranatelle shideleri n. sp. Harly Silunian.

Ganus DILOBELLA Uirich
Subovate or smnewhat reniform bilahed shells; lohes very large, sul-
equal and almost completely separated by a deep suleentral vertival or
ablique suleus.
Uenotype.—INlobella {ypa Ulrieh. Ordovician.

Genws BURSULELLA Joucs
Small livglved carapaees (pussibly net ostracodal) with more or Jess
triangular equilateral valves whish have ond or more horn-like prejections
on the ventral edge of sacl valve,
fromutype.—Bursulolle frimngulars Jones, Silucian,

Subfumily EURYCHILININAE new subfamily
Large Trimitiidse with g broad frill along the ftee edge of the valvee,
(Tig. 16.)
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Genus EURYCHILENA Ulrich
Oblong or seuielliptical, long-hinged aliclls Iaviug o subcentral Primi-
Lian suleus, the posterior edge of which is olten raised into a simall rounded
node s [ree marzine provided with & wide, usually radiately plicated, frill-

K1, |6 —IIILUSTRATING TIIE SULPAMILY EURYCITILINISZ,

1, 8 Ohilobodbiie new pends, Lol vulve, 3 15 of the guookype Ghitabolbing ¢ Primitint o e
Tormpnw, Alinwing the male and female Toroe reapectively,  Oedovlalan (Kuckers Jamip-
Lismi )y Kuwkers, Torlborda.

4. 4. dputobelliian e graak. 3. Mole wmlve, =22 of vhe geaotyps dmdoboiblep grpfers b, AR
Ahwi i emives sueface wlthoot saicos, 4, Right valve of female fomn, = 1B, ilustesting
charatier of Baoed pouch. Tpper Olotes (Wastfobibime fppue sooed newr Hollidays:

Tatarg, T
- J-‘“"lﬁ‘aﬁl’l‘ﬁ Ulrich, Latt vatve, = 30, of the penatype Kurpodilling rofimalads Ulehdy dllosbmt e

Th# pllots ond Dieaie e The s3lve and bee wilde fril)dikn hiwder. Ordrvioian [Mipes MWioer-
Tiegmtah sbinlpa’, I"Mmare Cn,, Mizw,

f. dpmtoshifiag oew gerus  Tefe vaive of fhe yie dprrachilisa (Lurpeliiingd obvm LUldcoh,
x 18, with merm, gud oods wantine. welan (Ui BivsdLuwwille Vicwesboned, Tigh
Bridee, Kantucs

T. CalachiMmg wow groos,  Bight wlve of the genclype Culoshibing (£arpebilie mgeaiie Wirich,
“ 15, =Hh slemis suicne dnslopesd.  Ordovicas (Sloe HiverDebwoun  lisushons),
Reblge, Kemoriy.

like border curved on its vnder side so g fo [orm a concave arca areund

the true contaut edges of the valves,

Gonatypo,— Kuryckifing veftoututa Tlrich,  Onlovioian, carly Siloriaw

Genus COELDCHILINA now gonus
Carapaee similar to Euryehilina boe with only a siwmple suleus and lack-
ing the node,
lomotype.—Calechiling (Fwrgchiling) wpualis Ulrich, Ordovician.

bl
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Genug CHILOBOLBINA new genus
Like Cirlochilina in many respects but & loug avale Troad ponch iz
teveloped in the posterior throo-fifthe of the ventral part of the frill.
flenatype —Chilobalbina (Primitia) denfifera Bonnema. Ordavician,
Silurian.

Genuz APATOCIILINAG new genus
Similar te Huryehilion bt the node is missing, the Torder i= nat in-
curved, and the suleas is represonted by a dorzal undefined depression, the
surfaee of the valves wing more evenly convex.
Genntype.—A pafochiling (Kwrychiling) adeea Tlrich. Grdovieian,

Genue APATOBOLBINA pew genus
Iake Apatochiliun bt an oval brood pouch is developed in the female
it the posiventral half of the frill and on a part of the adjneent convex
nred,

Benotype—A patnbalbing gronifern n. sp.  Silurian,

Family ZYGOBOLBIDAL new fumily
Beynehiacea with lolate valves; lokes two, thres, ar four in number,
the posteriar the mest unstable, the anterior lobe divided in the quadnilo-
bate penera, the anterior and modipn ones eommenly brosdly or nannwly
confluent lelow. 1rood pouch prosent gs un added lobe or undefined
ewelling along the posterior edge or on the post-ventral elope.  (Tig. 17.)

Subfamily ZYGOBOLBINAE new subfamily
Curapace having an emaciated appesrance with oacrow lobes pnd wide
sulci, the pesterior Jobe weak and commonly obsolete. the anterior and

median lobes uniting below to [nem n thin U-shaped ridge.

Genue ZYGOBOLBA new genus
Zygobolbinee with posterior lobe present bt weak and the brood ponch
a well defined, acuminate-ovutn swolling on the onter two-thirds of the
post-ventral quarter,
Uenotype.—Zygobolba (Beyrichio) decora Billings.  Clinten
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Genus ZYGDBOLBINA new penus
Like Zygobolba but lerger, the posterior lobe neually neatly or quile
ab=olete. and the benod pouch of the female uwnoqually hilobed.
G onaly pe.—Z pgoholbing eonradi 1. 8p. Clinton,

Genus FYGOSELLA new genus
Similar to Lygobolba but the brood poueh ie a narrow Tidge-hike eleva-
tion paralleling the posteriar border,
t enaty pe.—Zygoselle rallate n. sp.  Clinton.

Frg, 17.—mrusATING TIIE FAMILY 2YOUNOTINM,

1. & Fymehoiba new Ttl'.u" L. ale Jell valve, ® 8 of tie petorype Eysohelba (Heprichiask
deverd M ey (Hovirating decelionment of Iobes, 2 Tol valve, essale of the egme speried,
B, shirwlisg the ovnle brood pooed in the post vewtm) sponrbar, Silwrisn [Jupiter Hiver
tnrivnfiom), faland of Ancleoai
.4 I{ vibullene bvw praue.  Hight vaboes of male sl feuale dorm, of notype, x 8, Tyao-
ofbled pomrgdi n. &, the Iatter Dluscoating the wocqually YWiobed brood poosh  Mishfc
Uheton [ Mstigcbolbing laty consl. Aradee, s
b B Egpamlila tew grews.  Lelt wahe, male, of the pewnizpe Zeyprsslin vallals n sy = 8, from
o Lpper Ollntos ¢Martipeboibing trpws sooe) ¥ slles east of Uret Crcspon, West Fhiginaa
£, Ladl valve, fammir, # 8, o Zugraclls moge n o, exbihitiog the maroow ridipe-Uike hrosd
ook penileilie The posterior bondr, Uppey (hutos [ Maseigobalbing typua some), Korth
of Willrrerille, Tirgimin
T K Konmevivia pew gemns.  Deft valres, wile, = B, and feouide, = 8, ol Doanewaie ridly o g
U'ppar Olindon  {Bovnermiy yedis wmz), Powell Momtsin, § mmiles N, W Scembille,
T druricmsre

Genus BONNEMAIA new genus
Vory large Zygobollanx with median snlovs short and the T-shapml
lobe thick, s posterior Hmb often divided in ite opper half by a short
postorior golos and the anterior Tobe wsually crowned willi a sigmaidaliy-
curved angular erest. Brood poueh large, {ndeflnitely outlived on the
iuner gide, sludted as in Zygobolba, in the pust-ventzal guarter,
(Fonolype—Honnesinia celsa no sp, (Tlinten,
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Subfamily KLOEDENINAE new subfamiiy
Ventrally rather obese with relatively short narrow suler aud more or

lesz enttfiuent lobes, the prsterior lobe usually large and thivk, (g, 183

n

P 15 —ILLTDSTRATING THE SURFAMILY KIEUe x5

L, B Plathabolbing new goe. 1. Small paefect vhedd valve, « 6 of the penobype Iothabolbing
tirpdealie n s.:Ip. 2 Large BIL wvolve, ¥ 6 pesallily representing the female. Tuper inlon
| Mpetigobalbing thpns sonel, Lokemsant, [a, oid (reat Cacaton, Wed Virginie

3 & Mastipobolhing new genus E Mule right valve, o 8 oF Moatisrhalbing tyms 1pr, asaniohe
4. Lefn valve of femalr, '« 8, nf the eénolypu Mnetipulbetblug typte 0. sp. Upper Clinkan
Chlawtigobintlanp trpua eooed, Peaawydvinin and Maryinad,

A Ftewalopla Ulrich and  Bousslec.  Lefl vajve whi pancdviee Stousinfe Neutessond (K nause,
¥ RGO, krebovigion drift of Novthero Hemminy Y

B, 7. Kbmdmalg Janra and Holl, & Lefl walve, male, = 18 of Nimdomie norreatiz o S P 11 1T
¥olor, demale of wooe, s 20, with brood poseh.  Sidseign (WY1l Cresk fovinudioe), Tnk,
Marylaod

B0 Wellst oow gewes  left ralve male ond plelt valee Bamile, % 12 of the FENOCH | W it
ebiigua 0. . Siluriun (Tonalowgy Mwectone) Waeters Mooy durd, )

1 1), Kpemmoder Jumes. 0. Talve of mials, sebgisthud, of Kpammodse wohidhornel James, the

wtvper fram the Devuninm of Devorahies, Disclasd. 11, Bight valve, fewale, « WA, of
wmmwesden (Flwdmain) biocel (Wenuee) fram the Bilupian Siifl of werlbemn (Germayy .

1% 13 Egpedgyrmichiz Tirich,  Male amwd femide lefe valven, = 19 of 2paboprichio remlripus st

n .-, {an (Tewoloway limesawe), Krpser, Weet YVirginig
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Genue PLETIHOBOLBINA now genus
Carapaee largs, obuse, primitian in aspect, tho lohes submenged with
only the median suleus cemaining ; curved erest on anterior lobe bacely
mdieated,  TFeniales differineg vnly in slightly greater fulluess of posl-
ventral part.
thenalype.—DPlethabalbina fypicalis 1, ep. Clindou,

Gueus MASTIGOBOLUENA new genus
Larpe trilobnte Klmdewua witl o ouirow postesior Iobe, 8 nuwel larger
apd irregulurly-shaped antenior lobe amd a prriforn median lobe, the
lutter tapiring bekow aud passing into a whiplagl-like cniw.-ld exlensiom
fhat {urus obliguely forward and wpward and then buokward sgain seros
the aitterior lohe. Brond ponch large, postecior in position, covering sum-
il of pretarior Iobe, its iuoer side sharply deflned by the posterior sulvus:

trnolype—Mastigelolbieg fypas 0, sp Clinton,

Genus KLCERENTA Junes and Hoell

Obwee carnpaes 1ike Plethobalbina and approsching the simple [orms
of Mastigobolbing i having both aoeding and posterior sulel gnd the
medinn lobe partdy sepacated aF o vonnded or snbuvate node; sulei sbort,
eonfined to the dursal half. Drood pouch well deseloped, large and zather
distinedly outlined, projecting hevond the ventral edge and most of it
behind the midlength of salves

ienolypo—Klwdenia wilckenviana Jones, Silurian, Duvonian.

Genos WELLERIA new penis
Similar to Kloedenia but the brood poneh forms @ low broad inwardly
undefined, swelling afTecting the ventral half or two-thirds of the valves
and projecting slightly berond the adge
Gonotype.—Welleria obfigqua n. sp. Tate Billurien,

Genog EY AMMOLES Joves

Sitpiler o Welleria but baving two additional shost gulel produeed by
Inpipient divimon of the anterior and posterior lohes. DBroed poueh
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strongly convex, sharply defined, very large, covering nearly half the valve
and projecting beyoud the burder,
tlenalype.—Ryoemmodes whidbornes Jones, Late Silorian, Devonian.

Genus EVGOBEY RICHIA Ulrich
Like Klodenia exeepd that the sulel are [nrger and the posterior one
extands bo the ventzal horder, leaving the anterior and median lobes yoked
together.  Whe brood pouch alse is widefined on its inney zide and larger.
franatype.—Zygobeyrichia apicalis Ulvich. Silurian, Devounian.

Genps STEUSLOFFIA Ulrich and Bagsler
Valves similar fo Klodenis and Bevrichin bat traversed by thin
alevated erest-like ridwes.
l;rnafg}pﬂ.—.?!m.ﬁn_ﬁ'i.:l (Beyrichia) finnorssont Froaose. Ocdovieian,

Subfamily DREPANELLINAE new subfamily

Typically quadrilobnte, the anterior lobe divided or hroken up into loles
or uodes, the median lobe {solated, the postorior lobe narrow anid pro-
lenged as a sickle-shaped ridge around the veutesl gide | rarely the posterior
lobo is completely sobnierged and the other twa lohes reduced w small
rounded snbeentral nodes. Hrood pouch clongste, confined to veutra] side,
(Tig. 19.)

Genus DREPANELLA Ulrich

Depressed convex. suboblong valves with & more or less complete, oftes
swkle-ghaped, sharply elevated marginal ridge, within which the surface
exhibily two or more usnally ieolated nodes; ventral edge fhick; breod
pemeh unknown, probably wanting,

(lenatype.—Dvepanella crassinods Tleich, Ordovieian, early Silurinn

Getieg DHEPANELLINA now gaous
Similar to Drepanella bnt the female is provided with o brand pouch
that uppeurs 85 an indefinite swelling ovor the ventrally conflnent ridges.,
Genalype—Drepaneliing clarki n, sp. Widdle Silurian,
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Cenus SCOFIELDIA Ulrich and Buesle
Tike Drepanella but with mediun lobe small and loeated near middle of
dorsal edge, and the auterior aud posterior lobes symmetrically arranged
and irrogularly triangular in for ; near the ventral edge a thick, sharply
ehevated bar-like ridge.
Genotype—Scofieldia (Prepanelia) bilaleralis Ulneh., Ordovieian.

G

Frz, 10—y USMATING THE RUEFAMILY LILPANELLRNAG,

1. 5. Merpmpholus Uirdels g Basder. Bight saleen x 12, mnale swd fronuie of ibe WOTFE
Meegmploluy hartiepl (livickh atnd Baseler, the lethrr shuwing ibe biood pouch maoiin
(Friderhenrisi-Ketees moembet), l"l.-hrmﬁ

ﬂ'wﬂ-& Elrich, 'Iminl walead, of the Prepunrile rrddrieeeds Chich, Opde
(".Ellhl Risver-Lawville Ihr!l.ww'i Tgh By 'I||'1-51II-|.‘lF14

- mfﬂﬁ Uirich a0d Pawler. Right (7} vadoe, = II. of Srofildia (Drepawelle) Blafregise
Ulrlch, the genetype, Ondotindan (Mlack River-Deeomh dale), St Pyul, Winn

. ﬂupemem new genod, O Wellpreseoved Hght valve, male, » 8, of che genulype Drapo
nolling abzcki 0w G Vbt vilve, male, B, showing the reemirhilacee bo frepaneila
v, Left valwe, female, « 8, thoning e vonbral Do posh,  Upper Olinkan ff?ripunelffrrd.
oferid winee), Cumberiard, Maryhod.

Genos MESCMPHALUS Clrich and Baesler
Campace obesr, the posterior Jobe complelely sulanerged, (he median
and anterior lobes reduced to small, ronnded, closely approximated sub-
sentrally sitnated nodes separated by a short pil-like salevs. Brood pouch
sausage-shaped, nncommonly prominent and well defined, located on the
veutral slope.
frenatype.—Mesomphalus Aarileyi Ulrich and Bassler. Early Devonian.




310 I"aneogoro (ORTNACODA

Family BEYRICHIDAE Jones (restricled)
Valves trilobate or quadrilobate, deeply sulcated : brood pouch when
present, very prominent, subglolular or egg-shaped, on the ventral slape.
[ Fig. 20.)

Fro, d—mrrsma?ing (i FAVILT METICDn.,

Lt Reyrlebln MeCoy. Fomale xid snnla wulven, = 18, of Hayrichin coronica W, sp. The Furmer
wilty che tasd Jis guret remsnond,  Upper Cllidan (Prepeceibing etarks zote), Weotern Maryland

Petradalin Urich,  Right valve o the graotvpe Tefradetio (Bmmrickin) gumEniiinady ITall mod

TWhitheid. drdovicien (Dlack diver feoal shaled, Minoespalic, Ming,

& Crempbolidee Uirlsh  Lelt wvalve, = 13, the gerobipe Clemobolbing cddate | v |
Qrdevician {Clnrmmation-Eden shale), Chngloaet], Didao

4. Cermpogaiy Ulrich.  Lefl odvm, o 20, of the genolype Deegfonsds chamberad fMifler). Omndc
vicimn (Misck River-Twecceah shadel, 5t Pasl, Miw

B, Nietowin Ulrich and Tawler.  Loft valie, % 30, o the geustype Kirsards {Feprickic] dimesta
Erdver. filuriay drife of noatisen, Cermeny

i, & Dibcllding vaw prave Wikl salces, X 30, male and fmsale, of the peroivpe Dibafbiss
etifutn v, wp., showing fiw eurface characters, broad friil mad im the latier, e hems
mlevieal, posterior Lrocd poteh  Slwrian | Tonoloway livenfmee), Hesuer, Weel Viowinis

. Nalhisg Uirich asd Pawler, Tl valve, = 90 of Ine gencdope Holling (Ctanboiiing) fuepdeis
Ulrkeh  Uevonian (Onoodars Lsserdote), Falle of the Ukla River

10, 11, Prrposelia Ulrfch sl Mawder, 10, Hichi valee, mabe, * %, of Froposelis {Boprichin
Byomd Whriea. 11, Lafl vabve, female, * 98, of e sibe speies, wilb the Brood taech newr
wmbddle of vencral edge.  Deinian (Qrercdsgs Uinesione), Fall of te Obds Hiver

il
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Genus BEYRICHIA McCov
Ihstimotly trilebate, the oddle lobe smallest, rounded and commonly
isolutid, the posterior longer bul also detached, PBrood peuch subslobniar
or avale, more o less posterior m pesiliol,

Genulype.—Boyrichia Mladeii MeCoy, Siluvdan, Devonian,

Gepus TETRADELLA Ulrleh
Valves marked by four or Jess eurved, vertioal ridges ventrally united ;
oue o hoth of the inner ndges somelimes duplex.
Genofype —Teiradella (Beyrichia) guadnrlirats Hall and Whitfield,
Ordovician, early Silurian.

Genus CTEROGBOLBINA Ulrich
Middle lobe more or less completely eontluont with the postenior lobe,
the coraposite lobe bulbons and shurply defined in fraut by & deep enrved
sulons; the auterior lobe divided by an obliqoe furtow. Free edges wilh
false boeder or Lrall
Hanoly po.—enololding ( Boyrichin) eiltoda Fomons,  Oudevieian,
Devonlan,

Cenus CERATOPSIE Ulnicly
Dhstinguizhed from Telradella by the vomarkable process which arises
from the dorsal extreinity of the posterior ridge. This may he stmaight
and horn-like with one of the edges toothed, or expanded somewhat mush-
mom-like,
trenotype.—Coralopsts  { Beyrichiz)  oondifere Hall,  Ordoviman,
Silarian.

Gonus KIESOWIA Ulrieh nnd Bosslee
Tike "Welradella exerpt that the two anterion and Lhe posterior lobes are
wich divied inte two or three nodes,

ffenulype.—Iirtorie (Reyrichia) dissecta Krouee, Silurian.
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Genus DIBOLBINA new genus
Widely frilled Beyrichiidm with trilobation of surface much nbscurod,
ouly the middle lobe being definitely developed.  Mmoed pouch pearly
homispheric, mainly posterior in position,
trenatype.—Dibolbing cristate n. wp, Lote Silurciun,

Genus HOLLINA Lirich and Bassler

Allied to Ctenobollana but the posterior lobe is commonly broken up
into threc or [our nodes of which the inner ane is the most pronounced und
most persistent; the middle lobe lerminates dorsally in a large rounded
node and the anterior lobn is reduced to o small node or ie glsolete.
Marginal frill confined chicfly to the posterior two-thirde, Rrood pouch
not developed.

frenotype—Holling ((lenobolling) fnsalens Ulrich, Devonian, Mis
flagl ppian.

Genus TREPOSELLA Ulrich and Bassler
Jike Beyrichia except that the postorier lole is sbsclele in the posk
dorsal quarter bot well developed along the ventral side, the middln lobe
18 praominent and rounded and (he anlerior lobe ie reduced to s vertically
elongated node. Belween the latter two is o definite pit  Jrood pouch
near middle of ventml edze instead ol distinetly posterior.
Genotype—Treposella ( Beyrichio) lyoni Urch. Middle Devonian

Family KLCEDENELLIDAE new family
Straight-hinged, miore or less inequivalved simall oslracods, usnally the
might valve oveclapping the lefl aronnd the fros edges end provided with o
small process in the post-dorsal angle thal fils inte a eorvesponding depres-
sion an the oppasile valye, Valves shallowly unisnleate 1o deeply quadzils-
hate with praclically eomplete transilfon from (he one extrome to the
tithar,  (Fig. 21.)
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Cepus HUKELEDENELLA bew genus
Burface of valves eveuly canvex or wilh enly a median pit or sulevs nnd
more rarely with a shallow depression in the venlral slope.
Genofype.—Euklodenelln umbilleate n. sp, Biluvian,

Genbs KLEDENELLA Ulrich and Bassler drestricted)
Sorface of valves with a median aud g posterior suleus bhoth wsoully
conlined ta the post-dersal quarier ; etherwise like Enklmdeuella,
frenoiype.—Kindenella pennsylvanicy Jones, Bilurian, Deveninn.

T EL—InLUsTHATING THE PaMiLY EIIEMENELLIIVE.

1. Eulledeacils ona genus. Right side of g cmnplete cacapace, # 10, ab the genctrpe Felbe-
denatie wmbidents n, =n., ustrstin obm{nl-c Tabmtion of vulves.  2{urlan {Carugan
Mrlisimie acmacitnd, Flinustone. daryiand. u
Ahrdensiin Uleteh nood Bassler.  WIgkl valve, = 20, of Kiedengila ohligro . kpo exbililing
the chaencherfatically shert median and pasterior mclei lintibad o Le posl dorsal gquartar.
Filurian {Loywgun Tenedowa) 1Tnstene). Cwmberlaed, Maryiand.
1. Pipeo@eern aew genn: Wieby velve of Bisggopleusa stosrsd n. ep., ¥ I), showing the Cypiml
pdrfichate surface,  Sflurien  (Cavugsn-MeRenzie formntion), 3§ miles cwst ol Geeat
K kﬁﬁml}rﬂh Ll O i t rpe Kirkbyina {Beprickila)
4. KNir ma rich am nuslec,  Left valee, = 25, of the genn 1 ik
redeeoma Joned &nd Bickbr, Oarboniferoua of Gresc ertahgl,
Janessdna Ulrich and  Bassler,  Rigbht valve, = 25, #f Lbe genatrpe Jowasing Hepriehidq)]
Fezeimiate dones and Hichy,  Cucbwnlferoos of Sooulend.
Hig r{niln'ufafr Jorez and Kickby,  Asparectly perfect, tight welve, o 81, of the genolype
aﬁgﬂh fopriy fmbriekn Jooes Lol Kitkby,  Carbaniferour of feotland,
il hietde Jnnes ard Birkly.

ikl velve, = 20, of Le gensfpe Begrichleilo eelate
Jranes ol Fickly,  Oathanifrrena af Seetlund.

E?

el

o =

Gengs DIZYGOPLEURA pew genus
1hatinguished from Kledenella by the more or less distinet guadriloba-
tion of the valves, the posterior sulens being much longer, Lhe median
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suleus longer, and the anterior lole more or Jesa complelely divided by
anether saleua,
Genafype—Dizygoplenra swartzi . sp. Silurian, Devenlan,

Gepus JONRESINA Clrich and Bassler
Like Klordonelln but the overlap of the valves is toversed, the left valve
overlupping the right,
{ienatype—JSonesing (Beyrichin) fastigiote Jouws and Wirkly, Car-

hemiferous.

Gerug KIEEBYINA Ulrich and Bassler
Carapace amall, lesg tham 1 mm. in lenglh, rather sheet, subovate to
rubguadrate, ventricose, {hickest auleriorly, with a simple primitian sulens
shoul the middle of the doreal hall. Valves uncrqual, the right slightly
larger and overlapping Uie edgea of the left.
Genotype.—-Kirkbytng { Beyrichielln) reticose Jones and Kirkby, Car-
bortiferims,

Genvs BEYRIGHIELLA Jones and Kitkhy

Crrapaee small, 1 mun. or lase in lengtl, clongate subquadrate, thickest
anteriorly, wilh a rather broad median sulems giving i,]l'le shell a hilobed
azpect; 8 low, transverse ridge in the ventml patl ents off Lhe suleus and
imites the lower paria of the two lobes. Valves unequal, the edge of the
snudler right valve heing sel inte the overlapping ventral and end parts
ol the lurge left valve,

Genodype.—Legricliislle eristeta Jones and Kickly, Carboniferons,

Genus BEYRICGHIOPSE Janes and Eirkhy
Tike Beyrichiella uat Jacking the transverse ridge and having a small
rounded post-median lobe. A wide radinled marginal fringe 15 prosent,
freaulype—Reyrichiopsis fimbriaie Jones and Rirkhy, Carboniferous,
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Family KIRKBYIDAE Ulngh and Bassler
A most varialle and probably unnatural sssoctation of equivalved genora
of Boyrichincen teuding loward ihe Cytheracen, Typically withi a distivet
[alse border and a subeenteal well defined pit and often with coneentrie
or Lransverse move or less parallel ridges,  (Tigp 22

Genue YOUNGIELLS Jones and Kirkby
Simple unadorued valve with long sirpight, tnternally deutivolaied
hings.

1. 3, Youngielle Jones anl Kickly. Right &7 valve ol tle genonpe Yorkgdedla (T oengsel il
datia Trnea mid Hitkhy, « 500 2. Incerbar of walve showiog teelly along ghre hinge

Cnrln{trrons of Enplaed.

3. Moorgom Toows nnd Torklg,  Tete walve of the genobrpe Meoree obemo Jueds and Hickby, magad
fed,  Carbeniferans of Bogled

1. Muuwryellg new genun,  Toeft valee of the genotype Hewrpella memmilimde no owp., =2 30, #hawding
the abzence of o falke bocder, dnd Al preseoce of a sutespcrel PG ceLlenlace sutiaee wikh
iz prominent uwled oodes.  Missdfssipplan (Kiedeehogk-Ridgetop chaled. ME Dlesnsbr,
Maury Lamey, Teanessre

B Felbby Jomee, l-J]r-’ﬁhﬂlt walve, W 20, of Arblpo sebgredeate Uleich, Devordao (Quandage Tome-
ebane}, Fallz af the Ohip River,

1, Sfrepuba Jones and Huoll.  Hlglt valve of the genotrpe Sévepwis cengenfrien Jones and Toll,
® M, wilh the chymrteriscic rrest-tike tidges,  Silurisn af Engload.

7. Mesonptelle Uheicl,  ¥Yalve §elewct), = 23k of the genstype Mocrenafelle peofieldé Tlrich.
Oodovician [Meck Tiver Lunestooe), Comean Folls, Mineesado.

tlenotype—T outigielle { Fowagin) rectidorselie Jones and Kirkby.
Carboniferous,

Cenus MOOREA Jones and Kirkby
SBmall, more or Less oblong or avaie shells: valves eompresaed convex,
the free edges bounded by a Taised wiarginal ridge, sometivies waniing
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ilong the ventral side; inner region Mat or gently convex, without nodes,
sulews or pit,

Genolype.—Wonren obesa and M. fenuis Joues and Kirkby., Ordovi-
tan, Carboniferons,

Genus KIRKBY A Jones
Mistingmished Lrom Moorea by the prosence of o snbecntral pit. Surface
orngment usnally retieulated.
trenotype.—Rtrkhya permiana Joues, Silurian, Permisn.

Genus MAURYELLA new genus
Like Hkr-Eh}’& except that valves have no false liorder and the surface
bears five or 4ix stroogly elevated rounded nodes arranged withowt special
nrder.
(Tenatype—Mauryelis mammilats n. sp. Missiseppinn of Tennesses.

Genug STREPULA Jones and Holl
Suboblong shelle, valves slightly convex without culeus, {raversed by
two or more coneeniric or twisted, thin ervetelike ridges.
finnatype. —Strepwin concentrica Jones und Toll, Bilurian, Devonian,

Genus MACRONOTELLA Ulrich
Shell semicirenlar or soipiovate with n long. nearly straight hinge:
valves equal, inflated centrodorsally, without ridges or suleus but sxhibil-
lug w saooth, sbeentral spot where the reticalir omament is omitred.
frenofype—Macranatella geafinldi Trich. Ordovieian.

Superfumily CYPRIDACEA
Family THLIFSURILAE Jones
Heniform or ovete mequivelved shells less than 2 mim. in length, the

nrargin of one valve overlapping that of the ollier more or lees completely,
Dorzal margin arcuate, ventral sometinies etraiglit or even slightly zinmals ;
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surface with two or more definite pits. Determination of right and left
valve arbitrazily made. (Fig. 23

Gueius TULIPSURA Jooes and Hell
Chval to renifovm shells; cash valve gemerally with three pils, one
poslerior und (wo in the anlerior hall; surface withoul ornament,
Henalspe,—Thilipsuea corpulenta Jones and Holl. Siluzian, Devonian,

Fra, 23 —ILLUSTRATING TIE FAMIEY THLIDEURINAL,

14 Oetenarin Jonce 1o Left salve of the genotype Oedonura sutoformie JTones, % W, shawing
the tigfeal Sshaped monuter rldwe.  Ziluries of England, 4 A0 Amarlesn species of
fderomarin (£}, opate Dlrlch), = 20, in which the B-shaped thige s noce ouediled.  Devnniun
tOnendsga limeetanet, Falls of the Oble. 5, 4, The M'I:'I'|II.FI|II‘|1:Q{ volve and. edge ~lew af
sire, 20, b simple specles, Oefoneria Micase n, spe, distingulabed by the Lwn mediab
apvitics. The other valre locks Lh= slight doreal anglea  Cincinnnlisg (Santhgate member
af lden shmied, Cavingtom, Kentucky.

Gy 6 Thifptera Jobed and Holl, 5 Toft velve of Thtfpeure v-seripty var. dizersfs Jones = 20,
rhowing the chearasteriscle iTee pits of PRéfeaurc, one posterior uml Lyve witeting,  Siluriou,
Ihlaaed ol Qetbond. G T8 valve of the genolype TAlipssrs corpatents Jopes and Fall,
o Bilurian, Weodllige, Weglind,

1. FPhepatwre Jones aind Keiekkye.  MHighl walvn gl the grootype, Phteiers concinne Jones snd
ERirkby, = fl. The shallcw pernl-clreelae sl st each red mnd the eeingeessed wedeciioe end
are rrAracteriotls,  Clarbowifecoms, Yiordule, Rngland,

5, rafereffina Ultich arcl Busler, Right salve of the cenatiiw Creterediing qobeeta Ulcleh and
Razler, = 20, ewing  the vhordeleristic  goterior  ceatsrllke  defiessinn, Revardan
(Oriskany tetmacton}, Cash Yablew, Muaeylond.

Cenug OGTONARIA Jones
Birailar {0 Thlipsnra but distingnished by having the surlace of the
valves ruised into o thin epiral or ring-like ridge which in the mare
typical forms resembles the figure &8
Fenolype—COelonaria netofermis Jones, Ordovielan, Devonian.

Genug | HEEATURA Jomes and Kivkby
Distingnished from Uhlipenrs by the strong eorapreasion of the posterior
cnd of the shell; this end 1 further matked by a shallow thongh clearly
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outlined, semicireular pit; o similar thongh smaller pit at the anteripr
extremity,
fenotypr —Phrextura conclima Jones and Kivkby., Carhomiterous.

Genus CRATERELLINA Uldch nnd Bassler
Vilves similar to Octonaria and 'Ihlipsura bal the waterior balf or thivd
i marked by o erater-like depression bordered by an elevated rin
(Tenotype.—Craterelling robusin Ulrich and Bassler, Devoninu,

Family BEECHERELLIIAE Ulrich
Swall iveqnivalved, ovate, snbtrisugulsr or boatshaped sstracoda
having {be posterior end of one or bolh valves diewn out indo 8 spine.
{Fig, 24.)

Fie, M WUeviarInG THE FAMILY FEFCHERELLOGE

il Depeberells Ulrich. A meardy perbeet valve, = 28, of (be geostype Beccherefla soefsnta Ulrich

- Ih=kd o (Sew :.znl.il:.;t'-._.‘l.th#_\' l:nh..l_b_l \awl I';h. " e

2= dosnibaarpla hel meegior view of valve of 1 v Asenifsereplka | Bere
elfla) mavicuks U'm 2%, shewing rounded (netad a7 spbhoos antevioe el sind the lorma
Hutt of the musterinr spime by 2 projoogstion of the venlra) siee.  Ielderberginn (Sew
Suoelamad], A v Counte, Kew Vark,

1. Krowslly Ulrich.  Hight alde of a cumplets worspues, % 20, of the genocrps  AKvessslla
bomguptts Tlrich, showlig the larger bt vulvn, overlapping o rlght all Srouod exvepl
at the pewntwile peeberivr eatenslen of the emallar valve, ol Deias {Muek River)
Himestety of [Niwols,

Gulus BEECHERELLA Wrich
Shell elomgale, hoat-shaped, tripngnlar in cross swetion, the rentrum
being flat and cavinated oo ils outer edges; veniral carina prolonged at
each end into spines, the anterior ono short and small, {he pesterior mach
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larger ; hinge apparcutly simple while the ventral edge of (e cight valve
gemns to overlap the left sharply,

frenotype aud Only Spoctes—Descherclin sorineta Ulvich,  Tower
Devonian.

Genos ACANTHOSCAPHA new genus

Similar to Beecherella but the anterior end iz spineless and rounded in
ountling while the posterior epine is formed by a prolongation of the yenteal
edge inslend of the oufer caring wlich may be wanling entively, Willin
ihe posterodorsal region the tree contacl edge 1= set some distanes within
e ounter edge of the yalves.

enatypre —Apcaniloscaphe  (Beecharefla) naviculs Ulrich.,  Taower
Tlevomnian,

Gelns KRAUSELLA Ulrich

Himilar to Besclierslla cxcept that the valves are more unequal, the lefl
overlapping the cirbi bolh dovsally and venimlly while but 8 single spiok
gecurs, thiz being a prolongation of the pesterior extremity of the smaller
{right) valve,

Fenotype—Nrauselle in@quelis Tlreich,  Ordovieian, Silurian,

Family BAIRDIIDAE new family

Minute, mostly ceniform or elongale ovate, cotneo-caleareous shells with
thin, more or less unegual valves, one overlapping the other either ventrally
or dorzally, or both.

Thiz new family is instituted for the gevera Buirdia MeCoy, Bylhoeypris
Brady, Paplocypris Sars, and Maceocypris Brady, the latber {lires based
upon recenl specice. Tt is possible that futere studies will show the
Pulepzoic ropresentatives of (hese three genera to he distinet from their
modern genotypes, but in any evend (hese four gemera are thought to be
different Lrom the resh-water Cypridm to which they have hitherto heen
reflerred.  (Hig. i)

Genus BAIEDLA MoGoy
Shell subtriangular or thomboidal, with the greatest heighf near the
middle, inequivalved. marrowly vounded anteriorly and more or less
21
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ascuminate posleviorly, genemlly emoithi; doresl wargin more or Jess
strongly omvex: hingemenl formed by strong overlap of the lelt valve
over the right,

flenptype —Datrdic cwrle Mooy, a Carbonilerous speeies. TRange
Silurion e Reeont, particnlarly sbundant in the Carbonilerous.

Genus BYTHOGYPRIS Brady
Shel)l suuwth, reniform, ovate or elliplical ; Jeft valve larger than the
righl overlapping il wsually on hoth the /dersal aod ventral murging;

Fig, 25 —[LLUSTRATING ‘THE FAMILY BATROIIDE,

1. Meeroegpeis Brady, Fodt valve af Meoronypris sined Jores; 13, showi Gl
a seaminate poecerlcr mmd,  Sfluriam, Phand <t Cotiand i AT NAUTNTE |
? Fofhecsecls Brady. Complets curapure af Aythoeypeis phitiigaions Jones and Boll. maguifed,
2 s'l-:clth H.-;:"‘ hmﬁu amd :-'-'nl;b of uhﬂ.r Blidrlan of Eoeland
ad 3 oF. = e oaragmer o W Aypdesl thimifrrons specles Boinile beedsd Uldldi
mf fawler, = 38, Carbawilirogs of Knwas, i feroee ¢ sediad
1. Poslocyprir Sars  Yilve of Poatocypriy maud( Janes, o B0, SThrian, Taand of Gollan.

3

dorsal nmrgin conves, the vendral edge strnightor, somectimes slightly
COFlEAYe,
flenolype.—Hythecupriz remiforpis Frady, a vecenl species. Tange

Ordovieian to Heesent,

Genus PONTOCY PRIS Sars
similar fo Bythoeypris exeept that the shel) is very delicate and $he
hinge simiple withont sverlap.
Genolype—Poniocypriz serenlafn Surs, o recent species. Range Silor-
inn to Heeent.
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Genus MAGROCYPRTS Irady

Similar to Byihoeypris but as a role more clongate, posteriorly more
nemminate and with the vight instead of the lelt walve the larger; inmer
side of valves with a thin plate along the anterior ventral and posterior
adros,

fFenotype.—Macraey pris minna Baird, a recent species. Range Ordovi-
eian to Iecent,

Family CYFRIDAE Zenker!

Valwoeypria Bronguinrt, Cypris Milller, Cyprides Dosyuet, Ayplaia
Vrady, Argillecia Bars, Cypridopsie Brady. Potamocypris Rrady, Para-
twpris Sars, Notodromns 2ars, Candonn Baird.

Family ©YTHERELLIDAE Sars

*(ytherelln Jones, *Cytherelling Jones and flell, *Pachydomella
Urich, Borguetin Divaddy.

Family ENTOMIDAL Jones

*Yntomis Jones, *Entomidella Jones, *Elpe Barrande.

Family CYPRIDINIDAE Sars
“Cypriding Miloe Edwards, *Cypridinella Tones, Kirkhy, and Jirady;
Crpridellive T, K. and B, *Cypridella Dellnunck, *Cyprella DeKoninik,
#Syuleyna J. K. and B, *Rhombina 1. K. and B., *Cyprosiz Jones, *Cy-
prosing Jones, Hradyeinelus Sars, Philomedes Lilljeborg, Kurypylus
Brady, Asterope Fischer.

Family ENTOMOCONCHIDAE Wrich
Tontomoranclias MeCow, *0e J. K. and B,

Family POLYCOPIDAE Sars
Tolyeope Hare
* 7o pomplete tho clazsificalion of the ostracods we 1ist only the followiong

families, their stady oot having been andertaken at the prezend time,  Gonera
marked * are Falepzoic or have Paleozoic representativis,
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Family DARWINULIDAE Jones

Dareimmla Jones,

Family BARYCHILINIDAE Ulrich

*Barychilina Ulrich,

Superfamily CYTHERACEA
Fainily CYTHERIDAE Zenker
Cythere Miller, Cylhores Jones, Uytherides Bosquet, Cythendeis
Joues, *Carbonia Jones, Cytheropteron Sars, Xestoleberis Sars, Paeudory-
there Sars, Krithe Brady, Crosskey and Robertson; Fucythere Brady,
Uytheruma Surs, Sclerochilus Sars, Kiphichilus Sars, Limnicythere Brady,
sarsiella Brady, and Paradoxostoma Fischer.

OsrnacoD ZoNEs ov 11es SILURIAK
Ivvponuerion

Although the Ostracoda, despite theit usunl minmteness, are mieresting
for thewselves, the domrinating prrpose of their intensive mvestigation,
mainly for the presont work, lay in the hope that thoy might throw some
very much needed light on Silurian stratigraphic problems.

Prior to 1916, study of other classes of [ossils by the semior author, in
connection with extenaive fisdd investigations of the beds containing them,
bad shown very cleatly that 2 large part of the deposits in the Appalachian
region—especially in ifs southern hall—which bad been classed as of
the age of the Clinlon were in fact oldor. Most of thise pre-Clinton beds
were ghown to be of late Medinan age, others of early Medinan or Rich-
mond and some of them even so old a8 late Ordovician—that is, Mavaville
and Eden.

In Alabama und Georgin it was [ound that whereas the snppazed Clin-
tow, o Rockwond, as it was more commonly enlled, artually is mainly
wade up of beds correspouding in age bo the Clinton at the typical locality
in New York, its bazal part locally included aleo a band of similar iron-
busriug strate that i of the age of the Brasefield of Kentucky nnd Ohin,
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wlhich corresponds to the upper part of the Upper Muding in Kew York
and the Cataract fornuitivm in Ontario. Iks top, on the other hand, Toeally
pomprisca beds thut were regardad as Upper Clinton, and possibly as young
ae the Hochester ghale. In Alabama, then, the ssquence of Clinton
deporits seenied essentinlly the same as at Clinton, N, Y., where the
furinalion likowise was thought to inelude n eonsiderable {hickness of
dopnaits of Rocheaster ame.  Howorer, at leagt ove important diflereoes was
recogmized, namely, the Alabuma Clinton does not include beds eorre-
wpotiding to those which come to the surfaee and make up the lower part
of U [ormation in the area beiween the towns of Clinton aud Ulies in
New York, 'The missing beds are the ones that cootain the wealth of
ostracod forms that up to the present time have beont loosely referred to
Reyrickia lata.  Although Ostracodn were found in Lhe shaly beds above
the odilitic iron ore at Chinton, N. Y., none of them seeined stricily the
samie a5 those which arve =0 exeredingly abundant in the menlioned more
sandy lower beds in the town of New Hartlord and at other nearby places
in New York, and which are found hardly less abundant to the seathward
in the Clinton rocks of central Pennsylvanin, Marylaud, and ¥irgmiu,
Very disnppointing, too, was the faet that none of the New Hartford
Ostracoda—now known to helong in the Mastizobolbina lula zene—nor
indead any kind of Ostracoda had ever boen listed or, & fur as known,
cvor been found in the Clinton seetion beneatl Lhe Rloshester shale iu the
valley of Genesee Miver. Terhaps even more disrurbing was the known
ocourrence of the New Hartford specices in northwestern Georgia when the
ilata in hond indiented the enlire absenee of the Clinton in the Appalachian
ralley region betwreen the Georgia Ioeality and the vorlhem boundary of
Tennessee.

Ilow were Lhese scemnimg invensisleneics and snomalics in faunal dis-
teiliution to be explamed? Were they lo be asovibed to loeal variations
in the composition of fannas, or to verlieal ahilting of speeics and fpuuns
in migration, or to actual local absence of the heds themaeelves? The other
closses of fnesils belped very little in aolving these questions, mainly per-
lape hecause they were [ew in number, poorly proserved and too often
wantiilg eutirely where their need wag greatest, Under the circumstanees,
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the obvigus primary essential wes to enter the field with the Jdata in
hand and try to establish by careful collecting in the lougest and hest
expose] seclions the true sequenee of the £ossiliferons zones. Waork to this
ond wus planmed and corried out by desoting parts of each of the past
sIX seasuns to the study of new and previously visited sections in New Yorl,
Penusylvania, Maryland, Vivginia, Georgia, ond Alabama, and the collee-
tions from all of these places were prepared and minwtely scrutinized.
Incidentally, fine collections of Ostvacodn were procured from localities
and beds in New York und elsewhere that had previously heen thought to
be without them. As a resolt most of the perplexities hiave been clenred
so that we can now present conclugions with o reasonable degree of cou-
fidesee.  ITowever, most of the stratigraphic details are reserved for o
speeial work on the Medina und Clinton [onnations in easteru Noerth
Amerivs,  ITere only such parte will he given us may he requived to fx
the Clhinton correlntions.

TIIE CLINTOX GhRovy

ITnder the term Clinton gronp 18 cmbraced all the beds in New York
Iying between the baze of the Arthophyeus earing basal =sandstone, gen-
erally kmown as the “ Gray Band,” and the top of Lhe Rochester shaleo,
1t vonstilutes the lower group of the Niagamn series, the upper group
being Lhe Lockport group of which the Guclph dolemite is the top member
or formation. The Clinton group in New York 15 divisible inte thres mnain
parte; having the rank of Tormntions, which for present purpoesss may he
converienily designualed as Lower Clinton, 3iddk Clindon, aod Upper
(linton? Mach of these three Clivlon formalious, sxeept perhaps the
mididle one, iz again divisible tule lwe or more lithologieal membors for
mast of which iawes lave heen proposed by Hartuagel * and more recenily

*¥Myre formal locality nemes will be proposed for these formations in a
work on the Slurlan formations in New York, In the preparation of which
the zenipr author of the present memeir i3 cooperating with Trr, Rudolph
Ruedsamaun and WMr, C. 4, Hartoagel

*Tartnagel, © A, 1H0Y, Geologic map of the Kocliester quadenngle
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by Clisdwiek? T'he three major divisione of the Clintou are distingnished
by strongly marked faunal differences whivh are maintaived and clearly
reeoguizable from Nuw York to Alalaina. fPhey differ nlso very decidedly
in geagraphie distribution.

Clinfon Sectivn at Rochester, X, 1

In order that the eharaeter and relations of the eubdivisions of the
Clinton in New Yook may e clearly understood it is thowglit ersenlial
{n wrive at lenst two loeal sections in eonsiderable delail. "Whe first of thest
Aeseribes the heds as exposed in the gorge of Geuesee River ar Rochester,
The other seotion, which is st Cliuton, the type locality, is postponel
to later pages that deal particularly with the Tpper (!linlon division in
New York., Roth of {husu seotious are takew from moves made by the
penine authot in 1913,

SpeTios or Tuk CaxToy Grovr at Roonesire, N, Y

HNlaEararn asries
Lockport stoup Fert
fedinery Jockport dolomite with the hydraulic De aw
limestone member al baze amd resting wncoonforneably
on the Rocheater, Sectlon Incomplete at top, prasent
12 o111 SRR G L S S SO SN L R 135

' Chadwick, o H., 1918, Stratlgraphy of New York Clinton, Bull. Geol. Sor.
Am,, 29, pp. B37-26%  Thia work by Chadwick, despite the obviouys foct thot
it §= bazed more on the lHteratore than upoen independent flaaled investigalia'n.
iz an important contributlon to the =ubject. ¥t departs in mmany tesyccts
widely and 1o part properly from precoding coneeptions, but s 511l unduly
influenced by the old helief ino the eustatic nature of the smergences and
submergences of the lund areas, It fails patticularly (n disregarding the
probability of differcutial facstors in the movement of the llihoaphers at times
of ses withdrawal and readvance aod whiel woull have produced unegual
warping of the surface and correzpoaiing ireemulatities in the wigration of
{he atrandiine. Hesldes, the author lid oot know thal the fosalls, sspeclally
{he Oustracoda, of some of the beds corcelated by him ore o fact deflnitely
indleative of dlstinet Zouss wlose stratlgraphic reelions have heen catal-
lished, In wview of these facts it is not surprising that Chalwlek made the
mistake of correlatlng twa entireiy dlziinct Lower Clinton ostracod zones
witls tie Midale Clinton Mastigabolbina latn zone, and following this correlaies
Upper Clinton bedz in Ierkimer County with Lower Clinton heds at Tiochester,
For these nnd other remsons Chadwiek's new nomencinlure af the Clinton
rocka in New York, while vorrectlng spme renl errots [n proceding practhe,
nevertheless complicates the aulject greatly and Introduces new perplexiliog.
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Clinton groep
Cpper Clinton
Rachesior chale
Interbedded lmentons and shalw, highly fossiliferous,
Irendeguidt Hmantons

Thin limestone futerbedded with tonsjdorable shala o
lowee b, the ghale beeoming less in uppor half At
top oftan with recfy olevatlons thot project fnto the
othorwlge oven buge of {he RKochasler ahale, which
followed without time broak., ., ........,...... .. .

The faunas of the Irondoguelt Hmoetaue and the Toches
ter shale are much nlfke wnd borh of predominantly
southern orlgin, Ilowover, mpecles and Eeners of
Allagtie origin, particularly Ostracods, occur in both,

Wihliymson shule

Shale, dark eolored, with Mowopraptus sfinfomensis and
Hosfrlles con0sus ... .oouvuurninnnns. B i b

Stratgraphic break (Middle Mintog and Wolocott lime-
stone and Sodus shale of T.owar Clinton and lower purt
of Williamsnn shale missing],

Lower Clinton
“Bear Creek ghale™

Bhale, olive above purple below, with {ntercalatod layers
of ¥ pearly " Umestona, ful] of Anaplctkeen [ Catospire)
hemigphertes and Outrnooda of the gemus Zyzoholba
which i here reprosetited by five spaetos, 811 of which
ara clinracterintie of tha 2. ant{costioneis sone_ ... .

Upper “ Revnaleg limestona *

Limostony, the middle and uppor paris magnasfan, the
lower 15 incles nearly pure and fall of Pemtamerna
oblongus. Upper 812 inches with shalls of a specles
of Brachioprion very sbundant. the middls part with
fower foasils ., ey ST

Limestone, mngnesian, bluish, sparingly foasiiiferous,
the lower third with chert Yoesfe pesentialbr ax In
anderlying LAV . .voe.inennens B o L i e

Limcstone, thin bedded, the np inch ar two very foesil-
iferana, with Camaroieokin ED., Anopioliece kemig-
phrrico, Strieklondinis eonadensiz and & fow uLfetnr.
mmined Bryogoa ........... AT T e e L

Timestono, magnonian, the upper half {8 [nches) with
thort and carrying on It uleyou top surfice the same
kinds of ghells a5 in ovorlying layer; benaath this twe
L-inch layers without chart and nearly unfossiliteroes,

Bhule and two or thras InFora of magnesian Hineslono,
1T-24 ncher .. .vuueyyivnn.

Fuet
53

18

18

T-8

0.4

13
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Typieal " Revnales Hmeztone ™ Fept
TFurnaceville feon ore, 611 inehes thiek, two broadly
wave-marked, the ripples striking X, 157 E, and 3 to
B fterhes from crest to crest, Tpper surface with o
Chondrites-like fucofd. the branches about opnesix-
teenth ineh wide and dividing mainly in pinoate man-
nee, The bed itseld is largely made up of broken
organla remalne and guarts graing all costed with iron,
The fosalls 5o far as determined are of specles oeour-

Thin lHinestones and shale, the limeatone layers becom-
ing thinner gnd farther peparated downward so that
the ped zgrades without break Into the uoderlyving
shale, About 2 feet & [nehes bencath cthe top o oy
larer with black {7 phosphatic) pebblea aml mlnnie
gratenpols (Cyeloca and Miceneeras). The upher Lakf
of hed contains 2 fair represetlation of the Hyetliding

raggestn ot typleal Tieynales Taslo fauna...... . ..... e
hlapdewaoral atiale

Bhule, soft, green, unfoaziliferous, the bass sharmy do.

fined from the underlying sandzlone, ... ., ovurrinn 1421
Thorold sandscone (Y Gray band "'}

Muaszive, hard, lmpare, Might gray sandslons, with 4 gmall

Torm of Fledalng orchimoder. . o e e iaininnson 15
Age uncertalo (7 Late Medipany®

Bandstone, mudily, redl, partly thick-bedded, mottled with
phale pebblea, and contzining both the larger nod
smaller forms of Dedalus archimedos. cveevei iiaanns 1214

Sandstone wedpe, it2 upper part with A kropkyows afles
ghandense, 1tz lower port showlng “plllow stroeture ™
and conptrining Dedaluvs arclimedes. .. v omver o ras 1-7

1The age of the four bedz of sandztone bencath the Thorold sandstone 1o
thiz z2ectlon 13 in doubt, ITitheric dhey, togeller with the Thorold, have been
referred without reservatlion to the Medina, But this asslgnitent was made
mainly an lhe migtalken belief that Arthrophyens altcokanicnss = confined
to rocla of that age. On the contrary mmost, 3 oot all, of the ooourretces of
this peculiar fospil are in younger beds thao thosze at Meodins snd Lackport
that contain the typical marine fauoa of the Tpper Medina, The Arlhirophycus
and Ihadaluz horings geem pever to ocour in asAociation with the nogueationed
marine ghella. They ate always fowml above the ghells, 5t this fact does
not eatablish that all of these borings are of subzcquent timae  Some of them
may yet peove to be confemporariss of the Tpper Medina marine fozzils. The
animals that made the borings probably lved o che mounddy sands of heaches
an tdfes of fresh #nd hrackish waterz. Heing thercfore esscentlally land, ar
rather nonmaring, animala the withdeawal of the epleontinental seas obviousty
haodl & Ines unfayoratle elfeat on the continuity of thelr existenee than on the
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Fery

Handsione, rather regularly thin-bedded, red, with occa-

zipnnl thin shale partlugs: contailns Dedaixs arcki-

medes and in 18 uppar half caste of Arthrophrensike
borings, bt Lthepe [nck the eharacteristic arnoulgiions, 90

Busal sandatone, heswvy bedded, reddish or chocolate

eloriad, quartzosae, songlomerslle; pebbley conglst pf

quarts, chert, sandatolie, oluy, rod shole, tangiog in
aize from very small o 6 inohes, Duse unconforinable, 4-10

Medinan
{Upper Modlna wanting?h

Queetigton shale expasell. ..o ioqisineissncibissasosaratabase 1)

The Lower (Hudon in XNew Tork

In western New York the Lower Clinton beging with the Thomld sand-
stone (“ Gray Band 7) which Litherto has been genorally regarded as the
highest xone of the Medina. In [ael, however, it really constitutes either
the lop member ur (e whole of the more or fess coarsely elastic initial
deposit of the Chuton over the eroded and unconformable top of the
wnderlying formation, At Niagara Falle it eesls on mostly red sandstones
that may be safely correlated with the elosing murine stage of the
Mediunn serles.  Between Lockport and Rochester it lies on varions older
snndstones of the Upper Medina.  Dast of Rochiosler the surlace on which
Lhe Arthrophycus zome reats drops more and more in the seotion until
it or to the east of Utica it liek oo the Ordovicisn Frankfort shale. In
the meantime, too, the Arthophycus 2nne hins risen, first to the Lase of the

strictly marine organisms= whick werc cxterminuted ut lemst locally on the
withdrawal of their natural habltet. For the same resson, too. these sand
harrowing animals rould vory well appear not obly jn the inffal advancing
beach deposits which rangr through ibe Lawer and 8iddie into even Upper
Hinlon sges, but they might also have been living aod taking odvantsge of
conditions favoring thelr exislence thal are caslly conceoivable as huving
oeenrred during the shallowing wod Blling of the preceding late Meding e,
Accordingly then theze questioned sandstones in Lthe Nochester section may
very well bo interpreted as lote Meding beach dapousits that were peldom it
vver before Climton time suffclenily solimerged to permit the exiztonre here
of tha marine fauns of the me. Unoder this conception, too, Artkrophycus
alivgharivage, and for the carlier paris of (he satcerned time aldn Dedoius
archintedes, lose thelr comimonly aspumed indexical value as lale Medinan
guline foenils and beeome remuing of Inod organisms that perelzted to al lesst
e plosing stage of the Clinton.
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Middle Clivton and finally lo the hase of the Upper Clinton. T male
Lhe case plainer we may add [hat the Avthopliyens zane i3 the tangootial
hnse ot the Clintan, pessing on the west into the Cray Tiand and then
into the essentially equisabint Thorold sumlstone amd on the east into
{he typical Omeida vonglomerate.  The erealer the siratigraplic break
at its hase—with dune mugard, however, o {he neamiess of e enmpaled
loalitics to Tespestively the eastern, morthern, and norilusestren ghores
of the vomposite Cliuton seg and also the probable refiel and oalure of
the adjacent contribuling lands—the |hivker and usually the coarses
1# thiz elastic hasal depesit.

Nhe et aldest hed of the Clinton az developed in New York ls a4 gTOUL
anfuseiliteros alile, best displiyed in the section at TRuehester where 1L
i2 91 fwet in Hiiekoess, This bed was [ovmerly ealled Sodus shale, but
Chadwick, having shown that the Sodas shade at the type lovality 15 4
younger bed, has propesed to designale 1t by the new nawne Maplewood
ahale. Inour opivien this shale pincles out samnewhere hetween Takeport
and Verona sod daes not, s Chadwick thinks, yeappear in groater thiek-
nece (o the cust of Ferema,  The obyione ereor in the latter view ig Lhnt
it pratnlates the almost Tieomeeivable conditinn of abseuee of e Laower
Clinton Maplewond shale in the thickest known developinent of the Clin-
lon ndee Tackpnrl and rueagnizes its presence n eyen grealer volume in
thw shaflower section under Clinten.  Tn other worde, it vreoguizes the
prosunen of & shale formation oo the npposite rising flauks of & hasio and
Lias it wanting in the deeper middle part.

Above H Maplewood shale, in the seetion al Rochealer, 18 a tripartite
limestone ghont 15 feet thivk. Whe lower 4 [eet, which ponfaing o repres
sentitive of the Furnaecville iton ere aca, is defimitely revogmzed by 1té
fossile in all exposnres of this herizen to Lhe weal as far as Hamillon,
Ontngio. Eastward from Rochester the limestone pagt of this lower niem-
bier prgses into nnd 35 2o0n compluivly veplaved by Lhe expending Furnaco-
villo ore bod. Pl latter vontinucs on to the vielnity of Martville, heyond
which it eilher piaclies ant or passes inty shale. "The apper 3 feed enntain
soawe nearvly pure limestone layers and these ate fithed with a form of
Pertumprtts ehlorgus. This large shell iz wanting 1a the west of Doclwsier,
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and it seems probable the layers Lhat contain it there are not represenied
0 the scetions at Lockport and Niagara ¥alls. To the cast of Rochesior
the Pentamerns continues in the section for some 40 or 50 miles but i
mknown beyond the town of Woleott, 'The middle member is the more
highly magnesian and the mast porsistont of the three zones, Tlawever, it
Appears to be generally wanting in the outerops of the formation betwern
Lockport and Albion, in which streteh, e at Reynales Basin, uear Gasport,
and al 3elling, only the lower member has been obeerved. Apparenlly il
attains ils maximum thickness of 11 fret nt Rochester, is 9 or 10 feot
thick at Niagars Talls, and in the opposite direction pinclies ont entirely
&t some place beyond Lakeport. The bed ie evcrywhere only sparingly
fussiliferons und so {at as knuuwn conlains enly one specics thatl is partien-
larly chatacteristic of it. This is the Strickiondinia conodensis. Resides
this the bed is notable for the fitst appoarance of Ancplothers hemi-
spherica, which wag found with the Stricklandinia jn the shaly lower part
at Rochester,

T'hig tripartite limestone was identified by Hall and later by Hartnagel
with the Wolcutt limestone, mainly bLecause both contain Pentamerus
oblontyus.  Hut, a2 iz well known now, the typical Wolcott Timestone j= n
higher bed which does not extond westward to Hochester. Chadwick there-
fore proposes the name Reynales limestone for it The lower member
contains & considerable and for the most purt highly characteristic fauna,
differing rather widely fram that of the typical Woleott and reminding,
particniarly in ite bryozoan elements, rather more of certain Rrasefield
ard Catatact faunae than of siceeeding Clintor faumas,

"In proposing the termt Reynales |linestone Chadwick rocognjzes the faecl
that one * muat ga o Lockport or the Rochester gorga for the typleal section,
As only the lower mamber {s yreeent at Neyuales Pasin the question is raised
whether it {z efther wise or pormissible employ this term for the whale
formation rathor than for the Towsr member nlone Bume speelal designation
10 idopirabla for the lower wember, It in eagily ddstinguished by its faune sud
as most of it known fosally wers orlginally collocted n tho vicinity of
Dteynales Daslt 1t seems omiucntly proper lo restriol tils name ta tha heds
vecurring ot Tioynales inetead of nuing It Iu the bronder senhge advocated by
Chadwick, Pending tho selection uf » maora ayproprinte nome for the forma.
tion aw & whole  Revnnles Jimestous ™ |s ndopted provislonally.
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Tin Braw ChEER AXD Sobes SiaLes,—The inain dilicaliies in the
witerpretntion of the New York Clinton gecfions come in above the
Reynales limestone, In the seetion at Itnehester this limestonn is suecoeded
by an 18-faot bed of purple and olive shale with thin plates of fossiliferous
pearly limestone, The pearly lusive is owing mainly to the shells of
dnoplotheen hemisphorica (Hall, Murehison?), which are exceoldingly
abundant, With these and also in the shale itzolf oftenl peour a wutnber
of fairly ehavacteristic Pelecypoda, Phacapidella irisuleata, and well-pre-
served valves of Ostracoda of which the mosl impartant are five spevies of
the genns Zygobolba. Because of their bearing on sorrelations with forma-
tions in the Island of Anticosti and with Clinton 20ne¢ in Marpland and
Yirginin discussion of these Dslracodu and the speciss of Anoplotheca,
both of which are eharaeterisiie of thiz zone and widely distcdbuied, is
deferred to the chapler on correlation.

"I'his particalar bed of shale has received no nsme that is strielly
applicable to it nniees it be Chadwick’s teom Boar Ctock shale. Thnrinagel
Inclnded it with the everlying dark graplolitiferous shale in his Williamason
shale,  Bit the trae Williamson shale overlies the troe Woleodt linestone
whialy is abeent in the Hechester zection.  Marenver, the Woleolt 12 under
luin by another slale, the troe Sodus, whiech ulso is younger than the
thale nt Roehester here under disrnszion and like (e Woleotl liuestone is
wanting there. Evidently, then, there must b a stratigraphic break
the Rochester section between the dark, troe Williamson and the under-
lving olive and purple shale here veferred lo. Chadwick, on the other
hand, unites i1 with lbe similar Sodns shale whicl, as will be shown
presently, contains a younger and quite different fanna, Chadwick’s Bear
Creex shale—which he says lies © just beneath the Farnaceville ore,” but
which sceording lo Hartonge! lies not only over that ore bul nlso over the
Reynales limestone that separates the two—containg the pelecypod fanna
that oconrs in this shale at Rochester and probably in the same bed. In
the absence of an wnguestionable weagraphie name the bed s herein
deziguated the Zypabalba anticastiensis zone,

Az ghawn in the section nnd meutioned in the proceding pamgraph, the
&, anticaslionss gone 1= succonded i Toclwstor by & ar 6 [ent of dark shale
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containtug an ahuidanes of WFenegrepits olintonensiz. The hiatus be-
tween these two shales ia ocvupied in the vicimilies of Hodog and Woleott
hy {1} a thin limestane followed by a [ew inches of iron ore (Sierling
sration iran ore of Chadwick), {2) 55 Ieet or more of Bodus shale, (3)
Tpper Pentamerus or fypical Woleotl linealone, 22 feot, and (4) the
Woleott Furnace gre bed. These four lenses constilute the remuning
npper members of Lhe Tower (linton. The Williansen shale which rests
on the Waoleotl Furnace are bed in Wayne Connty 1z rerarded as the hasal
metmber of the Upper Clinton. Wedging in from the raat between the hase
of the Tlpper Clinton and the fop of the sastwardly ablenuabing Lower
Clinton &5 8 Tenticular mags that we are calling Middle Clinlen. East
ol Clinfon this intervening maas lea Tor a fhoe at the hase of the Clinton
bud its easlern edge is inally overtapped by the Tpper Clinton so lat in
the eagtern part of ITeckiiner County the latter, together with the initial
deposit of Oneida conglaonierate, conatiintes the whole of the Clinton
grenp A5 there developed.

Hegarding the thin lmestone pud ore at Sterling Blstion litile is known
hevond the facd that it lies berwoen the Z. anticosticasis zone {Beur Creck
shale) and the overlying Sedus shale. We may add fhal it probally repre-
senfz the sedimentary rocord of the retreat of the asa in which the
Z. unftoostiensiz zone was deposited.

The sucrerding Sedus shale, 1ike the 2, antirstfiens(s zone at Hoolwestor,
consiats mainly of purple shale with thio layers of highly fosziliferans
pearly Iimestone. The goneral aspeel of the faunas of these lwa shale
beds aleo is much Lhe same. Hrwerer, on eritical comparison, the simu-
Inting fossils prove tn most cases to be dialinmwishalle. There are Lwo
sprcies of Anoplotheca in the Sodus, one with a shoct hinge and rounded
outling, the other long-hinged like A, hemeephesicn; but neither is strictly
the enme az the one lound af Rochiester.  The Ostraveds also are different,
the differences being notable partionlatly in the lobate forms of the genus
Zrgoholba of which four specivs are rocognized, FBecause of the immediate
need of evidenve showing the distinctness of these two purple shales we
rgy anticipate malters Lo he discuzsed in the correlation chapter by saying
thal the fourapecive of Zrgobolna in the fypical Redus sliale are found alse
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on the leland of Anticesti where they oceur anly in the Jupiter River
formintion. Ow the other Tand, the five species of Zygobolba which aye
found in the shule af Nochester cloarly represent a lower zone in the
Anticosti seetion, four of thefive spevies being confined tiere to the under-
lying Guo Wiver [ovmatinn,

Tare Worcorr Lawestose—Loc regsons stated with sulllcient elear-
ness by Chadwick (op. et p. 347) the torm Woleoll limestoile, which
hael previensly been msed so loosely that it inehnied the lower Peulaerns-
hearing Reynales limestone of the Bochester section, is restrivted {o the
“Tpper Pentamerns " Hinestone, the typicul oulerep of which oecnrs on
sinall croeks near Wolcott village. In this vicinily the Waleott limestone
apparenily attains ite maximni thickness of 22 fect, To the wesl it
pinches our rapidly, bemg much thinner at Williamsou and endircly
absend in the Hochester section, Tt thine lewe rapidly, though taking om «
shaly vharacter, alss iv an easterly direction hur evideutly fails enfiredy
before reaching Clinton.  Chadwick corpelated thie linestone with the
aleireons © shales above the solitic ore at Clinton™ (loe. ail.), bat the
physical and favnal evidenee in band i so uniformly and strongly at
virianee with this view (hat we forl obliged to sel il asite as erroneous,

S bwonty speciss of fossils from the Woleott limestane, procieed
by the writer mainly from an outerop on Seoond Creek, near Alton, Now
York, show that Lhe fauna of this formation 1s tokally different from that
of the underlying Sodus shale. The Sodus fauna is & trpical Atlankic
Silurian assoeiation, in this case consisting of httle besides a vonsiderable
varety of Ostreoda and the two species of Anoplothera. The Woleokt
limestone fauna, om the conirary, has no Ostracoda, acks akeo the Anople-
thoeas, and 34 made up maialy of types ol Bryozoa aud Brachiopoda that
ooent elsewhere in America only in faunas that invaded the continent from
the soutli, The Bryozon comprise ubour half of the fauna and these
particularly remind of species that appear fival ju fhe Brassfickd-Catazant
sotie af e Medinin and reppypenr, with slight though wenally distinguish-
il modifieations and mere striking loss or gain of temporarily lue-
nideristic #pecies, in the Reynales Hinestone near the base of the Clinton.
ngnin in the Weleott Timestone, next in the Rochester shale at the tap of
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the Clinton, and finally in the Waldron slale of the Upper Niugaran.
Hegarding their occurrence in (he Woleott limestone close COMIPAT IS0
with the other appearances of the (nunn shows that the Trepostomala, the
Clasmatopora and the broadly frondesvont Phaeuoporas which chnr-
aclerise the older oceurrences are now lauking leaving only the Feucstel-
lidae and other Cryptostomaia (hnt are known to pass on iuto the Bocheslor
age, But the host of olber Bryozen {hal distinguishes that later stage
from the preveding facies is still lueking,

None of these Bryozoa nor any of the other types of fossils flat wamally
nre associated with thetn ever occur iu the Silurian [sunas that invaded
the continent from the east. When oue of thoso eastern faunas is directly
succeeded by one of southorn origin the differonces belwesn the two usual Iy
are very siriking. Yet these apparontly great breake in the faunal
sequence commouly do not signify loug lapsee of time durizg which the
charaeter ol & fnuma might be expected to change greatly through ordinary
processes of evolution. Tn moel cases, wa is surely so of (hese Clinton
brenke, they mean only chauges in the direction of supply, In this wanuer
we arconnt for the abeonce in fhe Appalachinn region of Maryland and
adjoining States of many spevies and often whole faunas thar eecur in
pearly eynchrenous deposits iu more interior paits of the contineni.

The Lower Clinton in Northwestern Onfaris

The ostraced fauna of the Dyer Bay dolomite of Qutsrio proved so
interesting in the present study thet the following parsgraphs wore
believed appropriste. The Dyer Hay dolomite was originally reforred
by Williatns o the base of the Lockport, but in his final work * an (hy
conceriiod formations he classifies it a2 u part of the Cabot Head shale
which he regards as representing the greater part of the DUpper Medina or
Cutaraot formation in northwestern Ontario, As fhe Iiyer Bay dolomite
coulaing the beachiopod Virgiana mayvilensis, Williame corvelates the
Dyev Bay with the Mayville dolomite of the Siluriun section in eastern
Wiscansin,

P Willlams, M, ¥, The Silurian Goology nod Faunas of Ontarip Peninsnls
and Manitoulin and adjacent islands: Canada Dept. of Mines. Memoir 111,
No 91, Geologieal Socies, 1915, p. 36,
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Tn our opinfo this selevence of these dolomitle limeslones to the
Medinun ie uowareanted.  The problon ie cowplicated and ite full digens-
gion is reserved for another occastoun, Tt is mentioned here wiainly
because specitiens of thres of the Ostracoda described and ustrated in
this volume come from the typical loeality of the Trvar Bay dolomite and
the desirability of some explanation [or our veference of these species to
a higher position in the time scale than that given them by Willimue
Triefly, the evidenee in the case is av follows: The sewior aatlor has eal-
locted more Lhan 100 specics ol foawils from the Mavyille dolomile near
Mayville, Wis. These fossils certainly are neither of ** Alsxandrian * age,
as Savare” elassifies the fornuation, nor of the age of the Catarart or
Upper Molins os Williams has it. They are Niagaran and probably
represel some part of the Clinton, whether Tower, Middle or Upper
Clinton need ot he decided al presenl. ‘The Dyver Nay dolosnte being.
s 18 genweeally admitted, of the age of the Mayville mmer therefore also be
of Ningaran aud net Medinan age, Confirmation of this conclusion is
found 1o the Dver Bay Ostrucoda that were studied by we for Dector
Willinnig pnd partially Listed by him under the preliminary names then
applial to tlea {np. «id,, p. 37).0 1n all, EIX ATIOLAR WOTR distlnguished ;
thilnbolbing billingsi, €. pnclate, Zygobolba williumsi, two sperics of
Leperditia, neither of which hea yet been described, and a species of
Wythoeypriz that has no partienlar steatigeaphic signifieasee.  The two
spoive of Chilobolbina wecuir in both the Gun River and Jupiier River
fornstions in Anticost : pud the Jongrer of the two ypecies of Leperditin =
found above the middle of the Gun Wiver formation at Hannah ChLff
Virieties of Uoth of the Chiloholbiuas oeenr in the Mastigoholbioa lacs
gono sl Cumwberland, Md 5

As whown on preeeding pages the Gon River and Jupiter River {forma-
tios are of Tower Clinton age; and the Mastigobolbing lata zoue ie the
most typical and persistent parl of the Middle Clinton, Acearding to this
oslrarod ovidenar, then, it appears that the Dyer Bay dolonite corresponds
to the latter part of the Lower Clinton or the ealy purl of the 3iddle

L Bavape, T. A, Alexandrian racks of northeaptarn Illinols and castern
Wiseonnin' Bull. Feol. Soe Amerlca, vol. xxvll, p. 410, 1916,

-,
e
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Clintow, wilh the former interpretation the more likely of the two. Witd
the exeeplion of the speies collected on ¥itawilHam Island and refereo
by Williarns to the Dyer Bay dolomite there iz nothing in the remainder
of the fosgils of thiz bed as listed by him that wonld not look as well or
better in a Clinton fouva than a Medinan one.  Indeed, whers slze does
one koo eorals like Syringopora veliformeds, Favosifes crivdadus, anid
F. obliguns, or lunchiopods ke Strophonella striate, gnd Khynchonela
bidens, o1 & peleevpod like Plerines undale or a trilobite of the renus
Liseolyrene {Calymene of. clintont), in rocks of pre-Clinton age?  And
how are we to explain that of the 10 fossililerans Dyer Bay exposures
given in Williams® tabulated list of fossils the so-oalled © Alexandeian
species oeclr noly in the eolumn of Fitzwilliam Telund 7 Gf the six [ossile
histed from this ivland only one § Viegiane saapeillensiz) 15 noted as ocenr-
ring in another of the 10 Inealitics. The suggested possibility that the
suppesed Dyver Bay dolomite on Fitzwilliam Tsland is veally an older bed
shoald have been considered before Williams changed his beliel yezarding
the post-Medina age of the Dyer Bay delomite.

Just how this Clinton fauna got inty the Michigan DBusin js not casily
raplained. The Liocalymenn and the Ostraceda al least, and less certamly
alwo somie nf the Brachiopoda, donhtless are Atlantic types. Dot we see
no possible chance of deriving them hy direet migration from the Appa-
lachian rogion gernss the Ohio Valley fo the Great Lakes region. The
only paths that now are eogeested as probable are to the north from
Lgke Huron to Hudson Bay or in a inore easterly ditection seeoss {Jucher
to the Golf of 5t Tawrence. Sowe definile basie for the belief that the
Eyer Bay Oslracoda aclually invaded the Great Takes region from the
northeast has come to us through a fow zlabs of fossiliferons limestone
colleeted ou the southeast braneh of Blanch River north of Cobalt. Cmtarin.
Oue of Lhese picees of limestone containg the Leperdifio and Chilobolbin
puselatas which the Dyer Bay holds in corsmen with the Gun Hiver Tornia-
tion of Anticosti, and wilh them the Zygobelba williarsi whieh iz a0 far
Engwn only from Ontario.

The fncts in the ense nz above outlined may be sunimed up by sying
that the trend of all the evidence—-physieal and stratigraphieal na well as
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the purely fanval—oow available e ungualifiedly opposed to the reference
of the Dver Bay dolomite of the [ake Muron region aud alse the in part
contemporaneous Mayville dolomite i eastern Wisconsiu o a pre-Kiag-
aran age. The Mayville and Dyer Bay delomites prolmbly belong in the
lower half of the Clinton group, but they certuinly are neither * Adex-
audrian ” nor Medinan in agc.

Tha Middle Clinton i New ok

The zeene of Lhe Clinton sequenee 14 now shilled Lo the east whete—
hetwerr Clinton and New Huetford—the Middle Clinton i boperfectly
exposed ut a number of places along the sinusus sulerop of the formation,
The recognition of {he Middle Clinton In New York is based mainly on
foesil evidonce, Tis top 1= vather satisfactorily indicated at the base of Lhe
oolitie iron ore st Clinton, ITowever, ihie base of the Middle ('linten iu
tliig region is somewhat doubtful. Ii may extend down te and include the
Oneidn conclomerate and thus comprize all of the 125 feet or wore of
("linton shale and sandstone that ia known to amlerliv the oolitic ore ad
{linton ; or Lle basal part of Lhis 125-foat intervul may contain a Lhinned
ruprezentation af one or more of the Lower Clinton heds, AL present this
question canmot be decided, but in the meantime Lhe abeence of auy
evidenee whatever to the contrury warrants our assumption that at least
the greater part of the deubtful mterval s of Middle sod not [ower
Clinton aze. Ip other words, that the Lower Clinton cillier has alreaddy
pinched oul beneath the town of Cliuton or that the complete Isilure of
the Lower Clinton is deferred to some place to the east of Clinton, iu which
case the seetion hove would #1111 vetuin some vedueed and we vet vnrecog-
tized part or parts of the Lower Clinton.

NomErcnaTvee—Lhe matter of 8 peographic name for the Middle
{‘linton of New York 15 in doubt. In a paper read by the genior guthor
before the Genlogiral Society of Ameries in 1917 lle term Kirkland was
uged for it At the sanie mesting Chadwick®™ papor on the Straligraphy
of the New York Cliulon was read by Litle. The publication of the latier
in the following yrar shows that its author proposes the term Sauynoit
beds for the 125-Toot interval between the hage of the oolitie iron ore bed
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York Clinton as the * npper shale * al Rosheater, the trae Sodus shale, and
the raleareons shale which averlics the oolitie 1von are at Clinten, but o
all of these instaness the identibeation of this speeies is erroneous.  The
Cedracoda [onnd at Roclwster are nol of this speoies nor ol any other
{hat is found with it at New ILartford, bnt they belong to spenies of another
genus, Zygobolba, that are charnclenistie of their own zone. Those in the
Sudus shale also belong to Zygobolba but to other zpecies of the genus
thit also are eonfined Lo o particular zone of their own.  Rusentinlly the
same 1= to he said of the Ostraeoda in the shale above the ore al Chintow
These belong to Plethobolbina, Bornnemain and to large apecies of Mastigo-
bollina whish are quite dilferenl Trom the M. lufe, M. vanuzenit, M, clarke
and sueh other common and widely distributed Middle Clinton speeies as
Zygobolbine conriodi.  The species found above the oolitie ore al Chinton
indubilably mark their own zone which is recopnized by the zame associa-
tion of forms from central Pennsylvania to southwestern Virginia and
thenee through Kemtueky 1o zouth-veniral Ohio,

In Xew York the Middle Clinton eentains other fossile besides the
Ostraceda,  But these seldom are alundant and well prosorved and not
many kinds have been [ound. Hewever, in southern Penneylvania and
northweslern Georgia, n few loealilies are known where the member,
especially its lower third, conlaing many fairly good Lrachiopeds and
pelecypoils.  Sonwe of these may prove valuable for eorrelation purpeses
but need mow detailed investipation efore mueh wse ean be made of
thern. Tn puy event their cesurience is too sporadic to permit them o
rival their nldquitous ostreend Rssoninted as mulde fossils,

e pper Clinton i New York

Tnder this provisional designation we inelude all the beds betwern the
base of the trne Willinmson shale aud the top of the Rochester shale, the
propesnd Gates limestone of Chadwiek al the top of the Hochester being
in doubt: The desided faomal break between [he Middle and Upper .
Clinlon in New York has long been reeognized. It 35 manifeste] also very
clearly in the Clinton seclions of the Appalachian Valler from eentral
T'ennsilvania to the southwestern extremity of Virginia, Uhe importance
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of the break 1o ke latter regiom, though invelving snaller wunlers of
specles, is more truly indwalive of actuad cheange o the marine T of
eonliibuting oceanic basing than appears in colmparing tle severml faneas
ol the Clivten in New Yock west of Clintee Namely, 1 the Clintoo
funnas of e Appalachian Valley we are dealing admost exelnzivel v with
periodic incursions of the Atlantic fanna whereas in the Clinton fannal
sequence of New York the pure Allantic menrsions that pertain to the
Zygolmlba auticostiensis zone {Dear Ureck shale), the Sedus shale, the
Williamnszow hule, and the Mastigeholbing typus or Paleocyelus rorulotdes
zone alteroate with Lhe striclly southern invasions that make up the whaole
ol the Teynales and Wolcett [aunas and ever 20 per ent of the Loehester
Truna as developed at Tochesier and Lockport.  Incidentally, we way
mention that Tacts like these, referring parlicularly ta the sousee of faunal
supply, kiave an impertant, though wmest univeraally neplected bearing on
questions of correlation of foroutions and their classification inle groups.'

CpasTar, Warrive axp Favwan Isvasioxs.—The Tlpper Clinton is
distinguished from the Middle and Lower Clinton alse in its geographic

distribuiion and by cenetal warping that eaueed the changes i geoceaphic

LPhig remark iz guggested by Chudwlek’s proposal to divide the pre-Lockport
Ellurian, which he caliy “ Hontsrie or Anticostian * 1ote two groups. The
" Lawer ¥optaric ™ comprises the uppor part af the Medipan serlea and the
Lowor atd Middie Clinton, beginning with the Whirlposol sandstone and and-
ing with fle Wolentt Furnace iron ore bed on the top of the Woleott limeztone,
the “ Upper Hentaric ¥ beginning with the Willlamaon shale and ondlng with
the (zates llmestone which Hes on the Rochester shale and thus correzponding
very nearly with oar Upper Clindon. Io our opininn the mest commendable
feature of this provosed elassifeation 1 the reccgnition of the allianea of the
l{ﬂ{!hﬂswl" shalo \\-EH'I Lhe 'I_'I_'I'IﬂEI.‘]}'iI!g TI'U'I'H’]L\I]uﬂlL Timeatons artd the Willinmson
shale ruther thun with the overlying Taockpert dolomite. Ag [or the pensining
Innovations we can sary puly that they do oot (it the conditions requived in
thee Appalachisn region and that aur stady of the Clinton and Medlna forioa-
tionk in New York and Omtario tonds without exeeption td shaw the abeolute
fnvalidlity of the argumcnts prosonted Ly Chadwick in prapogleg them, Thie
statermcnt is quite apurt from certain erreors ino the zeguence and aorrelation
of smme of e stratigraphie volte and also the fact that Chadwicl [ailed
entirely to oli=etve the distinctoness of wiat is here called Middie Clintoo
Chadwick's atherwlze prafzcworthy cffort 1o this case is merely another zood
illustratinn of the danger of introducing itiportant chabiees in the clazsifica-
tion of formations without sdequate Geld atel laboratory date and expericnec
wide enouglh to include all the ooneorned areos,
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patterna. In areal extent che Upper Clinton greatly cxeeeds the preceding
divisions of the gromp. Thouslh relatively loeal oselllations are suggested
by brpegulavitios in the distribnoion of cortain of the Upper Clinton faunas
Lheve 15 still abundant evidence to show that deposics with fossils indicsting
more ar loss eleardy cortain maddle and luter stages of this tine oceur to
the norlleast as fat as Littleton, W, I1, and o the west in southern Ohia,
Joth of these extensions of the wormal Climton mnrine aren of deposttion
nre of the Mastigobolhina typus zone, which earres o purely Atlantie
fuuna; but vo preceding Atlantie Chinton fauna is known in either of
these oullying places and ouly ome later extends by a different path so
fur weel from tlie Appalachian Valley as Ohio.

Ar previously remarked the southern fanna repeatedly invaded and
aliernated with the Aclantie faona in oeupying the Clioton area of
western and eentrud Kew York, Both the eynales and the Woleott lime-
stone faunas are of sonthern orvigin and they remain wmeontaminated to
their eustersinost extent. Evidently these iuvasious wers eitlier separatad
hy some Innd barrier from the Appalachinn Valley seq of the time or the
tuller trangh was not submerged at their Umes. The Roehester shale
fannn, on the contrary, does show eontamination wnd mixture of Aflantic
aned southern JTaunng so thal we cannot readily sseape e conviccion that
the harcler which had kept Wie preceding fauuns apnrt wog now at least
leas effective.

NMugaeeTER Favxa.—The fanua of {he Rochestor shale in weslern New
York, where i1s fossils have been collected asuidnously throngh nesrly a
cenlury, comprises approximately 235 species.  Nearly a thivd of this large
number conesiacs of Bryosoa, every one of which sugrests only a southemn
origin. Ta otlier words, the Rochester Bryozoa are wilhonl exception more
or legs elosely allied to older or yonnger genera and spectes in western and
wnthern forinalions—the Waldrow shale, Osgood limestone ynd Brassfield-
{'ptwrnct formations—whose faunus are confldently viewed as iuvading
{rom the south, 1o tracing the Hoehoster horigon vastward fron its typieal
lnealiby ite fauna becomes rapidly less, 20 chat dilygent search of the forma-
tion at leealities in Wayee Counly, at which the Tiochesler yel maintaius
ite typical hithological facies, foiled 1o reveal more than a filth of the
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specios found in thig lormation 40 to 50 miles west. At Clinton nearly all
that is left of the remarkably prolifie southorn Rochester fauna consisis of
sbout & duzen of its Bryozoa which oceur there in fragmotary theagh still
recognizable roniditivn in the upper or vod finx ore bed,

Aeeonlingly, then, we infer thal the southeastward $ilt of the Appa
lachian Isid which had madn possihle tho invasion of norihwestern Georgia
by an Atlantic Middle Clinten fauns was reversed in direction so that the
Georgia locality was emnrged whereas the wide grea between Use Adiron-
dacks and coniral Kenturky woe subjected (o Atlautic submergenee
through w more norlliern iulet, k

The exceedingly few (twe or three fragments of) Hryozoa that lave
been obeerved in the Appalachian Clinton deposite north of Alabama ocear
in the M. typus 2one of the Upper Clinion. Oy ane of these spenimens s
specifionlly determinable, und this is relvrred to Phylloporing aspera-
tostriata, o characteristie Rochester spesies, Whelher this is a venture-
some shraggler of Lhe sonthern host or whether this species Tanged also
in the Adlantic and invaded Marsland with its associated faunas eannot Le
satisfantorily determined at this time. Iis present wain interest and value
ie as n gnide fossil thnt helps other fossile in proving the Ruchester age
of at least some part of the Vpper Clinton as developed in Punnsylvama
and Marylend, -

In the Red Mouptain Clinton of Alabamn renuains of Bryozoa are rather
common and very gimilar {un clarartor (o those Tound in the Waoleott lne-
stome in New York. Bul nowe of the other kinds of foesile sssociated with
thewn s a distinotly Atlantic Lype. Tesides, the Alabsma deposits of Lhis
age are sepatated from the soethern extremiiy of the Middle Appalachiun
(linton trongh by more than the width of the State of Tennessee in which
deposits of Clinton nge are almost endirely ahsent, It appears, therefore,
the Alabuma Clinton fannae are entirely southern in origin,

Reverting in the Hochester (auna of New York it i= to be observed ihat
in the eollections made at Taockport and Roohester this fauna centsine
about 20 species of Oviracoda, rilobites und graptelites that we regard as
North Atlantie Lypes and not as southern. This conelusion is based on two
fnets, (1) moet of them arc either specifically the same 1z, or have their
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closest allics among specics found in the Appalachian Valley region narth
of Tennesser; (%) none of them bas been found fu cocks of Silurian age
i the Ohio and Mississippi valleys whose fsunes may be confidently
mieweil ag having invaded the contineni from the south. 1ln addition to
these 20 Atlantic species the iypical Rochester fauna inelndes a fow
Lrachiopods, notably Olorinda, Nuelsavpim piviformis, and Stropleodonta
profunda, which while common o Atlantic fanoas of this time are rare
ar not found ac all o southern fannas holore TUpper Niaguran time.  The
only wanier in which we ean account for theso [ols is by assuming sulfi-
clent communication between the southern und eastern waters during the
Hochester and Trondoguait sages of the Upper Clinton sge 8 permit
such intermingling of faunax The conoretion between the two seas must
have vcourred across nurth centrul Penneylvania,

As already indicaied the Upper Clinton was a time of general though
oscillaling subzidence in Lhe middle Appalachian und Alleghemy Platean
regione.  Thuc the mbeidence was never suflicient lo permit anrestricled
and goneral blending of faunas. Most of the transfusion was from the
paat westwatd and wark of the larier rononrnod erustaces that spem hetter
travelors anid less snaceptible to changes in envizonment than ather claszes
of mariie animals.  Among them are Pertechming gpinost, P ghnrorsis,
Prigygopleurs symmeteice, Rythooypeis niggerensts, speries of Octonaria,
Dlmanides Mnulurus and Homalonelus dolphinocaphulus, all of which
neee in the Upper Chimton of Marvland and Pernaylvania tut nel in the
Ohio Valley. The nine dmdraid and rediculate graptolites that have been
leseribed from the Bochester in western New York are wholly nnrecorded
in southern Silurisn faunss excepl perhaps one or two cosmopolitan species
af Mirtyonoma which are found also in the Cataract formatiog in Ontario
and the Brassleld iu Ohio. Grapiolites of the same types do, hawever,
oocur in the Atlante Taunas of the east, though it must by confessed {hat
their remuing are not common in the Apputaclnan Chuton formatione.

Tesldes the Y0 4r more speeies in e Tochieslor funna of weston: New
York which Lave been picked out ae probably having been dorived [rom
the cast this fawna includes five or six pelecypods that wlso enggest an

egelorn rathes than a goothern origin. However this guestion may finally




A4 Parrorows Osriracoia

be decisded, il canmwt be denicd theat most if oot all of the Roeluster
pelecypods lave very close pud perhape indistinguishable allies in the
Ulinton [sunas of Penneylvanin.  As yob, howover, the Clinton pelevypods
requive closer investiyalion not only of their atrartursl characiors hul siso
regariling both their geographic distoibution and their vertical range
bufore their testimany m gquestions of correlalion may e properly apyiee.
cited and evainaied.

Upeen Criyrox Forsratwxs —Continmeing wilh the New Yurk scetion,
the liwet ol the Tr‘ppﬂ' {linton formations is the Williamson ghale as redes
fined by Chadwick. Tn the section ut Rochester the trme Williamson iz
represenied by ouly the five wr pix foot of dark graptolite-beaming ehale
whirh les immediately beneath che ]r\llllilt‘tlmlil‘ limpstone.  Going east-
wurd [rom Rochesler thie shale formption incnases to its suppesad maxi-
mum of uboatl 106 feel in the deep well st Lakeport, DBemeath it in this
well i a ehaly limestone that all agree is the Woleotl limestone. To the
gt of Lakeport the Willinmson thins o rapidly and changes a0 oreatly in
lithologieal character in the largely drift-covered 23 miles that intervens
letwien this place and the outerops at Clinlon Wbt 2pne donbi exists oy
to ile preseiice in the section al the latler plave, 1L as we think is Lighly
probable, the Williamson shale is vopresented i the typieal sevtivn of the
Climton, then it must be by that part which beging wilh Lhe volitic iran ore
bed and extends above the oTe to seme umlstermined line m Lhe overlying
I8 (et of interhedded soll shale and barder caleareons shale.

More than ¢ specius of [oeuls were volle-ted by the seuior anthor from
the grrecnich sofll shale that ix removed with Lw: ote in mining the colitis
bed at Chinton.  Froun one te Lwn Leel of this shale lies belween the twen
ore henches, ind we were asaured by the miner Lhat no more Lhan » fool or
bwo of the phale thal overhies the upper heneh is eser removed inthe niining
uperations.  Though most ol the fossils came [rom the roof of the mine it
14 eortain that a parl of the collection is [rom the shule parting. o far ae
abseaved fhere 15 wo essential cdifforenco horween the foesils foand tnmedi-
ately ahove aud beneath Lhe upper of Lhe fwa oalitic Tnsers.

Thie and olher eolleetions of foxsils mado at Clinton are exvesdingly
important in determining the age volatinne of Maryland Upper Clintin
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somod to Liose in Now Youk, Tasts ace given on following pages.  Heve
o re conrerned more partiolarly with the relation of the colitic iton ore
aud Uhe fossiliferous shalo that ie intimately associated with it al Clintoo
to the Lypical Willianson shale,

According to present concoptions the most charseteristie fossil of the
Williamson shale is Monogropius clintonsnsis. Thix yraptolite oecurs In
the colitie ron ore zone at Clinton, The Williamson also has the first of
the Climton oceartences of Plectambomies {prabably P, elegantulue) and
Uhe s species oeeurs with the Monograptus sl Clinton. A third ehs-
wetoristic Tossil ihat {s found in both 35 0 supposedly pew spocies of
Tachiadites. These thrue spocics—espesially in view of the fact that oone
of (he other fossils associaled with them in cither the Lypieal Williamson
or i1 the shales that arc assoeiated with the oolitic are at Clinton tend 1o
contradict their testiinuny—shonld auflics in establishing the ex=eolial con-
temporaneily of the two bede.  Regarding the other fossils in Loth beids we
may adil that by far the greater number of tham are decidedly moch more
closely allied ta succneding Irondequott and Hoeliester specios than to the
abder Middle aud Lower Clitbon species,

Tn the mere lany zone which lies from 5 4o 15 feet ubove Lhe aelitie ote
ab Clinton is another fauna. A oumber of the species of the underlyiug
bed pase inio this zone, but the introduction of four or five other sporiis
wives it a distinet aspoct thut scems (o be guite characleristic of the zone.
Amang the silded forme are Dalmanella clegoninls, Hitolnies bilobw, and
Nuclopspire pistformis, three prolific members of the !ruﬂfiﬂlmit and
Rochester fuumas.  Bal the meosl sbundant and al=o the most steiking of
Uie now things ie Lhe coral Palacacyelns reelulotdes, and Lhis, maorover,

guetie to be conlined to this zone,

Chindon Becting of Clindon, N. 17

The grueral eharacter and relations of the Clinlon seelion at Clinlom,
New York, 1s given below followed by colmmnar sections showinyg the
saquence of brds al Hochester, Waoleoll, Tskeport, (Higton, and Cruger's
Mill‘en Uurs Creck.
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SEcTion At Craxyox, N. Y
Clintan group Fret
Unexposed beds of nndetermined but evidently smal]l thickness. .. ... T
Upper Clinton
8 Calearcous sautclstone, rather thin bedded, with thin shaly

layers (Herkimer swbidatone of Ohadwick), abond.., .., .., Bl
5, Tled flux fron arve bed, Alled with broken remelns of Hochoster

BTN s i b ke S L R (i s nbp R VA a:8
7. Thin, irregulacly heddetl enlenropus sandstones In upper haif

and thinner layers of arenaceovs whale in lowor half ..., ., 5

e

Hard, streaky, ferruginons and clavey anboolltle Hmeatone, Eull
of large and small erinold columnals and a few Undster
IV BIFPIEE ooy e b e e i o e
(Deds 6 und 7 prahuhh m:rcsplmd to the Imuslequnit Hmn

etene 2t Hochisster and to the Keeler sandsions of Mary-
jand and Pennsylvania )

3. Fhulsh or greenish shule with thin layera of sands, often

foesiliferons limestans mainly In the middle thicl; foasile:

Palgeocgring rofuloudes, Dotmanclle elegoniula, Biiabifes

bilode, Nuclcokpira pieiformis, Mostipobolbing punciaic,

Plethobolbing typlcatis, ote, At hasc a softer shale with

large and purtly different founn, Incluvding Manograptus

R e R IRINI - o st st s s R e 18
4. Oolitic lron ore {oeally In twe bdp wit‘n g Eoesillferpnze shalae
partlng; and cocanlonal guarts pebbles in bese. oo, 2.5-3

(Bedsz 4 anhd 0 eorrespand to the Willlwnsou ghale of Warno
County, and te the Mastlgobalbing typus zone n Peon-
aylvania, Marylund, Virglnia, Xentoeky, and Ghlo)
Middle and possiily Tower Clluton
4. Greenlsh zhale and very thin sandsione Invors, almast barren

of Poegila; exposmil AbOBL. .. vvvveriiionnnnns FE DR ey e 23
Uncxposed tut as Inditsted by log of decp well:
2, Shalc with beds of sandstone abowt ... ..... C T ey 106
1. Unekda conglomerale ......... { | B S (R . B0
Ordovictan
Frankfort ghale

Bhale, Tight rokored and SETAY. ... .cuvniiioseeest s s e 30
TOTIETRIUREE. o ¢y o nii o e i B A b e L s g G2

Treuton {imeztone in 1n:r’clrm DI 'P:luil

As indicated above in the section ot Clinton beds § and 5 aye correlated
with the Willinmaon shale, and beds & and 7 witli the Irondegueit. How-
over, bed 8, the congloneratic red flux ore bed, must be & younger forma-
tion, Tt consizts mainly of cemented erinmd eolumpals and fragments
of eonueon Hochester shale Bryozoa. Although only a small part of the
material eollected fromu (his bed has bern subjeeted to study at Jesst nine
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Rochiester species were recognized in il These are: Chilofrype ssfiolata,
Hallapormn elegantule, Hatostomells granulifirs, Eridotrypa solide, Lio-
clemn asperum, Nichalsonella florida, Phanopma ennadensis, Pachydictya
orussa, and Clathropara frondose, Besides these there were apecimens of
twn wider species of Pleenopora, others of a specics of Meekapara that may
be the 3. haselert, and finally a few of wspecies of Rhinopera. Bemaing of
other elasses arc rure and poorly preservesd.  Amoug them ia a brachiopod
like Whitpeldelln oblata, fragments of trilobites probably belonging to
Culymene niagersasiz and Dalmanites of. lwulwrve. Also {wo vnde-
trxmmined cup corals.  Furtlier srarch donbtlces would reveal other species
of like straiigraplic siguilicance but in the absenee of anything of appesing
nature it has sermed uuneeessary to seek additional proof of ihe Rochester
age ol the red flox ore bed,

In making this assignment of the red flux ore hed to the age of the
Raehester shale it is to be nnderstood that we conlemplate merely a stage
following the Lermination of Trondequoit lunestone depnsition in westarn
Now York. The red Mlux ors hed accardingly would represent some part of
the Jower half of the Rachesier shale Teaving Lle overlying saondstane in
the Clinton section to roprceont higher parts of Lhe Roclesier.

Chadwick denird the presence of beds correeponding stratigraphically
to the Rochester shale in the section at Clinton, 'Mhe evidener eifed by hin
in support of his view consists mamly of veproved and altogether imprali-
able asserlions reganding progressive losx by erosion of members from (he
top of the Clinlon in going esstward (romn Dochester. We, on the eontrary,
sec no valid reason, either palecailologionl ot plizeicnl, for any such vom-
clasion, OFf coutse, the top sutface of the Ulimton was subjectod (o sowne
erosion during the enstwardly increasing time marked by the hiamms
between itz top and the overlapping base of the meccerding Lockport and
Uayugan [ormations. Buot ax commonly happened o soch eases the
amount of rock remaved wis conparatively insignifieant.'

In this conmection it should be remembered thal Chadwick failed to
recagnize the Williamsen age of the solitio iver ore bed at Clinton which

'A pood {MMustrallon of lhe almos) inuppreciable effect of erozion during
long periods of Talcozole emergoned is Lhe cabi of the Fernvale llmestone in
Alismourd which, az described by Tlrleh In the Revision of the Paleozoic

Systotnae, p, 205, mainteing upproximately the same thickness whethar tie next
sustecding bed Iz of & later Hiclomond wge or a Missizslppian formation,




MAnyLasT GEOLOGIOAL SURYEY 448

he correlared with the Verous iron ore that Hes at the buse of the Woleott
lmeslone or lower, Also that e recognizes the Tower Claton Sodus and
Maplewood shales, and. doubtless inadvertently, alwo the * Martville ™
shale, in the Middle Clinton south and east of Uticn.  These misappre-
hensions probably ate largely tesponsille for the belief in mreal erosion los:
from the top of the Clinton, Nor shonld we overlook the unconcealed
faet thar Chadwick depended for his fpunal evidence from Tocslities iu
Unetda and Herkiner eounties inainly on citations in the old reports by
Fanuxem and Hall.

Juilging from our own investigntions wone of the Clinton fosstls <o far
collecied al Josalities in Omeida and Herkimer counties indicates Tower
Clinton: amd in the latter eounty they are all of Tpper Clinion age.
Ohviously then, the caspward thinning of the Choton is mainly by overlan
anil eonsequent lose of beds [rmn the bottom iostead of Drom the top.

Ostencad Aones af the Cliaton

Study of the ficld relations of the Clinton Getracodn, deseribed 1u this
volmne haz broughi out the {uet that they oceur in o number of more or
Vess learly distingmishable zones, Nine of these zones are recoguized ; anid
those spanies that are confined to one or another of the zones ecustiinte by
tar the imafority of the intal ywmber, Most of the remainder are eommmon
to two of the zones, while a fow may even be found in {hres,  The latter,
lowever, ate of the relatively simple forms among which vlose specifie
dizerimination [z difficnlt.

liach of the major divisions of the Clinton—commenly designated in
this work as Lower Clinton, Middle Clinten, and Upper Clinton—eom-
prises three zoues, arvanged and named az in the following table:

Crix1oxy OSTRACUD P4bs%S 18 TUT ATPALACHIAY VALLEYT REC1EN

»

. Drepanelling £lavkl zone.. .. ... l
., Magtigoboibina t¥pus =one.... ... QUpper Clinton or Lakemont formation
Bonnomaia rodis momea. ool L. |

-1 o g

Zyrosella poxilen zome........... |
. Mastigobolbina lats zome. . ... FMiddle Clinton
Frgobholblnn emariata zoBe. .. ... |

#oo

. Fypoholby decora Zome. ...0a-a 1
, Fvepeholba anticostirnslz zone.. ., LLower Clinton
. E¥Eoholba eractAR BObE. ...

H ora 3
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Except the two uppermost zones, which are separated by the Keefor
sendstone, 1t is not elaimed thal these zones are deflinitely limiled above
and below. Possilly such limits might be established if one could fud
and study very carefully the several bede in porfectly exposed sections.
But such favorable exprenres of Clinton deposits are sullom found in the
Appalachian Valley, and those that Lisve hoen ohserved rarely cstend
through more than bwo or three of the zouss. Nenrly always smne much
needed part iz covered. Besides the successive bads of shale and sandstone
ate 50 muach alike u lithologic chavacter and so many prove practically
harren of urgauic remaing thut the erileria nsually relied ou iu scparating
members of forntations are only very imperfecily serviceable ju this case.

Yor the present, then, most of these fozsil zonce serve mainly in rivieg
an approxmate iudieation of partienlar horizens in nn etherwise excenl-
iugly nneertaiu saquence of depnsite. Bach zoue is tecognized avd dis-
tinguished from the others by one to ten or more spreies of Oslrncoda
whose veriical runge has been patablished liv ficld experience, careful col-
lecting and exlinustive study und comparison of everything coutained in
each eoflection. Bow species wete thus dhown to range theough hundreds
ol feet of heds, Many others, on the contrary, seem to he confiued o rmel
narrower vertical limits. Fortunalely, most of {lem oeour in veritable
swartig, aid it 15 only very =eldom that n sproies oecurs LTAECOT Al ied
by others, Though the nsnal presence of a nuoder of more or less clogely
related lormz in each of the fossiliferous lavers adds to the difficutty of
identifyioy the specimens, the combinations of twy or more closely drawn
characleristic species wakes the exten (rouble worth while by adding
greatly to the cerfuioty of their age delerminalion.

As might be expected, certain of these zones ave uot only more definitely
detenninnble bui also more casily than others. Some alen, and this applies
particularly 1o the first (Zygobolbe erecta) and sixth { Zygoselln postion)
zones, are koown to oecur at only a lew places, , The seventh, Donuemaia
tudis zone, alse has net heen recognized in wany of the Clinkon sections.
This 1z unforiniate bevanse the B, rodis zone i perhaps the most prolific
of the Clinten ostracod zoues and very vasily distinguished from the under-
Lying zones,  Ad the four pluees where thix zoue has been recognized —one
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in cenfral Pennsylsania, one in Maryland, one in sonthwestern Vieginia,
and one in northeastern Teunessee—ocrasional thin sandstone lavers i
it arn simply erowded with large specimiens of Bonnemais rudts and other
specios of this genus that have so far been faund ouly 1o thie zone.

Jonsidering the geographic distribution of the Ostracoda of each of the
{hree major divisions of the Olinton we quickly Joarn that in each case 1t is
the middle zone that i= the most widely and geneeally distributed, Tn
Lawer Clinton exposures the second or ¥vgobolba aulircstiensis fanna i=
recognized aftencr thao are either the underlying %, erccta zoue or the
overlyiug Z. decora zone.  In the Middle Clinton the Mastigobolbina lala
{auna is much more persistent than either the Zygobolbina emaciata or the
Zygoselln postica faunss. And so also in the Uppor Clintan it is the
Mastigobalbina typras zone that i= alwuys preseni, whereas etther or both
of the two oblier zones of this division may be absent or at least unrecozniz-
able over wide arens. These facts suggest shifting of sras and alteruating
relroat and advanee of shore lines,

The general abseuee of the Z. ereeta fanna except in central Pennsyl-
vauin {Blalv, Mifflin, Funtingdon, Juniata, and Poerey counties), con-
sidered with the wo facts (1) thal where it is present the Clinton section
as n whole s thicker than elsewlere nud (2} where it has not Leen
roropnized the second or ¥ anticaztionsizs fnunn liee nearer the base of
the Clinton than it does in seclions showing both zones, sugpests the
inference Lhat the Clinton sea fivat invaded central Pennryleania and io
the secoud stage spread from there norlhward to weslenn New York ani
soulhward to southwestern Virginia. At the close of the second stage,
however, the Appalachian sea retreatod fram the sonth 20 that the third or
7. decora fauna i coufined to the area botween northern Virginia snd
rentral Now York, Similacly, the Fygobolbina cmaciatn fauna has been
recogiized in typical development only in south ceutral Pennsylvania,
wheseas the suceeeding Mustizobolbina lata fovma is well developed in
Dneids County, New York, and generally present in the Clinton sections
in Feousylvunia, Maryland, and Vieginia, PBut ou this occasion the zea
apparcotly retvealed from the north eo thai the sueeeding Yygosella

poutica fauna is fonnd only to the =outh of Pennsylvanin
=n
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A wenernlized staterent of geographic changes during the Upper
Clinton has alveady heen given in dizeussing the New York Clinton seetion.
Heve 10 will suliice te sav that the patch disteiliotion of the Bonmemnaia
rudis zone [rom central Fenusylvania to northern "lennessee indicales pre-
ceiling slight warping of the Appalachian region, with nereasing sub-
sidonee 4o Lhe sondbwest,  The sulmergenes of the succreding Masiigolbol-
hing typus stage involred a wmuch wider area extending lo southern Ohio
om the west and to New York on flhe ooril.

Evidently {illing of (he surface of eastern Tnited Siates oeourred
alternately in northeast and sthwest directions, the area of submergonce
ingreasing toward the north when the tilt took thad direction amid to Lhe
zouth andl west when Lhe divection of the Gl was reversed.  The process
whg torther complicaled by similarly sllernating dilferential movenels
in east-west diveetiong, which faused considerable averlap by deposits il
launas ol seuthern origin over the western edmes of deposits that had been
lwid bown hy Arlantic waters; and vice yeran, In eomzeguence of Llhese
varicns differentia] movements and warpings of the surface of the von-
tinent the geographic pattern was ever changing, Tle more important of
these are shown in paleogeographic maps in another chagpter,

(r1xTox HECT109s TN PERMNSYIVAxTa axe ManvraXp—In view uf the
preceding vbservations it 15 nol to be expected that all of the nine Clinton
oatrarod surer should be generally fonnd aned elearls resignized 1noall or
even ju many widely separated exposures of the group, In fact tley o
not generally prezent or at leasl not so.developed thal one may always he
certain a8 1o what iz or {5 not present, BN, some sectivns are Known B
Pennsylvanino atd Marvland in which most 10 uol all of te 2ooes bave been
reeovnized,  To insure the removal of all donlbt 30 the mtud of the veader
that these zomes are not baged oo werely Tocal variations of the Clinton
fanna bat are actnally superposad one over the ollier, a few ol suel eclions
will Te aiven, The most complete of these seetions oeenrs in Juniats
Connty, Penusylvania, on the northwest slope of Tuscarory Moundain
Lerween TTomey Creve (sonelimes colled Bealetowno) and the edge of
Terry Coenty. Another, in the same state, 15 T wile north of Marklesborg
in Huutingtom County; the third, alzo in Pennsylvanin, i= at Tlollidays-
bure: the fourth at Comberland, 374
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AECTION NEAN JIOXEY (ROYE, PA.

The following very cnulirh:'w seliem was monanreed by Chades Butts

cud E. 0. Ulrich, aud the foesile wore determined by the latter:

Syximiox oF Ty Crrsmax Grooe o Frases of Trscamoas Moorran, Sorin-
EAST o Hoxey Geove, Juxrara Covxry, PERXSYITANIA

Cayugan: MeHKeuzie formation

Ninrgaran
Upper CHuton
Drepanellinn olarki zone Feet
Soft pale yellow and greepish calvgreons ghale with Lhe
eharacteristic ostrneods and shells of this wone,, ........ i

Eeoter sundstone wembor
Hard, thick-bedded guurizose sandstone In lower part and
more fagey lowsililerons spndstone in upper third, about. 29
Posslls: 2 sglzes of " Monooraterion "like worm burrcows,
Defmeeelln ol olegen inde.  Khiphdowrette el Ratefde,
Feafineaguing wp., Ortheteton sp., Spivifer cHspuy, Camm-
rotackia of. plcateila, Modiolopsie an., Techyrodonta !
Ap., Cronodiefa np, Tiebecalitey ap., Depordilie ap., Thay-
yonlipre 8., t?niwm-‘mv el Fiwnenbakl, Hemaetonolng of,
daniprhincoenhlies,
Muostipabol e typus aone
Greenish nnd vurplsh shale with plntes of sandstone, the
Intter often fosmllifaromn, mEEHL. ooy gee s ioimsessnress 1900
Fosslls:  Palppendllo vl clegantuedy, Chomctes corpwiagl,
Anogplatkarca abgalete Ulrieh (ontlloe rounded and pliva-
tlong nesrly abmilele—cliaracteristic of thie and under
1¥Ing =ones), Mosbipolollinag fynes, M, tripdeada, M,
jrienetate, Plethobolbing {ypiealis, Bennemeig oelsa, B.
eriaai, M, leng, B portonga, B, obdigua, Zyeasoiin eatinta,
£ wodifere mira, Liovalymene cifnfons,
Eonnemain rudis zone
Interbedded sandstone and shale, certnin lavers filled with
the fanna of this zone, abatt, .. ccoieeiinniniceeanonnnnn 1940
Fosslls: Awoptothrea obsoleta, Hoanemaio rudiz, It fgsa,
B, Tomge, Aasifgosalbima bifga. Zypogcoita Palitia var.,
Calymene = blumenbaghd,” Lioralymene clintony %, Tepla-
rulides Sp
Middle Clinton
Fuunal soncs not fndieated by (oasile; upper pert perhaps Upper
Clinton
Hhale anil sandetoos, ihe [ormer dark gréen bul wealhering
to purgle tints, Lhe Jaller more or [oee ferrugloous, orinly
fine graincd sord wealbiriug cosly, Na foesile observed.
If present should include the Zyrosslia postion mone: ahout. 200
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Iighest ohserved appearance of the Mastignholling kuta fauns Yeri
Shale and sandstone ke the overlylng 300 fect, but several
beds contain fossils of the M, laln fauna: abont.......... 50
Fossila: Dulmarcfla off, eleganfele, Chowelsg sp. (same in
Zyeobolha decora senel, Maatdgohaibdng fata, A7, Danie-
entd, Eygobeibiae omadlote T, & conradl, Pleifobolblnng
Ap., Colgmene * bied etthaond" Lloeaiysinne of, clintont
ond erincld eolumpals.

Covored cxeopt for occaslional 1hin ledgoe of hlocky ferrmginoens
sandsione, the goversd apaces proliably mostly stale, Np
fosgils ohserved: phoni Ly AL R e o S 100

FPoorly exposed band with thin fonslliferous sandstone; abont.... 20
Frsslla: Eyooboibs arcta, . Mwsrails. Fypodboibinag cmao-

clate 7, Magligobolbine laln aann, M, voanzcwd, Caly-
mene U binmaenbochl"” Fdoonjumene of, clinfoni, Eucoai-
elin tritobela, and twn undetsrminable irepostomatous
Drynzoa.  Evidenily an early Middle Clinton fauns
though not & typleal oxpressian of the Z. emaciata zone.
Covered ...., PRETE PV B B oy A A e R o 40
Lvwer Clinton
Fypnholha decors and ? 2, anticostienals =onea
dhowling malnly as surface debrix with oceasfonol hands gf

thin sandstone in ploee. BMony af the slabz of zandstone

are fosaf[iferouns, espoolally in the upper part; about. ., ., 200

Fasslls: Fypoholbg deopren, 8, '1’Ianfmm, 2. ot evecia, £,
oprinifera, . rabusta, ¥, infermedia, Zugobolivipg ced-
nota, arlnoid eolumnale, Chonefes gp, Licosigmens of
olinfoni,

The lower Iwothirds of this interval wus only very
hurriedly searched for fosefle Thare helng ample apace
for the Zyepbolbn snficontiens{s =ope il seems probable
that moare ¢areful (nvestigation would reveal the fauna
of thi=s rone also,

? Zywolmlha erecta zome
Vermillon and browniah red sandatone in thin lavcrs, some

of them Toasililerons, BUOME. ...ovfvr . cecansrisinnsonsos b ]

Fozslls:  Mastigobolbine cb. fwcipiens, M. producis. Zype-
bolle ganticustiongts T, Chonefea ap, Adoplaihesa Romis-
pherice, Liveqlymens I ab.

Covered apaes to top of Tuscarora sandsione: about. ... ....... 4

Tertal thickoess of Clinton abomt. ..o iiienann., ., B4

It is to he regretted think eoly au hoor oy two was devoted to the collee-
lion of [oesils [row the lower G50 [est of (Lis great Clinton section. With
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more time, donblless, other and probably more eharacleristle expressions of
the fossil zomes would have beeny found. Az il is we have one fairly ehar-
geteristie Middle Clinton fauna, the M, lata zone heing elearly indieated
Ly the Listect speeies. Bul the next underlying fossiliferous zone whieh lies
100 feot beneatl the M, Yatas bed laeks some things, mainly other than
Ostracoda. Lhat ome would expecl in a typieally developed Zygobolbina
crugciata fauna, Tt may be either a liltle younger or older, 'Uhe Lower
Clinlon fauma that was sollested some 40 Lo R0 feet lower in the seelion
conitaing a number of the mosl eharacleristic species of the X decora pouc,
but with these are specimens like Zygolbolba elonguta, 2. evecta, and
Z. anetnifers whieh hove been referred to the Z. erecta zone. On Lhe other
hand, there is alse Zygobolbing carinafe which is u mnember of the Franks-
town ore bed, However, the exact position of the last i= not definitely
koown, though the probabilities strongly favor ite being an apper subzone
of the Z. deacra zone pnd a possible eontempornty of Lhe Wolcott linestone
and Weleott Furuaes ore bed of the New York seelion.

As stuted above there iz ample room in this section belween the layers
sontaining this possibly inixed faaies of the Z. dreora fiuna awl the next
lower ohsersed foesiliferous bed which lies about 150 feef buneath il for
Lhe apparently missing or ai leasl nodiscoversd 2. anticostiensis fauna.
In other words, there are beds here that may well correspond to thal zone
vvem 31 the fauna itself should prove to be abeent here.

Tegarding the lowest of the Clinton fossilifersus beds in the IToney
Grove seetion oven more doubt prevails than in the eveclying cazes. Only
a single small haud sample of Lhis wes taken by Me. Bulte, sho alome
investigated the basal part of this section. The six speeics above listed
were found i the laboratory when this roek sample was broken up.  None
af them is strictly characteristie of the % ereela fauna as iypieally devel-
oped in a similarly bright red sandstone and in the ore bed associated with
it in the lasal part of the Clinton seetion new Marklesburg, Pa, We are
sovtain only thal it is & Tower Clinton fauna; and i ie referred provision-
ully 1o the Z. evects zone for no other reason than that it gcenrs near the
hase of an wnecwmonly thick sequence of Clinton deposits,
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No better place thao this is likely tn nrize in thiz discossion of the
Clineon fannal zowes [or the candid adiission that the Lower (lintos in
the Appolachinn regum s nue readily divisible futo theee detinitely
reeogmizable sones. While there is proclieally oo nurertainey and noe
diffirulty worth mentionig in distinpuishing the Tower Dlinton Cawnns
Ceoan thoae of Middle Clinton uge, the ouso as yet  very different when
vne s ealled wpon to decide the exact prowitions of wsolaled eollections of
loswer Clintou fannns,  However, such iffieultis are to be expecred,
expovinlly in the early stages of imuiries seeking to estanlish (le strati-
gri phie scquence e modifications in the characlers of speciss aud in the
cnmbingtions of formis or faunsl asociatione.  Evideutly the changes in
the specific churarters came aboot slowly and gradundly, and when we are
dealiug with the mure or Tess frequently repeated fuvasions of the same
fauttia 35 impossible to deeide from the faunn itscddl whether the appar-
ontly ineongruous elenients in many ol anr foesi] favuas are te be px-
platned ax forerunuers or holilovers, I is only aftor therough eolbecting i
many places that we may fnully learn to hwmouize and eviduate fho
fussil evidenoe un whiel sreatigraphic coreslations st Prinsrily vest,
We Lave not reached this stage in the in vestlgntinn of the Lower Olinton
faunas in the Appalachisn region.  Hore the depositional reeoml is snore
complete than in et orhey places, and the Leansitioon] phazes of the
Athiutio Clmaten Canua—more of which happen to be preserved than
elsewlure—tend correspoudingly to «fface the sharper delimitation of the
faunal zones that prevail iy places like New York where the gaps in the
soclion are greater and the telal depositional record of the epoch e less
cormjilete,

ln New York, the Tsland of Antcestl, ond slso sf Curnberbund, M.,
the alsolote distinctness of the Zygobolba noticostiensis and Z. derarn
futtiial zones 1= undeninble. T these places the sharacteristic Qarrnends
of encli are confined tnoa lew, or at least nol raeending 50 feel of lweds;
and within these limits the wespective fannas are rensomalily pare, it we
Wi wae this expression.  TTowever, i e thickoer FProizylvania sedinng
which, morcover, probably He neater the Atbantre tnlet and the aginating
snuree of the fauna, the vxnet equivalent of what we are calling the * pore ™

axpressione of these fminas muy vel await discovery. Bosides. bere the
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chutces of fnding moditied associutions of intermediate as well g both
proceding and succeeding stages of developummt are greater.

TUESEY MOUNTATY SECLION IN FENYSYLVANIA

Hoaumling the astnal vxistence and peclaps independiuce of the Clinton
aoues just mentionerd rensonable doubt is warrsoted ul present only in the
cwae of the lowest whieh ts provisionally distioguished nnder the rerm
Zygobolba erscta 200, So far as known il is Lypically developed ouly in
the Tussey Mouwntain antichne. HWere, a8 indlicaled in the Followiug

gectinn, it lies A5 Lo 30 feet abare the Tuzearora sandstone.

Sxming of THE L vray GROVT oF Tus SHUTHIWESY B10ry oF Tossey MoUNTAIR
AS0 Maigey as Hxeoeen 1% a Mosy Toxxes 1 Mne Noere
of Markrnanyag, Pa'
Cavugan serles or gronnp
McKenzle formatlon—limestone and shale

MNingatal
Claton group

Vpper Olinton o Lokemont forimation Fret

fhale and in lavers of mestone, the Drepanelitng clarikd
BEIUR. (i ae 5% w8 WA T e b b e e ) ==

Randetime,  conrse, thlck't'mmcd. cplearepns,  forruginons
foasiliferous; the Koofer sandslong memBer- - coavveiien 10
Tron orw, fosslillorons, . ..0.-c T o e o e e ¥

Shale, colearoous, representlng the Mastlgobalbing tvpus
sgne present but ol separated trom underlving shals, say
abanl ...... T s LM ot T LT e s 10

Middle nnl Lawer t‘llntun
Bhale ustally soft and grecnish, with (hin foegrained graen

pr yellow lavors of sendstODe, .. ... ciaiiioiiiiianier i Gib
Sandstone, hurd, fncgraloed, grayish o greenlsn, medium
thiok-Deddid .. iceiriarsminabe it s aas et iarrsate E L]

Sandsione, ferroginaus, blntk:r. yields red mnﬁmrre tebrig. (-2
Fousila: The typical Zygpobolta erecta fauns. comprising
Anaplothece hewmispherina, Tenfacwlitey mimutus, Eupri
widtle bafisi. Zyoobolda corinifern, 2. 2longain, X, erecla,
£, limbata, 7. purifimita, 7. cf, evcta, X, reversa. £ wwl
vhelta, Fugobollduna of. emmdaia
Iron ore, golitie, fne-gralned, occsstonally with Jocivsbons of
fosslliterous shale loealty developed..covvvven-v-vo-cew-- 4

vfile section was messured by Mr f‘lurles Putts amd nuhmmu:nﬂ; yorified
23 to Ita Jower and oypér perts by ¥, 0, Uirich.
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Fozsils:  DBythoirephis grocitis, Arthapbivess and other b
tralls, Anoplothecs homispherica, and numeorous Oatra-
eoda mainly of the genug Zrgobolba but specimens too
much wWeathercd ta he determined specifically,

T e T el L Nyl L P e e 5
Sandstene, argillareons, haed, fte-gralned gteenizh...... 2
BHATE Siuiial e e e i e S S 2
Sandstone, hard 3neh HABE c.ovy .o annr.ns e e e 14
Shale, may have sore thin sabdalone JaVers. . o.e. oo oen ..., a
SButdstone, grevnish and hluish gray, duartzope hard, fne
o L 1L B e R e o e o
Shaly hedz with thin firmer zandy layers.......... e 010
Toril el Ao e R R B 783

Medinan
Tuzcators snpdstone

I this "Pussey Mountain seelion only the lower 60 fect of the Clinton
was qarefully senrched for fossils  The Middle Clinton douldless is
represented in Lle 575 feel of shaly heds but was not differcntinted from
the Lower Clinton.  However, the Weeter sandstone and e Direpanclling
#one At the top of the section were stisfactorily identified,

CLINTON SECTIIOX TN VICINITY OF MRLLIATSNTRG, TA,

"The zones uf the Tpper Clinton are very well displaved in highway and
raileoad entlings in the vieinity of Hollidaysburg, Pa., especially at Take-
mont Park, along the highway abour midway berwamn Hollidaysburg and
Altoona.  Targe collections of fossils Lave been made ar these places.
Campasite lists of these follow the description of the seotion, '

SxeTON OF vaE UPRER CLINTON 0 TAKEMONT FoRiCaTion IN TIE VIOKITE
oF nroimnarsnoes, Pal?

Cayugan aeries
Mckenzle formathon, aboubic s s i i i e 275

At the hase one o twe thick lwlges of irvegularly laminated

argillaceces mestone, weathering into boulderdike raasses, 1o

dieating recfy deposition; contains an abundant fanng eompris-

ing eorals, Spirorbls, ostracoda, and brachiopodz, all d{ferent

from preceding favtiles. As is to be expected tha bed varfes

in thickness, appesrancs and in ahundabce of organic remalus

FCompiled from seetions medsured by Charles Butl:, Fdwin Kirk, and
E O [Mrich.
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from plece to place. In the roadsghde cut at Lakemont, about
milway hetween Altcona snd Hollblaysburg, the bed 1s 10 o
12 feet thick, chocacterisileally dovelopsd and s relatlons to
overlving and underlying beds well displayed. 1t 12 regurded
ip the Initlal depocit of the Mellenzle formntlon.
Ninpgarnn series
Clintol group
lakemont Tormatien or Hmostane (Upper Clinton)®
Drepanclling clarki rone
Bhale amd limestone interbedded, the limeztones sub-
erFatalline, foseiliferoun, in lavers varying from oo to
six inches In thickness sud asgerogeting nearly a thicd
of the totxl, Af the base one fool, of limeetone overlaln
br three feer cansisting almoet entirely of shale. The
fauna iz made op maluwly of minute cetracoda, among
which species of Farcchmina arc pmmlmml. and

L e T R S Pt L e - 15O
Ehale with fewer and r.hmnqr ]angag and lavers o{ Epar-
ingly foastiiforous Hmesbome: ..o ivarsvnriinnans 13.0

Praminent, highly foszilifernus baver of Jlimestone, 5 ta 7
inches thick, The [nnna eomprises the uswal bhrachio-
podda amd ostracods of this zone, The mopt striking,
Inrgest and characteriztle of the latter 1s fhepareiiing
ctarki, Tryploal Iiaimomiles Mepcburuy also s rather
abundant | ...iiaee-- Mo a1 .k

Arown and greendsh phiale, o paet Hlighﬂ:.' sandy, with
gne to three thin (1 to 4 inebes) lavery of fossiliferous
limestome in ypper third to Lalf and loeally one in the
lnwer hall. TFoesils ludieate namio fauba ss in thicker

limeetone ayoer next above. ., ... ' e 3.0
Purple oolitic iron are bed, often ﬁhlh Iu upper half,
the whole varying Iroma 13 t0 8 fuches. . .. ...... Ry A

Theigal thickness of Drepanelllns zone. .. ........... 66.0
Harlzen of Keefer zandstone
Conspicoous, thiek-bedded rone of mare or less ssndy and
forroginovs argillaceons limestone weathering ochre-
cuply browp and yellow, 8feet to....o0vwuvn o oo ... 180

120

S he term Lakemant limesione or formation i proposed for the T_Tpuer
Clinton as developed [n eentral Pemnaylvania, The type sectlon Iz at Lake-
moit Tavk along the hlghway between Hollldaysburg and Altoons, 'a. The
advautage of using tlidz new name for the Upper Clioton in Marrland peems
amsared, tmt o pouthwestern Virginia where the eorfespondiliy beds ennsict
entirely of satdstone and sandy shele soroe otler deslegnatlon probably 1z
desleable. The propriety of 1ts use for New York deposits of simllar age aleo
I8 questinnale.
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T4
Kastigobolbinn typos fone

Mainly shule with more or Tess Perruginous thin layers
of lmeztone in Lhe upper half and ol lsse, and ooe,
twey or three thin layera af tossiliferooz oolitic ieon

5 = £ i el 13 o e et A et g T o.o
Greondsh calesteous shale including lwo or more 1- to -
inch layers of fosslllferaus: Hwestone. . cooooenon, . 8.5

Shole, the ypper half or more usvally of chocolate eolor,
willy 8 % 10 4-ineh layor of fossiliferons lmestone pext
heneath nnd weuaally three or four 1- 1o 9-toch Tarera
of simflar Timostone In the lawer hird or fourth,

T T A D B T T s e e e s 25
Cireenigh, often alightly sandy shale, 4.5 foet ta. ..., .. .0
Limeatgme, 0 to % lnehes, with 3 Targe founa (neluding

nearly all ol the cotmmon foszlls of the sooe hesides

Patencyeduy rofuloides which secmz Lo bhe eonfined 1o

AT T S ———— . S R 1%}
Choeolate shale makes up Wit of the npper halt and

grayish or greeniali ghale the lower hall, Between

theze two parts 1= a foal and gne-hulf of greenish shiale
with intorcalated thin seams of fosslilerous limestone.

All of these contain Hestipoboible pus, Flethobol-

rbiir tyrpicatis and other ostracods 3z well p2 brachlop-

in Lthat are characterisiic of thi= zome, . .o.e, oo on,, 12.0

Tatal thicknoss of the ML t¥puUs sole. ., .00 eeen.. 44.7
Middle and Lawer Clinton shalod aod sandstones (o Lop

of Tuscarara sandsione, AhOUT. .. .. . 0 uniines s . 480

Dieneath the AL dypus zone the outerop ar Lalkerenr Park shows ahout
106 feet of mutily dack shale, with necnzional bands weathering to porplish
lints. This zhale may correspomd to the Willlamson shale of New Yok,
bt the correlation & donbiful. Benvath it eoooes abour 50 Leet of move
greemish ynd slightly arensecons shale, suggestiug sowe Middle Clinton
aome, but in the ubseuse of fosstl ovidence thas possille sorrelation abso s in
doubl, The exposuees of the underlying buds of the Clinton in dhis «efuity
are always unsatistactory, but the width of the areas invelved and the dip
of the exposed haeder ledies makes it reasonalbly eertnin {hat the argrerate
Lhickness of thesr lower bede of Lhe Clinton 18 not less thaw 100 feat,  The
Frankstown ore bed, which elosely underlios srine very fosstlilerous Invers,
ocetirg near Lhe middle of these 4000 Teed,  The fossils assoeiated with it
tndieate n position well up in the Lower Clinton, Toose slals of lowioited
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eandstone, [led with lossdls, indicating the Zypobolba decorn =omv, nccur
in suel g position 85 o snggest the poseuen o this zone aboug 50 foet
Leneath the hueciz of the Frankstown ore,  Nenr the basg of the Clinton
i another fossiliferons irom nee hotizen ihat may coreespond Lo the
Zygobolla evecla rone which dies wear the bottom of the Clinum in the
azsey Movutain seetion near Markleshurg given on a preceding puge.
The totn] thivkuess of the Clinton in the vicinily of Hollidayshueg, Pa.,
ie aprproxintely GGO oot

S [or as determined the fussils fousn] in these Clinton zoues in the
vicinity of Hollidayshurg, Pa., may be listed as foblews, legrinniye at Lhe
fup wor proceding dowioward thrmgh the section to the tep of e under-
Iring Tusearora quartaite:

CumrodiTe Favxa arf Tk DEEPANELLI YA CLARKED Foxe a0 riis LAREMONT
FonslaTion 1x e FIoIxiey oF Holuinarsnund, Pa,

Yaphrenlis sy, (el Polydilasow Lar- Catnarabiochla sp. (sioas  ocatly

hinstum Ilall)

Duaeanclla 7RI

Phalidops sguamiformis

Leplena riombaidalie

Lirnchioprivo

Stropleodonia aff, protands

s, of, sitiata

Scehmachertaella suliplana

Lraluianella elegantula

Hivpidumella hybrida

R. of. cireulus aod hirbrida

Anoplothera pl. ohaolsts  (in eX-
treme basoe)

Arrvpa reticularis (Roelicster 2lale
varieties)

Nucleazplra plzum

Whitkelilella ablata

W el nicida

Loepirifer ap, (willy 2 or & broad
plcatipns on earh sile of fold)

TeNlirris bicostarus

camnrotechia neglecty

C. alk. neglecta

C.aff, acinps

C. aff, whitei

uhaalete)
Lhivuochonella * cE robusia and pli
ratello (Hally
Chonetes Aff, carnalus
Tupharssiome ninEarensla
Orihoecraz =po (2mall and taperiug
rapidly ¥
vornulitea sp, cancellatus
FParcelhimlna spinuss
Farmcehmina postica
Direpanellina clarkl
Ix moleata
Beyrichia Yeronica
Kloedenia cacaponensis
IIaployrimitea ap.
Ehirdenelld sy
TNizyEoplera lannunosi
U zymmetlies
Dythocypriz ap.
lLeperilitla aff. altn
Calrmens nilagdarsnsin
Hsmalonotus delphinocephialuz
Dialmanites limmuldtas
7 Onchos dewey{
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Vauxa pr TIE MasTiwonoomiza oyioy Foxg 1n THE VIOTSTDY aF
Horrmavaevus, Ta,

Falencrelua rotuloides

Faveaifes sp. (zmall, hemlspheric)

Crinnkl enlumnsla (35 to % inch
diareter)

Ilmanella elegantuig

Iv of elegantuly (small yaricty)

Leplena rhomboldaliz (Clinton
vuriely)

Stropheodonia enrrugaty

8. aff, profunda

Sehueliortelln subplana

Mectambonltes (rangversaliz

Chonetes cornitus

. sp, undet.,

Bplirifer hicoztatus

3. 4ff. eudora

B. of, hlagarensis

8, radistus

Atrypa reticularis

Ao of, nodoslrlate

Anaplotheca obseleta 1rich n. ap.

Atryping diaparilis

Whltheldella e, craseirouatrim

Nucleosplra plyiformis

Rhynehoireta 7 robusta

Camaratesehia aff, acinus

C. alf. indisnnensiz

C.aff neglecty

. aff. whitei

Cxyrtocerss of. canecllalumn

Cornnlites Hexuosus

Erldpeancha rotunda

Hapleprimitls aff, hamilis
Apalobelbina granifera
Farmehmlng crassy

F. puncialg

Klredenia cacaponnnsis?
Fyposella vallata
Flethabellina Lrpicalis

I'. arnata

Bonnemsala orassa

B. celza

Maztizobolbing arctllimbata
M. arputa

M, glabey

K. intermedia

M. punctats

M, trilobata

M. triplicaty

M. Lypuz

Beyrichia kirki

B, lakoemantensiz
DHzygopleurs Aymmorrica
D. locnlaly

Bythourprie ep,
Xeatoleberiz ap.

Prerinea emaceraty
Hormotoma of, subulats,
THaphorastonin nlsgarcnszla
Tentacuwlites of, minuinz
Calyraene afll, nisgarcnslz
Lilocalyruene elinfonl
Dalmanites elintonenzie rich o, sp.
Hemalomatis cf. delphinoecphalns

Middle Clinton launas prebably present but not collected fram the

vicinily of Hollidaysbhurg, Pa.
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LW FR CLINTAON FAUNAS

Fatrgs COLLDorED FROM S0ALES, SawpsToxes, axn THix LATER: oF lgox Ohee
G o 10 Feer Awove ik Matw Fravxstows Ore Ben Nox1io
o HoLabavanlks, Fa,

Crinoid eclumnalz and plates

Heloporn, 2 speciea, perhaps the
same a3 fovmes ocowrring in the
Jupiter Liver formation on the
Jatand of Antleoati

Ihecnopoka 4p.

Ttnrmpse and undlamellar specles af
Hrrozoa, apecifically nndetermin-
able

IMalmanells alf, elegantala

Apatoholbing appresen

Chitgholbloa of. D ingsi

Maztigobolting Incipiens
M. praducts

Hlpdania ohsegla
Hypalwity huilsi

Z. rualica

Z_pualchella

2, ohaolain

Zrzobolbina emaciata?

“. carinata

Z. vonrad] Intimerginata?
Z. panda

Clalymene aff. blumenbachl

Mastigobolbina relifera

The presence of thiee species of Mastigobalbina and {our of Zyeeholbing
in this fanna suggests at leasl a Iate Lower Clinlon time 1 noi vather an
early Middle Clinton stage. Provisionally it seems best to view the
Tranketown ore horizon as o bul locally developed and distingmishable
subdivision of the Zygebolba decora zone that i3 marked partienlarly by
Mastigololbing vefifers and Fwpobolbing caringfe. Compared with the
heds of the Kew York Clinton 1t should {all in somewhere batwesn the top
of the Bodus shale and the hase of the Middle Clinton. It may then core-
spond, at least in apparent position, to either the typical Woleott lime-
stone or the Welcott Tornace ove.  Ilowever, this does not mean that we
regard the two as contemporaneous, The faunas of the respective beds
are totally different in character and evigin, that of the Woleott limestone
and iton ore being of southern origin whereas the Frankstown ore [agoa
is no legs eleatly of the Atlantie Tagies of the time. Tn view of the Tact
that the two faunas are sot fond in the sane localities, elther as soparate
entities nr in commingling ferin, we st coneluade esither thal they repre-
sent slightly different ages or, if strictly of the same age, that commingling
of the southern and eastern founas was prohibited by some land Laroer.
Though provizionally inclining to the former alternative we must admit
the almost equal plousibility of the latter conception.
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Fossinsg oF The Jvepuolba Dicora ¥oxe, Fovse 15 Tios-Bennen Saxosiesr
ApooT B0 Frur BExEsaTir ™7y Praxuperowy Irow D
Homizow Wear HOLLIDATS0URE, Pa.

Unilamellar Bregzoan (7 Ceramo- Rafpesyuing ct. corrugata

Imral Tentaculites minulus
Anoplothecs hemisplherica Yvpubolba decota and other specied
Anoplotheca ap, (small rounded of the family

Mo b

Dagal Craxvox Fasells (vpos SAME PLacy as TIE Precenix; )

Anoplotheca hembsnlierica Zrgolnlba carinilera
Luprimitia butl= Pierines ? gp. nov. {chosely allied
#vgobolla erecta to o Meding speches)

The ostracods and brachiopod of this small list oveur in & gray, very
finely sandy sluale that directly follews a eoarser ad rallier heavy hedded
highly ferruginons sandatone. ‘e latter lies but a few fest shove {lie
Tuscarors and = known as the ved keel or hard fossil ore, The fossils
apparcatly eonsist almost eatively of peleevpode, andl of these onle the
listed] Plerinea is abundant and in condition Lo be deterniined generieally.
The three ostracods in the shale alvee the red zandstone are all belisved
to be characteristic of the Yypobolbs ecrcta zone as developed in the
Puzsey Mountain section Yetween Marklesburg and Cherrvtown about
12 riles 1o the east of Hollidaysburg.

OLUSTON BECTLON AT CUMIERLAKD, AT

e Clinfon tocks are uot so continnously exposed as desirable o the
vicinity of Cumberland bt the Lollowing = probaldy a reasonable approsi-
mation i the sequenee oz known,

SECTEOM AND Fossins oF TR Clasray GRour 18 T Gance or Wriies Uremi AT
O ereraxn, Mo,

Coayugan seriea Feet
Moltengie formigtion, BBl coona o v bR T - T
Niagaran serics
Clinton group
Upper Clinton (Lakemant formation)
Tirepanclling clacki zone
Mainly dark shale with freguent layers of biuish crvs-
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Fonaila: Delmeniles [alwlures charaeteriatic of the
lower twohirds and Nuodroapéien pizéforwils abun-
dant in upper thiel. Ostracoda goeur in most of the
lmestoney lut xce particularly abundant and repre-
zented by the following slecies I 2 layer about 25
feet above the Keefer sandatone; Drepareliing clarki,
D, medexta, Begprichie vevonica, Taaocoprimitie red-
sovd, Purochsmena  oheorads, Poocumberiondicg, 7
posiicn, P, oepinose, THeggopiceroe asgseuieiriea, £
prowrgl, B spmmetrice, Aparchilor eilegheonionets
Aboput 50 oller kinds of fossils have been [oung i
thiz zope and are descrilaed in this volume by Pro-
fessats Prouty and Swarte.

Kepfer sandstone memler
Sandstone, gray, guartzitle, in psre ferruginous, espe-
it A R B S e s e e e T S

hMastipobolbing typus sone
tHive or pray abhale with thin limostone pd, tap and a ledee

of fecruginous and Bighly fossiliferous sandatone 30

e Peat s De e B e T s el i

Foasila: Delmoneily sp, Fhprchonellia reglectic, B sff.
bideniate, Anomiofhery obxoloto, Whitfohiolle sp,
Deithyris of, crispus, Magligobolbinag fppns, M, iris
piteta. Plrihoholbdng fypicatiz, . corelgern, Beou-
e celmin, P, ooradsid, AHrgpopleyrn spwmatvicn,
Tioinere clinfori

Bounemuiy rudis 2one
Hrowtlbsh or reddzh ferruginous shale with the following
Oztraeods; Boaneprefe obiigqua, I peichello, B lodga,
Mazsitgoboibine virginiod ... ...
rMiddle THlnton
Areoselly postica-Mastlgobolbios lata zones
Shales, grectish and olive, moztly coneealed, apparently
episisting mainly of aoft bedz with oecazlonal Lhin

R R e R e S i T F

Toseila: Three fpssiliferans zoncs, all indicaced by
looze sandstone slabs, were oliserveld i the uppec 225
feat of this aaries of bods. The fvst ocours about 170
feel Lencath the Keefer aandstone. This eontains
Homeoapira aff, apriniformis, CRronice ARSI S,
Cilymcye cresapensis ¥, Hyooselln pasticn, £ hreeis,
Foogracitls, aod AMagiigolboline madrate, the Ozirva-
coda elearly ndicating e Eypasella postica 2ote.
The aecond Hes abouwt 100 Eeat lawer 1o the seetion
(276 Leet above the Tupcarora). Hece only ostra-
eols were found indicating an upper laver of the
Mastigobolling lata xone: Zygobolbing rowradi, Z.

1%

a5

. 20&
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Pavreozoio Osrmacops

crrradidotimargirate, Fypaseile brevds, Fygobmiba
bimurails, and F, grefe. The third Ies approad:
mal#ly 50 [eeft beneath the sccond (15 feet abave tlie
repaptown lron sandstonce), The pleel gray aand-
atone slaba here canfained o typical expression of the
Maztlgobalbina laiw Fauna,  Assoeiated with the
mentinned guide foasil are MasHpobolbine tatiercmi,
., clerki, Fxpoldbinag coanradi, E, canredi-latimiary-
wegin, Chilobatbine dllingad, €. penctala-brevis, Tews
taculiter minuiur, aml Anpniathecs off, hemizpheriog.
Geneath these three Iosailiferous beds collectiona
were made recently by the zenfor aunthor and Mr, K.
D, Mealer fram green ghale $-I4 feet above the
Cresaptown ore and from o thin lagFoer of sandstane
2 ar 3 feet alove the arg, Tn both of thesc lavers
Oatracods are exeeedingly abundaol and well pre-
served, the enmomanest belng Zyoabnolba Bfwmyreiis,
The Tower af the two 9 referred to 1o the deanrdptive
part of the work ag I73 feet abnve the Tuscarora
aandstone, The pew oollections contaltn undeseribed
aperles,

Cresaptown iron sandstone, Zygobolblna etnaciata zone
Zandstone, eoarse grained, In parl conglomeratic, bighly

terruginnus, inelading o few =cats Lhal contain deter-
minalle Cutracodn and other fossila, Among them we
recophize Anoplotheca ol fesmispliordon, ewtacylites
of, minufur, Hyoebolling emaciote, Spooloiling of
eorerEl and WosHoaboibine aff, date, The 4 emaciata
being abundant and of the typieal form thia bed mav
be regarded as correzpanding to thig =omne. .. oei .

Lower Clinton
Zypobolba decara and £ wotleostlensls snnes

Shale with oecaslonal Lthin layers of satwigtone, the latter

often coutwiniog foasilz, mainly Optracoda. and besom-
Ingz thicker and more abiundant in the lower 50 Pest, .,
Fourslla: Four forallileroun: Lorizons were ohaeryed 1o
these 170 feot of beds: the fiest in a thin sandstone
about 20 fect bencath the Creaapboewn ron sandstons,
the seesnd in a aimilar lwyer of aandetone o feet
lower, the third in s hali-inch layer 72 foel beneath
the iron sandatane (38 feet ahove the Tuscarses
sandatnae), the fourth 1o sholy zandstone abowt 44
fegt ITower (G5 to 60 fool above the Tuscarorad, The
first two of theze foasilifergus layers contain Sppo-
botfee decorg wnd othor species of 114 mone  with
Anoplothera, Tentaculltes and other fozails: the
thiml containg oumerous Ostracoda and shells of

Feer

140
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Anoplocheca, the former wuggedling the Z anticos i
tiensz zone perbape as much ns the £ decary zone,
Closer stady of recently procured mueterial from this
Lhird luyer wesds ba bw minde bulore s deciston as to
ity relations tn the mentiooed =ones 18 warranted,
However, the foorth fosslliferous bed, which 1es
between 88 uud 08 feet above the Tugcurird sad-
slane, if lera doabtful, [1 poutalins many gatracods
uned o Tew brachiopods like Anoplotheca homispheriog
and Choncies novascolicus, Also one or two unde
termined pelecypads. The ostraceds elearly [odicats
the Zyzobolba soticestlensis zone, The Tollowing
gpecies heve heen jdentiflad: Aporchiter pariolotvs,
Pargckeine 0. =p. afl. spinosa, Beyrichia cmacigha.
Picthapalbina cribrarie. Zygobolbn aeubicostiensiz
£ ourte. 2. czvavale, £, oblonga, X, reclengsla. 7
twenhofcll, anl FEpgololhine of omocielia

Total thickness of Clintan group about. . ... 1

Among the important faets bronght out by the seelion at Cumberland
18 (1) the abgence of the: lowest of the Clinton aores, nmmely the Zygubolha
orecta zone, obgerved in the proceding sectiong al Markloshuig and other
plaves in central Pennsylsania,  As the latter sections are considerably
thicker we aee prvhably warranted in concluding (hat the alsenes of this
zone i3 due to overlap and resulting loss of bieds from the bottom in souili-
westerly dimection,

(2) As the Zygobolba anticostiensis 2ane, which is clearly indirated al
55 1o G0 foct ahove the base of the (linton gl Cmnberlund, contains the
moat characteristic Ostracoda of the purple * Upper ™ shale (probably=
Chadwick's Dear Creek shale) at Roclester, N, X, the Cumberiand sec-
tivn proves that this second zone of the Tower Clinton underhies at lesst
the Middle Clinton Mastigobolbina lata zone of Oncida Connty. New York,
and dves not pas into the Intter or overhe it as thought by Cladwick.'
Thal the third or Zvgobolla decors zone of the Lower Olinton also under-
lieg the Mastigoholhina lata rone was already established by the Honey
Girove section angd is agatn shown in the section at Cumberland where
mereover il wnderlies the Zveobolbing emacialy zone.

' Bull. Geol. Soc. ol Amer,, vol xxIx, pp, 327368, 1918,
M
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{3) The Comberland section corrobomales the rvidence of the preceding
sections, particularty the one al Ioney Grove, o, in eclablishing the
sequence of ostracod zones here recognized, excepting {he lowesl which is
aheent at Cumberland,

Comnrration o Osracen Zopes—"The general sequence of the
netracod zones of the Clinton in the Appatachian rerdon of Tenmsylvania
and Matyland has beenn reasouably estalilished by the fozegoing sections
and lists of foessils, Tt remains to delermine as salisfactority as iz now
pozaible the relations of these zomes to Lhose worked out in Kew York aud
elsewhere in North America. This may be done most advantageously by
diseussing the several sones in the order of their deposition.  However, as
the lowest of these zones, namely the Zvgololba rreetn zone, is definitely
Euown only in the thickest of lhe Deaneylvanin sections mention of its
poesible envrelate in the Anticosti section {s postponed to a suceecding para-
grapl dealing with the Ostrapodu of {he bazal parl of the Gun River
formation.

The Zygaliatha wnficostiensis Zone—This, the sovond of the Olinten
ostracod eoues, s typically developed in the Tsland of Anticostl where,
according to eollections made by Schacherl and Twmhofel, it ie best
oxpressed in Bed 9, which comprises the upper 100 feel or so of their Gun
River fprmation, The Osiraceda are very well preseryed in the mentioned
I el when subjected Lo evitical study proved separable into a number of
closely drawn species. The twost useful of these [or presnl purposes are six
species of Zyzobolla, all figured tn this work on Plales IXIV and LXV
under the namnes Zygobotla onileostionsie, 2, reclanyidarts, 2. cocuvade, 2.
ity # reewrein, and A fwenhofeti. In Wew Work at least four af Dese
six spectes oeenr v Lhe purple shale and ioelnded peurly limestones that
overlie the Peotamwros oldonrus limesione st UHochester,  Four of them
have been 13entifiad also In the lower G5 feet of the Clinton al Cumber-
land, 314, Still further south, rramely ot agans, near the southswestern
extremity of the State of Vieginda, five of he six have heet found.  Ino
Anlicosti {his asseciation of species occurs in limestone, at TDochester in
Inestone and shale, al Cumberland in chale and sandstone, at Hagans in
shale. Afihe Virginia locality the Gon River species ave found with three
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other species of (he goms—Z. curfe, X, oblonga, and Z. proliza—that
have not Leeh obeerved in Auticosti. Dot the firet and second of these
additienal spevies are fomud with the others 51 Cumberland and the thind
ovcnrs gf Rochester,

Al eavh of these fonr widely separated loealities the Ostracoda are asso-
ciated with the typical long-hinged form of Ancplothecn hemispherica;
and none of the other occurrences of this brachiopod is precizely like tlas
one.  Apparently, then, if precise correlution by means of detailed maich-
ine of fossils iz ar feasible as we belicve, then we bave estghbliched the
£xgobolba anticosticusis zone as a faunal datom plane extendmg throngh
castern Atnevies £rom the Gulf of SL Lawrence to the sonthwestern corner
of Virginin, At the same time we bave proved Lbe Tower Clinton sge of at
lenst the upper half of the Gun River formation heyoud 21l yveasomable
lonbt,

Sn tar ae known the funon of the Gun Rivey formalion contiins nothing
that w detinitely oppored to its pasiguaeut as a whole o Lower Clinton
time, On the contrary the [ossile of pven its lowest bed {13 5 of Schochert
aud Twenhofol’s seetion) have & decidedly more Clinton than Medinan
aspect. Among them we note partienlarly four or five species of Zygobolha,
with species of Apatobolbing, Uhilaholbing, Bollin, Primitis, and Bytho-
eypris that seom seprcely if at all distinguislable from species of the
mentioned genera found in the npper part of the Fupiter Hiver formativn.
thily the Zygobinlbae are cleprly different, All of thewm ave velatively ohese
forms with sharp, crest-like carine, and thus sagest speeies hike Z. erecta,
Z. ervinifern, and &, vevorza which are found in Penusylvama meiuly or
only i the lowest of the Clinton 20nes.  The fonrth reminds very mueh
of Z. reclangnln and Z. feenhaofeli. S faz ns known the genus Zymvbalba
apprars for the Brst time in the Anticosti section in this basal zone of Lhe
Gun Rivey formation,

The Xygobolba decora Zone.—The third ostraced 2mw of the Olinton,
like the sveomd, 1= typially developed in the Anticosti seebion where it
nttains to best expression in Bed E 9, which inclndes Lhe upper k38 foel
ol Twenliofel and Schuchert’s Jupiter River formation. This bed lics
approximalely 600 [eel above Bed T 9 of the Gun River fennation in which
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the Zggobolba anficostivnsis faunu is best displayed. In Lhe Jupiter River
formation this zone i characlerized by Xwgobolla decors, Z. intermedin,
£. robustu, and Chdabefbing hillingsi besides o unmber of other mope
glwple types of Ostracoda Llut have not yet boen found outside of Antiresti,
All three of Lhese species of Zygobolba ocenr quite ag abnndantly in the
typionl Hodue shale near Altou, N, Y., ue in Lhe Jupiter River formation,
fu fact Lhey constitute the kuown osteend oon of the Sodus shale. All
Lhree have been reengnized aleo in the Tussey Mountain section at TTaney
Grove, Pa. At the last place, however, they are associated with three otlier
apecics of Zygobolba and one of Zygobolbina that so far hase net been
found outside of the State of Pennsylvania,

As previomsly remarked, there is some and perbaps sufficient room in
the section at Cumberland, Md., for the Zygobolba decors zene, bul the
charasteristic Dstracnda of this zooe have so far not been dissovered in
Marylind nor at anr place soulh of Pennsylvania, Besides, in southwest-
orn Yirginia the Mastigobolbion latn zone lies so near beds halding species
of the Zygobolby aolicosticusis wone thit 1t is dilfienlt to esepe the cou-
vietion thet the %, decora zone is nearly or wholly lacking in Virginia.

Whenever the ostracods of the Z, decora zone have been found they ore
associated with particular unmamed varietics of Aneplethecs Lertspherion
that ure not precisely duplicated in any of the other Clinton zanes. T'hese
hrachinpod shells may therelore help in identifsing this zone.

In Anticosti Fenfouerus obloagus eulers the section in the Gun River
formation henealh the 2. anticosliensis zone and rouges upward Lo the
Lop of the Jupiter Biver formatinn,  In New York it ocours in iwo sones—
L lirst in the upper third of the * Bevooales ™ limestone, hewe just
beorath the %, antiecetiensis zone, the second in the Woleott Hmestone
which ilﬂlﬂt‘&iatﬂl}' sacveeds e Sodus shale that ennbiting the astracods
nud vavintics of Anoplotheca which mark the Z. desora zone. DBut
Pentumerny ablongus, az genorully defined, attained 1.'01'3: wide grographic
distribulion and lved through pwactivally the eulive tie of the Niagaran
spoch. Therelore, considering this large hmchiopod ierely az o specifie
type, ils indexieal value in etvatigraphic eorrelation is correspondingly
broad. Still, as this shell invaded the eoulinental =eqe iy at certain
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definitaly deterinivalle limes—inyading somelines from the east, at other
timos from the south, and on other mainly laler ocoasions from the north—
tracing of any one of these invasions may well tead to very accurate time
correlations.

In distussing (be Jocally varving sequence of Clinton [ormations iu
Xew Yok it was pointed out that the purplish shale whieh overliez the
% Revnales * limestone Penlmserns zone at Rochesler conlaings & typical
representation of the Zvgobolba auticosticnsis fauna, whercas the similar
trne Sodog slinde (hut Nes betwoeu this lower Pentamerus zone and the
second oerurrence of Pentumerns in the true Wolcott limestone contains
{lie ruost characteristic of the Odracoda and Anoplothecas of the Zvgobotha
decora zone. Chadwick in his recomt work gn the Clinton formations in
New York regarde theee twe shales a8 paseing laterally into eueh other
aaed therefare ae the sape bed, Put their respective founns are not the
snmie,  Lu faet, as enid, the one at Rochester contains highly characteristic
finn Wiver Osteacodu and Brachiopoda, the avher has Ostraveds and shells
that occur in Anticesti enly iu the upper purt of the Jupiter River forma-
tion; and in Anticorti the earrespending faunal zones are separated by
G060 fret of ealeareons shate and linestone, Whal happened in Few York
while (his great thickness of limy deposits was being laid down in
Anlicosti ¥

Except {n say that (he proeess of marine sedinientation must have
been interrapled and disconsinued for a long Ume in Mew Yotk we shall
not even try Lo answer this gquestion. For present purposes it is enough 1o
realize the plain infervuce that in even the thickest of the Appalachinu
Clinten sections the Tower Clinton part is [ar inferior in actual thickness
of depesite to the combiued thickness—nearly 1000 feet—of the rorre-
sponding Gun River and Jupiter River formations, And we shonld net
ignore the [nct that the latter formations consiet nainly of Yimeslone
whereas (he others consist mainly or wholly of sandetone snd shake. This
iz only one of litnmlly hundreds of similar instances in American stratig-
raphy that teach a lezson that might well be taken to beart by those whe
persisicutly and Windly strive to destroy or belillle the conception of
differential verlichl movement of the surface of the lithosphere and deny
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winst of the loeal breaks in sleatigraphic sequences that resulted from their
aperalion,

The ostracod evidenes ou which formations and favual sooes in Anti-
costi, Rew York, Pennsybvanip, Marsland, and Vieginia are correlaled
and referred to the Lower (linlon may be graphically summarized in
tabnlar Torm as Tollows ;

GHOGHAPHIC AND STRATIGRAFPHIC DISTRIBITION OF LOWER OLIN-
TON EPECIER OF ZYGUHOLEA WHICH HAVE DEEN FOUND 1N
TWO O MORE WIDELY SEPAHATED FPLACES

£. Ao antlvoalicoals) & ddeenre
reecta znne mOTC
{12 tH

[’a.lL.G|T_H.." i L‘.-_H|J ' .q.|m.

Mo MR RILIONTIE, 40— nnr o s m e bt e s iesm ) 6 i|..,!_ ..... P e
T e e e R e P x| Y |siadisniainleeslame i
T A e o S S x|k TR ERTEPRI) Pl e

R e T e e e ] R S Wt o ol BT EO

R A T D L L e s e :.-|x ok Ry

b P TR B ot s st i O P e DB ] L ....|1'x e i 58 Al AR S
Er IR = 0 e S e e e e e Sl \|h e (12 s

B T U S| ,|\- i . 3
L 2 Tl g e ol R el S ol Pr Ry S
¥ R R e T e s oy PR e . ) M PRI ol
T 1 SRR - cr b A e LT PG WS ST e e [l

e A o 1 T e s S 'I'I:f|.,. o2 i ] R
FRUBREIRL s 1 oo mmiim ot g e ki R T (AT SUORCLL ERnE e ol e S .
e BT TR R e e e e [ ol 2
Rl T o F T S T | vk HEC )

I'a. = laulitiin in central Lresi-glania.

T = lowet GO fect of tle Oun Rlver formation, Jalapd of Antieosli

U =up part of dbe Guo Raver formation, 1Eand of Antieostt,

11 = purple shale shove Menlsmema oblongus sws &l Kosheater, ¥, Y.
= ) fret above base of Clioton st Comberland, Wd.

H = purTle sbale and ivuse pre of Lower OHntog &6 Haepns, Y&,

4 = upper 30 [eet of Juplier River f-:-r'mat,w-u Tslund of Anticosk,

A tTue Sodue Bhole, awar Alleeg 9, 3

The Zygoballing emacieia Zone—The typical lwality of this zone is 1o
Cove Gap through Cove and Thscarora mounlaing along the pike from
WMeareerzhurg to MeConnellshurg, Pa,  Tler: it comsisls miindy of rather
soft greenish-gray shale wilh beds of yellyw porous saudslone highly
fossiliferous und prolably originally aleareous, The Lotal thickness of
the Clinton gt this place iz approximately Y50 Leot and the 4 ctumeiata
gone s apparently Jess than 200 feel above the hose of the loruation,




Mapvpanp LperoGioan Suevey 353

The followine fossils wore collestod @ shott distance east of the toll-gate:
molds of a ranose heyoroau suggesting a species of Hyflopera, Trematis
1. sp., reloted w T, obisle, two variciies of Anoplothern hewizphericn,
Tentaculiler of. minuiug, Plerinea nff. emgorrata, two spedes of Clens-
donta, Cleidophorus sp., Cyrtodoala sp., Paracyclas ¥ u. sp., Orthadesma
of. curtum, Madiolopsiz sulilaius, Zygosells lonula, Zygobolha bimuvrulis,
Zygobolbing emuciata (excoedingly atmodant), Wastigabolbing deciiois,
M. lata-nana, M. ¢f. vanwnzens, ¥, virginia, Plethobolbing sulcala, Povech-
mina postmuralis, Bylhocypris gp. Fxeepl the pelecypods these fossile
otconr i both (he shales aud the sandstones. The pelecypods are found
anly in the shale, and this probably explaing why they are so rarely seom in
wenthered natural ouleragpe,

The most sbundant of the rslraceds is the Zygobolbing emaciate.” 1t
aceurs here Yiterally iy (housands, The species when typically developed
andd well preserved s easily distinguished by ils vather long obligie form,
prominent thin T-sliape ridge and generally emacinted appearance.
Varietios in which the ridge 15 nol s bigh as it should be oceur in Lowe
Cliuton gones, But these nre never fonnd in association with speeies of
Wastigobollina like those cited above. The Jaffer are fewdiog loward
characteristio Middle Chudon spoces like M. lafe and M, vwnvzems. The
Fvgnaella and the Zygobnlha also indicate Middlé (huton, On the other
hand—eonsidering only known Cliuton oscurrences—ithe pelecypods at
first sight suggest Tower Clinton,  But here again further investigation
shows that the zone shares two ot Hhicee species alsn with the Direpanelling
alarki znne at the vory top of the Clinkon,  Still the tofal combination of
apecies i3 different from all other Clinton associations, aud being inter-
mesliate in charncter between those st are clearly of Lower Chnton time
and those of Upper Clinton facies thore s ou this ground alone sufficient
warsant for placing the zone in the Middle Clinton.

Yhe assignment of the 7. mnsciatn one to the base of the Middle
Clinton rests primarily ou the fact that at Cumberland, Md., the denomi-
nating guide foezil ocenrs abundantly and in fypical form in the Cresap-
fown iron sandstone which onderlies beds coniaiming & farly typical
development of the Mastigobolhing lata fanoa. Tu the seetion on Tus
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catota Mountsiu near Honer Grove, Pennsylvania the Z, emaciata zoue lins
abont 300 feet above the base of the Clinton. At this place only the thin
sandstones were availablo for collecting, ind this prohably aceounts for the
abeence of the pelecypads, theso having been ghserved elgewhere ooly in the
Khales exposed in new roud excavations. Finully, the position of the
Z, emncinta wone is fixed ju the Honey Grove sertion by the aceurrence of
the 3. Jata fauna above it nnd that of the Zygobalba decora zone bencath,

The JIfI"ISﬁgEE'rﬂH?E‘-ﬂI:I lata Zone—The M. lata mme is pechaps the most
generally recognized of the Clinton zones in the Appalachian region. In
New York its highly characteristic fauun occurs in typicel development in
Uneida Connty. The best and most fossiliferons exposurcs are found to
the sonthwest of Ttica in the vicinity of New Hartford. The evidence in
haud indicates that the beds which contuin this fanna pinch out rapidly lo
the west of Clinion. Thev pinch out, apparently by overlap. also fo the
eastward, in which direction moreaver the shales and {ine-grained sand-
ktomes are latgely ceplaced by coarser clastics, Passing sonthwardly noder
younger deposits the 2one emorges again in central Penmsylvania, Tt
was elearly eeeognized on the south side ol Jacks Mauntain between Tewis-
town and Reedsville, Milllin Connty, whero it [ies aboul 325-350 foot above
the Tusearorg sandstone, Also ot various places on Tussey and Tuscarora
mowntaing, in which seelions it lies near the middle of the Clinton. lo
Moryland it is clearly indicated above the horizon of the Cresaptown iron
satdstone at Camberland. Tn Virginia its fossile were collected and its
pesition in the ection determined 1.6 miles northwest of Wann Springs,
1 mile west of Narrows, at Cunilerland Gap, and other places in (he State.
Lhe band ther comiaing the M. Lskw zone at Cnmbeclnd Gep extends some
90 or 40 miles inlo Tennessce, and although Clinton [ossile of every kind
become very rare in that direction M. late waw obsorved near the southern
extreniity of this extension.  Finally, an numistakable representation of
this fanme ocenrs in Lavender Movntain near Avmuchee, Ga, At this
place, howerer, the guide fossils are wssocinted with gpecias thal do not
acomnpany ther in Virginia, Maryland, and Penneyleania, and on this
beeount we are iuclined to view this Georgia ccvurrmee of the fauns as
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inr'ﬁ--n:ing a4 soparake though eonbainporancous nvasion from the Atlantic
near Savannah,

Ag usual with Clinton fonnas the muin gnide fossile of this zone are
Ostracada of the fumily Zypololbidat.  The most serviceuble of those are
Mastigohalbing {atn, M. ranwzemi, M, clarkei, snil Zygobolbing convendi.
A four of these specivs are found wosoeiwtvd on the siine elabs i New
York, and ot least two, often three and pomelimes 811 four were fonnd
whepever colleetions from {he M. ladn zone were made in Petinsylvania,
Muryland, Yirginia, and vortheestern Teanessee,  Tadwnbtedly, other
foesils than Dstraends are eonfined to this 2one.  However, they arc nod so
generally present and their ver in correlation, pending their subjection
to muere detailed investivation than they have vet roeived, must peces-
sarily be nncertain and hazardoms. In Hw moantine the swufieoed
Octracndn sorve Lhis purpose vory well,

The Zygorella postica Zowe—This zonv i= not o cleatly indicated by
its facinn and therefore not 30 easily reengnized as the preceding Mastign-
bolbing lala gome. Tlowever, in the Appalachian arcy between southern
DPenusylvanis nnd sonthwestern Yirgima there ie usanlly o omore or loss
sparingly foseiliferons interval betwoen (he well characlerized zome wilh
M. Tala and the first appesranes of the Upper Clinton Bounemaiy rudis
fauns. Though the £, poelien fnuna wos not nbserved 1o the scetion at
oney Grove, Pa., there i= an ample thickness of beds at the place in {he
#eeliom corresponding to its wsval position from which no fozsils were pro-
eured but in which closer search might have revealed its presence. Leose
£labs of sandstone containing Zygosella postion, Z. brevis, X. gracilis, and
Masligobolbine miodegin, all supposedly characteristic Ostracoda of this
zone, together with a peculiar Calymone, Choneles of, noraseslicus, and
flamamospive aprsniformes, were found abave the range of Mastigebothing
lata at Cnmbetland, Md. 2. posties and Z. preeilis were fonnd in the
proper poeition nleo in the section along New Thver, 1 mile wesl of
Nurrows, Va, These colleclions indicate that the 4. postica sone is dis-
Linetly younger than the 3, Jata mome.  But wa have other eolloctions—aone
from Warm Springs, Vi, anether from Gate Clty, Vi—that prove cither

thut the two zones lecally evine =0 close togothar ne dn canse misture of
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their respeclive [aunas i calleeting or that Mestigabalbiue wodeste,
Z ygosella mimiva, Z. grasilis and eeen 2. pagtiea invaded the Appalachian
Valley before the final extinelton of Wasligaballing lafa and Zyqobolbina
eonwtdi therein, Wikl the material 10 haod 11 is jmposstile to decide
between these alternulives,

The Bonnesiin riedis Zove—The Upper Clmeon, o3 lerein detertined,
berins with the B, tudis zone. Its [aunin was first observed in Mulberry
Cagr, Powell Monntain, 5 miles northwest of Sncedville, Tern.,  ITere e
wone vonstitules the top toember of the Clinton, Leing immediatelr sme-
ceeded by the Sneedville limestoue of Cavigan age. ‘Phe beds here heins
aleo more profusely Tossiliferows and realily aecessible than any othoer
afl Cliulon age then koown, (le fuvna of e zone, espeeially the Oslracoda,
wie collecled and stodicd with nwneqmmon theronghuess smd determined
us follows: flownemady rudic (exceedingly abundant), &, fissa, B. loaps,
fioobligua, B pulchelle, B, bvansiin. B, fransite-tronsverss, Zygazelle alfu,
£ watlat-nedifera, Mastigobolling typue-proesuntio, M, bifidus, None of
these eleven species are known to ocear in any of (he older wones, und only
Lhe third, fourth. and winll of the list pass mnto the sneceeding zone,
Ottier Jocalities add Mustigodollbing mionle and W, wlfme. Lo view of the
relatively laree number of charaeteristio speeies the B, rudis sole is ot
lenst as ensily recognizable ws any other of the (Minton gzones hera dis-
emgwishied.  The large size of most of the species helps mutedially in
distingwishing Lhe zone [rom those morlerlying il

Three of the charactecistic spectes of the zone, inclwling Bowmwemata
rudiz, were found in the TToney Grove, Pa., sertion 200-250 feet beneath
the top of the Clinton. The beds containing these fossila lie mare than
20 feet abwwve the highest oleerved occucrenice of Mustigobofbing Inta,
L the opposite direstion the first apprarance of M. fypur is nearly 100
feet nenrer the top of the group, that is alort 150 feet Lenruth the top.

A piece of sandstone, [ound by some unknown collector 1o the vieiuity
of Comberland, 3., contains £ ruedis 2, B, longa, 1. padehelfa, B, sblgun,
and Wesfiguholiing virgindg. This assointion of specive can hardly mean
anything else but the B vudis sone, and may be aceepted as reasonalily
ronelustve evfdenes of the prescnee of this zone in the COFnton zection at
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Cumberland. TToforrunately, data are lacking as to the relalions of the
necurpence to overlving and underlying zones. The zoue sceins to be repre-
gented also in the section at Six Mile Honee, Md., where Zygosella vallzta-
nodifer, Mestigaballime woculs, and M. alfimae wero foond 102 Feet
Lamenth the Keelor sandstone np 25 feet beneath the lowesl occarrence of
M. fypines whieh 15 %% [eet heneath the Koefer,

Tn Vieginin {lie zone was doubtfully identified st Williameville, hut
{hepe 18 no doult abont s presence M the Clinton seelion ot Big Slone
Gap. If it vecurs along the strike between Big Btowe and Cumberland
Cap the facl rempins 1o be cstablished. The (Clintom sections 1o this
sireteh suggest contemporary cecillalion and resulting abscnee of Leds and
also cansiderable erosion of the surface of e Clinton during the fullowing
Trevoninn perind. Al ITagans, for instance, the Lower Clinton lies seareely
201 fent bencath the Blask shale, with no vigible evidenee of Upper Climton
heds. T the northeast sl Big Stone Gap the B. rodis zene s succeaded
hy 0 gowl developinent of the Mashigobolbina typus zone and this by
Cayugan and Helderhergian Hinestones and then shout 800 feet of Tpper
Degvanian slinle, In the opposite divection ot Cumberland Gap ihe B. mdis
sme wis not reeognized, bol the snecoeding M. typus sone is peesent
themgh nat thick.  Cher it comes aboul 4530 faet of Mississippinn Black
glhale,  Farlher southiwesl alung the ssime steike in Powell Monntain,
Tinn., (lie Clioten s termmated above by & strong developraent of the
I3, rudie sone and on thiz eoones firet the Sneedville limestone god then
Chattanooga shale.

The Mostigobolbina fypus Zone—This zome has a wider and more
definitely ascertainable distribulion in castern America than any other of
Lhe (linton gones.  [E containe a large fanna—apparently 75 spocdics—andd
by fie the majority of these are confined te this mone. However, anything
sppronching o complete representation of the fauns can be expected or
prooured snly as plaves 1 which the zone 15 waeommonly ealedreous with
many thin lmestone plutes,  The vorals end most of the heachiopods are
il least raee amd oftem entirely wanting to the soath of Marybamd and slso
in the western part of this state, in which divections the limy facies of the
zone, whieh provails in peotral Prussylvanin and estends southward to
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Great Cacapon, W. Va., iz replaced by silieccous shales and sandstones.
The character of the fauna as developed in {he calearcous facies iz cor-
rectly though not eompletely indieated by the list of speciez found in
this zone in the vieinity of Ilollidaysbuyg, I,

Of the 75 spreies en fur collevted from the M typus gone maore than
30 are Ostracoda, The latter, fovbunately, ave Jess partinl to partionlar
kinds of rock than are mogt of the other elasses, Most of the Oztracoda
seem aleo to have been exeellent trenvelers, for we find their remnins often
in grept numbers i the thick and thin sandstones that make np a large
part of the Upper Clinlon in southwestern Virginia and in the sandy
shales of correspending: age in cast ceatml Kentocky aud sonthern Ohio.
Consequently, we ave forced to depend almost entirely on the Ostracoda in
cecugnizing the depoeits of this age in the meotioned aress. Foren im Hw
talenroons northern phase of the zone we have found it advisable to depend
mainly on the Ostravoda without, hawever, any intention {o ignere what-
ever af help that may be offered by oflier kinde of fossil remains,

T'he Brachiopoda of the zone are of value particularly in cstalilizhing the
Uppér Clinton age of the beda. This is accomplished, we believe, beyonid
question by the presence of Sehueherfella subplana, the four species of
Sprtfer, the two of Afegpa, and the Nueloospira. Bul theee species ooy
also in the Rochester shale in New York and in Maryland and Pennsyl-
vania are Tound in the Drepanelling elarki zone as well as in the M, typus
sone, The case is aimilar with respect to the five thynchonelloids; and
cven Anoplotheca obsolein, Chuneles cornuirns, and Delmansila eleganiula
are represenied by smurcely dielinguishable yontations in the fwo zones.
The Bracliopoda, therefore, are of a2 litthe value in distinguwishing the
wvernl Upper Clinton zones from each other as they were fonud to be in
separating the Middle onid Lower Clintou aobes.

Whether the molfuecan shells are any better for ony purposes 15 doubtinl.
T hegin with, we know oo Dfthe about them, either as mpards their
specific characters or their vertiealvanges, Desides, Lheir state o preser-
vation commonly is too unfaverable for precige {demtification aud their
aceurrence naually too sporadie to fit them for practical puide [oszils,
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The trilobites probably eould be made useful, hut no one has yet snl-
jected the (linton forms to the minutely diseriminating investization
required to fully bring oul their indexical qualifications. At present all of
the Calymenide having pegidin with 2mooth plenral lobes are referred to
Finctlymene clinfont, Pl preliminary stady of the Clinton trilobites ol
this gouns suggesta thal the form whicl eeenrs in the Mastizobolbing typus
zone 15 nol sirietly the same as those that are found in the Middle and
Lower Clintan.  Moreover, the former Las not been found abiove the Keefor
sundstone so that it may be set down as one of the charaeteristie fossils of
the M. typus zone. 1o our experienee the presenes in dmerican formations
of a spevies of Dalmanites with posterinly aeaminace prgidinm ls eer.
tainky not older than the 3 typus zone,  Such o species oeents in hoth the
M. typus and Trrepnnelling zones, and both lave been referced by auchors
1o Dralmanites Hmafiirnz, Dut the two are not the same, the vounger of
fhe two Leing the tue B, fimuleres whereas e older bulengs o sn unde-
arpibien] speeies with fewer proidial sepments for which the name Pal-
nanites chinfenensts is proposed.  The Jatter then alse iz to be added to
the miide foeeils of the Bl typus zone,

Afrer all, however, it iz the Ostraenda that supply the mosé distinetive
amdl everpresent—therefore lhe tmost practical and servieeable—guide
Iossils of this zone.  As already stated, more than 30 species have been
determined, and umong these are at lessl nine lavge speeles that may be
expected at any outerop of the zone from New York to southwestern
Virginia aad thenve throngh Kenlueky to southern Ohie.  These are
Mastigobalbina fypus, M, argeta, M. trilvbale, M. triplicate, M. punctats,
Elethalolbing bypicaliz, Hunnemain celsq, B erssg, aud Fygazelle vollate,
8n far g now known all of these nine spoeics are steivtly confined 1o the
Myt pole,

To illustrate the peographic distribution and seversl wnity of this
madracod Tanna the fallowing lists of species enllectedd at widely separated
Incalities sre presentad.

At Clinten, ¥, ¥, in 15 feet of shale and thin Hmestones immedialely
overlying the golitic iren ore bed: MWastigeholbing fypus, M. frilobate,
M. punctuta, Plelliobolbing fypicedic.
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In the vicivity of Tlollidaysburg, ., the species cited in the long list
given an p. 362 oeeor in higestones,

Tu sandstone v Tusearora Monntain, esc Honey Grove, Pa.: Mastigo-
halbina typus, Bennempin colaa, B, crnsen, B, longs, B. perlongz, Zygoselia
vialinta,

L linwestones two miles east ol Gt Chenpon, W, Va,: Mastsgebelbing
typuse, M. orgate, M. satermedio, M. tripliote, Plothobelbing typieatis,
P. ornata, Bunneniiz oravss, Zygosella vallata, Begrichia Tekemontensia,
Hchmina erosse, Dizyggoplewra lnculntu, Apetobolbing granifera.

At Cranberland, Md., in snndstone: Mastigobulbina typus, M. triplicata,
M. virginia, Flefhobulbina typicalis, P. cornigers, Ponnemuin celas, B,
LB gl ) N

At Big Stone Gap, Ya.. i sandstonc: M, fypus, M, argule, M. virginio,
Plothalalbina typicalis, Bownemota colsn, B, crosso, B. uhlangu.

In avgillaceons and slighfly sundy shale in the upper (Estill eluy ) mem.-
linr of the Alzer formtion in tho western parl of Lowis Conuty, Kentuoky
Mastigahotbine typus, M. [riplicate, M. trdobate, M. gladra ¥, Plotholai-
ting ep., Zyyeselln valiate, Aseaciated with these Ostoacods are Rafine-
squina or Urachioprion sp, Chonetes cornulus, Anaplathecs of. obselatn,
Camaratechin neglecta 2, . sp., Clenvdonia 2 sp., Cyriodonts sp., Bucwni-
elin all. trilobate, Dadmanites clintonensis, Livealymene oL clintumensis,

Lo Adume County, (e, 1n shaly sanidstone of the Alyger formation, col-
leeted by Dir, A F. Foerste: M, lgpns, . arguta, A, wmodssta, 3. trilsbuta,
. triplienta, M. pusclota, Pleliobolhing iypiceles, Zuygosella vallata ; neso-
cated with stlir fossile similar fo Uose Jisted from lewis Counly,
Keutarky.

In comparing these lists the outstanding fact is Ut all fonr of the
gpecies fonnd at Cliuten, N Y., are anong thoee Visted from Tawis Conuty,
Kontueky, and those collected by Doctor Faerete from the upper niembor
of the Alger formation (* Ningaen shales ™) n Adliems Comnty, Ohio. Tl
abgenee of one o mnrs of them in sowe of the other list: donbtless i due
to the fact that the time devnted 1o the wakivg of the collections was in
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all of snch vuses very brief. Only the exposures ot Hollidiaysborg, Ta.,
wore searched with anvihing like thoronghness. 1t should be observed alsn
that seven af the eight species thut were found in Ghio ire incduded 1n the
list nf 25 spoces that rewarded onr efforts at Tlallidavsborg to gain a
rempreheusive conesption of the o of e M, Lypos z2one, The sseep-
tivn, Mastigolielbing modests, e not been [oond north of Vicginia.

One of the moet important features of the present inguiry is the determi-
antion of (he presenee of the M. typus mone at Clinton, N. Y., and how
minch of the section at that place should be rorrelaled with it.  As stated
i the dizemesion of the New York Clinton sections the eeolitic iron are and
the 18 fect of shale and thin liwestones over it in {he seetion ai Chintou are
reganded as eorrespundiog to Lbe 3. typus zone of the Appalachian Valles.
This conclurion is based prinwisily on the presewce of al Ieast foue of tlw
nioet chareteristic Ostracoda of the M. typme 2one in the hientioned beds
ot Olinton, Rut thove iz comziderable other favual evidenes Lo support the
testimony offered by Lhe petracods: and 31 is rewdered all the more prob-
able by the fact tlit this eorvelation fits 1n very woll willi views advoraterd]
here respecting the relations of proceding wnd suveseding Clintom forma-
Lione Gr wonee in the coneerned ragions,

Tl ahales interhodded with and direelly overlying the oolitic Iron ore
at Clinton, N. Y., huve yielded a fauon of pearly 50 spocies.  Tofortu-
nately, wany of these species cannot he cited speeifically, being unnamed,
Sone of thew aleo require closer investigntion hefore their steatigraphie
signifieance is clearly established. SHl the following lists include besides
the Ostracoda many brachiopods. peleeypods, and trilobices that tend to
prove ot least that the oolitic iron ore is not ohiler thas the M. Lyptis zone.
Moreover, w [ow of themn mmst e apeeptad as offering posilive corroboration
of the Lestimony of the Ostroroda that Made 4 pnd 5 of the sectivn ul
Olinton are of the saouw age as the B typus 2one of confral Penneslvaniy
and Mavyland.
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Fosaten eroyr THE Smware Removes 15 Minise oF Dowmie Inox Ome AT
Cesarox, N Y

Roots of Boealyplocrinus

w [schadites n #®p.

w Monngraptus <linton!
Demdrograptus rectos
Cactosrapius orissos
Paleadletyoln bella
F. elngonensis
Cyclograptur rotsdentatus
Metyonema vetilormis
Paleechara ap.

Hebkmpora aff. fragilis
h Lingula lamellata
L. n sp. (surfaec Deaocbally
Apinone )
t ¢ Plactamnbonites traneversalis
Frachioprion ¥ sp,

m Leptonn rhimoboddalis

r Sohuchertella pubplana

m (honetes corputus

ni Anpplothecn absolata

mor Atrypina dlsparllis
mr Boepirifer rodiatuy

e Catonrotieehls aff. lodinnensls

mr Camaroteehin neglegta

o r Plerines emacerats
r Paslionomya 7 rhomboldes *

Modiolopsis g, nox.

m Crenndanta of elliptica
Cleidophorus =p.
Whitella sp. ef. Avicula ? orbi-

colata)
Rhytlmra #p. nox. (1)
It, sp. nov, (2}
Cuneamya sp. nov. {(aff C.
seaphal
Loxonema sp.
Bealys aff, lopdil
Hyolithns zp
r Dawsonoceras annnlatum

Arabellites
Sarpnlites {(aff. 5. dizsalutuz)

m Mastigobolbina typus

m Mastigotlbing trilohata

1 Maatigobolbina punectata

w1 Plethobollifna typicalis

i Llocalymene alinton]

m Dmlmanites clintonensis

Firaies rnoM Trk PaLao0 xenrs Laven LEss TIAK 10 FEET Apovf Thg QariTio
Tunp DuE AT B4MK Prace

m Palmocvelun rotulofdes
Erldateypn sp.
Phanopora of canmdensis
Heloparn off. fragilis

mr Dalmanella elegantula
mr Nucleospira plsiformis
And the four ostracods of the
preceding list

Of the above lets, ngeropating 50 specics, 16 are preceded by the letter
mn, indicating that the speeies so marked ovcurs also in the Mastigobalbina
typus rone in Pennsylyanin and Marsfand, Of the remaining 34 apecies
we wnay disregard all the grapdolites and most of the peleerpods and other
mollusks because these are found only in the soft freshly excavated shale
at Clinton, which type of Tock was not aveilable for vollecting at any of
the natural outerops of the M. typus zone scurched for fossils ju the states
to the south of New York.,, For similar reason we wonld eliminate also
the lechadites, the two Lingulus, sud the Serpuliter.  With #Hhese &liming-
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tipus, aggreguting aboul 22 species, Lhe remmining species of the two hisds
ctnstitute a faizly normal Mastigobolbina typus faumna.

1o earlier discussions of the age of the beds nsseciated with the oolitie
iron ore al Clinton and of their onquestioned correlals, the Mastigobolhina
typus zonc, in Maryland the stromgly expressed similarity of the fannss
to that of the Rochester shale (specics preceded by the letler ) seemed
so striking that corrolation with the latler appeared unavoidable. This
appiacent Nochester alliance is partienlarly notable in comparing the
brachiopods which constitute the most conspicuous clewent of the fauna
in the limy facies of the M. typus zone. Among these are Plolideps
squamiformis, Dalmanella eleganiuls, Schucheriells subplona, Pleciam-
bonites transversalis, Spirifer bicostalws, S, endora, 8, wiagarensis, S.
radiatus, Atrype relicularis, A. nodostrisfus, Atrypinag disparilis, Nucler-
spira pisiformis and dpecies of Camarotachia that ore searcely diatingnizh-
alile from O, acinus, O, indienenals, (1 bidenfota, and O neglente, Frac-
tically all of {heso shells are typioully acpresented in the fauna of the
Raochester shale; and tLis relationship was furtber onphasized belore we
learned to distinguish the Dalmanites that oeewys with them v the
M. typms zona in Maryland and Pennsylvania and in the eolitie iron are
at Clinton {rom the troe 2, Timulurys of the Rochester shale.

Iowever, sineo Lhose entlier conclusions mach evidenoe hag seconiulated
tending to establish Lhe now acvepted fact that the prescuce of the men-
tioned brachiopods in the M, (ypus zome signifies mersly o preceding
invasion of species previously Lalieved Lo be indicative of the Hocheser
age. Even in New York most of them are now known to range down into
the reofy hed at the top of the Trondequoil limestoue; sud sane of them
ocour aleo in the Willinmsan shale, The last occurrenee. as stated hefore,
doulitless corresponds Lo the one at Clinton and Loth of these to that
inthe M. typus zone in Maryland. Ome of Lhe bost picees of evidence favor-
ing tle latter correlation, and which has unt vel been bronght ont as it
deserves, concerns the coral Paleocyclus rolulsides. This peenliar fossil
was originally deseribed {rom specimens found st Clinton, X, ¥, where it
ie confined to a thin bed lying u few fest above the oolitic ore. The same
ooral occurs in the lower half of the M. tvpus zone ot Hollidaysburg, Pa.

25
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Here alwo it is cantined bo o single layer of Linestone less than a Doot thick.
Mo reason Js known why these two oceurrenees «hould not be acreplod as
gteielly vontemporiaenis,

Nearly 1f not quite ns vahmble a5 the cornl and the Ostracods in proving
e wseitind contemporaneity of these beds s the Chomeles comcdits, the
A noplutheen abselein, the TAaralymens clinfonemnets (= 8t.), and the al-
miatibey ehintonetizis. AlL of these qee repeegented by precisely the zame
virieties in the two heds,

The Keofer Sandslone and Supposed Equivalents in Popssyivania and
New York—The heeler sandstone varics constlerably i thickuess aul
character from place to plave in Marilapd. Dridenily some oseiltation
and land elevation oecarred at Hex time, and these moveowils ineronsed
the gupply of clastic materinl. The Keeler is | L feet thick at Cumbeclam),
abomt 40 feet thiek near Tluncoek, and woraewhat less Uhan 25 feot tlack 11
North Mowttain, The evidenee it hutid sngeests Tt this sandstone mem-
bor 18 litthe more than a lithologic neles that oward the east, as in North
VMountain, possibily wovers the whole of Upper Clinton lme,  Jis posiliou
g usually indicaled i Lhe Olinlon ssctrons i Peansyleania, and o bed
regarded pz marking the same time 15 so designaled iu the seeting at
Clinton, ¥. Y. A samlv awd ferruginons limestous 1 the section at
Hollidaysburg, Pa., ie referved to this zoue. T the TTouer Grove seetion
the same 2o 15 represented by o eatler conrse geniued sandstonen

Exeept i the vicinity of Flintstone Jomils ure not conumondy found in
the Keelor in Marylawl. Stose, in 1910, fouud some remaine of Euryp-
terithre in a blnck shale interbedded with the sandstone s few miles west of
Haneock., Theso sugpested Cavogan epocies of Hughmilleria and Prory-
golae, and # was on Lhis, then supposdly delerminative evidenss, {hal
the Kevfer was eeromeousty pluced at the base of the MeRenzic formation
wud with il in the Cayugnn eporh of the Silurinu:

Nn list of the fossils fownd in lhe Keelor saodstome st Flintstone ©s
wvmidahle, g0 wi camuot say whether (hey are more elosely allied o Lhe
averlvitg or the uonderlviog looun.  Pechaps their eelations are e more
decisive Uan are those of Uhe 6 species provured from this hed at Honer
Grove. Pa., Jisted on p. 353, Still, three of the brachiopads at the latter
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Maee, Rhipidomielle of. hybrida, Spirifer erispus, and Camaroferkia of.
phentelia, mnd the Disygoplrura lean toward the susesediue [anna mather
than the preeeding.

In desnribing the seetinn al Clinton. N, Y., bols 8 wod 7 of the
seebion gre suld to © prolinbly eorrespond o the lrondequoit limestane at
Rochester and o the Keefor sandatone of Marvland and Pennsylvania,”
This view is suggested primarily by the fact that these beds fallow shaly
bayers enntaining the Mastigeholbina Lypus [annn and are nverain br the
red Hux iron ure bed which is filled with Ruohestor Brvozon. The zoue
thus orenpies the pesition of the Resfer. The few fosmeils found in it at
Choton throw no definite Iight on the question, but at the sane time they
afler pothing opposing the supgosted eorrelation.

No Ostracoda were fouul m the supposed Reofer represeutative a
Clinton. Bt fossils of this class were provursl from the Irondequoit
limestonr. The senior authar, namely, vollesfod at lemst six spegies of
Ostravodic vut of a block of Irondeguait Hmestone found sbeomt 3 miles
east ot Lockport, One of these species, Hegrickin bortnagelt, is deseritiod
and figured in this volume.  The others comprise o speeies of Kladenelln,
a Mieygoplewra (allied to D, proutdyi and Do prieet of the Drepanelling
elarki zoue in Murvluud bat a clearly distinet new apeatasy, o Thiipamra
and two spocies of Aythorypris, Foaxewpt the bt which are ton simple 11
ftrnoture Lo be rf value in rolined stedigrophie sorrelotion, nome of these
Ostracoda is precisely like any of the Silurian species found in Maryland.
But they are 2l) of Atlantie types and so mnst have incaded New York
from the east or southeast. Then, ps these speiex liave nut heen founid in
the Upper Clintun of cithier Maryland or Pennsylvania, they eould hanily
hive passed threugh here withont leaving fossil imees of their Hine of
wmigration rxeept during the depgsition of {he Keafer,

Ry comparisan of these Irondequett Outrucodi with their relatives [y
Appalachinn foratione we are again led to the senclusion that {he Iron-
dequotl prohnbly eorrelates with the Roefer, L', the Beyrichin bart-
rgefi s intexmerdiate ju s elaracters betwoon I Jakenionlensts, i spacins
of the M, typus cone, and 8 veronica or #, normealis, both of whial elomg
b the Drepancllina clacki fauna.  The intarning of the doreal eXtrEnmity
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of the posterior lobe i w priwmitive character that is etill well deseloped
in &, hartrageli but is ulmost entivaly lnst in &, verondca snd B, narmalis,
As Tor the new Disygoplenrn it might well represent an sutecedent stage 1n
the developmeant of & pecics like 2. pricai, Finally, Thigpssira iz a Britisk
Silurisn genng that ie ollierwise Ti’lﬂilj’ anknown in Atlerican deposits of
tli= period. We had expected to find species of this peculiar genos in the
Appalachian Silurisn [ormations, but our search for Aineriesu repre-
senitatives of this age proved unavailing except in this sngle block of Tron-
dequolt limestone,

The Drepanelling clarki Zowe—This is the highest of the Clinton zones
in Maryland and Pennsylvania and in our opinion is the anly part of the
Appaluchinn facics of the Clintou thet we lovl warrantad in correlating
with the Bochester shale. Some of the teasons [or this conclusion wore
given in Lhe proceding discussion of the Cliuton seclions in Kow York.
In car argument trymg to cetablish our view that the invading
Atlantic and southorn seas and faunas of this time actnally intermingled
in Dennsylvanis snd New York we also endeavored to expliin why only
a fow of the sonthoen invaders reached Marsland, It nppears, in fact, that
the Rochester element in the Drvepanelling clavks zone in Maryland and
Promsylvania 38 made up very Jurgely of spocics that migrated to western
New York from the east. Much the greater part of the southern element,
enpecially thie Bryoron, in the Rocheeter fanua, on the contrary, droppel
out of the Tace very soom ofter paszing Hochester. Oulv a few reawin
at Clinton, N. Y., aud bardly any reuclied conteal Pennsglyamia and
Maryland.

Merionns o Oodnkiavios,—TFacts ko the abose show the abalute
futality and mvor of trying to covvelate formutions of distinet provineea by
the percentage method of faunal eomparieon. In the proseud cuge the
fanua of the Appalachian soue that we regued an corresponding in age to
Ihe Roclwster shale of New York eomprises only a small peccentaze of the
species fouml m the Rochester 2t Lockporl, N, Y. : and aven this minor
part is Llacgely made up of species that as now defined ars kuswn B0 have o
wide peageaphic and loug verfical vauge. Most of the latter. and this
tnehwdes more thun three-fourths of the hrachinpeds and mollusks, ace
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Upper Cliutou nr even Niagaran fossils and not only Rochester epecies,
U'loser study of ihese long-ranging species pirabably would result i their
sepuration into distinguishable mutations, each of which would be char-
petevistic of only one of thr several divisions of the Tpper Clinton. PBut
tiig requires many and nucammonly good wpecimens and much work thet
verning a8 yeb 1o be done, We need alsa to learn where they were raized
and what paths they fallowed to get to the pluces where their renuaing gre
naw to he found,

Somwething approachmg the comprehensive iuvestigation required to
render such foseils of valor in detailed correlation hee been given to Hu
silurian Dstracoda.  Also to the Dalmonites and & few othier species of
Lhis zuie thigi happened to belong to genera which have been suhjected to
close smidy. On the prineiple of eorrelation by minute structural eom-
puriean anpd identification of biolagically non-cssentiul features® vuly &
few of sl canpletely similar forms held in common Ly formations of
distinet provinces are reguived to eatublish the practical contemporancity
of the beds hedding them. Therefors, althongh the Atlantic speeies
thut migrated as far west as Niagacn Talle congtitute loss then 10 per
eonet of the tolal Meelester fannn and the soutliorn species thal passed
an fram western New York into the Appaluchion provinee ate 20 few, if
any, a5 to be aluost negtgible, we may yet nevownplish the enrrelation ol
e Bovhester shale and {he Drepunelliva clarki zone with reasonable
poncdidonioe wd pertainey,

The first step in this emrelation was already taken when in the preceding
dicenssion of the Olinton of New York the species of Rochester rynzoa
in the red Hux ore bed, which overlies the correlater of the Keefor mml-
stone and the Mastigobolbina typuz zone in the section at Clinton, were
wnnmerated. Auyone who wonld deny the Roclieeter age of the vod fux
ore bed wnst either disprove the identiication af the Bryozoa or ignore
theoir testimony eniirely.

The secnnd step ie acenmplished by nolivg the prosenoe of Ostracoda
Wlonging tn the Appalachian and Atlantic faunus of the tioe in the

Ehirleh, B O, Corvclation by displacemonta wf the strund-line. RBull. Geol,
Hoe. Amerlea, vol xxvli, po 438, 1816
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typical onderops of tle Rochiester shale. Tvidendl y smmictication between
the Atlantic and Southern walers aéross northern Pramsylvania was far
Irom free and open, The larrier between the {wo muet vet have been
procty elfective becauvee we kuow of only three of ihe Appalachian
Beyrichineca Aliat resched Tockport, K, Y. These are Parechming
spinost, P, abrormis, wnd Pizygoplenra symmetrice. The Hochester shale
coutaing al least fonr ollier Ostracoda, but ihres of these are Cyprida
whicl oreurzed in Jioth seas al this time und are too stmple in structure o
be of nee 10 correlation,  The fourth {s a (enobofbin, o eonthern type,
that is noknowu in either Silurian or Ordiwictan Appadnehian [aunas.

Three of the teilobiles of the Drepanclliog clarki zome seem o lie
previsely like species foomd in the Rochester.  Ome of Huse is the Calytiere
niagurensts, qlich perhape Is aol so worthy of confidenes as g gutde [osxil
25 1% either the sceond, Fomelonolus delphivocephalus, or the IlLind,
Dalwonifes limuhoys, Al three of these Lrilobitog ape represenled by
closely allied specice or varicties 0 the nnder ving Mastizobolbing typus
zone. Bl the latter aee oo presscly ke the Rochester Lyprs of the
species, whereas these fomd fu the Drepunelling zone seem 1o HEYee in
wwnry detull,

Abent 25 spevics of Bracliopoda secur in the Drepanelling zone. gt
it hese are Jeseribed as new spocics in this volume iy Protessors I'routy
aud Bwarle. With two or thiee exceptions the remainder of the list con-
sigls of spectes that have wot been distinguished from Mochester fossils.
Many of the latier have been studied also ¥ the writers with the resnlr
thal we ulso failad lo discover eatisfactory Jiferences by which e Mary-
lund und Pennsylvania apecimens might be oislinguished fron those found
1u the Rochesler #hale of woestern New York, I'lis elri Fing simtlurity in
the hrachiopads of the fwo formations might thew he aeaepled ae strong
coulirmution of the proceding seeminely weaker evidence of the [rilobites
and aslracods.  Tnt we must ot overlook the facl thut {he ma Jority of
thesr bracliopeds are widely distibuted and mostly long-ranging sprefos
thal wor only secur also fu the Mastigobolbina tvpus zone in Marylamd
und in the Irondogueit lanestone fn New York but have closely allind

aneestors o yer earlier Olmron und even late Medinan formations.  9till,
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some of these shells {limt sre eoinmon to the Dropanelling zone and the
Rochester shube have so Bar uat been fonnd in heds known Lo be older Lhan
the Ruchestor, O Lhess the most noleworthy, perhaps, are Bhipidomella
hybride, o particular variety of Afrypa reticularts, Spivifor erispus, Tre-
weirdoapten deon e, and Whilfieldelle ehipte,

Ostiacons 0F 11re Brswsr Douoxrrs,—Very amexpeotedly we receive
further light ou this perplexmg correlulion problem from Olio. Recently
the sepiog aullhor made the Tortunate discovery of 4 considerable osiracod
fuuua in the Bisher member of the West Tuton formation in Adame and
Highland mounties, Dhio. These Ostracoda accur in (hin lenses of while
chert developed i a fine-grained dolomitic wnerix ; and mest of them are
in a fine astate of precrvation. Among them we recognire Dirggepleura
lacungan, the typieal amnd other varieties of 1, symmetrice, 1IN asymuiairica,
1. loenlosr, MParechoming spinasa, and Primiliells eguilaferalis, all of
which wre described 1o this volune ax charactoristie fossils in Maryland
mid Dentieyleania of the uppermost, .ul'ullll,.' caleavenns beds of the Clinton
gronp to which we have applied the term Drapanelling clacki zone.

Thie olnee agreenient in osteacad founul contents between the Bisher of
i wind Lhe Prepanclling clacki zone of the CHoton ag developed o the
middle Appalachian tegian carey mueh weight in deciding the age Tela-
tinns of the Olvio tormation te the genernlized tinw «als of Uhe Silurian i
Ainveles, 10 ie signifieant further to note that the evidence of the
Oxlencoda in tie eose ie in essential agreement with that of the associated
olher clasecs of [oszile. The Dsher faung of southern Ohio and Tewis
County, Bentucky, agpremaling, excinzive of the Oslracoda, 45 .*f]‘.n‘.‘Pif'&, ha=
lwew listed nod disens<cd by Foerste " ue follows:

“ An approximste correlation of the lisher member with Xiagaran
strata in New York Stale 1s mude pwssible by the fact thal Lhe upper pazt
of the Crab Orohard shale, whivh Ves immedintoly beaealh the Bisher
viiber, eontaine Tiorelymens clinfons, Fogrichra lake, and obher Tossils
goenrving 1 the imiddle part of the typieal Clinton section of New York

' Foorste, A, V., Bilurian fossils Trom Ohla, with notep on eelated species
fean othier hortzons! The Ohio Journs] of Sclence, vol, xix, po 304, 1815,
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I the vverlying Trondeguoit limestone, however, at the top of the Clinton
of Noew York, oreur numerons species found also in the Bisher member,
inelnding Cornulites cMntoni, Ortlds Auhellites, Sprrifer radiatue, Rhyn-
chatrela wnericang, Whitfieldella cylindrcn, Anastrophie interplicain,
HMephanocrinus gemmiformis, Trimerus delphinacephalus and Bumastos
toris, Provisionally, therefore, the Risher meanber ik correlated with the
Irondequot Bmestone of Noew York”

i the preceding page Foerate tentatively correlates the Bisher wilh
the Osgood limestone of fndiana,

The present writers in dissenting Trom Towrsle’s view Jast quoted womld
point oul {1} that the Lisealymene clintoni and the ™ Beyriehde Tafa
{ Mustigobalbing driplicatn (Foceste)) of ihe upper part of the Crab
Orehard shale are not the Middle Clinton [orms of New Yotk but ihe
Upper Clinton species that are eonfined fa the Maetigobolbina typus zone
i Virginia, Maryland, Penmsvlvania, and st Clinton, X, ¥.; {2) that
with pessibly one o lwo exeeptions the fossils mentioned in the latter half
of the quotation ave found in the Rochester ehale ne well as 0 the Teon-
dequoit limestone; and (8) that many of the otlier [oesils riven in the full
Bisher list published by Foerste on p. 360 of the eited papor agres, like e
previcusly mentioned Ostvpeoda, prrfoctly with species found in the
Direpanellina zone in Marylund. On these grovends, then, we ate thor-
onghly eonvineed of the eonterporancity of the Bieher member of the
West Union formation of Ohio aud the Drepanelling zone of Maryland and
Peunsylvaniay and it [ollows thal the preeeding arguments advoeating
sorcelition of the Drepanclling zone with the Borhester apply with cqual
Eorec in the ease of the Risher. Regarding the Osgood limestone of Indiang
tf iz well known that we dong ago favored itz correlation with the Roclester.
Also that we are now thoroughly in ascord with Foeerste in Teferring the
Osgood and the Bisher to tlie same stratigraphic plane,

The fammal wgreement between ihe Osgood on the one hand and the
Bizher und Divepanelling zone on the other iz, a5 noted by Focrste, ¥Rry
weak.  But we see good reaeon for this weakness in the probable fart that
the Bisher and the Oegood were Jaid down in separate reoughs that rom-
wuicated only in nortiern 'eonsylvania.  The Bisher fauna consista
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mainly of Atlautic invaders that traveled southwestward in their own bay
from, sav, Cumberland, Md., throngh West Virgiuia and northeastern
Kentucky to Adame and adjoinmg countics in Ohio, The southern fauna
of the Osgood limestour aud the Rochester shale on the contrary is believed
{6 have traveled northenstward from Indiana avound the north side of
the Cioeinoatl dsre o weetorn Few York by way of a frough beneath the
northern part of the Ohio coal measures. The two faunas are supposed Lo
have intermingled in western Pennsylvania, making 1t pessible for a tow
strazelers of the Osgood faunu to reach the hiedd of the Drepanelling elarkt
bay in scnth-gentral Ohio. These separate troughs and bays are indicaio]
in the eoneerned paleogeographic map on another page.

tur main ohjection to the sicw that the Bisher and consequently also
its unguestionable correlare, the Drepanellina zone of Maryland and
Pennsylvenin, are to be aszigned fo the age of the lrondequoit lmesron
of New York tosts on the fact that the Ostravodu of the Trondegunid.
thougl grmerieally the sanle, are in no instance precisely the same as their
eongeners in cither the D oelarks zone or in the Bisher. On ihe other
hand, two of the Bochester Ostracoda, namely, Dizygopleive symmetrica
and Preeclates spinest, are represeifed by exaclly similer specimens in
lidls the Bisher and the [ clarki zone,
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