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INTRODUCTION

Microfossils have been used for severzl vears as a
means of subsurface correlation with special emphasis on
the foraminifera; however, the Michigan basin has very
few of these. Many ostracodes are found in the oil well
cuttings as well as at outcrop locations in ¥ichigan,.
They are rated second only to the foraminifera in strat-
igrarhic value,

Glaessners states:

#Glaessner, M.,F., Principles of Micropaleontology, lMel-

bourne University Press, Melbourne, Australia, 1945, p. 17.

"Locally ostracodes are of grecter value than
foraminifera, because of their greater adarta-
bility to a variety of environmental conditions,
including brackish and fresh water habtiitat, as
well as to the conditions leading to deposition
of dark shales, WMicropaleontologists are in-
clined to place the ostracodes second in strat-
igrarhic value, after the foraminifera.n

Ostracodes are an important grour of microfossils in

the Paleozoilc era.*

#Kelly, W.Ley Personal comuunication.

Of the many genera found in the Devonian formations of

Michigan, Ponderodictya appeared to be the most abundant;

therefore, it was chosen for this bioseries cor phylomorpho-
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genetic study., According to CGlacessner,*

*Glaessner, M.%., 00, cit., 1845, p. 8l.

1
—

the seguence of evolutionary stages of each morphologic
character or feature is a bioserigs. Any subdivisions or
zones of a stratigrarnic column based on the evidence of
bioseries are known as biozones.

This research imetlhod has been and is now employed by

several workers in paleontology. After citing several

zemples of such work Jeletzky¥* says:

#Jeletzky, J.A., "Some Nomenclatorial and Taxonomic Problems

in Paleozoology," Journal of Paleontology, Vol. 24, XNo. 1,

1950, p. 27.

"The tendency to d&iscard specimens as a foundation
of paleozoological sprecies arcd to use fossil rop-
ulations (i.e. series of specimens assumingly
representing these) cortributes considrably to

the phylogenetical method and makes it mmch more
exact. Tt seems to be sufficiently eviaent that
the old phylogenetical concept of tphylogenetic
linest did not represent the true character of
paleozoological evolution, The fact that in all
numerous cases when paleozoological material is
more or less plentiful and evolutionary series
continuous we observe not tlinest!, but tpnylo-
genetical fieldst! or tplexus!' 1s very significant.
It may be safely assumed that these concepts re-
flect much nore correctly the character and course
of evolutionary processes than the concert of
tphylogenetical linest,n
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In accord with the avove, tire writer has employed the
subspecies, or variants, as a baszls for classification
rather than the conventional and empirical catagorizing of
the specigs into specific geologic time spans, This method
embraces the tphylogenetical field!' concert referred to by
Jeletzky above., Furthermore this nethod testifies to the
contemporaneity and ancestry of the several vzriants of

Ponderodictya which coiprise its populztions manifested

in the Traverse formation.



OnJECT OF STUDY

The object of this study is deter.:ine whether there
is eviderce of one or nore bioceries in the single ostra-

code genus, Ponderodictya,and with the evidence obptained

for such bioseries, to subdivicde the Travercse ostracode

zone into as many biozoxnes as may bte distinzuished,



TEZIMOLOCY

Carapace is the entire shell or fossil composed of two
halves, & right velve and left valve; often referred to

as the test.

Flanges are located in the anterior region of Ponderodictya,
being linear ridges, often arcuate. Come may apnecar merely

o

as nodose structures, (Pl. I, Fig. 1,2; rl. 2, Fig. 1,3.)

Hingement, In Ponderodictya the valves articulated about

an axis directed through the nore convex corscl margin.
The interlocking of the valves at tiiis position is a
rabbeted contact of the ridge and groove type.% (Pl. I,

Fig. 1,8.)

#Shimer, H.W., & Shrock, R.R., Index Fossils of Iorth

America, J. Wiley & Sons, Inc., New York, 1847. p. 685,

Mamelons are intermediate between nodes and monticulese.

rarginal overlap is a feature where one valvc overpaps

the other along the free mergins, the larger one may have
a groove for receiving the edge of the smeller., (PLl. I,

rig. 2,4,8; Pl. 2, Fig. 2,3.)

Monticules are of lower relief than nodes, having a large

diameter and very little height. This term differs from



the general usage and is here initieted witi: thie above de-

finition. (Pl. I, Fig. 2.)

Muscle scar is uﬁtlly located in the central rezgion on

tlhie side of the valve of Ponderodictya, it has iuch the
appearance of an old vaccine scar., (Fl. I, Fig. 2,7; PL.Z,

Fig. 1,2,3.)

odes are a variation from the spines; being broader and
of lower relief than the spines., The height 1s about equal
to the diameter. (Pl. 2, Fig. 3.)

Pitting is a type of ornamentzion of the surface of tke
carapace., It is used in this paper to describe a condition
vhere the area of the pits is smaller than the space between

them. (Fl. 2, Fig. 3,4.)

Plenation. The plenate end is the end toward which the

swing of the shell is directed, andwhich tendsto te full
beca?se of the greater area of the region extending beyond
the hinge. The degree of plenation is a composite effect

of relative height of the ends, relative projection beyond
the limits of the hinge, and relative fullness of the ventro-
adplenate, as conmpared to the ventro-antiplenate portions of

the shell.* YPl. I, Fig. 1,3,1%; Pl. 2, Fig. 1,2,3.)

*Swartz, FelMe., & Oriel, S.8., Journal of Paleontology, Vol.22,




Feticuvlution is the opposite of the coundition for pitling,

. N . N N N r .

i.e., tlie pits are broader than tihe intevening spaces,
which nay be only ridges separating the pits. (F1 I,
Frig. 1, 2.)

ghoulders may take the place of flanges, where the sices

of the valves converge abruptly toward the margins. Some

specimens even lack the abrupt shoulder, (Pl. I, Fig. 6,12.)

Spines are structures that aprear nornzlly in the poster-

ior region of Ponderodictya and have a length grecter

than the diemeter normal to the length., (Pl., 2, Figz. 2.)



DISCUSSION

Ostracodes comprise a subclass of bivalved marine crust-
acea, wnich average from 0.5 m.m to ¢ m.m in length. OQOne
group, the Leperditacea, not used in this study, attain a
length of some 25 m.m. The two valves of the carapcce are
Joined at addrsal hingement, about which they articulate
in 1life, As the writer will demonstrate in this study, the
external surface of the valves may have various types of
morplhiologic features ana degrees thereof; or the sufface
nay be void of superficial ornamentction.

These variations in expression of morrhological
characteristics are the criteria with wiiich the blozones

are delineated. According to Glaessner::

#Glaessner, M.F., Op, cit., 1945, p. 225,

"Yhen it is found that the stages in the progre-
ssive structural develorment of morphological char-
acters follow each other in mumbers of individuals
taken from successive beds in a stratigrarhic
sequence, then their order of appeararnce suprorts
the phylogenetic interpretation ofithese stages
while, concurrentl;, the rossibility of establish-
ing phyvlogenetic relztions between them suprcorts
the classification of the stratigrarhic sequence

of biozones."

In this present.study it is not claimed that the
aurorae of the several bloseries arecomplete within the
Traverse group, but the statisticzl ezaminction of the

frequency of occurrence of mutations should indicate the



existence of at least one hemera or point of peck develop-
ment in the stratigraphic column.

An aurora is the geologic time interval from the
actual appearance Bf a mutant in a bioseries to its sub-
sequent disaprearance or replaccuient by a successive
mutant. An aurora is not necessarily completed witheén
the short interval of geologic time as representec in
the Traverse formation,

Further studles on the formations directly above and
below the Traverse group might easily discover biostrati-
graphic divisions that integrate perfectly with the divi-
sions that are evident from this study. As Tan Sin Holk:¢

states:

#Tan Sin Hok, "The Results of Phylomorphogenetic Studies

of Some Larger Foraminifera®, De Mg. in Ned. Incie, 6, (IV),

1939, p. 93.

n"The biostratigraplic value of phylomorphogenetic
researches is thst they mean a methodical search
for index fossils, and that they also enzble us to
establish a cseries of time narkers in which the
geologic tlme is recorded in a gapless manner,

as the consecutive terms of the smme bioseries
represent a rational and continuous sequence,
Such a paleontological chronometer is of utmost
improtance, as by means of it, other forms can be
dated independently."

The biozones, representing a contimious series of
stratigraphic units in the Michigan syneclinorial basin,

may be correlated by further work in some other region
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that has a similar and fairly continuous section of Paleco-
zoic formations. This would be limitea to sediments of
marine origin such as the section in lew York or Illinois.

The question has been asked whether or not a geograph-
ically restricted environment could be a dominant factor
affecting the variations and mutations that give rise to
the bioseries., For example, if a stratigraphically contin-
uous series of ostracodes in the Illinois basin had been
subjected to a much different enviromment than a series in
the Michigan basin, the two faunal series may by assuption
be highly different in types of ornamentation, in degrees
of expression, and in time interval of occurrence; morpho-
logic features typical in the series of one basin for a
definite time interval or biozone nmay never occur or at
least be much different in the faunal series of the other
basin., Furthermore, in harmony with the assumption, the
same set of features may occur in a time interval other
than that of the first found series., If this assumption
were the case, then the projected correlation over the
continent would not be a relizble method even if there wvere
any hints of correlation trends that appeared to corroborate
the empirical method, The lztter method is thet of arbi-
trarily chosen ranges for speciles which is and has been re-
lied upon quite heavily by geologists for marm yearse.

According to Glaessner,:#

#Glaessner, M.Fe, Op. cit., 1945, p. 226,
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"The strcotigraphic value of morphogenetic stages

would be very limited if the rate of change from

one stuge in a bioseries ot the next deren.ed

largely on local envirommental factors. Tan Sin

Eok has considered this possibility and has found

indications that the effect of such influences is

rather limited, TFor example the stages of evolu-

tion of nepionic characters in some foramwinifera

were reached in Southern Furope and in the Indo-

Pacific region at the same time,n

For an illustration in the ostracodes, the co-existing
faunal series of the I11inids and Michigan basins will
suffice. If the two series of fossils from these two basins
or any other two or more basins of morine secdiments of
similar age were compared on the basis of bioseries ami
biozoning, it is highly probable that the same combinations
of morphologic features will be present in each of the
faunal series in every basin in similar geologic time inter-
vals. These morphologic features should invariably show
the same frequency of occurrence in all basinse.

This discussion 1s summarized very well in Claessner!'s*

words,

*Glaessner, M.F., Op. cit,, 1945, p. 226,

nSince 1t is improbable that evolutionary

changes varying inspeed under the influence of
enviromment can procduce, under different circum-
stances and in different regions, the same combin-
ations of bioserial stages in a number ol cO-
existing species (populations), the actual occurr-
ence of such combinations would strengthen the
case for the stratigraphic application of the
morphogenetic method."
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METFOD OF PREPATATION

Practically all of the well cuttings exawmined in
this study are the washed and bottled sets of the Mich-
igan Geological Survey. 1lMost of the rock samples were
suitable for study under the binocular microscore, but
occasfhally it was necessary to crush the larger rock
pieces or to wash away e:cess drilling guds in order to
recover any specimens otherwise undetectable.

The contents of all the bottles covering the Traverse
formation in all the wells were examinec to pick out the

ostracode genus Ponderodictya for mounting in stratigraphic

type slides., The state well-permit numbers and depths
were recorded on each slide irmeciately.

After all of the available wells in the St. Clair
area had been checked, the mountedspecimens were agzin
examined to obtain a control set of type specimens which
exenplified the sundry rorphologic structures and their

variations necessary for the bloseries stucdy,.



STRATIGRAPHY

The writer here presents the Traverse: sectlion as
described in a well log from the ct. Clair arca., The lith-
ology recorded in this log is tyrical of the well cuttings
examined in this study. In many wells the footage inter-
vals were somewvhat more constant than the record below
would indicate; so that, for example, thirty feet of shale
as seen in this tyre of log, may be represented by three

or four scmples in the bottled sets.

Devonian, Traverse: Thickness Total
in Feet Thickness

Limestone, black, hard 2 2
Limestone 8 10
Limestone, gray black 6 16
Shale, black 12 <8
Limestone, buff and gray, fossiliferous;

some gray limy shale 20 £8
chzle, black 10 58
Chert, limestone, gray x 59+

" n n 1 60

Shale, gray 8 €8
Limestone, gray brown 10 78
Shale and limestone, grey 10 88
Limestone, gray, brown, dense,fossil-

iferous, some shale, chert, and

secondary calcite 15 103
Shale, gray, soft 6 109
Shale, and limestone 3 112
Shale, gray and soft 1 113
Limestone, brown, buff, dense; secondary

calcite 7 120
Limestone, brownish-gray, dense, shaly;

gray shale 10 120
Limestone, gray-brown, dense, fossiliferous 4 124
Shzle, gray, flakey and nuddy, limy 18 153
Limestone, gray-brown, dense, fossili-

.ferous; some shale and seconday

calcite 15 168

#*See Columnar Section, TFizure I



Devonian, Traverse cont'd Thickness Totea
in Feet Thickness

Shale,soft, gray, limy 55 REZ
Limestone, gruy-brown, fossiliferous,
gray shale 10 235

Limestone, gray, fossiliferous, gray

nmuddy shale 15 248
Limestone, brown, fossiliferous S %)
Linestone, gray and buff, some gray

shale 5 258
Shale, gray, soft 5} 20638
Limestone, brown, fossiliferous S 268
Shele, light gray, soft 10 278
Limestone, brown, fossiliferou; pyvrite,

brown flzky shale ‘ 35 13
ghale, gray, flaky, soft, limy; pyrite 5 GARS
Shale, light gray, soft and powdery S 323
Shale, gray, flakg, limy; pyrite 30 353
Shzle, gray, flaky, limy, fossils

pyvrite 5 358
Limestone, gray, many fossils, a little

gray shale; pyrite 10 268
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GENERALIZED COLUMNAR SECTION OF MICHIGAN
MICHIGAN GEOLOGICAL SURVEY DIVISION

SYSTEM, SERIES [FORMATION, GROUP LITHOLOGY HICKNESY ECONOMIC PRODUCTS
RECENT
SAND, GRAVEL, CLAY, boulders, _ SAND GRAVEL.PEAT, MARL.
PLEISTOCENE | GLACIAL DRIFT marl 0-1000 | Fresh wATER
"PERMO-CARBONIFEROUS” | "RED-BEDS" SHALE, CLAY, SANDY SHALE gypsu
GRAND RIVER SANDSTONE. sandy shale 80 - 95 | BUILDING STONE FRESH WATER
PENNSYLVANIANI™C SHALE, SANDSTONE Jimestane,coal | 20-535 | SHALE.COAL.FRESH WATER.
LIMESTONE, SANDY OR CHERTY
BAY PORT A LIMESTONE . SANDSTONE 2-100 [ LIMESTONE.FRESH WATER
MICHIGAN SHALE . gypsum, anhydrite sandstone 0-500] GYPSUM
"MICHIGAN STRAY" SANDSTONE 0-80] GAS
_ FRESH WATER, BRINE
MISSISSIPPIAN| MARSHALL SANDSTONE . sandy shale 100-400 | GUILDING STONE
COLDWATER SHALE.sandstone. limestone 500-1100 | SHALE, FRESH WATER
SUNBURY SHALE 0-140
BEREA - BEDFORD SANDSTONE, SHALE 0-325] GAS.0IL
ELLSWORTH- ANTRIM SHALE, limestone 100-950 [ SHALE, GAS
i LIMESTONE, OIL. GAS.
TRAVERSE LIMESTONE, SHALE 100-800 | Fotsd WatR
| BELL SHALE. Limestone 0-80 ] SHALE
- _ LIMESTONE, OIL, GAS.
DEVONIAN ROGERS CITY-DUNDEE | LIMESTONE 0-475 | Fot o WATeR
. LIMESTONE. DOLOMITE.
DETROIT RIVER DOLOMITE. limestone. salt 1501400 | OIL. GAS. SALT, BRINE.
y FRESH WATER
SYLVANIA SANDSTONE, SANDY DOLOMITE 0-550 | GLASS SAND, FRESH WATER
BOIS BLANC DOLOMITE  CHERTY DOLOMITE 0-1000
BASS ISLAND DOLOMITE 50-570 | DOLOMITE, FRESH WATER |
SALINA SALT, DOLOMITE, Shale anhydrite 50-4000 | SALT. GAS, OIL
SILURIAN NIAGARAN
Guelph - Lockport -Engadine) - LIMESTONE, DOLOMITE,
gMamPshque-JurM BIgH) DOLOMITE, Limestone. shale 150-800 | 01| GAS. FRESH WATER
Cataract
CINCINNATIAN
Michmpﬂd) Eden) SHALE, LIMESTONE 250-800
ORDOVICIAN —— OIL.GAS, LIMESTONE
TRENTON-BLACK RIVER | LIMESTONE.DOLOMITE 200-1000  Db-SAS LM :
ST PETER SANDSTONE 0-150 | FRESH WATER
OZAg&&IAN PRAIRIE DU CHIEN DOLOMITE., Shale 0-410
DOLOMITE. SANDY DOLOMITE, .
CANADIAN HERMANSVILLE DoLoMI 15-500
LAKE SUPERIOR BUILDING STONE
CAMBRIAN | fezeti ShsTon 207 20] rResn wie
KEWEENAW LAVA FLOWS, conglomerate, 9800-35000 COPPER. SILVER, ROAD METAL,
(Copper formations) shale, sandstone SEMI-PRECIOUS GEM STONES
KILLARNEY GRANITE GRANITE. GNEISS diorite, syenite
A TN [ L e A
. . ,marble, + M .
(Iren formations) dolemite MARBLE
ROAD METAL. BUILDING
{ LAURENTIAN SCHIST. GNEISS, GRANITE STONE, VERDE ANTIQUE, TALC,
ARCHEAN GOLD
REEWATIN :f:'TSET GREENSTONE, ROAD METAL

FIGURE— |
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VELLS EXANIITD IN TED STUTY

County Townsnin Stzte Perrit
anmber
ct, Clair Ft. Cratiot 12841
" Clyde 12022
n Pt. Furon 11001
" Grant 1295
n Clyde 1562
n Vales 15072
" Cottrelville 14723
n Rurchiille 14847
n Ft. CGratiot 12028
n Burchville 12035
" Vales 14969
" Ft. Gratiot 5cz6
n Kenockee 123702
n Kimball 14072
" Tales 14358
n Pt. Huron £068
" Burchville 5526
" Clyde 6192
n ~ Clyde 7860
" Ft., Gratiot 8c90
" . St. Clare 0271
n Pt. Huron MeS.11l*
" Clyde 4720
" Ft. Gratiot 3833
" Clyde 6584
n Pt. Huron 4671
" Pt. Iuron 5204
n Pt. Euron 4294
n Grant 2517
" Gcrant - 1295
Sanilac Tremont 10218

Ontario We;ls:

Lambton Moore 12
n Zombra 12
" zone S

#ortonts Salt 711, no state permit number,



14

RI3E RI4E RISE RIGE
» 102318
— - - — T
T ! | 012035
oy | *395
- | %2517 Lmes?
| ] '
| | ~
‘ ' o
z | r |
~ 1 ®i3702 ®a720
- l w | 'nsgzz . ]
i ? 6199
1 o | *eses io
‘ ® 14358 ]
z |
© ® 15072 ’
- ) ®
| I 14072
1 ® 19969
- - - N 4291
a
|
INDEX MAP SHOWING - i
ST.CLAR COUNTY IN N S

LA

0 2 4 6

DU < {

STATUTE MILES

;| WELLS EXAMINED FOR PONDERODICTYA IN THE ST.CLAIR COUNTY AREA

U

X0¢ LONe




ORIFITATIOT O QSTZACODES

Glaessnerst

CN

*Glaessner, M.F.,, op. cit., 1945, p, 13,

outlines the problem that exists on the subject of orient-
ing ostracodes.

"As there is no obvious relation tetiween the

shape of the test (fossil) and the internal

anatomy of living ostracodes, the charactors

concidered as distinguishing the anterior and

posterior ends of the shell are not gemnrezlly

accepted in the same sense by all students of

Palaeozoic ostracodes.,n

For the specimens examined in this study it veas de-
cideda to designate the relatively more bulbous end as the
posterior, (see Plate 2.) which usage is wicely employed.
This is often referrcd to as the plenate end. The nore

&

pointed, streanlincd®is the anterior or antirlenate. The
vortion of the margin which is more convex, anc which also
lacks overlap in several of the varieties, is tiie hinge
area as well as the dorsum, The relatively straight portion
of the margin oprosite the dorsum is the venter. If the
observer tips the specimen up on its venter with the rointed
anterior end facing away, the valve on the observerts left
is the left valve, and trhe one on his right becoues the
right valve. This latter valve is smaller and is overlapped

by tihie left valve along the meriins as described for each

type in the control set.
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DESCEIPTIONS OF THE TVPI CTLCIIITIS

SIECDTY 1 (Fig. B)*
Carapace oblong-ovate; left valve overlaps right
on entire margin except at the posterocorsal porticn;
dorsal mcrgin arched, ventral nearly straight; indistinct
anterior flarge on right valve; nmuscle scor not very pro-
nounced; surface of right valve quite reticulate; left
valve smoother then right valve; ro evidence of wpines

on either valve,

SPACINFY 2 (Fig. 3)

Carapace subquadrate in outlire; pittirg on entire
surface very fine; left valve slightly larger than right
vaive, overlapping the latter rzther weakly on the entire
margin except on thie posterodorsal portion where there
is no overlap; a very indistinct ridge or shoulder on thre
anterior portion of the right valve; muscle scar weakly
expressed; one nodose spine present on lower left portion

of right valve,

SPECIMEN 2 (Fig. 6)

Carapace subsucirate in outline mucnh like n2n; this
specimen is shorter and wider, also has a straighter ventral
line than w2nr; left valve oniy slightly larger, overlaps
right valve weeskly; no overlap on the posterodorsal or an-
terior margins; line of Jjuncture forms a projecting prow

%*The pictures appear on Flate I.



Fal

at the anterior (antiplenate) end; anterior shoulders of
both valves converge abruptly to the cnterior rergin; the
miscle scar is very indistinct; pitting aprears guite fine;
two tiny nodose memelons in the posterodorscl and rester-
oventral quadrants of the right velve; a very waak anterior

flange is present on right valve.

SPECLITK 4 (Fig. &)

Carapace similar to "ln, oblong-ovate, but on this
specimen the anterior flange ofthe right valve is a low
linecr ridge rather than a spinose structure; one post-
terior mamelon is prominent on the lower portion of the
bulge of plenation of the right valve; left valve retic-
ulate but has no other structures; overlap not prominent,
entirely lacking along the. posterocdorscl portion of the

mazrgin;. rmuscle scar is only moderately expresced.

SPECIMEN 5 (Fig. 2)

Carapace much like m4n, subquadrate; consvicuous
overlap of left valve over rizht valve, eicept within the
tosterodorsal ?ortion of the margin; muscle scar csmocth
and distinct, anterior flange on right velve very pronin-
ent, somewhat lunar; two distinct posterior monticules;
both valves reticulate; dorsal margin somewhat less arched

than that of m4n; ventral mergin nearly straight.



(]
e

SPECLITN 6 (TFig. 1%)

Carapace larger than, tut similar to "3m; left valve
noderately overlaps right except on the posterodorsal
slope; dorsal margin arcuate; ventral nearly straight;
anterior shoulder of right valve bold, but not expressed
as a flange; one nodose spine on the lower left portion
of the right valve; muécle scar incdistinct and shallow;
left valve smoother than the right which is moderately
reticulate,

SPECTVTYN 7 (Fig. 4)

Carapace sub-elliptical; dorsal margin arcuate, ven-
tral nearly straight; left valve larger than right, over-
lapring the latter strongly zlong the margin except in the
posterodorsal portion; muscle scar very shallow and in-
dlstict; pitting quite weak over entire carapace; no spines
present; the anterior half of right valve slopes gently
down from the center to the anterior margin; no flanges or

bold shoulders presente

SPECIVEY 8 (Fig. 14)

Carapace like m4nw, oblong-ovate, though more ellip-
tical; left valve larger, overlayps right valve alcrng entire
margin except on the posterodorsal slope; lacks ary an-
terior flange or shoulder; one monticule on the lower left
rortion of the right valve; distinct reticulation on both

valves; muscle scar smooth and very distinct.
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SPECIMFN 9 (Fig. 11)

Carapace similar to w2n, subguadrate in outline;
overlap very prominent and evident along erntire marging
one very prominent mamelon in the posteroventral region of
the right valve; the anterior ridge is bold and slightly
pointed; muscle scar smooth and indistinct; reticulation

well expressed over entlre carapace.

SPECIMEN 10 (Fig. 9)

Carapace oblong-ovate with left valve overlarping
right very markedly except on the posterocdorsal rortion;
dorsel margin arched; ventral margin nearly straight;
muscle scar extremely weak; two rather indistinet post-
erior monticules and a much depressed anterior ridge on

the right valve; surface only moderately pitted.

SPECIMEN 11 (Fig. 1%)

Carapace outline much like "10", oblong-ovate; left
valve larger than anc overlapring right valve except on
the posterodorsal portion; dorsal margin arched, ventral
margin nearly stralght; two posterior memelcns on right
valve; the rignht vaive lacks the anterior shoulder and
slopes gently down to the anterior margin; a spinose
ridge is located on théis anterior slope of the righ
valve; muscle scur smooth and ratier wezakly developed;fairly

well-pitted surface.
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SPECIMEN 12 (Fig. 7
Carapace subguadrate similcr to wbw; left valve larger
than right with overlap on all margins except zlong the
rosterodorsal portion; dorsal margin moderately archec;
ventral mergin straighter than in "10"; one monticule in
the center of the lower left guadrant of rizht valve; the
antevior flange is rather wezkly developed; the muscle scar

is quite smooth and shallow; surface moderately pitted,

SPECIMIN 13 (Fig. 1)

Carapace subguadrate in outline more like "12" than
ngn; left valve lavger than right witihh rrominent overlap
on entire margin except along the posterodorsal portion;
dorsal margin moderately arcuate; ventral maigin nearly
straight; a posterior mrnticule present on the right valve;
a very bold antepior flange on right valve and an indis-
tinct anterior ridge on left valve; muscle scar distinct

and smooth; reticulation distinct on both valves.
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FLATE II

A1l three sketches exnibit a definite swing or plen-
ation to the left or posterior., They may be reticulate

or pitted; nodes may be replaced by monticular mounds.

Fig. 1., Rignht valve; anterior riage, mocderate overl:y,
distinct central muscle scar, no rosterior
spines, convex dorsal margin, straight ventral
nargine.

night valve; prominent anterior shoulder, no
flange, 1 posterior spine, muscle scar, distinct
overlap, arcuate dorsal and ventral nargins.
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Fig. 3. Right valve; prominent overkap, lunar anterior
ridge, 2 nodose posterior syincs, muscle scar,
dorsal margin much more arched than ventral,






INTRODUCTION TO THE GRATES

0f all the wells exanlned in the study the twenty one
that had a minlmum of poor features, as missing intervals,
were graphed to illustrate the distribution of the type
variants counted., The base of the Antrim shale is the top
of the Traverse formation, which is used in this study as
the marker horizon below which the cepths in feet ar in
negative elevations., This feature is recorded on all
three graphs on the extreunie left, and it also serves as
the vertical or stratigraphic scale on the graphs. The
same portion of the Traverse formation is shown on 2l1ll the
graphs, to preclude any confusion when the graphs are com-
pared. Since there is no aprreciabvle variation in the
thickness of the Traverse formation in the small area
studied, it was possible to draw an approximately straight
base for this formation, which line also serves a:z the top
of the Dundee formation., (See Fig. I, p. 15.) The Bell
formation shown on figure I has been included as part of
the Traverse formational group, because the two are not
easlly differentiated. This is shown to be true slso by
the absence of the Bell on the drillerts log.

Graph I (in pocket) shows the frequency in numbers of
the variants throughout thelr vertical extent 1in twenty on e
wells, As indicated in the legend each type variant has
a different color, but the size of the geometric symbol

xpresses an absolute number of the specimens at the proper
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elevations, At the extreme right on graph I are the
conventional zones based on the various combinations of
faunal assemblages throughout the column examined., The
length of the vertical line for each type variant expresses
the uprer and lower limits of the respective tyre.

Graph 2 (p. 30.) is not a group ofwells but rather the
thirteen type variants of Ponderodictya plotted to show the

percentage of the total number of each type that occurs at
any given elevation. The points of highest percentages as
well as the second highest points for each type variant
have been plottel stratigraphically on graph 3 (p. 31l.) as
major and minor highs. They appear as large and small
circles, from which horizontal lines are shown projected
to the right side. The lines projected from the large
circles 1limit the major zones which are let%gd; the small
circles or minor highs supdivide the major zones into
minor zones which are numbered,

In sumnary, Graph 3 illustrates the blozones previous-
ly defined in contrazt to the stratigrarhic range zones

shown on graph I.
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RECULTS AFD IMTINPIITAICHS OF THD STULY

The graphic illustrations of the counts on the ciff-

erent variants of Ponderodictya show that their individual

peak developments did not maintain within the same chort
str%@graphic interval, but rather, there is indicated a
phylomorphogenetic succession through much of the Traverse
formation., Some of the types show considerable overlapp-
ing of their time periods or zones, which indicates trans-
itional periods in which the younger groups of variant
morpnologic structures were gradually replacing the pre-
ceeding ancestral groups. (Grarh 2.)

The thirteen type specimenrng were grarhzd in descena-
ing order with respect ot their heierae, (Grarh 2 and &.)
but the writer is not able to account for the succession
of the various groups of taxonomic features, although an
ample amount of projection has Leen done by students of
paleozoology to explaln such occurrences.

For example; the posterior structures vary in number
as well as expression from spinose to monticular; the
flanges vary in degree of development, even being replaced
by a shoulder or lack of either feature a2t the anterior
or antiplenate end, Similar discussion is applicable to
the other features as the overlap, muscle scar, reticula-
tion, pitting, and generazl outline of the carapace., These

morphologic structures are warliations within the genus, so
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that we may expect the types to be gererally similar. A
greater variation of these features or subsequent replace-
ment by some other features would cross the generic boundary.
From an examination of the zones on grarh I, the reader may
see the long ‘ontemporaneous life spans of various types.
Specimens 7 and 10 exhibit much overlap of 1life span. They
have some comxon morphologic features, so that one may be
more closely related to the other than éither is with a more
dissimilar form such as number 13, It 1s evident from
graph 3 that the peak development of 7 is forty feet strat-
igraphically higher or later than that of 10. These two
types may be very close variants of a common ancestral form.
Further investigation of the formations stratigraphically
lower than the Traverse group may disclose variants of

Ponderodictya that are similar and ancestral &o these.

Such studies need not be confined to the Michigan Rasin
alone; for in harmony with the bioseries concept, the
development of the phylomorphogenetic series was similar
over the entire world within the sane geologic time inter-
val even though breaks in sedimentation took place at diff-
erent times in different basins of deposition.

Another point necessary for clarification is that the
stratigraplic points of peak development or hemerae do not
express the same stratigraphic terminal points that limit
the 1life span or stratigraphic range of each type specimen;

therefore, the biozones made evident on their respective
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graphs (1 and 2) are different with respect to the mumber

of zones and their vertical distribution. The zones shown
on grarh 3 are not proposed to be the same zones or even

a similar expression of the zones snown on grarh I. ZCince
the hemeral peaks or major and minor highs on graph 3 are
the points of highest frequencies of the individual var-
iant types, then the peak point of each type must fall with-
in the stratigraphic renge of that respective type on

graph I.

From the nature of the two kinds of zones as shown on
graphs 1 and 3, 1t appears faster and easier to locate and
define a zone stratlgraphicaelly accurate by the high fre-
quency points (hemerae) than by the conventional life span
or stratigraphic range of a type. It would te necessarg
to check several of the type variants bty the old method
of graph I inh order to find the various assemblases of
those types that define any one zone of graph I. On the
other hand, if a student were reasonably sure he hzad
located two hemeral or major poilnts as those of types 10
and 12 (graph 3), then he will have limited the horizon to
approximately ten feect. The topr of this horizon is 310 feet
stratigraphically below the base of the Antrin shale or its
equivalent, (See graph 3, major zone D.)

The frequency-biozones (graph 3) are further preferred
to those of the conventionzl zones based on the stratiszrarhic

range of individuals (graph I) because the missing of one
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or rnore type specimens for some footcge interval will
result in an erroneous faunal assemblage, Iven some of

the zones shown on graph I may be in error because of this.
Vhere small footage (5-20 fcet) intervals are missing from
the well samples, the range of the type specimen may not

be determined correctly to 1ts true upper or lower extent
if the missing interval is at such a critical stratigraphic
position., It is true that where such an interval is misse
ing, the frequency or statistical methods will have no
specimens either, but if the student has sufficient well
samples to locate the high points or hemerae, then he has
the biozones (graph 3) located stratigrarhicall; in spite
of the missing intervals. It may be argued that the use
of saiiples from several wells would increase the accuracy
of determining the zones of graph I. This may be very
true; but that same number of wells will locate the hen-
erae much better, so that the zones of graph 3 become more
accurate than those of grarh I. by so doing. '

Since the study was made from well samples in a rel-
atively sdhll area (See map.) it was possible to obviate
the possible arguments of envirommental differences and
exxtreme variations of thickness of the Traverse dformation.
The absence of specimens for different intevals as evi-
denced by grarh I is not due to contemporaneocus environ-
mental differences within the area, but this absence is

often due to a break in well samrles for several feet.
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It is also caused by poor sampling; for example, severczl of
the wells examined were not used in the ount because entire
trays of 25 bottles each, may have had 1little besides the
drilling muds, which washed away readily to revezl a pau-
city of rock freagments and fossils.

The vcriation in thickness of the formation over
some thirty miles approximates sixty to seventy feet, the
slightly thicker portion is toward the basin itself.
Accordingly, if any area with a thicker or thinner section
is studied for comparison, then its hemerze roints and
their respective biozones must be compared on a strati-
graphically proportional basis with the zones outlined in

this study. (Graph 3)
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CONCLUSIONE

On the basis of the hemerae of the respective variant

types of Ponderodictyva there is a definite zoning in tne

lower three fourths of the Traverse formatlion, This zon-
ing or subdividing of a formaetional group is not only pos-
sible with the frequency method, but such zones are also
more accurately located stratigraphically than the zZones
defined by the conventional method of verticul ranges of

species,
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