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REVISION OF CROIXAN DIKELOCEPHALIDS*

GILBERT O. RAASCH
IMlinois Geological Survey, Urbana

The trilobites under consideration
are classic in that before 1914 all
species then known were assigned to
the genus Dikelocephalus, Owen,
1852, which genus was regarded as
the principal index fossil for the
Upper Cambrian of the Pacific
realm.

Today these same trilobites are
consciously ignored by biostratig-
raphers. This change dates from the
early 1930°s, when Ulrich and Resser
published their monographic revi-
sion of the Upper Mississippi Valley
Dikelocephalidae (Milwaukee Public
Museum Bull., vol. 12, nos. 1 and 2,
1930 and 1933).

Before 1914, less than a dozen
species of Dikelocephalus were rec-
ognized as occurring in Upper Mis-
sissippi Valley strata. That year
Walcoti’s paper reduced the scope
of the genus by adding several new
genera, as well as several new species
to his ‘‘Dikelocephalinae.”’

By 1933, Ulrich and Resser had
multiplied this conservative figure
to the astounding total of 123 species
and varieties. They simultaneously
succeeded in rendering the Dikelo-
cephalidae nseless for purposes
either of biostratigraphy or phyl-

ogeny, and this important fossil
group has subsequently been
shunned by paleontologists and stra-
tigraphers.

The primary intent of the present
paper is the restoration of the

* Published with permission of the Chief, Illinois
State Geological Survey, Urbana.

Dikelocephalidae to a useful status.
This has involved a reduction of
names from Ulrich and Resser’s 123
to 41, or by exactly two-thirds, thus
eliminating 82 names. Such a re-
vision is of course tentative, but is
quite representative of the degree of
species designation that the situa-
tion merits.

(CONSIDERATION OF STRATIGRAPHIC
ASSIGNMENTS

A secondary objective is assign-
ment of the speecies to their proper
places in the fauni-stratigraphic
suceession. This is necessitated be-
cause Ulrich’s conception of the re-
gional stratigraphie relations was at
serious variance with the facts.
Since these erroneous stratigraphic
considerations seriously affected Ul-
rich and Resser’s taxonomie conclu-
sions, the results were unfortunate.

For example, what is now con-
sidered a single sequence, the Franc-
onia formation, Ulrich formerly
interpreted as three successive for-
mations. He applied the name
Franconia to the greensand facies
oceurring in the region of the Missis-
sippi. To the equnivalent non-glau-
conitic sandstone facies in central
Wisconsin  he applied the name
Mazomanie. To a shore facies of the
same, he applied the term Devils
Lake formation. He interpreted the
Mazomanie as successive to the
Franconia and the Devils Lake as
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successive to both, in fact post-Cam-
brian. Thus the phylogenetic suc-
cession of Franconian dikelocepha-
lids is thrice repeated.

The Trempealeau formation, which
succeeds the Franconia, he coneeived
as a simple lithologic succession of
basal dolomite (his St. Lawrence),
siltstone (his Lodi), fine sandstone
(his Norwalk). All fossils, therefore,
that oceurred in siltstone he con-
sidered to be “‘Lodi’’ in age, and all
in sandstone to be ‘‘Norwalk.”’

The fact is that Lodi siltstone lith-
ology occurs at eight different time-
stratigraphic horizons and Norwalk
sandstone lithology at six different
horizons. Not only does the same
lithology oceur at a number of differ-
ent stratigraphic horizons, but the
same stratigraphic horizon is com-
monly represented by different lith-
ologies in different areas. In these
cases there is commonly a double
set of names for each species, one
for the supposed ‘‘Lodi’’ and one
for the supposed ‘‘Norwalk.”’

Some of the authors’ stratigraphic
misconeeptions have interesting re-
sults. For example, the rich faunas
from leached calcareous fine sand-
stones at Osceola, Wis.,, are con-
sidered to be the latest of Trem-
pealeau faunas; they are in faet,
the earliest.

Another unfortunate result of the
stratigraphie confusion was the ap-
plication of some singularly inap-
propriate specific names. Dikelo-
cephalus morwalkensis, Saukiella
norwalkensis, and Tellerina norwalk-
ensis do not oceur in the Norwalk,
nor does Osceolia lodensis oceur in
the Lodi. Fortunately, all drop into
the synonymy.
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CONSIDFRATION OF TAXONOMIC
CRITERIA

A third objective of the present
paper is to present a concrete in-
stance of the effect, on taxonomic
results, of differing species eoncepts
among different paleontologists.
Once we leave the realm of living
forms, the species concept is no
longer subject to the restraint of
genetic criteria. Inevitably, individ-
nal paleontologists resort to their
own methodology in grouping organ-
isms into species, genera, and higher
categories. The only test against
which the quality of any worker’s
results may be applied is the prag-
matic one of applicability of his bio-
logie classification in the fields of
biostratigraphy and of phylogeny.
It the eclassification contributes to
order it may be assumed to be valid;
it it contributes to confusion it may
with equal justice be assumed to be
invalid. The responsibility demand-
ed of the paleontologist is accord-
ingly great.

From this viewpoint it follows
logically that paleontologic studies
must go hand in hand with strati-
graphie studies. But erroneous stra-
tigraphy renders confusion twice
confounded.

In the case of Ulrich and Resser’s
work in the Dikelocephalinae, the
following practices and concepts
have contributed to confused tax-
onomy :

(1) Basing of species on type
individuals rather than on popula-
tions.

(2) Seeking for minute differ-
ences rather than for likenesses.
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(3) DMisassociation of the vari-
ous, separated component parts of
the skeleton, commonly combining a
cranidium from one locality, a pyg-
idium from a second, and free cheeks
from a third.

(4) Failure to consider that
variations may be a result of succes-
sive growth stages.

(5) Rejection of any conecept of
individual variation.

(6) The influence of
graphic misconeeptions.

(7) Rejection of trinomial clas-
sification for varieties or subspecies.

(8) Establishment of species on
inadequate material.

strati-

Basing of species on type individ-
wals rather than on populations.—
Under discussion of Calvinella spini-
ger, on page 222, the authors state:

However, we will admit at once that
in studying the many slightly differing
cranidia of Calvinella that we possess
from the same bed and place [italies the
writer’s] on Trempealeau Mountain that
provided Hall's original type of the
species, we found it no easy task to
determine precisely which particular
kind is best entitled to the distinction
of being recognized as the typical form
of C. spiniger, Though our final selec-
tion is not entirely satisfactory to us we
are so nearly correct that the margin
of error is practically negligible. . . .

The remainder of the specimens of
Calvinella that were found with C.
spiniger, as here restricted, is divided
into seven varieties and species.

The series is clearly intergrading
and in this writer’s opinion, consti-
tuted a single interbreeding species
population of distinet zonal value.

Secking for minute differences
rather than for likes—An example
of proliferation of species by Ulrich
and Resser is provided by the
Prosaukia occurrence at Table Rock
in Adams County, Wis. The fauna
here comes from a six-inch layer
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about a foot below the bare rock
summit of the mesa, the area of
which is less than an acre. From this
layer, Ulrich and Resser describe
eight species of Prosaukia, all but
one of which appear to constitute a
single species. The eighth, P. ?
anomala, belongs to another genus,
not of the Dikelocephalidae. Most of
the ‘‘species’” the authors credit to
the type loeality only. Quoting from
p. 146:

All of the . ., . species found at the
Table Rock locality, except P.? anomala,
seem very closely related. Their cranidia,
in particular, though distinguishable by
features that may seem of little import-
ance, are much alike. The associated
pygidia, on the contrary, indicate six
readily discriminated forms, and on this
account the species are based mainly
on these. Cranidia, and in most cases
also free cheeks, are assigned to them
according to our best judgment.

Actually none of their pygidia
are complete, most are highly frag-
mentary, and in the writer’s opinion
show no significant differences.

In connection with one of Ulrich
and Resser’s species, ‘‘P. alternata,”
these authors frankly state:

Again the material, which consists of
a single cranidium, a good free cheek,
and three imperfect but supplementing
prgidia, leaves much to be desired. But
as none of these specimens quite fits any
of the previously described species and,
despite their imperfections, permits ac-
quiring . . . probably a true conception
of the complete animal, we feel war-
ranted . , . in describing these and other
combinations of such dismembered re-
mains under new names.

Misassociation of the various com-
ponent parts of the skeleton.—Many
examples might be cited, but the fol-
lowing should suffice:

Dikelocephalus inaequalis is based
on three types from the basal Jordan
at Trempealeau, Wis., but the fourth
type (an hypostoma) comes from
the basal Trempealean (five zonal
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units lower in the section) at a dis-
tant locality. Its proper association
should have been with quite a differ-
ent speecies, D. thwaitesi. The
writers, of course, were of the im-
pression that the enclosing strata
at the two localities were of the same
age.

Failure to consider that variations
may be a resull of suecessive growth
stages—Ulrich and Resser’s multi-
plication of species of Dikelocepha-
lus from the Lodi Member is a con-
sequence largely of failure to recog-
nize morphological changes which
accompany growth stages. TUlrich
and Resser cite (p. 31), but do not
figure, evidence to refute this, but
such evidence this writer has never
observed although he collected most
of the specimens used by them. He
feels that at least four of their Lodi
species are suceessive growth stages
of a single species. Since most speci-
mens are molts, it was quite possible
for a single individual to produce
four of Ulrich and Resser’s species.

Rejection of any concept of in-
dividual wvariation—This point is
best illustrated by an oral communi-
cation of the junior author to the
writer. When the latter raised the
question as to whether some of the
differences among specimens of
Dikelocephalus might not represent
individual variation, Resser ecate-
gorically stated that ‘“trilobites do
not vary. If two specimens are
different, they represent different
species.’’

The influence of stratigraphic mis-
conceptions. — Instances are innu-
merable and lead the authors
repeatedly into frustrating phylo-
genetic discussions, in an attempt
to rationalize seeming anomalies.
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The degree of stratigraphic error
might best be summed up by eiting
the fact that, of the 473 figures used
to illustrate the Saukinae, at least
290 are referred to the wrong strati-
graphie horizon.

Rejection of trimomial classifica-
tion.—The authors’ proliferation of
species is in part a result of the fact
that they diseriminated, according
to their criteria, down to the variety
or subspecies level and then usually
omitted the middle or species name.
This is borne out by such printed
statements as the following:

However, in general we are opposed
to trinomial designations. [p. 206.]

It is of little concern to us whether
these forms are regarded as “species” or
“varieties,” or “mutations” or “hybrids.”
[p. 170.] %

Establishment of species on inade-
quate material—That many species
were set up by the writers on a single
fragmentary cranidium, pygidium,
or free cheek is readily evident from
even a casual inspection of the
plates.

RevisioN or THE FAMILY
IDIKELOCEPHALIDAE

Inasmuch as the family Dikelo-
cephalidae, as conceived by Miller
(1889), Walcott (1914), and Ulrich
and Resser (1930), is revealed by
unpublished studies of the writer to
be polyphyletie, it is proposed that
Ulrich and Resser’s (1930) Saukinae
be raised to a separate family, the
Saukidae. Biostratigraphie studies
show that the Saukinae arise from
the mid-Franconian Ptychaspidae,
which are descended in turn from
early Franconian conaspid trilobites.
The latter appear to arise directly
from Old World Parabolina, present
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in the Upper Mississippi Valley sec-
tion in the base of the C'onaspis zone.
The Dikelocephalinae (including the
Osceolinae), on the other hand, ap-
pear to have descended through the
late mid-Franconian Briscoia, from
the earlier Franconian genus Wil-
bernia. The writer also questions
the need for the subfamily Osceo-
linae, comprising the genera Wal-
cottaspis and Osceolia. Walcottaspis
appears to be merely a descendant of
Dikelocephalus, whereas Osceolia is
an early Trempealeauan, probably
terminal offshoot of Briscoia.

REvisioN OF THE
S DIKELOCEPHALINAE ™

Ulrich and Resser’s, 1930, Dikelo-
cephalinae, comprising 36 species of
the genera Dikelocephalus, Briscoia,
Osceolia, and Walcottaspis, are re-
duced by the writer to a status of
12 species, as indicated in the follow-
ing presentation, in ascending bio-
stratigraphic order:

FRANCONTA

Hudson member—Prosaukia curvico-
stata faunal unit
Briscoia schucherti U & R

Hudson memhber-Briscoia sinclairensis
faunal unit
Briscoia sinclairensis Walcott
Note: referred by Ulrich and Resser
(1930—p. 59) to the “Lower Ozark-
ian, Devils Lake Formation,” but
actually occurring late in the Pro-
saukia subzone of the Franconia,
Hudson member.

Bad Axe member-Saukielle minor
faunal unit
Dikelocephalus postrectus U & R

TREMPEALEAU

Arcadia member—0Osceolia osceola
faunal unit
Osceolia osceola (Hall)
Synonyms: 0. obsoleta U & R, 0.
arguta U & R, 0. lodensis reflexa

U & R, 0. praecipta U & R
Dikelocephalus thwaitesi U & R
Synonyms: D. weidmani U & R,
D. halli U & R, D. inaequalis U & R,
pars (pl. 19, fig. 6)

Note: D. thwaitesi of pl. 21, figs.
7-10 is D. oweni U & R.

Lodi member-Saukia subrecta faunal
unit

Dikelocephalus (oweni var.?) bar-
retti U & R
Synonyms: D. brevis U & R (except
pl. 14, fig. 2), D. edwardsi U & R,
D. subplanus pars (pl. 14, figs. 3, 5),
“D. ef. gracilis and retrorus” (pl. 14,
fig. 9)
D. norwalkensis U & R (except pl
21, figs. 19, 20)

Lodi member—Saukia sublonga faunal
unit

Dikelocephalus oweni U & R
Synonyms: D. gracilis U & R, D.
ovatus U & R, D. wisconsinensis U
& R, D. subplanus U & R, D. retror-
sus U & R, D. beani U & R, D.
raaschi U & R (pl. 10, fig. 1 may he
a distinct variety), D. brevis pars
(pl. 9, fig. 5?7), D. marginatus pars
(pl. 15, figs. 6, 7), . thwaitesi pars
(pl. 21, figs. 7 to 10), D. norwalk-
ensis pars (pl. 21, figs. 19, 20)

There is some doubt as to the
proper reference of the specimen,
fig. 6, pl. 9, designated as D. gracilis
by Ulrich and Resser.

Note: There is admittedly consid-
erable variation evident among the
various parts of the dorsal shields
of Dikelocephalus oceurring in the
Lodi member. Much of this seems to
be a matter of the age or stage of
the molt, which doubtless most of
the specimens represent. On this
basis the Saukia sublonga zonal
unit material seems to group itself
as follows:

1. Small pustulose forms, with
palpebral lobes close to parallel with
longitudinal axis, and relatively pos-
terior in position. Pygidia with five
pairs of equal pleural ribs and long
slender postlateral spines.

2. Medium-sized forms, generally
not pustulose, with palpebral lobes
intermediate between those of
groups 1 and 3 in orientation and
position. Pygidia averaging four
pairs of subequal pleural ribs, with
more triangular spines.
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3. Large forms with palpebral
lobes relatively far forward and ori-
ented to anterior convergence., Py-
gidia averaging 314 pairs of pleural
ribs, a’ternatingly wide and narrow;
pygidial spines short and basally
broad.

The Dikelocephalus of the under-
lying Saukia subrecta unit is not
greatly different from the 8. sub-
longa species except that the more
juvenile characters of slender spines
and of pustulation seem to persist
in individuals of medium size.

Lodi member-Saukia lodensis faunal
unit
Dikelocephalus minnesotensis Owen
Synonyms: D. hotchkissi U & R, D.
intermedinus U & R, D, granosus U
& R, D. wiltonensis U & R, “D. cf.
orbiculatus” U & R (pl. 17, fig. 1),
D. brevis pars (pl. 14, fig. 2). Prob-
ably also D. orbiculatus U & R, and
Briscoia? sp. (pl. 17, fig. 10)
Note: As in the immediately an-
cestral D). oweni group of forms,
voung individuals are granulose (ef.
D. granosus U & R, above). The D.
minnesotensis group differs from the
D. oweni group particularly in pos-
sessing a more expanded frontal
limb and a narrower and more ellip-
tical pygidium with subequal ribs
even in the largest specimens.

Jordan member-Calvinella wisconsin-
ensis faunal unit
Dikelocephalus marginatus U & R
(except pl. 15, figs. 6 and 7)
Synonym: D. declivis U & R

Jordan member-Calvinella pustulosa
faunal unit
Dikelocephalus marginatus U & R
(as above)
Dikelocephalus inaequalis U & R
(except pl. 19, fig. 6)
Note: D. juvenalis U & R of this
zone is not recognized, being most
probably the very young of the
above,

Jordan member—~Saukiella pepinensis
faunal unit
Dikelocephalus marginatus U & R

Jordan member-Walcottaspis van-
hornei faunal unit
Walcottaspis vanhornei (Walcott).
Note: The true position of this spe-
cies in the Trempealeau faunal suc-
cession was pointed out to the writer
by W. C. Bell and R. Berg in con-
nection with its occurrence near
Reno, Minnesota.

Dikelocephalid fragments occur-
ring higher, in the Madison, may
represent Walcottaspis rather than
Dikelocephalus, but generically iden-
tifiable material has not yet been
obtained.

REVISION OF THE SAUKINAE

Simple synonymic eross references
do not suffice, in the case of the
Saukinae revision, to indicate pro-
posed revised nomenclature. This is
because many of Ulrich and Resser’s
(1933) species not only appear to be
synonyms, but the illustrated ma-
terial which they figure as one spe-
cies from one stratigraphic horizon
commonly must be distributed
among several species and several
stratigraphic horizons. Accordingly,
in many cases it has been necessary
to make reassignments, both tax-
onomic and stratigraphie, on the
basis of individual plate figures.
Stratigraphic references cited below
are those of the writer, not of Ulrich
and Resser.

PrATE 24.

Figs. 1-9. Prosaukia misa (Hall)
=P. misa (Hall)
Franconia formation, Prosaukia sub-
zone, misa—longicornis zonal unit
(misa facies).

Figs., 10-13. Prosaukia resupinata U &
R=P. misa (Hall)
Same occurrence as above.

PLATE 25 1
Figs. 1-7. Prosaukia
curvicostata U & R
Figs. 8-12. Prosaukia

alternata U & R =P. curvi-
Figs. 13-16. Prosaukia 3 Costata
transversa U & R U&R

Figs. 17-18.Prosaukia
demissa U & R

Fig. 19. Prosaukia
subconica U & R )
Franconia formation, Prosaukia sub-
zone, curvicostata zonal unit.
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Fig. 20. Saukiella transita U & R=
8. conica U & R
Franconia formation, Saukiella min-
or zonal unit, Prairie du Sac, Wis.
(Not “Gibraltar Rock, Wis.”)

PrLATE 26.

Fig. 1. Prosaukia concava U & R=—
P. misa U & R
Franconia formation, Prosaukia sub-
zone, misa—longicornis zonal unit
(misa facies).

Figs. 2-8. Prosaukia

=P. curvi-
subrecta U& R
: costata
Figs. 9-12. Prosaukia U &R

subaequalis U & R

Franconia formation, Prosaukia sub-
zone, curvicostata zonal unit.

Figs. 13-17. Prosaukia delecostata U
& R=P. delecostata U & R
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit.

PrLATE 27.

Figs. 1-2. Prosaukia longa U & R—=
P. longa U & R
Franconia formation, Prosaukia sub-
zone, Briscoia sinclairensis zonal
unit.

Figs. 3-9. Prosaukia halli U & R=
P halli U & R
Franconia formation, Prosaukia sub-
zone, P. misa—longicornis zonal
unit (P. misa facies).

Figs. 10-11. Prosaukia brevisulcata U
& R—P. longicornis var. brevisul-
cata (U & R)

Franconia formation, Prosaukia sub-
zone, P. misa—longicornis zonal
unit (longicornis facies)

Figs. 12-21. Prosaukia longicornis U &
R—=P. longicornis U & R
Occurrence same as preceding.

Figs. 22-25. Prosaukia ampla U & R—=
P.ampla U & R
Franconia formation, Saukiella
minor zonal unit.

PrLATE 28

Figs. 1-2,4. Prosaukia magnicornuta U
& R=P. longicornis U & R
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(longicornis facies)

Fig. 3. Prosaukia magnicornuta U & R
—P. . var. brevisulcata (U & R)
Occurrence same as preceding.

Fig. 5. Prosaukia tuberculata U & R—=
P. tuberculata U & R

Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(longicornis facies).

Figs. 6-7. Prosaukia longula U & R—
P. tuberculata U & R
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(longicornis facies).

Fig. 8. Prosaukia valida U & R=P.
valida U & R
Franconia formation, Prosaukia
zone, zonal unit undetermined.

Fig. 9. Prosaukia lodensis U & R=
Saukia cf. curvata U & R
Trempealeau formation, Lodi mem-
ber, S. subrecta zonal unit.

Figs. 10-11. Prosaukia sp. undet.=
Saukia subrecta U & R
Trempealeau formation, Lodi mem-
ber, 8. subrecte zonal unit.

Figs. 12-17. Prosaukia incerta U & R—
Saukiella (?) incerta (U & R)
Trempealeau formation, Lodi mem-
ber, S. lodensis zonal unit (sand-
stone facies).

Fig. 18. Prosaukia granosa U & R—=
P. beani U & R
Franconia formation, Hudson mem-
ber.

Fig. 19. Prosaukia berlinensis U & R:
validity undetermined
Exact stratigraphic position unde-
termined.

Fig. 20. Prosaukia dubia U & R=P.
beani U & R
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(longicornis facies).

Fig. 21. Prosaukia beani U & R—P.
beani U & R
Occurrence same as preceding.

PraTe 29

Figs. 1-3. Prosaukia (?) anomala U &
R: not a Prosaukia, but belongs to
an undescribed, non-saukid genus
Franconia formation, Prosaukia sub-
zone, curvicostata zonal unit.

Figs. 4-6. Saukia obtusa U & R=S.
acuta U & R
Trempealeau formation, Lodi mem-
ber, 8. lodensgis zonal unit.

Fig. 7. Saukia sublonga U & R=S.
sublonga U & R
Trempealeau formation, Lodi mem-
ber, 8. sublonga zonal unit.

Fig. 8. Saukia angusta U & R=8.
lodensis (Whitfield)

Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit.

Figs. 9-10. Saukia modesta U & R—
S, lodensis (Whitfield)
Trempealeau formation, Lodi mem-
ber. 8. lodensis zonal unit.
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Fig. 11. Saukia rudis hybrida U & R
cef, 8. acuta U & R
Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit (sand-
stone facies),

Figs. 12-13. Saukia whitfieldi U & R—
8. lodensis (Whitfield)
Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit.

Fig. 14. Saukia whitfieldi U & R—S.
acuta U & R
Ocecurrence same as preceding.

Figs. 16-17. Saukia acuta U & R—=S.
acuta U & R
Occurrence same as preceding.

Fig. 18. Saukia cf. whitfieldi U & R—
S. subrecta U & R
Trempealeau formation, Lodi mem-
ber, 8. subrecta zonal unit.

Fig. 19. Saukia subrecta U & R=—S.
subrecta U & R
Occurrence same as precedinz.

Fig. 20. Saukia subrecta U & R—un-
determined trilobite, ¢f. Eurekia
Occurrence same as preceding.

PraTeE 30

Figs. 1-2. Saukia nitida U & R=S.
subrecta U & R
Trempealeau formation, Lodi mem-
ber, 8. subrecta zonal unit.

Fig. 3.. Saukia ornata U & R=—&.
lodensis (Whitfield)

Trempealeau formation, Lodi mem-
ber, S. lodensis zonal unit.

Fig. 4. Saukia ornata U & R—unde-
termined trilobite cf. Eurekia.
Trempealeau formation, Lodi mem-
ber.

Fig. 5. Saukia curvata U & R=S. cur-
vata U & R
Trempealeau formation, Lodi mem-
ber, 8. subrecta zonal unit,

Fig. 6. Saukia laevigenata U & R—
8. lodensis (Whitfield)
Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit.

Fig. 7. Saukia subgranosa U & R—S.
lodensis (Whitfield)

Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit.

Figs. 8-10. Saukia separatoidea U & R
=&, subrecta U & R
Trempealeau formation, Lodi mem-
ber, 8. subrecta zonal unit.

Figs. 11-12. Saukia tumida U & R: not
recognized; material inadequate.
Trempealeau formation, Lodi mem-
ber, S. lodensis zomal unit (sand-
stone facies).

Figs. 13-16. Saukia retusa U & R—§.
acuta U & R
Occurrence same as preceding.
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Figs. 17-25. Saukia rudis U & R=~S.
lodensis (Whitfield)
Occurrence same as preceding.

Fig. 26. Saukia parva U & R=S. acuta
U&R
Trempealeau formation; exact zonal
occurrence not known.

Prare 31.

Figs. 1-5. Prosaukia acclivis U & R=
P, halli var. acclivis (U & R)
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(misa facies).

Figs. 6-8. Prosaukia (?) ambigua U &
R=undescribed genus aff. Taenice-
phalus
Franconia formation, Prosaukia sub-
zone, misa—longicornis zonal unit
(misa facies, late stage).

Figs. 9-10a. Saukia prima U & R—
Prosaukia (?) dilata U & R
Stratigraphic occurrence uncertain.

Fig. 11. Saukia granilineata U & R:
not recognized
Trempealeau formation, Lodi mem-
ber, Saukia subrecta zonal unit.

Figs. 12-13. Prosaukia minuscula U &
R=P. halli var. acclivis (U & R)
Franconia formation, Prosaukia sub-
zone, misa—Ilongicornis zonal unit
(misa facies, late stage).

Figs. 14-20. Saukia separata U & R—
S. lodensis (Whitfield)
Trempealeau formation, Lodi mem-
ber, 8. lodensis zomal unit (sand-
stone facies).

Figs. 21-25. Saukia imperatriz U & R
=8, imperatrizr U & R
Trempealeau formation, exact strati-
graphie occurrence undetermined.

Fig. 26. Saukia lodensis (Whitfield) :
relation undetermined; preservation
inadequate
Trempealeau formation, Lodi mem-
ber, S. sublonga zonal unit.

Fig. 27. Saukia lodensis (Whitfield)—
8. lodensis (Whitfield)
Trempealeau formation, Lodi mem-
ber, 8. lodensis zonal unit.

Figs. 28-31. Prosaukia dilata U & R—
P. dilata U & R
Stratigraphic occurrence uncertain.

PraTes 32 and 33.

All specimens figured are conspecific
with Saukiella pepinensis Owen and
accordingly the following names may
be considered synonyms:
Saulkiella typicalis
Saukiella typicalis convexra
Saunkiella typicalis subrecta
Saukiella subgracilis
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Saukiella subgracilis hybrida
Saukiella subgracilis parallela
Saukiella ampla
The occurrence is not from the Lodi
shale, as the authors state, but from
the Saukiella pepinensis zonal unit of
the overlying Jordan member of the
Trempealeau formation.

PLATE 34

Saukielle pyrene (Walcott)==8Sau-
kiella pyrene (Walecott)

Trempealeaun formation, Arcadia
member, Osceolia osceola zonal unit.

PraTe 35.

Figs. 1-8. Saukiella pyrene (Walcott)
=~. pyrene (Walcott)
Trempealeau formation, Arcadia
member, Osceolia osceola zonal unit.

Fig. 9. Saukiella cf. pyrene—S8. pyrene
(Walcott)

Trempealeau formation, Lodi mem-
ber, sandstone facies.

Fig. 10. Saukiella cf. pyrene==~. minor
U&R
Franconia formation, Bad Axe mem-
ber, Saukielle minor zonal unit.

Fig. 11. Saukiella cf. pyrene—S8. in-
denta U & R
Trempealeau formation, Lodi mem-
ber, Saukia lodensis zonal unit
(sandstone facies).

Figs. 12-14. Saukiella pyrene limbata
U & R=S. indenta U & R
Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit
(sandstone facies).

Figs. 15-21. Saukiella signata U & R—
8. pyrene (Walcott)

Trempealeau formation, Arcadia
member, Osceolia osceola zonal unit.

Fig. 22. Saukiella frontalis U & R—
Saukiella frontalis U & R
Trempealeau formation, Jordan
member, Norwalk sandstone, Sau-
kiella frontalis zonal unit.

Figs. 23-25. Saukiella indenta U & R
=8. indenta U & R
Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit
(sandstone facies).

Figs. 26-30. Saukiella indenta U & R
=~Saukiella frontalis U & R
Trempealeau formation, Jordan
member, Norwalk sandstone, Sau-
kiella frontalis zonal unit.

PraTe 36.
Figs. 1-3. Saukiella indenta U & R—
8. indenta U & R
Trempealeau formation, Lodi mem-
ber, Saukia lodensis zonal unit
(sandstone facies).

Fig. 4. Saukiellu indenta intermedia
U & R=S. indenta U & R
Trempealeau formation, Lodi mem-
ber, sandstone facies.

Figs. b5-11. Saukiella norwalkensis U &
R==Saukiella pyrene (Walcott)
Trempealeau formation, Arcadia
member, Osceolia osceola zonal unit.,

Figs. 12-14. Saukiella norwalkensis
U & R=S. indenta U& R
Trempealeau formation, Lodi mem-
ber, 8. sublonga zonal unit (sand-
stone facies).

Figs. 15-25. Saukiella norwalkensis
U & R=—8. pyrene (Walcott)
Trempealeau formation, Arcadia
member, Osceolia osceola zonal unit.

Figs., 26-27. Saukiella norwalkensis
U & R=A. indenta U & R
Trempealeau formation, Lodi mem-
ber, 8. sublonga zonal unit (sand-
stone facies).

Figs. 28-30. Saukiella simplex U & R—
8. minor U & R
Franconia formation, Bad Axe mem-
ber, Saukiella minor zonal unit.

Figs. 31-32. Saukiella (?) weidmani
U & R=Tellerina? leucosia (Wal-
cott) Trempealeau formation, Ar-
cadia member, Osceolia osceola
zonal unit.

Prate 37.

Figs. 1-5. Saukiella conica U & R
S. minor U & R
Franconia formation, Bad Axe mem-
ber, Saukiella minor zonal unit.
Figs. 6-17. Saukiella minor U & R—
8. minor U & R
Same occurrence as preceding.
Figs. 18-29. Calvinella spiniger (Hall)
=(. spiniger (Hall)
Trempealeau formation, Jordan
member, C. spiniger zonal unit.
Figs. 30-35. Tellerina granistriata U &
R=T. granistriata U & R
Trempealeau formation, Lodi mem-
ber, exact zonal position undeter-
mined.

PraTe 38.

All specimens figured are conspecific
with Calvinella spiniger (Hall), and,
coming all from the same stratum at
the same locality, represent the range
of variation of a single species popula-
tion. Accordingly, the following names,
appearing on the explanation of plate
38, may be considered as synonyms:
Calvinella spiniger altimuralis
Ué&R
Calvinella spiniger communis U & B
Calicinella spiniger communis muta-
tion U & R
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Calvinella spiniger postlevata U & R
Calvinella clivula U & R
Calvinella spiniger (Hall) ? (of

U & R)
Occurrence: Trempealeau forma-
tion, Jordan member, Calvinella

spiniger zonal unit, which the writer
believes to lie at the base of the
Jordan, below siltstone bearing the
Calvinella wisconsinensis fauna.

PraTE 39.

Figs. 1-10. Calvinella pustulosa U & R
—(Calvinella pustulosa U & R
Trempealeau formation, Jordan
member, ¢. pustulosa zonal unit.

Figs. 11-16. Calvinella sparsinodata
U & R—cf. Calvinella spiniger
(Hall)

Trempealeau formation, Jordan
member, C. spiniger zonal unit.
Figs. 17-18. Calvinella pustulosa ver-
nonensis U & R=Calvinella pustu-

losa U & R
Trempealeau formation, Jordan
member, . pustulosa zonal unit.

Figs. 19-24. Calvinella notata U & R—
Calvinella walcotti U & R
Trempealeau formation, Jordan
member, zonal unit undetermined.

Figs. 25-30. Calvinella lata U & R=—
Calvinella walcotti U & R
Occurrence same as preceding.

Figs. 31-34. Calvinella walcotti nor-
walkensis U & R=Calvinella spin-
iger (Hall)

Trempealeau formation, Jordan
member, €. spiniger zonal unit.
Figs. 35-36. Calvinella wisconsinensis
junior U & R=Calvinella spiniger

(Hall)
Occurrence same as preceding.

PrAaTeE 40.

Figs. 1-14, Calvinella walcotti U & R—=
C. walcotti U & R

Trempealeau formation, Jordan
member, exact zonal position unde-
termined.

Figs. 15-22. Calvinella walcotti planu-
latea U & R=C. walcotti U & R
Occurrence same as above.

Figs. 23-33. Calvinella wisconsinensis
U & R=C. wisconsinensis U & R
Trempealeau formation, Jordan
member, Calvinella wisconsinensis
zonal unit.

Fig. 34. Calvinella walcotti ? U & R:
cf. C. waleotti U & R

Fig. 356. Calvinella notata ? U & R: cf.
C. wisconsinensis U & R

Figs. 36-39. Calvinella walcotti ? U &
R=C. walcotti U & R
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Trempealeau formation, Jordan
member, exact zonal position unde-
termined.

PraTe 41
Figs. 1-9. Tellerina crassimarginata
(Whitfield)=T. crassimarginata
(W.)
Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit.

PLATE 42,

Fig. 1. Tellerina crassimarginata
(Whitfield) =1T. crassimarginata
(W.)

Occurrence same as above.

Figs. 2-3. Tellerina curta U & R=T.
crassimarginata (W.)

Occurrence same as preceding.

Figs. 4-5. Tellerina gothamensis U & R
=T. gothamensis U & R
Trempealeau formation, Lodi mem-
ber, Saukia subrecta zonal unit.

Fig. 6. Tellerina bigeneris U & R: cf.
Saukia acuta U & R
Trempealeau fromation, Lodi mem-
ber, Saukia lodensis zonal unit.

Fig. 7. Tellerina strigosa U & R=T.
crassimarginata (W.)
Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit.

PrLATE 43.

Figs. 1-5. Tellerina strigosa U & R—=
T. erassimarginata (W.)
Occurrence same as preceding.

Fig. 6. Tellerina lata U & R: ecf. T.
crassimarginata (W.)

Occurrence undetermined.

Fig. 7. Tellerina recurva U & R=T.
crassimarginata (W.)

Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit.

PLATE 44.

All specimens figured are conspecific
with Tellerina ? leucosia (Walcott),
and the following names may be re-
garded as synonyms:
Tellerina leucosia (Walcott)
Tellerina leucosia variety
Tellerina leucosia parallela U & R
The occurrence is not the Norwalk
sandstone (a member of the Jordan
formation), but the basal Trem-
pealeau, Arcadia member.

PLATE 45.

Figs. 1-10. Tellerina extrema U & R—
Tellerina ? lewcosia (Walcott)
Oceurrence same as preceding plate.

Figs. 11-13. Tellerina norwalkensis
U & R=T. crassimarginata (W.)
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Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit
(sandstone facies).

Fig. 14. Tellerina norwalkensis U & R:
not identifiable.

Figs. 15-16. Tellerina norwalkensis
U & R=T. crassimarginata (W.)
Trempealeau formation, Lodi mem-
ber, Saukia sublonga zonal unit
(sandstone facies).

STRATIGRAPHIC NOTE
ARCADIA MEMBER

Since the latest published account
of Trempealeau stratigraphy
(Raasch, 1939), an additional mem-
ber of that formation has been dis-
eriminated. This member, for which
the term Arcadia is proposed, lies
beneath the basal conglomerate of
the St. Lawrence member, and rests
with a strong basal conglomerate
upon the Franconian, Bad Axe
greensands. Areally the member is
evidently continuously extensive
north of the Black River valley, in
Wisconsin and Minnesota, but to
the southward is only locally present
where small remnants have escaped
pre-St. Lawrence erosion. The mem-
ber bears the Oseeolia osceola faunal
assemblage.

The type locality selected is a road
cut and small quarry on State High-
way No. 93, 1 mile south of its june-
tion with Highway No. 95, east of
Arcadia, Trempealeau County, Wis-
consin. Here the persistent green-
sands of the Franconia, Bad Axe
member, are unconformably over-
lain by a spectacular 3-foot bed of
edgewise conglomerate, flat pebbles
of buff siltstone in a greensand
matrix. This bed grades upward
into 17.1 feet of somewhat lenticular
strata of varied lithology, dominant-
ly dolomitic siltstone and fine, green-
ish gray to light brown, somewhat
dolomitic sandstone. Osceolia osceola
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Hall and Dikelocephalus thwaitest
U & R were collected.

The Arcadia succession is over-
lain by the basal St. Lawrence con-
glomerate (with dolomitic matrix
and Arcadia sandstone pebbles),
succeeded by 11.2 feet of sandy dolo-
mite.

St. LAWRENCE MEMBER

The fauna of the St. Lawrence
member continues to be designated
by the term Platyeolpus, to which
the specific term eafoni has been
added, since the range of the genus
greatly exceeds the span of the mem-
ber. However, as the St. Lawrence
member, which seldom exceeds 20
feet in the Wisconsin-Minnesota re-
gion, attains a thickness of more than
100 feet in parts of northeastern
[llinois, it may represent a complex
of faunal units, in addition to the
substantive one to which the term
Platycolpus eatoni is properly ap-
plied.

Lopr MEMBER

The Lodi member is characterized
faunally by a succession of at least
three closely related faunal units.
Of these, the middle or Saukia sub-
longa faunal unit yielded most of
the classic collections from the
““Dikelocephalus beds.”” The earlier
Saukia subrecta faunal unit oceurs
in a lentil of limited thickness, as
yvet known only from the lower Wis-
consin Valley. The Saukia lodensis
faunal unit occurs in siltstone in the
upper part of the Lodi member,
largely in Sauk, Columbia, and Dane
counties in southern Wisconsin, but
also in similar lithology at Still-
water, Minnesota. In the interven-
ing area (in a direct line), the Lodi
member passes wholly to sandstone,
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SAUKIA ZONE

Chart No. 1—Zo~NAL SUCCESSION OF DIKELOCEPHALID SPECIES
Zonal Unit Dikelocephalidae Associated Genera
14. “Madison Fauna” |undescribed Tellerina, Plethomelopus, Entomaspis,
; Calvinella, Dikelocephalus(?) |Stenopilus, Plethopeltis
unconformity base of Madison formation
13. “Van Oser Fauna” |undescribed Saukia, Stenopilus,
Saukiella, Tellerina Euptychaspis
12. Saukiella frontalis  |Saukiella frontalis U.& R
11. Walcottaspis vanhornei|Walcottaspis vanhornei (Ws.l-) Stenopilus
cott
10. Saukiella pepinensis |Saukiella pepinensis (Owen) |Plethomelopus

Dikelocephalus marginatus
U&R

9. Calvinella pustulosa

Calvinella pustulosa U & R
Dikelocephalus inaequalis
Dikelocephal b

Y us marginalus
U&R

FEurekia, Corbinia,
Triarthropis, Entomaspis
Steropilus, ‘‘Agnostus dis-
parilis” Hall

unconformity
8. Calvinella wisconsi- |Calvinella wisconsinensis Eurekia, Corbinia
Nensis U&R

Dikelocephalus marginatus
U&

Tellerina sp. nov.
Prosaukia sp. nov.

7. Calvinella spiniger!
unconformity

Caltrmella spiniger (Hall)
Jordan member

Eurekia, Corbinia

6. Saukia lodensis?

Saukia lodensis (Whitfield)
Saukia acuta U & R
Tellerina crassimarginata
(Whitfield)
Sauliella ? indenta U & R
Saukiella 7 incerta U & R
Dikelocephalus minnesotensis

Tllaenurus, Eurekia,
Corbinia, Plethometopus,
Triarthropsis, Enlomaspts,
Euplychaspis, Acheilops,
“Agnostus disparilis”

5. Saukia sublonga

Saukia sublonga U & R
Saukiella indenta U & R
Tellerina crassimarginala
(Whltﬁeld}
Dikelocephalus oweni U & R

Tllaenurus, Acheilops,
Euptyc aspis,

“Agnostus disparilis”’ Hall,
Plethometopus, Corbinia,
Entomaspis, Eurekia,
Triarthropsis, Stenopilus

4. Saukia subrecta U & R|Saukia subrecta U & R

base of Lodi member

Saukia curvata U & R

Tellerina gothamensis U & R

Dikelocephalus oweni var.
barretti (U & R)

Illaenurus

3. Platycolpus ealoni
(Whitfield)

unconformity

undeseribed Tellerina,
Dikelocephalus

base of St. Lawrence member

Illaenurus, Eurekia,
Plethometogus Stenopilus,
Corbinia, Plalycopus
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2. Osceolia osceola Osceolia osceola (Hall) Hlaenurus, Eurekia,
Dikelocephalus thwaitesi U & R|Corbinia, Triarthropsis,
Saukiella pyrene (Walcott) |Euptychaspis
@ Tellerina ? leucosia (Walcott)
=z base of Arcadia member,
8 unconformity Trempealeau formation
- 1. Saukiella minorU& R Saukiella minor U & R Illaenurus, Monocheilus
2 Prosaukia ampla U & R
=) Dikelocephalus postrectus U&R
- Dikelocephalus sp. nov.
4 Briscoia sp. nov.
Calvinella sp. nov.
base of Bad Axe member,
unconformity? Franconia formation
4. Briscoia sinclairensis |Briscoia sinclairensts Platycolpus
Prosaukia longa U & R
<)
Z | 3. Briscoia (unnamed) |Briscoia sp. nov. Platycolpus,
S Prosaukia near longa U & R |Monocheilus
e}
= 2. Prosaukia curvicosiala Prosaukia curvicostata U & R
: Briscoia schucherli U & R
v 1. Prosaukia longicornis |Prosaukia misa (Hall)? Dartonaspis*
= Prosaukia halli U & R? Chariocephalus®
e Prosaukia halli acclivis U & R3|Idahoia
o Prosaulia delecostata U & R |Ellipsocephaloides®
= Prosaukia longicornis U & R |Plychaspis®
A Prosaukia l. brevisulcata’ Walbernia®
Prosaukia tuberculata U & R* | Litagnostus®
Briscoia sp. nov.*
Ptychaspis subzone Wilbernia, ancestral to
Dikelocephalus Monocheilus, Psalaspis
Ptychaspis, ancestral to Idahoia, Ell:psooephatmdea,
Prosaukia tha.gnnsnw, Pseudagnostus
base of Hudson member,
local unconformity Franconia formation

! Stratigraphic position not conclusively
#A central and southern Wisconsin

* Greensand facies; P,

established,
acies,

mise faunal facies.

4 Non-greensanid I'acms; P. longicornis faunal facies.
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in which somewhat different faunal
facies of both the Saukia sublonga
and Saukia lodensts faunal units
have tentatively been identified.

JorpAN MEMBER

In western Wisconsin, conglome-
ratic and dolomitie strata marking
the base of the Jordan member over-
lie the Lodi siltstone. The limited
thickness of basal Jordan strata, in-
cluding intercalated dolomitice
shales, econtains a closely packed suc-
cession of faunal units, each char-
acterized by a distinet species of
Calvinella. Thus there appears to
have prevailed here, as in the case
of the lithologically rather similar
St. Lawrence member, a condition
where factors favoring deposition
were closely balanced by those favor-
ing limited submarine erosion
and/or nondeposition. Faunal units
thus tend to be closely packed ver-
tically and in lenses in areal dis-
tribution.

Along the Mississippi, the basal
Jordan Calvinella beds are succeed-
ed by siltstone strata similar litho-
logically to those of the Lodi mem-
ber. These strata enclose fossils
belonging to the Saukiella pepin-
ensis faunal unit, and where the beds
attain their greatest thickness, in
Dakota County, Minnesota, the sue-
ceeding Walcottaspis vanhornei
fauna as well. The siltstone grades
eastward into unfossiliferous sand-
stone. The main body of the Jordan
member above and lateral to the
siltstones and conglomeratic dolo-
mites just described consists of fine,
friable, more or less dolomitic sand-
stones which Ulrich (1924) em-
braced in his term Norwalk. The
higher Norwalk beds are sparingly
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fossiliferous and best characterized
by Saukiella frontalis U & R.

The Jordan member was deeply
eroded previous to the deposition of
the Madison formation in central
and southern Wisconsin; but along
the Mississippi and in the lower
Minnesota Valley the member is
essentially its original thickness,
with terminal sands (‘*Van Oser
Beds,’’ Stauffer, 1940) interpreted
as a regressive phase of Jordan
deposition (Raasch, 1939). Stauffer
(1940) figures, but does not de-
seribe, a fauna from these beds.

Sunser PoinT ForRMATION

At most places, south of a line
through central Trempealeanu
County, an independent depositional
cyele, dominantly sand with varied
proportions of dolomite, intervenes
between the Jordan member of the
Trempealeau and the Ordovician
Oneota formation. To this unit, the
term Madison has been applied (ref.
Raasch, 1935). Because pre-Madi-
son erosion deeply truncated the
Jordan member in central and
southern Wisconsin, the Madison
merits the status of an independent
formation. However, the applica-
tion of the term Madison to these
strata has created much confusion,
owing especially to the widespread
use of the same name for a Missis-
sippian limestone unit in Montana
and Wyoming. The writer therefore
proposes that, for the Cambrian
unit, the term Swumnset Point be sub-
stituted, after the bluff of that name
at the Madison sandstone type lo-
cality.

The unit is locally fossiliferous,
but the fauna has not been specifi-
cally deseribed.
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THE SAUKIA ZONE

Because many trilobite genera
range through much of the Trem-
pealeaun and in fact back into the
Bad Axe member of the Franconia
and into the Madison (or Sunset
Point) formation, this inclusive sue-
cession of faunal units is considered
to represent a single faunal zone.
The saukid genera, Saukia, Sauki-
ella, Tellerina, and Calvinella, i.e.
Saukia in the sense of Walcott’s
(1914) use of the term, together
characterize this succession, but the
later subdivision and restrietion of
the term Seukia by Ulrich and Res-
ser leaves no single genus whose
range coincides completely with the
full time and rock span. Aecordingly
the writer proposes to apply the
term Seukia to the succession in-
volved, using that term in the broad-
er sense of Walcott. Thus the bio-
chron of the Saukinae coincides with
the time span of the Sawkia zone,
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except for the genus Prosaukia,
which is ancestral to the other mem-
bers of the subfamily and charaec-
terizes the Proscukia subzone of
the preceding Ptychaspis-Prosaukia

zone.
REFERENCES

MiILLER, S. A., North American geology
and paleontology, 1889.

Owen, D. D., Report of a geological sur-
vey of Wisconsin, Towa, and Minne-
sota . . ., 18b2.

RaascH, G. 0., Stratigraphy of the Cam-
brian system of the Upper Missisgippi
Valley, Guidebook Ninth Annual Field
Conference, Kansas Geol. Soc., 1935,
pp. 302-315.

Cambrian Merostomata, Geol.
Soe. Amer, Special Paper 19, 1939.
Sravrreg, C, R., Fauna of the Van Oser
beds, Jour. Paleontology, vol. 14, no. 1,

1940, pp. 54-56.

ULricH, E. 0., axp C. E. Resser, The
Cambrian of the Upper Mississippi
Valley; Part I, Trilobita, Dikeloce-
phalinae and Osceolinae, Milwaukee
Public Museum Bull., vol. 12, no. 1,
1930.

UrricH, E. 0., aAxp C. E. RESSER, idem.;
Part II, Trilobita, Saukinae. Milwau-
lzteegl:;;blic Museum Bull,, vol. 12, no.

b i




