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ATOKAN ROCKS OF THE BIRD SPRING GROUP
ARROW CANYON, CLARK COUNTY, NEVADA

R. L. LANGENHEIM, JR.,! G. D. WEBSTER,? and C. P. WEIBEL!

_Abstract—Carbonate rocks of the late Morrowan through early Desmoinesian portion of the Arrow
Canyon section of the Bird Spring Group are completely exposed in a section paralleled by a passable
road within a few tens of feet of the outcrops. Atokan, or Derryan, rocks are reportedly 100 to 200 m
thick, depending upon whose boundary determinations are accepted. Fusulinids and conodonts were
described, and their ranges determined, by Cassity and Langenheim (1966 and by Webster (1969).
In addition, Lane and others (1972) made an independent determination of the basal Atokan
boundary, using fusulinids and conodonts. Chaetetes (Nelson and Langenheim, 1980) and the
syringoporoids (Fritz and others, 1981) have been described and their ranges determined; also,
many other invertebrate occurrences have been described, and their ranges determined, in theses
and lists. Finally, stratigraphic and microfacies studies (Coogan. 1962; Langenhe.im and
Langenheim, 1965; Heath and others, 1967) reinforce the biostratigraphy in demonstrating con-

tinuous deposition of the Atokan sequence.

We propose that the Arrow Canyon section

be seriously considered as a western stratotype

sequence for the Atokan. In support of such consideration, most of the significant published
occurrences and ranges of fossils in the section have been related to a common, detailed section
description. In addition, photographs of the entire section have been marked in the field with unit
boundaries as described in the principal reports on the section.

INTRODUCTION

The sequence of Pennsylvanian rocks exposed
at Arrow Canyon is notably complete, well ex-
posed, and readily accessible. It has been proposed
as a stratotype section for both the Mississippian—
Pennsylvanian and the Pennsylvanian—Permian
boundaries for western North America. Rocks
biostratigraphically equivalent to the Atokan,
Derryan, or Lampasan Series occur in apparently
uninterrupted succession with rocks of undoubted
Morrowan and Desmoinesian age. Thus, the
boundaries of these series, no matter where they
may be placed, fall within a continuous sequence
of carbonate rocks. Fusulinacean foraminifers,
bryozoans, brachiopods, and conodonts are nota-
bly abundant throughout the sequence. Solitary
corals, syringoporoids, Chaetetes, and echi-
noderms are moderately abundant. Molluscs,
however, are poorly represented, and no ammo-
noid cephalopods have yet been noted. Thus, all of
the more widely utilized zonal fossil groups of Ato-
kan age, except for ammonoid cephalopods, occur
throughout the sequence, and it should be possible
to locate zone boundaries with reasonable preci-
sion. Therefore, this paper presents the Arrow
Canyon section as a possible reference or strato-
type section for post-Morrowan and pre-Des-
moinesian rocks in the Cordilleran area.

1University of Illinois, Urbana, Illinois.
2Washington State University, Pullman, Washington.

LOCATION

The Arrow Canyon section is within a canyon
cut. by a superposed intermittent stream that
crosses the northern end of the Arrow Canyon
Range, in the northeast corner of the Arrow Can-
yon Quadrangle, Clark County, Nevada (fig. 1).
The Arrow Canyon Quadrangle is bounded by lat.
36°30’ N.and 36°45' N., and long. 114°45’ W. and
115° 00’ W. The Arrow Canyon exposure is in the
EY% sec. 11 and S¥ssec. 12, T.14S.,R. 64 E.,and in
the SWVi sec. 7, T. 14 S., R. 65 E., about 50 miles
northeast of Las Vegas. .

To reach the canyon, take Interstate Highway
15 north to Glendale, Nevada, and proceed 14
miles northwest on State Highway 168. At the
northwestern end of an extensive irrigated area,
turn left on a secondary paved road and proceed
about 200 yards south, crossing an unbridged dry
wash. This wash debouches from Arrow Canyon.
Near the south wall of the Arrow Canyon drain-
age, a jeep trail runs northwest from the paved
road, through a rubbish dump. This trail crosses
and recrosses the active wash, ultimately entering
a narrow, rock-walled canyon. The top of the
Pennsylvanian sequence is near the inflection
point at which rocks dipping 30°-35° southeast-
ward abruptly flatten. Missourian and Virgilian
rocks crop out in a series of strike gullies ana
ridges, and Desmoinesian rocks largely form the
narrow, cliffed portion of the canyon just north-
west of the prominent iron-stained, cherty silt-
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Figure 1. Geologic map of Arrow Canyon area, southeastern Nevada.

stone layer. Atokan rocks are exposed in the wid-
ened portion of the canyon upstream from the Des-
moinesian cliffs, with the Morrowan sequence
beginning in the narrower canyon above.

PREVIOUS INVESTIGATIONS

Although Longwell (1928) mentioned 3,080 feet
of well-exposed Carboniferous rocks at Arrow
Canyon, serious study of the Pennsylvanian se-
quence, including the Atokan, began with Welsh’s
(1959) doctoral dissertation on the regional
biostratigraphy of the Pennsylvanian and Per-
mian in southern Nevada. This work describes the
Arrow Canyon section in detail, including strati-
graphically referenced faunal lists. It is the fun-
damental work on the section, and it is un-
fortunate that it remains unpublished.

Since Welsh’s (1959) study, partial or complete
measured sections of the Arrow Canyon section
were published by Langenheim and others (1962),
Brill (1963), Coogan (1964), Langenheim and
Langenheim (1965), Cassity and Langenheim
(1966), Webster (1969), Webster and Langenheim
(1979), and Nelson and Langenheim (1980).

Heath and others (1967) petrographically stud-
ied most of the Pennsylvanian portion of the
Arrow Canyon stratigraphic section, describing
and illustrating the major carbonate-rock types
(microfacies) and relating them to an inferred
transgressive-regressive depositional pattern.
Using their classification, any of the carbonate
rocks in the sequence may be related to a pre-
sumed relative depth of deposition, as well as to
other presumed environmental factors.

Cassity and Langenheim (1966) described fusu-
linids and reported their stratigraphic range in
the Arrow Canyon section, and Webster (1969)

described conodonts and their stratigraphic dis-
tribution in the Chesterian through Derryan se-
quence. Nelson and Langenheim (1980) described
Chaetetes occurrences and reported. their
stratigraphic occurrence, and Wilson and others
(1963) reported an occurrence of Komia eganensis
in a systematic study introducing the species. In
addition, Welsh (1959), Coogan (1964),
Langenheim and Langenheim (1965), Webster
(1969), Webster and Lane (1970), Lane and others
(1972), Webster and Langenheim (1979), and Nel-
son and Langenheim (1980) listed fossil occur-
rences in the “Atokan” portion of the section.
Mamet and Skip (1970) and Lane and others
(1972) cited occurrences of foraminifers and con-
odonts, and their relative stratigraphic range,
from the base of the section through the base of the
zone of Profusulinella. However, Dunn (1976)
offered a different interpretation of these data.

STRATIGRAPHIC SEQUENCE

Independent measurements and descriptions of
the Arrow Canyon section are difficult to relate to
one another. The sequence is thick, lithologic
types are repetitive, measurements have been

~ accomplished by different techniques, and the
accuracy of the various workers was far from uni-
form. In addition, finding a specific described bed
or unit from written descriptions or graphic col-
umns is time consuming, and the results are sel-
dom totally unambiguous. Therefore, we have
photographically recorded the entire Pennsylva-
nian sequence, marking unit boundaries on the
photographs so that any described unit can be
located relatively quickly and accurately. Figures
2-12 are a series of photographs of the Atokan,
Derryan, or Lampasan exposures in Arrow Can-
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yon, marked to show the units described by Web-
ster (1969), Langenheim (1964, as modified by
Cassity and Langenheim, 1966) and subsequent
workers in the University of Illinois group, and
Nelson and Langenheim (1980).

The “standard” section for Arrow Canyon is re-
lated to measurements made by Amoco geologists,
who placed brass markers and yellow lines at 1.5-
m intervals throughout the canyon, from the top of
the Chesterian—Meramecian Battleship Wash
Formation through the entire Pennsylvanian and
a few meters into the Permian. Utilizing written
descriptions in Langenheim (1964), Webster

(1969), and Nelson (1973), Langenheim and
Weibel marked these authors’ unit boundaries on
photographs they carried in the field. In addition,
Weibel subdivided some of the units described by
Langenheim (1964), in the course of his own in-
vestigations of tabulate corals.

Figures 2 through 12 illustrate the sequence
from the base of Webster's unit 54 (WEB 54),
which is within Langenheim’s unit 42 (VAL 42),
through the base of Langenheim’s unit 143 (VAL
143) and the top of Nelson’s unit 48 (NEL 48). This
sequence includes the base of the Derryan as iden-
tified by Mamet and Skipp (1970) and Lane and

Figure 2. Middle Morrowan units as exposed on north wall at Arrow Canyon; VAL units 42A through 46; WEB units 53
through 59; boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows.

Unit boundaries

1-WEB 53/54
2-VAL 42A/428
3-VAL 42B/43A, WEB 54/55
4-VAL 43A/43B
5-VAL 43B/43C
6-VAL 43C/43D, WEB 55/56
7-VAL 43D/43E
8-VAL 43E/43F
9-VAL 43F/43G, WEB 56/57
10-VAL 43G/43H
11-VAL 43H/43I
12-VAL 431/44
13-VAL 44/45A, WEB 57/58
14-VAL 45A/45B
15-VAL 45B/45C
16-VAL 45C/45D
17-WEB 58/59
18-VAL 45D/46

Stratigraphic measurement points
1-A113
2-A114
3-A115
4-A116
5-A117
6-A118
7-A119
8-A120
9-A121
10-A122
11-A123
12-A124
13-A125
14-A126
15-A127
16-A128
17-A129
18-A130
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Figure 3. Middle Morrowan units as exposed on north wall at Arrow Canyon; VAL units 45D through 57; WEB units 58
through 61: boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows; VAL 49A/49B. 49B/49C, 54A/54B not shown.

Unit boundaries Stratigraphic measurement points
1-VAL 45D:46, WEB 58/59 1-A133
2-VAL 46/47 2-A134
3-VAL 47:48 3-A135
4-VAL 48/49A 4-A136
5-VAL 49C/50 5-A137
6-VAL 50/51 6—A138.
7-VAL 51:52 7-A139
8-VAL 5253, WEB 59/60 8-A140
9-VAL 53:54A. WEB 60/61 9-A141

10-VAL 548/55 10-A142

11-VAL 55:56 11-A143
12-VAL 56/57 12-A144
13-A145

14-A146
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Figure 4. Middle Morrowan units as exposed on south wall at Arrow Canyon; VAL units 57 through 66A; WEB units 61
through 66: boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows; VAL units 62 and 63 are omitted because of section repetition caused by drag folding on north
wall; VAL 60A/60B, WEB 63/64 stratigraphically in correct position, but indicated on slumped stratum.

Unit boundaries Stratigraphic measurement points
1-VAL 57/58A, WEB 61/62 1-A161
2-VAL 58A,58B 2-A162
3-VAL 58B/59 3-A163
4-VAL 59/60A, WEB 62/63 4-A164
5-VAL 60A/60B, WEB 63/64 5-A165
6—VAL 608/60C, WEB 64/65 6-A166
7-VAL 60C/61 7-A167
8-VAL 61.64A 8-A168
9-VAL 64A/64B 9-A169

10-VAL 64B/65 10-A170

11-VAL 65/66A, WEB 65/66 11-A171
12-A172
13-A173
14-A174
15~A175
16-A176

17-A177
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Figure 5. Upper Morrowan units as exposed on south wall at Arrow Canyon; VAL units 64B through 79; WEB units 65
through 72: boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows.

Unit boundaries Stratigraphic measurement points

1-VAL 64B/65 1-A170

2-VAL 65:65A, WEB 65/66 2-A174

3-VAL 66A:668 3-A175

4-VAL 66B/67 4-A176

5-VAL 67/68 5-A177

6-VAL 68/69 6-A178

7-VAL 69/70 7-A179

8-VAL 70/71 8-A180

9-VAL 7172 9-A181 projected along bedding
10-VAL 7273A. WEB 66/67 10-A182 projected along bedding
11-VAL 73A/73B 11-A183 projected along bedding
12-VAL 73B/74 12—-A184 projected along bedding
13-VAL 74/75A, WEB 67/68 13-A185 projected along bedding
14-VAL 75A/75B 14-A186 projected along bedding

15-VAL 75B/76A, WEB 68/69
16—VAL 76A/76B

17-VAL 76B/77A, WEB 69/70
18-VAL 77A/77B

19-VAL 77B/78, WEB 70/71
20-VAL 78/79, WEB 71/72
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Figure 6. Upper Morrowan units as exposed on south wall at Arrow Canyon; VAL units 78 through 88A; WEB units 71
through 78; boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows.

Unit boundaries

1-VAL 78/79. WEB 71:72
2-VAL 79/80. WEB 7273
3-VAL 80/81

4-VAL 81/82A
5-VAL 82A/82B

B-VAL 82B/83, WEB 73/74
7-VAL 83/84, WEB 74/75
8-VAL 84/85. WEB 75/76
9-VAL 85/86

10-VAL 86/87A, WEB 76,77

11-VAL 87A/87B

12-VAL 87B/88A, WEB 77.78

Stratigraphic measurement points

1-A186

2-A187

3-A188

4-A189

5-A190

6-A191

7-A192

8-A193

9-A194
10-A195 projected along bedding
11-A196
12-A197 projected along bedding
13-A198 projected along bedding
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Figure 7. Upper Morrowan units as exposed on south wall at Arrow Canyon; VAL units 83 through 90D; WEB units 74
through 80; boundaries between units marked by arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows.

Unit boundaries Stratigraphic measurement points
1-VAL 83/84, WEB 74/75 1-A195
2-VAL 84/85, WEB 75/76 2-A196
3-VAL 85/86 3-A197
4-VAL 86/87A, WEB 76/77 4-A198
5-VAL 87A/878B 5-A199
6-VAL 87B/88A, WEB 77/78 6—A200
7-VAL 88A/88B 7-A201
8-VAL 88B/89, WEB 78/79 8-A202 projected along bedding
9-VAL 88/90A, WEB 79/80 9-A203 projected along bedding
10-VAL 90A/90B 10-A204 projected along bedding

11-VAL 30B/90C
12-VAL 90C/90D
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. . 1 on south wall at Arrow Qanyon; VAL units QOC through 97: WEB units 80
tFr:rg;;Sr?'sg.pé);ljnhgzzg:lggtuggiiﬁ;pn?:ﬁ:(,\‘ 1y arrows; stratigraphic measurement points (Amoco numbers) marked
by dots with black arrows.

Unit boundaries

1-VAL 90C-90D
2-VAL 90D/90E
3-VAL 90E/90F
4-VAL 90F 91. WEB 80/81
5-VAL 91.92, WEB 8182
6—VAL 92°93A. WEB 82/83
7-VAL 93A,93B
8-VAL 93894
9-VAL 94:95. WEB 83:84
10-VAL 95:96A
11~VAL 96A 96B
12-VAL 96B:97, WEB 84/85

Stratigraphic measurement points
-A203
2-A204
3-A205
4-A206
5—-A207 projected along bedding
&-A208 projected along bedding
“-A209
3-A210
—A211

T -A212
' -A213
" 2~A214 projected along bedding
"3-A215 projected along bedding
"+~A216 projected along bedding

>-A217 projected along bedding

" 3-A218 projected along bedding
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Figure 9. Upper Morrowan—lower Atokan units as exposed on north wall at Arrow Canyon; VAL units 96C through 104;
WEB units 85 through 90; NEL units 1 through 11; boundaries between units marked by arrows; stratigraphic
measurement points (Amoco numbers) are marked on south wall. Arrow 4 is to be disregarded.

Unit boundaries
1-VAL 96B/97, WEB 84/85
2-VAL 9798, WEB 85/86
3-VAL 98,99
5-Bottom of NEL 1
6-VAL 99/100, WEB 86/87, NEL 1.2
7-VAL 100/101A, NEL 2/3, Morrowan—Atokan boundary (Cassity and Langenheim. 1966: Webster, 1969)
8-VAL 101A 101B, NEL 3/4
9-VAL 101B/102, NEL 4/5
10-VAL 102:103A. WEB 87/88. NEL 5.6
11-VAL 103A.103B, NEL 6/7
12-VAL 1038-103C, WEB 88/89, NEL 7.8
13-VAL 103C. 103D, NEL 8/9
14-VAL 103D 103E. NEL 9/10
15-VAL 103E 104, WEB 89/90. NEL 10/11
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Figure 10. Lower and upper Atokan units as exposed on north wall at Arrow Canyon; VAL units 103E through 115E:
WEB units 89 through 99: NEL units 10 through 25: boundaries between units marked by arrows: stratigraphic
measurement points (Amoco numbers) are marked on south wall: WEB 9293 not shown.

Unit boundaries

1-VAL 103E/104, WEB 89 90, NEL 10/11

2-NEL 1112

3-VAL 104/105. NEL 1213

4-VAL 105/106. WEB 90:91. NEL 13/14

5-VAL 106/107

6-VAL 107/108. WEB 91.92. NEL 14/15

7-VAL 108/109. WEB 93:94. NEL 15/16

8-VAL 109/110. WEB 94:95. NEL 16/17

9-VAL 110/111
10-VAL 111/112, NEL 17 18. lower Atokan—upper Atokan boundary (Langenheim and Webster. 1979)
11-VAL 112/113. WEB 95:96. NEL 18/19 (lower portion of NEL 19 is covered)
12-VAL 113/114. NEL 19:20
13-VAL 114/115A, WEB 96 97. NEL 20/21
14-VAL 115A.115B. WEB 97 98. NEL 2122
15-VAL 115B:115C, WEB 98 99. NEL 2223
16-VAL 115C/115D. NEL 23 24
17-VAL 115D/ 115E, NEL 24 25
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Figure 11. Upper Atokan units as exposed on north wall at Arrow Canyon; VAL units 115C through 128; WEB units 99
through 107; NEL units 23 through 38; boundaries between units marked by arrows; stratigraphic measurement points
(Amoco numbers) are marked on south wall: VAL 125/126. 126/127 not shown.

Unit boundaries
1-VAL 115C/115D, NEL 23/24
2-VAL 115D/115E, NEL 24/25
3-VAL 115E/116A. WEB 99/100, NEL 25.26
4-VAL 116A/116B. WEB 100/101, NEL 26,27
5-VAL 116B/117. WEB 101/102, NEL 2728
6-VAL 117/118, NEL 28/29
7-VAL 118/119. NEL 29/30
8-VAL 119/120, WEB 102/103, NEL 30:31
9-VAL 120/121. WEB 103/104, NEL 3132
10-VAL 121/122, WEB 104/105, NEL 32:33
11-VAL 122/123A. NEL 33/34
12-VAL 123A/123B. NEL 34/35
13-VAL 123B/124. WEB 105/106. NEL 35:36
14-VAL 124/125. WEB 106/107, NEL 36:37
15-VAL 127/128, NEL 37/38
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Figure 12. Atokan(?)-Desmoinesian(?) units as exposed on north wall at Arrow Canyon; VAL units 124 through 143;
WEB units 106 through 109; NEL units 36 through 48: boundaries between units marked by arrows: stratigraphic
measurement points (Amoco numbers) marked by dots with black arrows: VAL 125/126, 126/127 not shown: VAL
139:140 hidden from view.

Unit boundaries Stratigraphic measurement points

1-VAL 124/125, WEB 106/107, NEL 36/37 1-A276

2-VAL 127128, NEL 37/38 2-A277

3-VAL 128/129 3-A278

4-VAL 129/130. NEL 38/39 4-A279

5-VAL 130/131, NEL 39/40 5-A280

6-VAL 131/132, WEB 107/108, NEL 40/41 (on tilted bed) 6-A281

7-VAL 132133, WEB 108/109, NEL 41:42 7-A283

8-VAL 133/134. NEL 42/43 8-A284

9-VAL 134/135. Atokan—Desmoinesian boundary 9-A285

(Langenheim and Webster, 1979)
10—-VAL 135/136A. top of WEB 109 10-A286 projected along bedding
11-VAL 136A/136B. NEL 43.44 11-A287 projected along bedding
12-VAL 1368B/137. NEL 44/45 12-A288 projected along bedding
13-VAL 137/138. NEL 45/46 13-A289 projected along bedding
14-VAL 138/139. NEL 46/47 14-A290 projected along bedding

15-VAL 140/141
16-VAL 141:142, NEL 47/48
17-VAL 142/143. top of NEL 48
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others (1972), and the top of the Atokan as identi-
fied by Webster and Langenheim (1979). Cassity
and Langenheim (1966), Nelson (1973), and Nel-
son and Langenheim (1980) located the base of the
Desmoinesian at the base of unit VAL 152, about
160 feet above this contact. Thus, except for these
uppermost rocks of questionable Atokan age, the
photographs illustrate the entire sequence of pre-
sumed Atokan, Lampasan, or Derryan age. Also,
the Amoco datum points, or their projected posi-
tion, from A113, or 165.5 m above the base of their
section, to A290, or 435 m above the base of their
section, are located on the photographs. Figures
13-16 are columnar sections related to the Amoco
datum points and the Webster (1969),
Langenheim (1964), and Nelson (1973) units. Se-
ries boundaries are placed according to
Langenheim and Webster (1979).

BIOSTRATIGRAPHY

Algae, invertebrates, and fish fossils reported
by Langenheim and Langenheim (1965), Cassity
and Langenheim (1966), Webster (1969), Webster
and Lane (1970), Lane and others (1972), Nelson
(1973), Webster and Langenheim (1979), and Nel-
son and Langenheim (1980), along with syring-
oporoid occurrences tabulated by Weibel for this
paper, clearly indicate that the Atokan, Derryan,
or Lampasan rocks at Arrow Canyon are abun-
dantly fossiliferous (figs. 17-22). Additional fau-
nal lists in theses by Welsh (1959) and Coogan
(1962) supplement the published material, but
have not yet been incorporated in our com-
prehensive faunal list because Coogan’s and
Welsh’s stratigraphic columns are difficult to com-
pare with those of the other authors.

Lane and others (1972), working with fusulinids
and conodonts, placed the base of foraminiferal
zone 21, and the base of the Derryan, at the base of
WEB unit 56. Dunn (1976), relying on conodont
distribution, located the base of the series at about
60 to 90 m higher in the sequence. Webster and
Langenheim (1979) accepted the base of the zone
of Profusulinella as the bottom of the Atokan or
Derryan, at the base of WEB 87. Lane and others
(1972) also agreed that the base of the zone of
Profusulinella occurs at the base of WEB 87,
which means that differences in opinion regarding
the series boundary here are philosophic rather
than related to fossil occurrences in the section. In
this work (fig. 15), the basal contact has been
placed at the base of VAL 101, which is within the
lower part of WEB 87. Also, without offering an
opinion as to the merit of including zone 21 within
the Atokan, we have elected to label the rocks in
that zone as “Morrowan.”

Langenheim and Webster (1979) concurred in
locating the base of the zone of Fusulinella at the
base of NEL 18 and WEB 95, which they corre-
lated. Examination of the section, however, in-

EXPLANATION

BEDROCK EXPOSED

BEDROCK COVERED

] LIMESTONE,
x THIN BEDDED
T LIMESTONE,
MEDIUM BEDDED SCALE
LIMESTONE feet maeters
THICK BEDDED 0—-0
TO MASSIVE
54 1.5
- DOLOMITIC
. LIMESTONE 101-3
15 .
LIMESTONE, &
. siLTY 206
a CHERT NODULES,
A SCATTERED
i CHERT;NNODULES.
AdA LAYERS OR ZONES

Figure 13. Explanation of columnar sections.

dicates that NEL 18 and VAL 112, which Cassity
and Langenheim (1966) considered to contain the
lowermost Fusulinella, probably compose only the
uppermost portion of WEB 95. This usage is fol-
lowed herein (fig. 16). This finding does not imply
any differences in the field occurrences of the
lowermost individuals of Fusulinella.

Webster and Langenheim (1979, fig. 62) and
Langenheim and Webster (1979, fig. 48) reported
Fusulina in WEB 109 and NEL 43. In this report,
the bed in question is identified as VAL 135.
Cassity and Langenheim (1966) earlier placed the
base of the Desmoinesian at the base of VAL 152,
on the basis of the occurrence of Wedekindellina.
At this boundary, further collection and critical
evaluation of fusulinid identifications probably
are needed.

CONCLUSION

Although questions remain as to the most ap-
propriate location for the Morrowan—Atokan and
Atokan—Desmoinesian boundaries in the Arrow
Canyon section, abundant fossils, excellent ex-
posures, and ready accessibility make this locality
attractive for further work to determine these
boundaries precisely in a useful stratotype sec-
tion.
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Figure 15. Columnar section, Morrowan and lower Atokan, VAL 61-107.
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ATOKAN STRATIGRAPHY IN THE SVERDRUP
BASIN, CANADIAN ARCTIC ARCHIPELAGO

W. W. NassicHUK!

Abstract—Lower-Middle Pennsylvanian strata considered to be coeval with the Atokan Series
in Oklahoma are widely distributed in distinct facies belts throughout the Sverdrup Basin. The
latter is an elongate pericratonic depression underlain by deformed Devonian and older rocks
that extends 800 miles from Melville Island to northern Ellesmere Island. It contains some 40,000
feet of sedimentary rocks, ranging in age from Early Carboniferous (Viséan) to Tertiary (Eocene).
Atokan strata consisting mainly of conglomerate, sandstone, and minor limestone occur in the
lower part of the Canyon Fiord Formation, along the southern and eastern margins of the basin.
These strata grade basinward to shelf-margin carbonates in the Nansen Formation. The Nansen
inturn grades to a succession of evaporites and carbonates in the Otto Fiord Formation, which are
overlain by carbonates and siltstone of the Hare Fiord Formation in the middle of the basin.
Carbonate rocks in the upper part of the Otto Fiord Formation and in the lower part of the Hare
Fiord, Nansen, and Canyon Fiord Formations have yielded diverse Atokan ammonoid faunas,
including Winslowoceras, Christioceras, Diaboloceras, and numerous other characteristic ammo-
noids, associated with abundant fusulinaceans such as Profusulinella and Pseudostaffella as well
as with brachiopods and conodonts. The ammonoids are closely comparable with species known
from the Atoka ( = Winslow) Formation in Arkansas, the Atoka Formation and Buckhorn asphalt
in Oklahoma, the Marble Falls Limestone in central Texas, and the “Smithwick Shale” of the
Magdalena Formation in west Texas. Elsewhere, Atokan ammonoids in the Sverdrup Basin
resemble forms from Japan (Akioshi Formation) and the Soviet Union, particularly in Siberia

and the Ural Mountains.

INTRODUCTION

Atokan strata are widely distributed in the
Sverdrup Basin (fig. 1) in distinctive nearshore,
shelf, and basinal facies. Exposures are excellent,
vertical and lateral relationships are clearly vis-
ible, and few if any breaks in the faunal record are
obvious, particularly in the shelf and basinal fa-
cies. The Sverdrup Basin is an important refer-
ence for Atokan and younger (Desmoinesian) Mid-
dle Pennsylvanian strata, and, except for the
question of ready accessibility, several sequences
might be identified as potential Atokan-boundary
stratotypes. Farther south, in the northern
Yukon, Atokan rocks are also thick and well ex-
posed. In the eastern Cordillera in British Colum-
bia and Alberta, Atokan rocks are preserved as
thin, discontinuous erosional remnants bounded
by unconformities.

Wherever Lower Pennsylvanian and Upper
Pennsylvanian strata occur in Arctic Canada,
they can readily be compared with typical Mid-
continent Morrowan and Virgilian sequences
with clearly defined boundaries and well-known
faunal successions. Unfortunately, the same is not
true for Middle Pennsylvanian strata in the Arc-
tic, and correlations are complicated by the ab-
sence of well-defined type sections for the forma-
tions of Atokan and Desmoinesian age in their

'Geological Survey of Canada, Calgary, Alberta.
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respective “type” areas. Nevertheless, retention of
the terms Atokan and Desmoinesian is encour-
aged because those series in the Midcontinent con-
tain well-known successions of fusulinaceans,
goniatites, and other fossils essential for regional
and global correlation.

ATOKAN FAUNAS AND
CORRELATION

In the type area for the Pennsylvanian in the
central Appalachian Mountains of Pennsylvania,
basinal clastic rocks are abundant, and distinctive
marine strata are relatively rare. There, the
Pennsylvanian is divided into Lower, Middle, and
Upper series. Typically, the Middle Pennsylva-
nian extends from the Kanawha Formation of the
Pottsville Group through the Allegheny Group.
Included are floral zones 7, 8, 9, and part of 10, of
Read and Mamay (1964). In the Midcontinent,
where marine strata are abundant, a more refined
series nomenclature is employed. There, the
Pennsylvanian is subdivided into the Morrowan,
Atokan, Desmoinesian, Missourian, and Virgilian
Series. Farther west, the marine Pennsylvanian is
divided into Lower, Middle, and Upper series that
are comparable with divisions in the type area.
According to U.S. Geological Survey usage, Mid-
dle Pennsylvanian is equivalent to Atokan and
Desmoinesian as defined in the Midcontinent (fig.
2).



158 W. W. Nassichuk

1 4’0“ 120° 100° 8‘0° / ‘60‘
INDEX MAP C/Q«fl
Canadian Arctic Archipelago / _
by
140 100mi = o
“80° 80
200km & [ .
LESMERE IS

2 > GREENLAND
ELLEF ]\"‘/lU
RINGNES N

BORDEN IS IS N | =
BROCK @ r%:) i\)? AM%EJB R :i,/Lj G
\/;? R e"‘% M Ve o Y3
@q < sq ’ s = ‘ V\Q,P%
Q N
~75¢ 7 & /\\l..\ (\ 7 &%Pﬁ*\

-

%(%\%ﬁs i
& A\

MELVILLE IS O

DEVON 1S
BANKS IS

120" 100°
i 1

CORNI\glALLIS

Figure 1. Index map of Canadian Arctic Archipelago showing Sverdrup Basin.

Moore and others (1944) referred post-Mor-  gest that Profusulinella occurs in pre-Atokan stra-
rowan and pre-Desmoinesian strata of the Mid-  ta in North America (Gordon and Sutherland,
continent to the Lampasan Series, defined along  1975), and it is generally understood that the Ato-
the Brazos River in north-central Texas, but  kan Series is identified by the Assemblage Zone of
Spivey and Roberts (1946) considered the Lampa-  Profusulinella Rauser-Chernousova and Belyaev
san unsuitable as a standard reference and pro-  and the younger Assemblage Zone of Fusulinella
posed instead the Atokan Series as based on the = Méller. Ross (1967) suggested that Profusulinella,
Atoka Formation in Oklahoma. Similarly, the Fusulinella, and Fusulina show stratigraphic
Bendian Series in Texas and the Derryan Seriesin  ranges in the Eurasian—Arectic realm that are dif-
New Mexico, both important for local stratigraph-  ferent from those in the Midcontinent—Andean
ic correlations, have generally been suppressedin  realm. In the latter realm, an apparent phylogene-
favor of the Atokan Series for broader correla- tic continuum exists between Profusulinella and
tions. Clearly, the Lampasan, Bendian, and Der-  the succeeding Fusulinella and Fusulina, and only
ryan Series are all deficient as standard refer- a minimal overlap in stratigraphic ranges occurs
ences for the lower part of the Middle Pennsylva-  between successive genera. In the more northerly
nian, because they are either incomplete or con-  Eurasian—Arctic realm, however, Fusulinella and
tain prominent unconformities. Only the Atokan  Fusulina appeared more or less contempo-
will serve effectively, despite the lack of a clearly raneously, and persisted, along with Pro-
defined type section, because it has a well-defined  fusulinella, until the end of Middle Pennsylvanian
faunal succession. time.

Thompson (1935) described Profusulinella fittsi, Non-fusulinacean calcareous foraminifers al_ld
Fusulinella prolifica, and Staffella atokensis from  conodonts are becoming increasingly importantin
the Atokan Series in Oklahoma; he also identified ~ complementing established Middle Pennsylva-
Fusulina leei Skinner from the Desmoinesian Ser-  nian fusulinacean zonations (Brazhnikova an
ies in Iowa. No direct evidence is available to sug-  others, 1967; Mamet and Armstrong, 1972;
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Figure 2. Correlation chart showing relationships of Carboniferous formations in Sverdrup Basin.

Mamet, 1975; Lane and others, 1972; Dunn, 1976).
Unfortunately, Middle Pennsylvanian conodonts
are little known from western and Arctic Canada,
and available data are insufficient to establish
effective correlations. A widely known forami-
niferal zonal scheme initiated by Mamet (1968) is
particularly important for Carboniferous correla-

tions (fig. 2). According to Mamet (in Bamber and
Waterhouse, 1971), foraminiferal Zones 21 and 22
are indicative of an Atokan age. Zone 21, loosely
defined by Mamet (in Mamet and Armstrong,
1972), is devoid of Profusulinella but is character-
ized by an “outburst of Eoschubertella Thompson
and Pseudostaffella Thompson” and by an abund-
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ance of diaphanotheca-bearing Globivalvulina
Schubert. Dunn (1976) suggested, on the basis of
conodont evidence, that Zone 21 occurs also in the
upper Morrowan. Zone 22, which occurs in the
upper part of the Atokan Series, contains abun-
dant Eoschubertella and Profusulinella, and also
Climacammina Brady of the group C. moelleri
Reitlinger (Mamet, in Bamber and Waterhouse,
1971); Profusulinella and Ozawainella Thompson
first appear in Zone 22.

Atokan and Desmoinesian strata in North
America are equivalent to Westphalian strata of
the Upper Carboniferous (Silesian) Series in
Western Europe, and to upper Bashkirian and
Moscovian strata of the Middle Carboniferous Se-
ries as defined in the Soviet Union. Ross (1970)
and Nassichuk (1975) reviewed specific problems
dealing with correlation of Atokan rocks between
North America and Europe. Ammonoid and fusu-
linacean workers generally have agreed for many
years that the base of the Atokan Series in North
America corresponds to the base of the Moscovian
(Vereyean beds) in the Russian Platform (Thomp-
son, 1964; Ruzhencev, 1965; Ruzhencev and
Bogoslovskaya, 1971). Brazhnikova and others
(1967), however, showed that foraminifers typical
of Mamet’s Atokan Zones 21 and 22 occur in upper
Bashkirian strata in the Donetz Basin. Pro-
fusulinella is absent from the lower Atokan (Zone
21) in North America. It makes its first appear-
ance, along with Ozawainella, higher in the Ato-
kan, in Zone 22. In the Donetz Basin, where Oza-
wainella makes its first appearance in the up-
permost lower Bashkirian (Cha), Profusulinella
appears slightly higher, in the lowermost upper
Bashkirian (C3b). The ammonoid Branneroceras
branneri (Smith), an index for middle Morrowan
strata in North America, also occurs in the up-
permost lower Bashkirian (C3a) in the Donetz
Basin. Gastrioceras listeri (Sowerby), known from
Westphalian A (G,) strata ( = Atokan) in Western
Europe, occurs slightly higher than Brannerocer-
as branneri, near the base of the upper Bashkirian
(C%) in the Donetz Basin. Thus, both fusulina-
ceans and ammonoids indicate that the Morrow-
an—Atokan boundary falls within the middle of
the Bashkirian in the Soviet Union.

SVERDRUP BASIN

In the Canadian Arctic Archipelago, Penn-
sylvanian strata are confined to the Sverdrup
Basin, an elongate, northeast-trending peri-
cratonic depression some 800 miles long that con-
tains a thickness of 40,000 feet of marine and
minor nonmarine strata and volcanic rocks rang-
ing from Lower Carboniferous (Viséan) to lower
Tertiary (Eocene). The Sverdrup Basin succession
rests unconformably on Precambrian to Devonian
rocks of the Franklinian Geosyncline, which was
deformed by the Ellesmerian Orogeny between
Late Devonian and Early Carboniferous time. The

geometry and depositional fabric of the Sverdrup
Basin suggest that it may have evolved through
episodes of crustal fracturing, which resulted in
periodic subsidence and filling accompanied by
igneous extrusion and intrusion.

The Sverdrup Basin, which is now a structural
synclinorium, was subjected to two episodes of de-
formation. Between Late Pennsylvanian and Ear-
ly Permian time, the Melvillian Disturbance in-
itiated localized folding and faulting in marginal
regions of the basin. Most of the major structural
characteristics observed within the basin, such as
broad, asymmetrical folds, abundant normal
faults, and some reverse faults, were imprinted
during the Eurekan Orogeny, an event dominated
by widespread vertical movements between Late
Cretaceous (Senonian) and middle Tertiary
(Miocene) time.

It is evident that upper Paleozoic and lower
Mesozoic strata in the Sverdrup Basin, in north-
eastern Greenland (Wandell Sea Basin) , and in
some of the islands of Svalbard and Novaya Zem-
lya, are remarkably similar. The last two groups
of islands are on the Barents Shelf; Svalbard is
some 500 miles northeast of northernmost Elles-
mere Island, and Novaya Zemlya is an equal dis-
tance beyond Svalbard. Clearly, all regions were
affected by comparable tectonism, and deposition
occurred under similar environmental conditions
during much of the late Paleozoic. It is less clear,
however, whether deposition took place in a series
of isolated successor basins or whether the present
geographic isolation of remarkably similar strata
reflects transection of a large, common basin
through differential movements of tectonic plates
during Tertiary time.

REGIONAL STRATIGRAPHIC
FRAMEWORK

The oldest strata in the Sverdrup Basin are non-
marine coaly shales of the Emma Fiord Forma-
tion, deposited in marginal depressions during
Early Carboniferous (Viséan) time. Paleomagnet-
ic reconstructions suggest that in Viséan time the
developing Sverdrup trough lay between 10° and
25°N. latitude, with the axial trend of the trough
approximately parallel with the contemporaneous
equator. Following deposition of the Emma Fiord,
a major marine transgression began in Late
Carboniferous (Namurian) time and spread
throughout the basin. Deposition during this
transgression is characterized by reddish-
weathering conglomerate and sandstone, and
minor amounts of limestone, which are designated
the Borup Fiord Formation in the basin interior
and the Canyon Fiord Formation at the basin
edge. This succession of coaly black shale overlain
by red-weathering clastic rocks in part records the
latitudinal change from an equatorial humid cli-
mate to a subtropical, seasonally arid climate, and
coincides with the onset of deepening of the Sver-
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drup Basin. The lower part of the Borup Fiord
Formation is devoid of fossils, and its age is un-
known. Limestone recovered from near the top of
the formation in the type area, however, contains
an abundant fauna of calcareous foraminifers.
The fauna was dated as early Namurian (Uppar
Mississippian, Zone 18) by Mamet (in Thorsteins-
son, 1974). The Canyon Fiord Formation, confined
to the edge of the basin, is invariably younger than
the Borup Fiord and ranges in age from Early
Pennsylvanian (Morrowan) to Early Permian
(Sakmarian). Beginning with deposition of these
red-bed units across the basin, marine deposition
prevailed through the remainder of Carboniferous
and Permian time.

Upper Carboniferous and Lower Permian rocks
in the Sverdrup Basin show marked lithological
differences between the basin edge and the basin
interior, and a series of facies belts, parallel with
the long axis of the basin, were defined by Thor-
steinsson (1974). Moving westward from the east
edge of the basin, the facies belts and formations
contained within them are as follows (see fig. 3):

1. Marginal Clastic Belt. The Canyon Fiord
Formation is composed entirely of sandstone-and
conglomerate within this narrow, conspicuous
belt adjacent to the basin margin. In this belt, the
formation ranges in age from Early-Middle Penn-
sylvanian (Atokan) to Early Permian.

2. Marginal Clastic and Carbonate Belt. Im-
mediately west of the Marginal Clastic Belt, the
Canyon Fiord Formation contains limestone beds
as well as sandstone and conglomerate beds, and
forms a couplet with the overlying Lower Permian
Belcher Channel Formation (limestone). Within
the belt, the Canyon Fiord Formation is Early and
Middle Pennsylvanian in age; that is, it is Mor-
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rowan to Desmoinesian. In some parts of the belt,
the Canyon Fiord Formation is overlain suc-
cessively by the Upper Pennsylvanian Antoinette
Formation (limestone), the Lower Permian (Asse-
lian) Mount Bayley Formation (anhydrite, lime-
stone), and the Lower Permian (Sakmarian)
Tanquary Formation (limestone).

3. Southeastern Carbonate Belt. The Southeast-
ern Carbonate Belt is represented by the Nansen
Formation, a thick succession of carbonates that
ranges from Middle Pennsylvanian (Atokan) to
Early Permian in age within the belt. The Nansen
Formation also forms the Northwestern Carbon-
ate Belt on the west side of the Sverdrup Basin.
There, the base of the Nansen is early Namurian
(Late Mississippian) in age.

4. Basinal Clastic and Evaporitic Belt. Evapori-
tic clastic and carbonate rocks of the Upper Mis-
sissippian—Middle Pennsylvanian Otto Fiord
Formation, and overlying shale and limestone of
the Middle Pennsylvanian—-Lower Permian Hare
Fiord Formation, define the limits of the Basinal
Clastic and Evaporitic Belt.

5. Northwestern Carbonate Belt. This belt is
represented by the Namurian (Upper Mis-
sissippian)-Lower Permian Nansen Formation,
which is composed of as much as 6,500 feet of
limestone. The Nansen Formation grades into the
Otto Fiord and Hare Fiord Formations in the
Basinal Clastic and Evaporitic Belt (fig. 3).

ATOKAN STRATIGRAPHY

Middle Pennsylvanian strata have been known
from the Sverdrup Basin since Troelson (1950)
identified the Desmoinesian fusulinaceans Fusu-
lina, Fusulinella, Wedekindellina, Ozawainella,
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and Staffella from the type area of the Canyon
Fiord Formation in western Ellesmere Island.
Lower—Middle Pennsylvanian Atokan strata
occur in all of the previously summarized major
facies belts within the basin, extending from the
eastern shoreline, across the shelf, and farther
into the axial region of the basin. Atokan strata
are contained within four formations across the
basin, as follows:

Canyon Fiord Formation

The Canyon Fiord Formation was named for a
succession of reddish-weathering conglomerate,
sandstone, and limestone at Cafon Fiord, western
Ellesmere Island. Thorsteinsson (1974) concluded
that the formation is approximately 5,500 feet
thick in the type area, and ranges in age from
early Bashkirian (Early Pennsylvanian) to
Sakmarian (Early Permian). The lower con-
glomeratic, sandstone-bearing part of the forma-
tion is mainly of Early to Middle Pennsylvanian
age. It crops out discontinuously along much of the
eastern and southern margins of the Sverdrup
Basin, and is separated from younger (Permian)
formations by a significant disconformity. Farther
from the shoreline, carbonate rocks are relatively
more abundant in the Canyon Fiord, and Thor-
steinsson (1974) reported Upper Pennsylvanian
as well as Lower Permian fusulinaceans.

Middle Pennsylvanian strata in the Canyon
Fiord Formation are mainly clastic rocks, but in-
terbedded evaporites and limestones containing
such fusulinaceans as Profusulinella, Fusulinella,
and Fusulina are locally well developed. Thor-
steinsson (1974) reported several hundred feet of
anhydrite within a red-bed succession on south-
western Ellesmere Island. In the same general
area, thick carbonate mounds and argillaceous
limestone beds are developed. It is estimated that
Atokan strata may assume a maximum thickness
of 600 feet, and Desmoinesian strata a thickness of
1,500 feet, in the Canyon Fiord Formation of
Ellesmere Island.

Middle Pennsylvanian ammonoids and fora-
minifers are abundant in the Canyon Fiord
Formation, particularly in southwestern Elles-
mere Island (figs. 2, 7). Nassichuk (1975) de-
scribed the ammonoids Boesites sp., Metaprono-
rites pseudotimorensis (Miller), Bisatoceras sp.,
and Somoholites bamberi Nassichuk from the
middle of the formation. Foraminifers associated
with the ammonoids include Profusulinella sp.
‘and Climacammina sp. which Mamet (in Nas-
sichuk, 1975) considered to be late Atokan (Zone
22), or younger. Elsewhere in southwestern Elles-
mere Island, Mamet (in Nassichuk, 1975) identi-
fied foraminifers from the lower part of the Can-
yon Fiord, including species of Profusulinella,
Fusulina, and Pseudostaffella that he considered
to be of probable Desmoinesian age. Farther
north, at Hamilton Peninsula, Ellesmere Island,

an Atokan ammonoid Phaneroceras compressum
(Hyatt) occurs 159 feet above the base of the Can-
yon Fiord Formation. Mamet (in Thorsteinsson,
1974) identified Lower Pennsylvanian (Morrow-
an) foraminifers (Zone 20) lower in the same sec-
tion.

Otto Fiord Formation

The Otto Fiord Formation and the overlying
Hare Fiord Formation (fig. 4) define the Basinal
Clastic and Evaporitic Belt in interior regions of
the Sverdrup Basin. Laterally, both formations
grade to shelf carbonates of the Nansen Formation
(fig. 5). The Otto Fiord contains subaqueous
evaporites as well as minor limestone, sandstone,
and shale (Nassichuk and Davies, 1980). It has
yielded diverse ammonoid, brachiopod, and fusu-
linacean faunas, and ranges in age from Namu-
rian (Late Mississippian) to Middle Pennsylva-
nian (Atokan). In much of Axel Heiberg Island,
and farther south, the Otto Fiord Formation is
exposed only as “blocks” of strata in evaporitic
diapirs and has yielded abundant marine faunas
of Namurian (Late Mississippian) and Early
Pennsylvanian (Morrowan) age. Farther north,
however, in the type area of the formation at Hare
Fiord, Ellesmere Island, and in adjacent areas, the
formation is little disturbed and attains a thick-
ness of 1,300 feet.

In the immediate type area, the formation is
mainly of Morrowan (Zone 20) age, but slightly
younger Atokan (Zone 21) may also be present.
Elsewhere, farther north and east from the type
area, the formation contains strata as old as
Namurian (Zone 18) and as young as Atokan
(Zone 22). The only ammonoids known from the
type section of the Otto Fiord Formation are Bran-
neroceras branneri (Smith) and Gastrioceras sp.,
and both indicate a Morrowan (Bloydian) age.
Mamet (in Nassichuk, 1975) identified calcareous
foraminifers and algae from the type section that
are mainly Morrowan, but near the top of the
formation some probable Atokan (Zone 21) forms
were identified. Some 25 miles east of the type
section of the Otto Fiord, Ross (in Nassichuk,
1975) identified Pseudostaffella gorskyi (Dutke-
vitch) and Eostaffella kashira var. rhomboides
Rauser, and assigned an early Moscovian (Kashi-
rian) age. Mamet (in Nassichuk, 1975) identified a
variety of calcareous foraminifers and algae from
the same general horizon, which he placed in his
Atokan Zone 22; the Morrowan ammonoid Bran-
neroceras brannert occurs in the same section,
several hundred feet below the Zone 22 horizon.

Equivalents of the lower part of the Otto Fiord,
that is, Zone 18, occur in the Lisburne Group in
Alaska and the Yukon Territory, and in the
Ettrain Formation in the northern Yukon. Sim-
ilarly, fusulinaceans and small calcareous
foraminifers higher in the Otto Fiord, that is,
those representing Zones 20, 21, and 22, have been
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Figure 4. Typical exposures of Otto Fiord and Hare Fiord Formations northeast of head of Mare Fiord, northern
Ellesmere Island. Note rhythmic interbedding of thick carbonate units (dark color) and anhydrite (light color) in Otto Fiord
Formation. Atokan faunas occur in upper 100 feet of Otto Fiord Formation and in at least lower 300 feet of Hare Fiord
Formation (between arrows on left side of photograph). At this location, Otto Fiord and Hare Fiord Formations are each
about 1,500 feet thick. To right. both formations grade into shelf carbonates of the Nansen Formation. Field of view is
about half a mile wide.

identified in the Lisburne Group in Alaska and
the Yukon Territory. Foraminifers as young as
Zone 20, and brachiopods as young as Moscovian
(Atokan), occur in the Hart River Formation in
the Yukon (Bamber and Waterhouse, 1971;
Mamet and Armstrong, 1972).

Hare Fiord Formation

The Hare Fiord Formation overlies the Otto
Fiord Formation in the Basinal Clastic and
Evaporitic Beltin the central Sverdrup Basin. The
formation varies in thickness from 1,000 feet to
about 4,100 feet. and is characterized by a lower
unit of Middle Pennsylvanian (Atokan—Des-
moinesian) argillaceous limestone and siltstone,
and an upper unit of Lower Permian (Asselian—
lower Artinskian) shale and minor limestone.
Locally, where the Hare Fiord Formation occurs
near the shelf edge, biogenic-carbonate mounds
occur near the base of the formation (fig. 6). The
limestone mounds attain a maximum thickness of
1,000 feet and are entirely of Atokan age. A major
disconformity separates the limestone mounds
from overlying Lower Permian (Asselian) shale

and argillaceous limestone. Farther into the in-
terior of the Basinal Clastic and Evaporitic Belt,
where limestone mounds are absent, Middle
Pennsylvanian (Atokan) argillaceous limestone
and siltstone are directly overlain by Permian
shale and siltstone. The apparent absence of Up-
per Pennsylvanian strata in the Hare Fiord
Formation may reflect nothing more than ex-
tremely slow deposition in a starved basin. Upper
Pennsylvanian carbonates are thinly developed
nearby on the shelf, and the presence of a con-
densed sequence of rocks of the same age in the
basin interior, therefore, must be anticipated.
Ammonoids recovered from the lower 100 feet of
the type section of the Hare Fiord Formation at
Hare Fiord, northern Ellesmere Island. include
Metapronorites ellesmerensis Nassichuk,
Phaneroceras lenticulare Plummer and Scott,
Svyngastrioceras smithwickense (Plummer and
Scott). and Diaboloceras involutum Nassichuk.
Typical representatives of Phaneroceras lentic-
ulare and Syngastrioceras smithwickense oceur in
Atokan strata in north-central and west Texas,
respectively, and also are known from Atokan
strata in Arkansas and Oklahoma. Fifteen ammo-
noid species, from a comparable stratigraphic po-
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Figure 5. Major facies change. from basinal anhydrite and limestone in Otte Fiord Formation and siltstone and limestone
in Hare Fiord Formation to prograding shelf-edge carbonates in Nansen Formation. Thickness of section visible in
photograph is about 2,000 feet.

Figure 6. Biogenic-carbonate mound, 1,000 feet thick in Hare Fiord Formation. Blue Mountains. Ellesmere Island.
Fifteen Atokan ammonoid species were recovered from this mound and were described by Nassichuk {1975).
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sition about 100 feet above the base of the forma-
tion, were recovered from a bryozoan mound about
12 miles along strike to the east of the type section.
Several species, including Maximites alexanderi
Nassichuk, Neodimorphoceras sverdrupi Nas-
sichuk, and Gonioloboceratoides curvatus Nas-
sichuk, indicate close affinities with younger
(Desmoinesian) species in the American Mid-
continent, but association of these species, on
Ellesmere Island, with Winslowoceras greelyi
Nassichuk supports an Atokan age. Schistocera-
tacean ammonoids such as Winslowoceras and Di-

aboloceras, and pronoritids such as Strenoprono-
rites, Metapronorites, and Pseudopronorites (fig.
7), are common in the Hare Fiord Formation and
are extraordinarily important for establishing
correlations between the Canadian Arctic, the
Midcontinent, and Europe.

Atokan ammonoids are also abundant in bioge-
nic-carbonate mounds in the Blue Mountains,
some 30 miles southeast of the the type Hare Fiord
(fig. 6). There, some 15 species were described by
Nassichuk (1975), including Syngastrioceras
smithwickense, Phaneroceras lenticulare, Neodi-
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morphoceras sverdrupi Nassichuk, Diaboloceras
involutum Nassichuk, and Diaboloceras
neumeier: Quinn and Carr. Farther north, in the
Krieger Mountains, Gastrioceras glenisteri Nas-
sichuk and Diaboloceras involutum Nassichuk, of
probable late Atokan age, are associated with a
variety of fusulinaceans and other foraminifers,
including Profusulinella sp., Ozawainella sp., and
Eoschubertella sp., that Mamet (in Nassichuk,
1975) considered to be too advanced for the Atokan
and which he tentatively assigned to the Des-:
moinesian. Similarly, Ross (in Nassichuk, 1975)
suggested that fusulinaceans occurring slightly
below Diaboloceras neumeieri and Gastrioceras
glenisteri seemed to indicate an uppermost Ato-
kan or lower Desmoinesian correlation. Thus,
Ross’ (1967) contention that the ranges for Pro-
fusulinella, Fusulinella, and Fusulina appear to
be different between the Midcontinent and the
Arctic certainly deserves further scrutiny.

The Hare Fiord Formation is equivalent to the
Upper Carboniferous Passage Beds in Vestspitz-
bergen, which lie between the Lower Gypsiferous
Series below and the Cyathophyllum Limestone
above. The Hare Fiord is also equivalent to the
Wahoo Limestone in the Lisburne Group of Alas-
ka and the northern Yukon, and to the upper part
of the Hart River Formation, as well as the Ettrain
Formation, in the northern Yukon (Bamber and
Waterhouse, 1971). Part of the Taku Group in the
southern Yukon, containing undescribed species
of Neodimorphoceras, Phaneroceras, and Pro-
shumardites, also is correlative with the Hare
Fiord Formation.

Nansen Formation

The Nansen Formation is the principal unit in
the Southeast Carbonate Belt and the Northwest
Carbonate Belt. The latter belt effectively defines
the northwestern shelf of the Sverdrup Basin.
Within the Northwest Carbonate Belt, the Nan-
sen overlies red beds of the Namurian (Mis-
sissippian) Borup Fiord Formation, and grades
basinward to the previously discussed Otto Fiord
and Hare Fiord Formations. In the type area, near
the head of Hare Fiord, Ellesmere Island, the Nan-
sen Formation contains more than 6,600 feet of
uniformly bedded skeletal limestone with minor
shale and anhydrite. Locally, on northwestern
Ellesmere Island and on western Axel Heiberg
Island, biogenic-carbonate mounds and thick
accumulations of primary dolomite and sandstone
occur in the formation. The Nansen Formation
ranges in age from Namurian (Late Mis-
sissippian) to Early Permian (Sakmarian) in the
type area, but the largest part of the formation,
about 4,000 feet, is Middle Pennsylvanian in age.
Foraminiferal studies of the Nansen Formation in
the type area are incomplete, but Mamet (in Nas-
sichuk, 1975) has identified Namurian (Zones 18

and 19) foraminifers from the lower several hun-
dred feet of the formation and a diverse Atokan
fauna (Zones 21 and 22) from more than 1,000 feet
higher. The latter fauna includes Climacammina
of the group C. moelleri, Profusulinella sp., Fusu-
linella sp., and Staffella sp. Nassichuk (1975) de-
scribed the Atokan ammonoids Phaneroceras cf. P.
compressum and Somoholites merriami 1,500 feet
above the base of the type section.

Mamet (personal communication, 1975) has
identified Desmoinesian (Zone 23) foraminifers,
including Fusulina sp., from the type Nansen.
Ross (personal communication, 1975) identified
Fusulinella sp., Schubertella sp., and Ozawainella
sp. nearly 5,000 feet above the base of the type
section of the Nansen Formation and has assigned
a late Moscovian (probably Myachkovian = Des-
moinesian) age. Thus, Middle Pennsylvanian
strata in the type section of the Nansen Formation
may be at least 4,000 feet thick. Perhaps half of
that thickness might be represented by Atokan
strata.

Upper Pennsylvanian fossils are rather poorly
known from the Nansen Formation, but the
ammonoid Parashumardites sp. of Missourian
(Kasimovian) age is known from near Stepanow
Creek, on the north side of Hare Fiord. Ross (per-
sonal communication, 1975) has identified the
fusulinaceans Pseudoendothyra cf. P. compressa,
Pseudofusulinella sp., and Schubertella sp. from
the type section of the Nansen Formation and
considers that they too indicate a Kasimovian age.
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ATOKAN CRINOIDS

H. L. STRIMPLE!

Abstract—Articulated crinoids are not as prolific in the Atokan Stage as they are in the younger
Desmoinesian; however, the Atokan crinoids appear to have closer affinities with them than with
crinoids of the preceding Morrowan Stage. Conditions for the establishment of widespread
“gardens” or “colonies,” or for their preservation, were relatively rare in the Atokan. The largest
faunas are from the Llano Uplift in north-central Texas, from southwestern Missouri, and from

Coal County in south-central Oklahoma.

Sporadic and limited occurrences of Atokan crinoids are now known from Alaska, northwest-
ern Spain, northern China, Ellesmere Island (Canadian Arctic), eastern Kentucky, Colorado, and
New Mexico. Some species reported by Termier and Termier from Morocco are probably of Atokan
age, although they are not so recorded. In addition, crinoids from Algeria and the Island of Crete

are under study.

INTRODUCTION

Conditions were seldom favorable for the pres-
ervation of crinoids during the Atokan. The first
Atokan crinoids appear to have been described by
Tien (1924, 1926), from the Houkou Limestone,
Taiyuan Series of north China (age assignment
suggested by Strimple and Watkins, 1969).
Laudon (1937) described a crown of a flexible cri-
noid with a poorly preserved cup from the Bost-
wick Formation of Love County, Oklahoma, which
he named Synerocrinus farishi. Moore and Strim-
ple (1941) reported Graffhamicrinus granulosus
(as Delocrinus) from the Coody Creek Sandstone
(Atokan) of northeastern Oklahoma. Strimple and
Blythe (1960) described Paragassizocrinus atoka
from the Webbers Falls Sandstone of Cherokee
County, Oklahoma, and Strimple (1961) described
P. elevatus and P. bulbosus on the basis of in-
frabasal cones and disarticulated plates from the
Bostwick Formation of Carter County, Oklahoma.
The status of the latter two species is under study.
Synarmocrinus brachiatus Lane (1964) from the
Bird Spring Formation of southern Nevada is re-
portedly of Atokan age. Diphuicrinus patina
Strimple and Knapp (1966) from the Magoffin
beds, Breathitt Formation of eastern Kentucky, is
possibly of Atokan age.

Knapp (1969) reported the first major Atokan
crinoid fauna, from the Burgner Formation of Jas-
per County, Missouri. The Missouri occurrence
was followed by the Strimple and Watkins (1969)
report of crinoids from the Atokan portion of the
Marble Falls Formation of San Saba County,
Texas, and from the Big Saline Formation of
Mason County, Texas. These occurrences are in
the Llano Uplift of north-central Texas. Strimple

!Department of Geology, University of Iowa. Iowa City,
Towa. (Deceased August 21, 1983.)

169

and Watkins (1969, p. 150) noted the genera in a
large crinoid fauna from the Atoka Formation of
Coal County, Oklahoma, but systematic de-
scriptions were not made until later (Strimple,
1975).

Several important occurrences of Atokan cri-
noids have been reported since 1969. Webster and
Lane (1970) reported the occurrence of the camer-
ate crinoid Platycrinites sp., based on dis-
articulated segments, and described two species of
inadunate crinoids from the Atokan part of the
Bird Spring Formation, Arrow Canyon, Nevada.
Strimple and others (1971) described three new
crinoid species from the Rainbow Mountain area
in Alaska, from beds that are considered to be
Atokan in age. Strimple and Miller (1971) de-
scribed two new species, and reported Paracromy-
ocrinus marquist (Moore and Plummer), from the
Pinkerton Trail Formation near Molas Lake, Col-
orado, and strongly recommended an Atokan age.
Strimple and Nassichuk (1974) reported Calyco-
crinus sp. and two new species from the Hare Fiord
Formation (Atokan) of Ellesmere Island, Arctic
Canada. Strimple (1976) described two new spe-
cies, thought to be Atokan, from the Province of
Palencia, northwest Spain. Strimple (1980) re-
ported Metacromyocrinus sp., and described two
new species, from the L.a Pasada Formation (Ato-
kan) of the Sangre de Cristo Mountains, New Mex-
ico. A small faunule from the Island of Crete,
Greece, is thought to be Atokan in age and is
under study, as is another faunule of crinoids from
the Westphalian of Algeria.

PRESERVATION

Mass mortality accompanied by rapid burial isa
prerequisite for the fossilized preservation of a
“colony” or “garden” of crinoids with attached
arms. This condition has been found in only two
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Atokan localities, the Lemons Bluff Limestone,
Marble Falls Formation, of San Saba County,
Texas (Llano Uplift), and the “Barnett Hill” Mem-
ber of the Atoka Formation of Coal County, Okla-
homa. The Texas exposure is a normal situation in
which the rocks are basically carbonates (lime-
stone), but the Oklahoma occurrence is basically
sandy shale with some carbonate content and a
few limestone pods. Apparently, an influx of
brachiopods provided a suitable substrate for the
attachment of crinoid larvae and for their subse-
quent development into “colonies.” The fact that
so many genera of crinoids are known in Atokan
strata demonstrates that conditions favorable for
their survival and proliferation did exist. Whether
isolated “colonies” were sufficient for this, or
whether a more favorable situation was present in
as yet unknown or unreported areas, is prob-
lematical. Much if not most of the Atokan strata in
Oklahoma and Arkansas is sandstone and sandy
shale, which indicates an unsuitable environment
for crinoids.

RECORDED ATOKAN GENERA

Crinoid genera that are pre-Atokan to post-
Atokan:

Inadunata
Aglaocrinus Sciadiocrinus
Anobasicrinus Seytalocrinus
Chlidonocrinus Synarmocrinus
Cydonocrinus Synbathocrinus
Dicromyocrinus Ulrichicrinus
Diphuicrinus Flexibilia
Endelocrinus Calycocrinus
Goleocrinus Paramphicrinus
Kallimorphocrinus Camerata
Lecythiocrinus Dichocrinus
Paracromyocrinus Globacrocrinus
Paragassizocrinus Planacrocrinus
Perimestocrinus Platycrinites
Plummericrinus

Crinoid genera that are pre-Atokan to Atokan:

Inadunata
Affinocrinus Platyfundocrinus
Alcimocrinus Poteriocrinites
Allagecrinus Proallosocrinus
Eucatillocrinus Flexibilia
Mathericrinus Zenocrinus
Palmerocrinus

Crinoid genera that are known only from the
Atokan:

Inadunata
Araeocrinus Atrapocrinus
Atokacrinus Sinocrinus

Crinoid genera that are Atokan to post-Atokan:

Inadunata
Anchicrinus Mooreocrinus
Brabeocrinus Moundocrinus
Clathrocrinus Neoprotencrinus
Coenocystis Oklahomacrinus
Elibatocrinus Polusocrinus
Graffhamicrinus Stenopecrinus
Lecobasicrinus Flexibilia
Metacromyocrinus Aexitrophocrinus
Microcarinocrinus Synerocrinus

EVOLUTIONARY NOTES

Establishment of relationships between cladid
inadunate crinoid genera is generally difficult ow-
ing to the differences in generic concepts or in the
primary critera used by various investigators. In
addition, changes in morphologic features that
take place in one lineage do not necessarily take
place in another lineage, even within what
appears to be a familial group. To add to the prob-
lem, much convergence is found in many lineages,
reflecting a general trend toward simplicity and
pentameral symmetry. An attempt is made here
to provide some demonstrable examples of rela-
tionships and evolution as applicable to some Ato-
kan crinoids.

Pronounced basal invagination reduces the size
of the coelomic cavity which houses the visceral
mass, and in that regard is a negative factor. Even
so, genera like Arkacrinus and unrelated Oklaho-
macrinus developed exaggerated basal in-
vaginations. In Arkacrinus, the modification was
apparently deleterious; the genus was relatively
short lived (restricted to the Morrowan), even
though it was prolific in a few Morrowan deposits.
Oklahomacrinus appeared in the Atokan as a de-
rivative of Cymbiocrinus, where it had already
developed an unusually shallow cup and marked
basal concavity. The only apparent morphological
advantage between the two genera is that Oklaho-
macrinus retains an anal plate in the cup. This
might be more significant than is apparent.
Almost certainly Oklahomacrinus had a tegmen
to house portions of the visceral mass, and the
tegmen would need to have been supported by a
series of substantial plates anchored to the anal
plate. There has been no report of an anal tube in
Oklahomacrinus, which indicates a departure
from most cymbiocrinids. It is postulated that a
structure of small, thin, weakly sutured plates
was present. In any event, the Oklahomacrinus
lineage survived well into the Virgilian.

Strimple (1960) noted that three trends toward
elimination of anal plates from the cup existed
among late Paleozoic cladid inadunate crinoids.
These were called Developmental Trends A, B,
and C. All started with Primitive Type (Normal)
arrangement of three anal plates, and various
changes from the normal were given other “type”
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designations. Although the system has not at-
tained general usage, it provides a concise refer-
ence to the arrangement of plates in the posterior
interradius, without a lengthy discussion of the
exact details. Also, certain lineages appear to fol-
low specific developmental trends; for example,
cromyocrinids and ulocrinids follow Develop-
mental Trend B, but stellarocrinids follow De-
velopmental Trend C. Pirasocrinids apparently
follow both Developmental Trends A and B, but
this is complicated by the recurrence of an ad-
vanced arrangement of anal plates within the
lineage which basically retains the Primitive
Type. The potential afforded by this general
approach to lineage determination had not by any
means been exploited to full advantage in the
past, but the designations are used herein in some
instances.

In Developmental Trend A, the tendency is to
push RX element from the cup and to resorb RA,
which may migrate to a posterior position. Even
the anal plate may eventually migrate out of the
cup, but usually it is retained as a small,
rudimentary element in an adoral notch. Strimple
(1960) termed the more advanced forms Ultimate
Type A, Ultimate Type A(1), and Symmetrical
Type; all are prolific in the Atokan. Graffhamicri-
nus (Ultimate Type A) appears for the first time in
the Atokan. Sinocrinus and Neoprotencrinus
(Symmetrical Type) also appear for the first time.
All three genera have 10 equibiserial arms.

Neoprotencrinus atoka (Strimple) is represented
by more articulated specimens (both cups and
crowns) than is any other species in the Atokan.
The cup of N. atoka is low, radials flex into the
basal planes, convexity of the base is shallow, and
the posterior interradius is indistinguishable ex-
cept for a rudimentary element notching the ad-
oral edge of the articulating surfaces. There are
very limited options for morphologic change, and
very few subsequent changes are known -other
than eventual reduction in the size of basals. The
genus is represented in the Desmoinesian of Texas
and Oklahoma by N. subplanus (Moore and Plum-
mer). The arms of both species are 10 in number,
and equibiserial, but in N. subplanus they are
more elongated and start tapering slowly at close
to midlength in mature specimens. In N. atoka,
only about the distal one-fourth of the arms taper,
and then rather abruptly.

The oldest definitive laudonocrinid crown to be
recorded in the Pennsylvanian is Anchicrinus
echinosacculus Strimple, from the Atokan of Coal
County, Oklahoma. Anchicrinus has distinctive
axillary primibrachs I, which are large and bulge
outward. Laudonocrinids generally have a low cup
that does not develop a pronounced basal concav-
ity, and this in part distinguishes the family from
pirasocrinids in which the common trend is
toward marked basal invagination. The oldest de-
finitive pirasocrinid crown in the Pennsylvanian

is Sciadiocrinus planulatus (Moore and Plum-
mer), which was reported by Strimple (1975} from
the Atokan of Coal County, Oklahoma. Both
families have tall, more or less hourglass-shaped
anal sacs that terminate with a platform ringed
with outwardly directed spines. The base of each
spine is large and planate, but the spinose portion
is rounded and commonly forms a sharp termina-
tion, except in Scadiocrinus; in the latter, the pro-
jecting portion may also be planate, with a thin,
curved or irregular termination. Spines in the iat-
ter category have been found in the Atokan (per-
sonal observation). Pirasocrinids became well es-
tablished and diversified in the pre-Atokan (Mor-
rowan), and, together with laudonocrinids, are
abundant throughout the Pennsylvanian but are
relatively rare in the Permian. The unique plat-
form spines reflect their presence, even when ar-
ticulated specimens are absent.

Stellarocrinids follow Developmental Trend C,
starting with Primitive Type (Normal) arrange-
ment and modifying to Extreme Type (see Strim-
ple, 1960, fig. 3d). Heliosocrinus of pre-Atokan age
is thought to be the progenitor of Brabeocrinus;
however, it has a large pentalobate column, as
opposed to the round column of Brabeocrinus and
other stellarocrinids. Rhopocrinus from the
Chesterian is comparable to Helliosocrinus and is
probably closely related. Rhopocrinus has a round
stem, but it has not been recognized in the Penn-
sylvanian. Both Heliosocrinus and Rhopocrinus
have Primitive Type anal-plate arrangement and
uniserial arms. Brabeocrinus primus from the
Atokan of Coal County, Oklahoma, retains Primi-
tive Type anals, but all other stellarocrinids have
advanced to the Extreme Type wherein radianal
rests evenly on CD basal and supports equi-
dimensional anal X and RX above. The arms of
Brabeocrinus primus have advanced to cuneate
brachials, a condition that is stable throughout
the Pennsylvanian and Lower Permian. Other
stellarocrinid genera have arms which evolved to
an equibiserial state.

In Special Type C development, the RX is no
longer a cup element. The holotype of the Atokan
species Ulocrinus zeschi Strimple and Watkins is
Special Type, but the paratype is Primitive Type
(Normal). The progenitor is probably among Mor-
rowan specimens referred to as Cromyocrinus
grandis Mather by Strimple and Moore (1973),
specimens which are commonly Primitive Type
and for that matter may not be conspecific with C.
grandis. Post-Atokan Ulocrinus is Special Type C,
or somewhat more advanced. C. grandis has been
designated the type species of Mathericrinus
Webster (1981). The Atokan species Ulocrinus
percultus Knapp is also transitional, in having
Special Type or Special Type C conditions. The
holotype of U. percultus bears striations or thin
ridges which are perpendicular to the plate su-
tures, and Webster (1981) has assigned the species
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to Mathericrinus. I believe that the species is bet-
ter placed in Dicromyocrinus as Dicromyocrinus
percultus (Knapp) new combination, but that the
smooth paratypes are closely related to Ulocrinus
or more specifically to Ulocrinus zeschi. Para-
cromyocrinus typically and commonly has Special
Type C arrangement, a smooth surface, and bears
10 biserial arms. In the Atokan, P. plaratus
Strimple is present and is thought to have a slight-
ly invaginated base.

Allagecrinids are monocyclic and belong to the
disparid inadunates. Isoallagecrinus barnettensis
Strimple is from the Atokan of Coal County, Okla-
homa, and I. erectus Strimple and Watkins is from
San Saba County, Texas. Lane and Sevastopulo
(1982) revised the allagecrinids and expanded the
concept of Kallimorphocrinus, which preempts
Isoallagecrinus. Bulging radials and low basals
relegate the Oklahoma species to Kallimorphocri-
nus barnettensis (Strimple). The relatively tall
cup with prominent basals aligns the Texas spe-
cies with Allagecrinus, and it has been referred to
as A. erectus (Strimpie and Watkins). This species
is then the only Pennsylvanian Allagecrinus of
record, with other known species of the genus
being pre-Atokan (Early Carboniferous) in age.
Allagecrinids from the Morrowan (pre-Atokan)
are currently identified as Allocatillocrinus;
however, a complete crown of P. klapperi Strimple
and Heckel (1978) is now known from the Mis-
sourian of Kansas and confirms the previous re-
port of arm structure. The arms are like those of
many Pennsylvanian cladid inadunates (for ex-
ample, Erisocrinus).

CONCLUSIONS

Forty-nine genera of inadunate crinoids are
presently known from the Atokan age. Nineteen
of these appear for the first time in the Atokan.

Only five flexible genera are known from Ato-
kan strata; two appear to have originated in that
age. One genus (Zenocrinus) does not continue
into post-Atokan strata.

Camerates are not prolific and are limited to
four genera in the Atokan; however, they are well
established and occur in both pre-Atokan and
post-Atokan strata.

Almost 80 percent of Atokan genera are recog-
nized in post-Atokan strata, whereas only 55 per-
cent are known in pre-Atokan strata. Affinity be-
tween Atokan crinoids and post-Atokan genera is
obviously stronger than with pre-Atokan genera.
Proliferation is almost entirely among the in-
adunates, which follows the trend established in
pre-Chesterian time. Only four genera appear to
be endemic: Araeocrinus, Atokacrinus, Atrapo-
crinus, and Sinocrinus.
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AGE ZONATION OF THE EARLY PENNSYLVANIAN
USING FOSSIL INSECTS

C. J. DurDEN!

Abstract—Insect faunas from 79 North American minor occurrences of pre-Alleghenian age are
compared with seven Lower Pennsylvanian assemblages of three or more species. Each occur-
rence is variously ranked as zonally equivalent in the same phase, older or younger in phase, or
indeterminate. The four pre-Alleghenian insect zones already proposed are defined on the basis of
type assemblages, and three additional zones are intercalated among them. A correlation chart
for insect-bearing sequences shows the distribution of insect occurrences and their zone assign-
ments for the Lower Pennsylvanian. Preliminary comparison with Europe permits correlation of
the American Midcontinent series and their subdivisions across the predominantly nonmarine
type area of the Pennsylvanian to the Namurian and Westphalian Series and their subdivisions

of the Upper Carboniferous of Europe.

Close examination of the age relationships of
early insects is necessary to understand the phy-
logeny of the orders. This project was started in
1962 and is an extension of the work of Cockerell
(1927). Preliminary results indicate the general
succession of faunas (Durden, 1969; Durden,
1984). There are now enough insect finds in North
America that a number of successive faunas may
be recognized (fig. 1). These are termed “insect
faunal ages” and are analogous to the mammalian
ages of the Tertiary, for which generic evolution-
ary rates were comparable. Each insect faunal age
is characterized by a type assemblage of at least
three finds at the same locality and horizon. This
type horizon remains in the age, no matter how
the lower or upper boundaries are revised. Age
boundaries are not defined, indeed they can never
be precisely defined, but their positions are
approximated by placement of nontypical insect
occurrences in one age or the other. In faunally
sparse portions of the record, new insect faunal
ages will be recognized in the future. These will be
inserted between existing ages without changing
their concepts, but with reassignment of tempor-
ally marginal occurrences. In the preliminary ver-
sion of this scheme (Durden, 1984), the Gilkerso-
nian and Barnettian Ages are reversed, owing to
previous inadequate knowledge of the Gilkerso-
nian-type fauna and misunderstanding of its
stratigraphic position. The age names have been
simplified here.

Type and assigned faunas are characterized by
citation of detérmined insects with reference to
the best illustration, which is photographic where
possible. On plates 1 to 4, 50 representative fossils
are illustrated, 45 for the first time photographi-

!Texas Memorial Museum, University of Texas at Aus-
tin; Austin, Texas.
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cally. For each taxon the family affiliation is
given. Genotype species are indicated by an aster-
isk (*). References in the text to the fossils illus-
trated on plates 1-4 are given in boldface type.
Eleven institutions are cited by acronym as pub-
lished repositories of specimens or parts of speci-
mens: BSNHM, Boston Society of Natural History
(4 specimens); GSC, Geological Survey of Canada
(60 specimens); HCM, Hanover College Museum,
Indiana (1 specimen); MCZ, Harvard University,
Museum of Comparative Zoology (4 specimens);
PRM, McGill University, Peter Redpath Museum
(3 specimens); SJNHM, St. John Natural History
Society Museum, New Brunswick (11 specimens);
SMM, Science Museum of Minnesota, St. Paul (1
specimen); TMM, University of Texas at Austin,
Texas Memorial Museum (2 specimens); UCWM,
University of Chicago, Walker Museum (1 spec-
imen); USNM, United States National Museum
(66 specimens); YPM, Yale University, Peabody
Museum of Natural History (1 specimen).
EARLY MORROWAN OCCURRENCES
(NAMURIAN C). Early Morrowan occurrences
cannot be assigned to zones until multiple species
assemblages are discovered. Three zonal faunas
are anticipated to include sites 1 and 2, sites 3 and
4, and sites 5 to 11. These three zones correspond
to the Clark or Pocahontas, Quinnimont, and
Sewell Floristic Zones of White (1900). 1. Braxton
Quarry, Hindostan Whetstone Mbr., Mansfield
Fm., Raccoon Cr. Gr.; old whetstone quarry near
Paoli, Orange Co., IN: Paoliidae, *Paolia vetusta
Smith (1871, p. 45, fig.), HCM. 2. French Lick,
same horizon, “in a whetstone from French Lick,”
same county: Paoliidae, *Paoliola gurieyi (Scud-
der, 1885a; Handlirsch, 1919; Melander, 1903, pl.
7, fig. 7), UCWM Pal. Cln. 6393, probably hind-
wing of Paolia. From these Orange County locali-
ties, Miller (1889) reported arthropod ichnofossils
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American Site Insect Age European
Epoch Epoch
KITTANNINGIAN WESTPHALIAN-D
DESMOINESIAN SAVAGEAN
______________________ B-
78-88 GILKERSONIAN
___________________________________ A-
60-77 THORBURNIAN WESTPHALIAN C
ATOXAN 34-59 STELLARTONIAN
26-33 BARNETTIAN WESTPHALIAN B
21-25 MERCERIAN
18-20 COXTONIAN WESTPHALIAN A
12-18 LANCASTRIAN
MORROWAN S-11 Sewell Flora
J- 4 Quinnimont Flora NAMURIAN C
1- 2 Pocahontas Flora
Bluestone flora NAMURIAN B

Figure 1. Correiation chart for the seven insect faunal ages
of the Early Pennsylvanian, and numbered locations of
insect-bearing sites. A indicates location of Allegheny—
Pottsville boundary; B indicates location of “Allegheny”—
Kanawha boundary.

Haplotichnus indianensis, Plangtichnus errati-
cus, and Treptichnus bifurcus, which are question-
ably insectan. The flora was considered by Read
and Mamay (1964) to be transitional from their
Zone 4 to Zone 5. 3. Mount Evans, plant beds 1 or
2, Belden Group; near summit Mt. Evans, Lake
Co., CO, associated with flora older than plant bed
3 which was assigned by Read and Mamay (1964)
to Zone 6: Xenoneuridae, n. g., n. sp. (in press), pl.
1, fig. 1, TMM 1509TX1-2, James Jennings Clr.,
Aug. 1980. 4. Altamont, roof Lykens No. 4 Coal,
Tumbling Run Fm., Pottsville Gr.; Altamont No. 1
Colliery, Schuylkill Co., PA: Metropatoridae,
*Metropator pusillus Handlirsch (1906a), pl. 1,
fig. 2, USNM 35382, David White Clr. 5. Pratt,
Pratt Coal Gr., subinterval A2 (Wanless, 1975);
Warrior Basin, SW of Birmingham, AL: Litho-
mantidae, *Eurythmopteryx antiqua Handlirsch
(1906a), pl. 1, fig. 3, USNM 38707. 6. Coalburg,
same horizon; N of Birmingham: Lithomantidae,
*Bathytaptus falcipennis Handlirsch (1906a, p.
686, fig. 12), USNM 38708. 7. Cordova, same
horizon; NW of Birmingham: Pteronidiidae,
*Campteroneura reticulata Handlirsch (1906a, p.
685, fig. 10), USNM 38709. 8. Williams Mine No.
4, roof Durham No. 5 Coal, Walden Fm., Pottsville
Gr.; Durham, Walker Co., GA: Paralogidae, Bolto-
nites durhami (Carpenter, 1960, pl. 11) nov.
comb., USNM, Charles B. Read Clr., May 1939
(field no. 8758). 9. New Lincoln Colliery, roof
Lykens No. 2 Coal, Schuylkill Fm., Pottsville Gr.,
3 miles W of Tremont, Schuylkill Co., PA: Lam-

proptilidae, Boltoniella sp. (no fig.), USNM 38743,
David White Clr. 10. Lemon’s Coal Bank, roof
Washington Coal, Woolsey Shale Mbr., Bloyd
Fm., Morrow Gr.; 6 miles NE of Fayetteville,
Washington Co., AR: Omaliidae, *Archimastax
americanus Handlirsch (1906a), pl. 1, fig. 4,
USNM 38711. 11. Santa Fe, lower Sandia Fm.
(Floral Zone 6, Read and Mamay, 1964); N side,
Santa Fe Cr., E Santa Fe (outcrop now covered by
condominium project), NM: Pteronidiidae, *San-
diella readi Carpenter (1970, p. 406, fig. 4B),
USNM 170364 (USGS Loc. 8941), Charles B. Read
Clr., 1941.

LANCASTRIAN INSECT FAUNAL AGE
(EARLY WESTPHALIAN A; EARLY LATE
MORROWAN). Type assemblage includes com-
bined fauna of plant beds 2, 7, and 8, respectively
3.5 m, 27 m, and 28 m above “Dadoxylon Sand-
stone,” Lancaster Mbr., Little River Fm., Rivers-
dale Gr.; “Fern Ledges” of Lancaster, Duck Cove, 1
mile W of Carleton (West St. John), NB. 12, Fern
Ledges Plant Bed 2: Xenoneuridae, *Xenoneura
antiquorum Scudder (1867, p. 205; 1881, pl. 1, figs.
5, 6), BSNHM and SINHM, C. F. and J. W. Hartt
Clrs.; Mixotermitidae, *Geroneura wilsoni Mat-
thew (1889, pl. 4, fig. 10), SINHM and GSC 8129,
W.J. Wilson Clr.; Paoliidae, *Gerephemera sim-
plex Scudder (1868c, p. 172; 1881, pl. 1, fig. 8, 8a),
SJNHM and BSNHM, C. F. Hartt Clr.; family
unknown (probably cast exoskeleton of juvenile
insect with tracheal linings dragged anteriorly),
*Geracus tubifer Matthew (1897, p. 55, fig. 3),
SJNHM, G. F. Matthew Clr.; Dasyleptidae,
*A rchaeoscolex corneus Matthew (1889, pl. 4, fig.
11), SINHM, W. J. Wilson Clr.; family unknown
(wingless insect with blattoid pronotum, or cast
exoskeleton of juvenile winged insect), *Podurites
saltator Matthew (1895; 1897, pl. 2, fig. 8),
SINHM, W. J. Wilson Clr. From “Lower Cordaite
Shales,” probably also plant bed 2: Syn-
tonopteridae, Aedoeophasma acadica Matthew
(1910, pl. 1, fig. 1), GSC, W. J. Wilson Clr.; Lithe-
mantidae, *Archaeophasma grandis Matthew
(1910; pl. 1, fig. 2). SINHM, G. F. Matthew Clr.
Higher, in plant bed 4 at 19 m, were collected the
large-leaved pteridosperm *Megalopteris dawsoni
Hartt (in Dawson, 1868) and its probable seed
Cardiocarpon baileyi Dawson (1868). 13. Fern
Ledges Plant Bed 7: Paralogidae, *Platephemera
antiqua Scudder (1867; 1881, pl. 1, figs. 9, 10),
BSNHM, C. F. Hartt Clr. 14. Fern Ledges Plant
Bed 8: Prototettigidae, *Lithentomum harttii
Scudder (1867; 1881, pl. 1, fig. 3), STNHM and
BSNHM, C. F. Hartt Clr.; Prototettigidae,
*Pseudohomothetus erutus (Matthew, 1894, pl. 1,
fig. 11), Handlirsch (1906a), SINHM, W. J. Wilson
Clr.; Lithomantidae, *Dyscritus vetustus Scudder
(1868¢; 1881; pl. 1, fig. 4), SINHM, C. F. Hartt
Clr.; Homothetidae, *Homothetus fossilis Scudder
(1867; 1881, pl. 1, fig. 1), SINHM, C. F. Hartt Clr.
15. Greville Bay, Parrsboro Fm., Riversdale Gr.;
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Cumberland Co., NS: Mixotermitidae, un-
described wing, (GSC Loc. 1389), W . A. BellClr., 4
July 1925 (field no. 101). 16. West Bay,
Claremont ¥Fm., same group; Parrsboro, same
county: Brodiopteridae, *Brodioptera cumberlan-
densis Copeland (1957, pl. 18, figs. 1, 2), GSC
10390, H. M. Ami Clr., 1899. 17. Howard’s Mills,
same formation; River Wallace, same county: Pat-
teiskyidae, *Schedoneura amii (Copeland, 1957;
pl. 18, figs. 4, 5), Carpenter (1963), GSC 10391,
H. M. Ami Clr., 1899. 18. Tallmadge, Sharon
Shale, Pottsville Gr.; Tallmadge, Summit Co.,
OH: Prototettigidae, *Archegogryllus priscus
Scudder (1868b; 1885, pl. 29, figs. 2, 3), S.H. Scud-
der Cln., MCZ, J. S. Newberry Clr. In the same
formation, 2 miles E of Rushville, Perry Co., OH,
from 25-30 ft above base of Pottsville Gr., An-
drews (1875) described the pteridosperms Mega-
lopteris harttii, M. minima, M. ovata, and M. lata,
and the probable seed of this genus, Cardiocarpon
newberryi. These occurrences fall in Floristic Zone
7 of Read and Mamay (1964). Species of Megalop-
teris occur earlier in the Sewell Fm. (Alabama),
and later in the Middle River Fm. (Nova Scotia).

COXTONIAN INSECT FAUNAL AGE
(MID-WESTPHALIAN A; MID-LATE MOR-
ROWAN). Type assemblage occurs in the Camp-
bells Ledge Black “Slate,” Schuylkill Fm., 2 m
above base of Pottsville Gr.; age name is shortened
from the cumbersome “Campbellsledgean.” 19.
Campbell’s Ledge, with flora considered by
White (1900) as equivalent to uppermost Upper
Lykens (Schuylkill Fm.) of the Pottsville type sec-
tion: Paoliidae, *Pseudopaolia lacoana (Scudder,
1885a) Handlirsch (1906a), pl. 1, fig. 5, USNM
38100, Lacoe Cln. 2015a, b; Spanioderidae,
*Pseudopolyernus laminarum (Scudder, 1885a)
Handlirsch (1906a), pl. 1, fig. 6, USNM 38155,
Lacoe Cln.; Prototettigidae, *Dieconeurites rigi-
dus (Scudder, 1885a) Handlirsch (1906a), pl. 1,
fig. 7, USNM 38156, Lacoe Cln.; Necymylacridae,
*Aphthoroblattina fascigera (Scudder, 1878)
Handlirsch (1906a), pl. 1, fig. 8, USNM 38058,
Lacoe Cln. 2002a and b; Archimylacridae, *Plg-
gioblatta parallela (Scudder, 1879) Handlirsch
(1906a), pl. 1, fig. 9, USNM 38093, R. D. Lacoe
Clr.; Jongmansiidae, *Titanodictya jucunda
(Scudder, 1885b) Handlirsch (1906a), pl. 1, fig. 10,
USNM 38154, Lacoe Cln.; Pteronidiidae, *Para-
haplophlebium longipennis (Scudder, 1885b)
Handlirsch (1906a), pl. 2, fig. 1, USNM 38097a
and b, Lacoe Cln.; Paralogidae, *Pglaeotherates
pennsylvanicus Handlirsch (1906a), pl. 2, fig. 2,
USNM 38787, Lacoe Cin., and additional in-
dividual USNM 38093, Lacoe Cln.; the fossil
*Seudderiana diffusa Handlirsch (1919), USNM
38099, with carbonized plant cells in the in-
terstices of the veins, is not insectan. This assem-
blage has the oldest cockroaches in North Amer-
ica, and is exceeded elsewhere only by a necymy-
lacrid fragment in the Faisceau d’Olympe of
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northern France (early Westphalian A).
*Phoberoblatta grandis Handlirsch (1906a) from
Fishing Creek Gap, Sharp Mtn., Schuylkill Co.,
PA, was reported as a Namurian C species (Dur-
den, 1969) because the mined coal at this locality
was mapped by the Second Pennsylvania Survey
as Lykens No. 4 Coal. Flora collected here by
White (1900) included taxa much younger than
the post-Pottsville Twin (Buck Mountain) Coal.
20. West River Pictou, Middle River Fm,,
Cumberland Gr.; railway cut W of West River Sta.
(CNR), Pictou Co., NS: hemeristoid n. fam., n. g.,
n. sp., pl. 2, fig. 3, GSC Loc. 3104, H. M. Ami Clr,,
1892. On Middle River of Pictou, this formation
has produced Megalopteris kelly: Arnold (Bell,
1940).

MERCERIAN INSECT FAUNAL AGE
(LATE WESTPHALIAN A; LATE LATE
MORROWAN). Type assemblage occurs in the
Conogquenessing Sandstone, Pottsville Gr.; Mer-
cer, Mercer Co., PA. 21. Mercer, shale lens 3 m
below top of Conoquenessing Sandstone; quarry 1
mile NE of Mercer Court House, above State Hos-
pital: Phoberoblattidae, Atimoblatta reducta
Cockerell (1918), pl. 2, fig. 4, USNM 64342, H.
Bassler Clr., 1916 (field loc. PB 12); Atimoblatta(?)
cockerelli Handlirsch (1922) (Cockerell, 1918, p.
302, fig. 1), USNM 64342 (part); Hemimylacridae,
5 wing fragments, including Brachymylacris sp.
22. Deep Creek. 1 m above Conoquenessing
Sandstone, Pottsville Gr.; Youghiogheny R., Gar-
rett Co., MD: Hemimylacridae, Brachymylacris
martini Cockerell (1927, pl. 7, fig. 27), USNM,
Johns Hopkins Univ. Cln., H. Bassler Clr. (field
loc. BB 51). 23. Fenner’s Ledge, Cranston Shale,
just above basal conglomerate, Kingstown Gr.; W
edge, Rhode Island Coalfield, in S Cranston,
Providence Co., RI: Polycreagridae, *Polycreagra
elegans Handlirsch (1906a, p. 679, fig. 6), USNM
38705 and 38706; Xenoblattidae, Intermylacris re-
ticulata (Handlirsch, 1920, p. 22) nov. comb.,
(Scudder, 1893, pl. 2, fig. k), USNM 3070, Fred-
erick P. Gorham and Herbert Scholfield Clrs. 24.
Joggins, Cumberland Gr.; Cumberland Co., NS:
Necymylacridae, Archimylacridae or Phobero-
blattidae, “Blattina” cf. venusia, Scudder (1868b),
YPM, O. C. Marsh Clr. 25. Drummond Mine,
between Scott and Westville Coal Seams, West-
ville Fm., Stellarton Gr.; 42.5ft in borehole on No.
8 mine level, Westville, Pictou Co., NS, GSC Loc.
9710 (=4823): Hemimylacridae, Brachymylacris
sp. Durden (1972, pl. 14, fig. 113), GSC 25894,
W. A. Bell Clr., 4 Aug. 1923.

The early Atokan, including the basal Trace
Creek Shale, corresponds, in the Kanawha and
Pottsville Groups, to the interval from the Ken-
drick and Lower Mercer marine horizon up to the
Magoffin and Upper Mercer marine horizon. In
Europe, this interval is the Westphalian B, from
the Poissoniér, Katharina, and Cefn Coed marine
horizon up to the Petit Buisson, Aegir, and Cwm
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Gorse marine horizon. There are few insect occur-
rences in North American deposits of this in-
terval, and only one is rich enough to characterize
the fauna.

BARNETTIAN INSECT FAUNAL AGE
(WESTPHALIAN B; EARLY ATOKAN). Type
assemblage is in the Brookville Clay, Mercer Fm.,
Pottsville Gr.; at Humphrey’s Clay Pit, Port Bar-
nett, 1 mile E of Brookville, Jefferson Co., PA.
Name is shortened from “Portbarnettian.” 26.
Port Barnett, type locality of the Brookville Coal,
where is is correlated with the Upper Mercer Coal,
not with coals mapped elsewhere as “Brookville”
(Ashley, 1945): Phoberoblattidae, Phylomylacris
reticulata (Cockerell, 1918, pl. 54, fig. 4) nov.
comb., USNM 64343, Harvey Bassier Clr., 1916
(= Aphthoroblattina handlirschi Carpenter, 1934,
pl. 24, fig. 1), MCZ 3345, S. H. Scudder Cln.;
Xenoblattidae, Discoblatta pauper (Cockerell,
1918, pl. 54, fig. 5) nov. comb., USNM 64347, H.
Bassler Clr.; Cobaloblattidae, *Cobaloblatta sim-
ulans Cockerell (1918), pl. 2, fig. 5, USNM 64344
(part), H. Bassler Clr., 1916, and paratype USNM
64344 (part), not figured; Hemimylacridae,
Brachymylacris bassleri Cockerell (1918), pl. 2,
fig. 6, USNM 64345, H. Bassler Clr.; Orthomylac-
ridae, *Ptilomylacris medialis Cockerell (1918, pl.
54, fig.7), USNM 64346, H. Bassler Clr.; Archimy-
lacridae, Plagioblatta flexuosa (Cockerell, 1918)
Durden (1969), pl. 2, fig. 7, USNM 64348, H. Bass-
ler Clr.; and 5 hemimylacrid fragments, USNM.
27. Garman’s Mills, 40 ft below “B” Coal, Potts-
ville Gr.; railroad cut next to Moss Creek, 2 mile
above Garman, Cambria Co., PA: Necymylacri-
dae, Polyetoblatta campbelli (Handlirsch, 1906a)
nov. comb., pl. 2, fig. 8, USNM 35391, Burrows
and Campbell Clrs. (field no. 3239); Phoberoblatti-
dae, Phylomylacris sp., 3 wing fragments, USNM,
same collectors. 28. Cowanshannock, “just be-
neath Homewood Sandstone” on A.V.R.R. grade, 5
miles E of Kittanning, Armstong Co., PA:
Necymylacridae, Polyetoblatta sp., wing frag-
ment, USNM, D. White Clr., 1900 (field no. 2130);
Cobaloblattidae, Cobaloblatta sp., wing fragment,
USNM, same collector. 29. McGinnis Mine,
“probably 400 feet above Hampton Con-
glomerate,” Kanawha Gr.; near Redbird, Raleigh
Co., WV: ?Lithomantidae, Palaeodictyopteron vir-
ginianum Handlirsch (1906a) (Carpenter, 1948,
pl. 7, fig. 2), USNM 25635, B. F. Phillips Clr. 30.
Hampton, same horizon; road to Peachtree Cr.,
same county: Necymylacridae, *Polyetoblatta
calopteryx Handlirsch (1906a, p. 720, fig. 40),
USNM 25633. 31.- Drew’s Creek, horizon un-
known; above Peachtree Creek, same county:
Lithomantidae, *Orthogonophora distincta Hand-
lirsch (1906a, p. 686, fig. 11), USNM 25632. 32.
Gardner’s Drift, roof Dunmore No. 2 Coal, upper
Pottsville Gr.; Ellm St. at Stone Ave., Scranton,
Lackawanna Co., PA: Phoberoblattidae, *Atimo-
blatta curvipennis Handlirsch (1906a) (=A. re-

niformis Handlirsch, 1906a, reverse of same speci-
men), pl. 2, fig. 9, USNM 35380 and 35383. 33.
Sockanosset Mine, roof Sockanosset Coal, Sock-
anosset Mr., Kingstown Gr., some 2,000 ft above
base; probably the Reform School Mine on E side of
Rocky Hill, W of Pawtuxtet River, Cranston,
Providence Co., RI: Rhaphidiopseidae, *Rhaphi-
diopsis diversipenna Scudder (1893, pl. 1, figs. ¢,
d), USNM, Edgar F. Clark Clr., 22 June 1888 (field
no. 179a, b).

In the mid-Atokan, insect-bearing deposits in
North America are restricted to the Rhode Island
Coal Field, Rhode Island, and the Stellarton Coal
Field, Nova Scotia. This interval is better repre-
sented entomologically in Europe, where occur-
rences extend from South Wales across northern
France and Belgium, into Germany.

STELLARTONIAN INSECT FAUNAL
AGE (EARLY WESTPHALIAN C; MID-
ATOKAN). Type assemblage is composed of
occurrences 34 to 43, above the Foord (Main of
Albion) Coal Seam in the lower shale member of
the Coal Brook Fm., Stellarton Gr.; vicinity of
Stellarton, Pictou Co., NS. 34. Duff Brook Bore-
hole 452 ft, Acadia Coal Co. BH 8, Duff Brook,
1,250 ft W of Stellarton Road (bored 1911):
Hemimylacridae, Brachymylacris (*Bel-
lamylacris) belli Durden (1972), pl. 2, fig. 11, GSC
22011. 35. Duff Brook Borehole 451.5 ft, same
core: Archimylacridae, Parelthoblatta
(Archaeotiphe) stella Durden (1972), pl. 2, fig. 10,
GSC 22010.36. McLellan Brook Borehole 1,010
ft, Acadia Coal Co. BH 54, 2,930 ft S. 57.5° E. of
McLellan Brook at New Glasgow-Plymouth Road
(bored 1922-23): Xenoblattidae, *Intermylacris
intermedia Durden (1972) pl. 3, fig. 1, GSC 21994.
37. McLellan Brook Borehole 1,005.4 ft, same
core: Hemimylacridae, wing fragment (Durden,
1972, pl. 14, fig. 111), GSC 25893. 38. McLellan
Brook Borehole 989 ft, same core (GSC Loc.
2359): Petrablattinidae, *Linemylacris mclel-
lanensis Durden (1972), pl. 2, fig. 13, GSC 25886;
Hemimylacridae, wing fragment (Durden, 1972,
pl. 14, fig. 109), GSC 25892. 39. McLellan Brook
Borehole 977 ft, probably same core (GSC Loc.
248T7): 5, Homoiopteridae, wing fragment (Cope-
land, 1957, pl. 21, fig. 3), GSC 12862. 40. McLel-
lan Brook Borehole 878 ft, same core (GSC Loc.
2874): Xenoblattidae, *Grypoblattina phaseolus
Pruvost (1919), pl. 2, fig. 12, GSC 25882, W. A.
Bell Clr., 2 Aug. 1923 (type figured by Pruvost,
1919, pl. 12, fig. 1, from France). 41. McLellan
Brook Borehole 736 ft, same core: Di-
aphanacridae, Malarchimylacris sp. cf. melel-
lanensis Durden (1972) (Copeland, 1957, pl. 19,
figs. 6, 7), hindwing, GSC 12849. 42. McLellan
Brook Borehole 687-694 ft, same core (GSC Loc.
2709): Xenoblattidae, Intermylacris sp. cf. in-
termedia Durden (1972, pl. 3, fig. 32a, b), hind-
wing, GSC 25883, W. A. Bell Clr., 1923. 43.
Dalhousie Pits, in roof Main (Foord) Coal Seam;
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East River: Archimylacridae, *Archimylacris aca-
dica Scudder (in Dawson, 1868; Scudder, 1879, pl.
6, fig. 8), PRM, J. W. Dawson Cln., James Barnes
Clr.

Occurrences 44 to 47 are in the overlying plant-
shale member of the Coal Brook Fm., Stellarton
Gr.; Pictou Co., NS. 44. McLellan Brook (A), in
black shale with “Leaia” (GSC Loc: 1151,
=10631): Diaphanacridae, *Malarchimylacris
melellanensis Durden (1972), pl. 3, fig. 2, GSC
21993, W. A. Bell Clr. (field no. “nG. 26-16, Sta.
302”). 45. McLellan Brook Borehole 221-227 ft
(see site 36 for location), (GSC Loc. 2758):
Archimylacridae, Parelthoblatta (Archaeotiphe)
sp. Durden (1972, pl. 16, fig. 127), hindwing, GSC
25904. 46. McLellan Brook Borehole 93-97 ft,
same core (GSC Loc. 2360): Orthomylacridae,
Amblymylacris (*Cursimylacris) orieulxi (Pru-
vost, 1919) Durden (1972), pl. 3, fig. 3, GSC 22005,
W. A. Bell Clr., 31 July 1923 (type figured by
Pruvost, 1919, pl. 11, fig. 16, from France); An-
temylacridae, pronotum (iota) Pruvost (1919)
Copeland, 1957, pl. 11, fig. 5), GSC 12790, same
collector (hypotype figured by Pruvost, 1919, pl.
13, fig. 19, from France). 47. East River Shore,
1,300 ft above mouth Blackwood Brook (GSC Loc.
2480): Hemimylacridae, *Acadiemylacris atten-
uata Durden (1972), pl. 3, fig. 4, GSC 22001, W. A.
Bell Clr., 28 July 1938.

Occurrences 48 to 50 are in the overlying Pot-
tery Ironstone Mbr., Coal Brook Fm., Stellarton
Gr.; Pictou Co., NS. 48. McLellan Brook (B), W of
drain below Pottery Works, New Glasgow (GSC
Loc. 2621): Hemimylacridae, Quasimylacris sp.
Durden (1972, pl. 8, fig. 72), GSC 22002, W. A. Bell
Clr., 20 Sept. 1915. 49. McLellan Brook (C) (GSC
Loc. 2711), location not specified: Hemimylacri-
dae, wing fragment, Durden (1972, pl. 14, fig.
107),GSC 25891, W. A. Bell Clr., 8 July 1926 (field
Sta. 876). 50. McLellan Brook (D), near mouth,
below Pottery Works, New Glasgow (GSC Loc.
2951): Xenoblattidae, Intermylacris sp. Durden
(1972), pl. 3, fig. 5, hindwing, GSC 25884, W. A.
Bell Clr., 21 Sept. 1915.

Occurrences 51 to 56 are in the Shale Brook
Qil-Shale Mbr., basal Thorburn Fm., Stellarton
Gr., Pictou Co., NS. 51. Coalburn Borehole 1347
ft, Acadia Coal Co. BH 60, 950 ft S. 56° E. of mouth
McBean Slope, Coalburn (bored 1929) GSC Loc.
2871): Archimylacridae, Archimylacris coalbur-
nensis Durden (1972), pl. 3, fig. 7, GSC 25901,
W. A. Bell Clr., 8 June 1929. 52. Coalburn Bore-
hole 1,314-1,326 ft, same core (GSC Loc. 2631):
Mylacridae, Aphelomylacris coalburnensis Dur-
den (1972) (Copeland, 1957, pl. 19, fig. 3), GSC
12773a, W. A. Bell Clr., 8 June 1929; Orthomylac-
ridae, Amblymylacris (Cursimylacris) sp. Durden
(1972, pl. 6, fig. 49), GSC 25899. 53. Coalburn
Borehole 1,302 ft, same core (GSC Loc. 2955):
Antemylacridae, Antemylacris archimylacroides

Durden (1972), pl. 3, fig. 6, GSC 21989 (but the.

reverse bears “GSC 21990, Loc. 2949”; mis-
labelled?), W. A. Bell Clr., 13 June 1929. 54.
McLellan Brook (E), 300 ft below Shale Brook,
between McBean and Widow Chisholm Coal
Seams (GSC Loc. 2822): Hemimylacridae,
Brachymylacris (Bellamylacris) sp. Durden (1972,
pl. 12, fig. 98), GSC 22006, W. A. Bell Clr., 15 Sept.
1915. 55. Thorburn Borehole 691 ft, Acadia
Coal Co. BH 62, 4,650 ft N. 36° W. of mouth Acadia
Coal Co. No. 3 slope, Thorburn (bored 1929) (GSC
Loc. 2685): Hemimylacridae, wing fragment, Dur-
den (1972, pl. 14, fig. 114), GSC 25895, W. A, Bell
Clr., 24 June 1929. 56. McLellan Brook (F), this
member? (GSC Loc. 2356): Hemimylacridae,
Brachymylacris (Brachymylacris) mclellanensis
Durden (1972), pl. 3, fig. 8, GSC 25890, W. A. Bell
Clr., 2 Aug. 1924 (field Sta. 81). This interval?
specimen labelled “borehole 20, Coalburn’™
Xenoblattidae, Grypoblattina copelandi Durden
(1972) (Copeland, 1957, pl. 9, fig. 4), GSC 12845.

Occurrences 57 to 59 are in the Tenmile River
Fm., Kingstown Gr.; Bristol Co., RL. 57. Silver
Spring, N of railroad sta., on strike with Tenmile
River Fm. of East Providence: Antemylacridae,
Discoblatta areolata (Handlirsch, 1922) nov. comb.
(Scudder, 1893, pl. 2, fig. ¢), USNM 38072, H.
Scholfield Clr.; Xenoblattidae, *Xenoblatta
fraterna (Scudder, 1893) Handlirsch (1906a), pl. 3,
fig. 9, USNM 38059, H. Scholfield Clr.; Paralogi-
dae, *Paralogus aeschnoides Scudder (1893, pl. 1,
fig. a) (Carpenter, 1960, p. 102, fig. 2), MCZ,
Gorham Cln., F. P. Gorham Clr., 2 Nov. 1889. 58.
Kettle Point, boulder on beach: Hemimylacridae,
distinctive n. g., “Etoblattina” exilis Scudder
(1893, pl. 2, fig. e), USNM, H. Scholfieid Clr. 59.
East Providence, Tenmile River Fm. (some of
these from Silver Spring?): Antemylacridae, *Dis-
coblatta scholfieldi (Scudder, 1893) Handlirsch
(1906a), pl. 3, fig. 10, USNM 38076, H. Scholfield
Clr.: Spiloblattinidae, distinctive n. g., “Etoblatti-
na’ latebricola Scudder (1895), pl. 3, fig. 11,
USNM, Lacoe Cln. 20914, b; Blattinopsidae, *Mi-
croblattina perdita Scudder (1895), pl. 3, fig. 12,
USNM 38098, Lacoe Cln. 2092a; Heolidae,
*Heolus providentiae Handlirsch (1906a, p. 678,
fig. 5), USNM 38700.

Late Atokan insect-bearing deposits in North
America are restricted to the coal fields of Rhode
Island and Nova Scotia. This interval is better
represented entomologically in Europe, where
occurrences extend from South Wales across
northern France and Belgium, into Germany.

THORBURNIAN INSECT FAUNAL AGE
(EARLY MIDDLE WESTPHALIAN C; LATE
ATOKAN). Type assemblage composed of occur-
rences 60 to 67 in Marsh Brook Oil-Shale Mbr.,
middle Thorburn Fm., Stellarton Gr.; vicinity of
Thorburn, Pictou Co., NS. 60. Thorburn Bore-
hole 171 ft (for location, see site 55) (GSC Loc.
2873): Antemylacridae, Discoblatta coalburnensis
Durden (1972), pl. 4, fig. 1, GSC 25880, W. A. Bell
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Clr., 14 June 1929. 61. Thorburn Borehole 162.5
ft, same core (GSC Loc. 2949): reverse of An-
temylacris archimylacroides (site 51) labelled this
locality number (in error?). 62. Thorburn
Borehole 153 ft, same core (GSC Loc. 2872):
Archimylacridae, Parelthoblatta (Parelthoblatta)
stellartonensis Durden (1972), pl. 3, fig. 13, GSC
25903. 63. Thorburn Borehole 152 ft, same core
(GSC Loc. 2953): Orthomylacridae, Amblymylac-
ris (Cursimylacris) acadica Durden (1972, pl. 5,
fig. 45), GSC 25897. 64. Thorburn Borehole 151
ft, same core (GSC Loc. 2928): Archimylacridae,
Archimylacris sp. Durden (1972, pl. 15, fig. 122),
GSC 25902. 65. Thorburn Borehole 143 ft, same
core (GSC Loc. 2954): Hemimylacridae, Etoblatti-
na (Etoblattina) stellartonensis Durden (1972)
(Copeland, 1957, pl. 18, fig. 7), GSC 12847a and
25888, W. A. Bell Clr., 24 June 1929. 66. McLel-
lan Brook (G), 2,500 ft below bridge of McLellan
Mountain Rd., just above Sixfoot Coal Seam,
- Mountville (GSC Loc.-2843): Hemimylacridae,
Brachymylacris (Stellamylacris) mountvillensis
Durden (1972), pl. 4, fig. 2, GSC 21991. 67. Vale
Colliery (Acadia Coal Co. No. 3 Mine), Thorburn
(GSC Loc. 2657, = 2707, =1097), roof Sixfoot Coal
Seam: Mylacridae, Aphelomylacris (*Eomylacris)
thorburnensis Durden (1972), pl. 4, fig. 3, GSC
22007; Acadelytridae, *Acadelytron umbrale Dur-
den (1972), pl. 4, fig. 4, GSC 25900.

. Qccurrences 68 to 76 are in the upper Thorburn
Fm., in shales below Mackay Coal Seam, Stellar-
ton Gr.; Pictou Co., NS. 68. Potter Brook Bore-
hole 29 ft, Acadia Coal Co. BH 63, 180 ft N of slope
at Acadia Coal Co. No. 5 Mine on Mackay Coal
Seam (bored 1929) (GSC Loc. 2858): An-
temylacridae, *Mclellamylacris acadica Durden
(1972), pl. 4, fig. 5, GSC 25881, W. A, Bell Clr., 16
Aug. 1929. 69. Coalburn Borehole 563 (for loca-
tion, see site 51): Hemimylacridae, *Quasimylac-
ris lanceolata (Bolton, 1911) Durden (1972) (Cope-
land, 1957, pl. 18, fig. 8), hypotype 3, GSC 21998,
(holotype figured by Bolton, 1922, pl. 9, fig. 5, from
Wales); Orthomylacridae, Cyphomylacris sacliert
(Pruvost, 1919) Durden (1972) (Copeland, 1957,
pl. 19, fig. 4), hypotype, GSC 12773b (holotype
figured by Pruvost, 1919, pl. 14, fig. 1, from
France). 70. Coalburn Borehole 384 ft, same
core: Hemimylacridae, pronotum (alpha) Pruvost
(1919) (Copeland, 1957, pl. 9, fig. 1), GSC 12772
(hypotype figured by Pruvost, 1919, pl. 12, fig. 16,
from France). 71. Coalburn Borehole 319 ft,
same core: Hemimylacridae, Efoblattina (Etoblat-
tina) coalburnensis Durden (1972) (Copeland,
1957, pl. 12, fig. 1), GSC 12774, W. A. Bell Clr.,
1929. 72. Greenwood Borehole 470-474 ft, D.
Henderson property, Greenwood, 928 ft E of NW
corner of barn and 1,020 ft W from second borehole
{(bored 1924) (GSC Loc. 512): Hemimylacridae,
Etoblattina (*Acadacrites) hendersoniana Durden
(1972) (Copeland, 1957, pl. 19, fig. 1, GSC 12848).
73. Greenwood Borehole 467—470.5 ft, same

core (GSC Loc. 2712, =514): Antemylacridae,
*Antemylacris thorburnensis Durden (1972), pl. 4,
fig. 6, GSC 22004, W. A. Bell Clr., 5 July 1924;
Hemimylacridae, *Pinnamylacris elongata Dur-
den (1972), pl. 4, fig. 7, GSC 22003, same collector;
Brachymylacris (*Stellamylacris) phylloides Dur-
den (1972) (Copeland, 1957, pl. 18, fig. 9), GSC
12847c; B. (S.) belloides Durden (1972, pl. 13, fig.
104), GSC 22009; Orthomylacridae, Amblymylac-
ris (Cursimylacris) hendersoniana Durden (1972,
pl. 5, fig. 47), GSC 25898. 74. Greenwood Bore-
hole 393-397 ft, same core: Hemimylacridae,
Etoblattina sp., Durden (1972, pl. 11, fig. 92), GSC
25889. 75. Greenwood Borehole 361 ft, same
core (GSC Loc. 2869): Hemimylacridae, Etoblatti-
nasp. Durden (1972, pl. 11, fig. 88), GSC 25887, W.
A. Bell, 21 June 1924. 76. Greenwood Borehole
337-340 ft, same core (GSC Loc. 2875): An-
temylacridae, *Cacomylacris greenwoodiana Dur-
den (1972, pl. 2, fig. 22), GSC 21999, W. A. Bell
Clr., 1924. Three specimens labelled “borehole in
Stellarton Group” are probably Thorburnian:
Hemimylacridae, *Quasimylacris lanceolata (Bol-
ton, 1911) (Copeland, 1957, pl. 18, fig. 8), male
hypotype, GSC 12847b; *Lanceomylacris acu-
tipennis Durden (1972) (Copeland, 1957, pl. 18,
fig. 11), GSC 12847¢; Etoblattina (E.) coalburnen-
sis Durden (1972) (Copeland, 1957, pl. 18, fig. 10),
paratype, GSC 12847d. 77. Valley Falls Mine,
Tenmile River Fm., Kingstown Gr.; Pawtucket,
Providence Co., RI: Mylacridae, *Aphelomylacris
(A.) modesta Handlirsch (1906a), pl. 4, fig. 8,
USNM 38702. Note that there is another insect
locality in Pawtucket, southeast of Valley Falls, in
a synclinal remnant of the Pawtucket Shale of the
Aquidneck Group. This bears a Stephanian flora
and insect fauna.

In the post-Atokan but pre-Alleghenian, insect-
bearing deposits of North America are scattered
from the middle Morien Group of Nova Scotia to
the lower Desmoinesian of the Midcontinent. One
assemblage is large enough to characterize this
zone, which is equivalent to the upper Assize de
Bruay at the top of the Westphalian of northern
France.

GILKERSONIAN INSECT FAUNAL AGE
(LATE MIDDLE WESTPHALIAN C; EARLY
DESMOINESIAN). Type assemblage composed
of occurrences 78 and 79 at Gilkerson Ford of the
Grand River, and nearby coal mines at Clinton,
Henry Co., MO; roof of Rowe Coal, basal Drywood
Fm., Cherokee Gr. 78. Gilkerson Ford, now cov-
ered by Truman Reservoir; bed 7 of White (1899),
roof Jordan (Rowe) Coal: Phoberoblattidae, Phy-
lomylacris new species, pl. 4, fig. 9, TMM
1421TX1, E. H. Sellards Cln., (field no. X-52, 0-1),
J. H. Britts Clr., 26 July 1909; Orthomylacridae,
*Amblymylacris (A.) clintoniana (Scudder, 1895,
pl. 4, fig. 1) Handlirsch (1906a), USNM 2182,
David White Clr., (field no. 412); Dipeltis limulus
(Handlirsch, 1920) nov. comb. (Sellards, 1906, p.
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249, fig. 7), USNM, J. H. Britts Clr., (orthomylac-
rid juvenile, probably Amblymylacris). 79. Clin-
ton, “coal bank near Clinton, 50 feet from base
Lower Coal Measures” (Pitcher’s Mine, 3.5 miles
SE; Owens’ Mine, 2 miles SE; Hobbs’ Mine, 8 miles
S, 2 miles E; or Deepwater Mine, 8 miles SE); same
horizon: Hemimylacridae, *Hemimylacris clinto-
niana (Scudder, 1895) Handlirsch (1906a), pl. 4,
fig. 10, USNM 38161, Lacoe Cln. 2151a; Orthomy-
lacridae, Trilophomylacris americana (Scudder,
1895) nov. comb., pl. 4, fig. 11, USNM 38162,
Lacoe Cln. 2137. 80. Frog Bayou, roof Harts-
horne Coal, Hartshorne Fm., Cherokee Gr. (given
as “base of Millstone Grit”); Crawford Co., AR:
Archimylacridae, Parelthoblatta venusta (Les-
quereux, 1860) nov. comb. (Scudder, 1879, pl. 6,

fig. 12), MCZ. 81. South Port Morien, roof Mul- -

lins Coal Seam, Morien Gr.; E shore Morien Bay,
Cape Breton Co., NS (GSC Loc. 514, =3139):
Orthomylacridae, Trilophomylacris moriensis
(Copeland, 1957) Durden (1972), pl. 4, fig. 12,
GSC 10394, W. A. Bell Clr., 1920. 82. Cossett’s
Pit, same horizon; Sydney—New Waterford Road,
near Sydney, same county: Hemimylacridae, un-
placed “Blattina” sepulta Scudder (1876; 1879, pl.
6, fig. 7), PRM, A. J. Hill Clr.; probable plant
fragment *Scudderina furcifer Handlirsch, 1919
(Scudder, 1879, pl. 6, fig. 11), PRM, A. J. Hill Clr.
83. Ryan Pits, same horizon; same vicinity:
Xenoblattidae, hindwing fragment, Durden
(1972, pl. 3, fig. 36), GSC 25885. 84. Furnace
Hollow, probably near Chilton Coal, uppermost
Kanawha Gr.; near mouth Tabor Creek, Wayne
Co., WV: Orthomylacridae, *Oxynoblatta alutacea
Handlirsch (1906a), pl. 4, fig. 13, USNM 35381,
M. R. Campbell and W. C. Mendenhall Clrs. 85.
Gibson Fork, between Winifrede and No. 5 Block
Coals, uppermost Kanawha Gr.; off Fifteenmile
Creek, above Decota, Kanawha Co., WV (“60 feet
above coal locally called Keystone”): Lithomanti-
dae, *Eurytaenia virginiana Handlirsch (1906a),
pl. 4, fig. 14, USNM 25631, M. R. Campbell and
W. C. Mendenhall Clrs. 86. Peach Tree Gap, roof
Pewee Coal, basal Vowell Mountain Fm., upper
Kanawha Gr.; strip mine near Peach Tree Gap,
Anderson Co., TN: Breyeriidae, Breyeria rappi
Carpenter (1967, pl. 8), USNM 158550, Robert
Rapp Clr.

From the Pennsylvanian of Oklahoma, one in-
sect is known: Hemimylacridae, Brachymylacris
striolatus (Handlirsch, 1906a, p. 748, fig. 53) nov.
comb., USNM 35386, J. A. Taff Clr., 1904. The
only locality data given is “Indian Territory.” Taff
travelled widely in 1904 (Walcott, 1906): late July
in the Tahlequah and Muscogee [Muskogee]
Quadrangles; August in the Quachita Mountains;
September onward in the Antlers and Sansbois
Quadrangles. The insect may have come from the
McAlester Coal, Muscogee Quadrangle. It is clos-
est to Brachymylacris spp. from the Buck Moun-
tain Coal, basal Alleghenian of Schuylkill Coun-

ty, Pennsylvania. The Oklahoma specimen is
probably post-Atokan, possibly early Alleghe-
nian, in age.

With the earliest Alleghenian (latest Westpha-
lian C), insect occurrences increased in number
and diversity. In Henry Co., MO, in the Verdigris
Fm., Cherokee Gr.: Narkema winsdoriensis
(Lewis, 1979, p. 754, fig. 1) nov. comb., SMM
P.78:10.1, A. A. Cridland and L. Kistler Clrs.,
1965 (Narkemidae), from ironstone concretion re-
sembling those of Mazon Creek, Grundy Co., IL.
The Winsdor Mine site may produce a comparably
diverse yet significantly older fauna which would
bridge some of the hiatus between the Mazon
Creek fauna and the Coseley fauna (Staffordshire,
England, of Westphalian-B age). The insect fau-
nal age that follows the Gilkersonian has been
called Clarionian. The type fauna (to be cited else-
where) occurs in the Mount Savage Fireclay,
which may not be correlative with the Clarion
Clay. The Cockerell (1927) age term is resurrected
and shortened to “Savagean.” This interval is
characterized by the first appearance of Orthomy-
lacris and Necymylacris, and the last occurrence of
Brachymylacris, Oxynoblatta, Hemimylacris, and
Cyphomylacris, and with no sign yet of Mylacris.
The Savagean faunal equivalent in Europe is
found in the Radstock Series of South Wales, from
the Graigola and Mynyddislwyn Coal Seams up-
ward, and in the uppermost Faisceau d’Edouard,
top of the Assize de Bruay in northern France.

For the phylogenist, here is an alphabetical in-
dex to families, giving the order and the site
numbers: Acadelytridae (Blattoptera), 67; An-
temylacridae (Blattoptera), 46, 53, 57,59, 60, 68,
73, 76, Archimylacridae (Blattoptera), 19, 24,
26, 35, 43, 45, 51, 62, 64, 80; Blattinopsidae
(Blattoptera), 59; Breyeriidae (Palaeodictyop-
tera), 86; Brodiopteriidae (Megasecoptera), 16;
Cobaloblattidae (Blattoptera), 26, 28; Dasy-

leptidae (Archaeognatha), 12; Diaphanacridae

(Blattoptera), 41, 44; Hemimylacridae (Blattop-
tera), 21, 22, 25, 26, 34, 37, 38, 47, 48, 49, 54, 55,
56, 58, 65, 66, 69, 70, 71, 72, 73, 74, 75, 79, 82;
Heolidae (Palaeodictyoptera), 59; Homoiopter-
idae (Palaeodictyoptera), 39; Homothetidae
(Palaeodictyoptera), 14; Jongmansiidae
(Palaeodictyoptera), 19; Lamproptilidae
(Palaeodictyoptera), 9; Lithomantidae
(Palaeodictyoptera), 5, 6,12, 14, 29, 31, 85; Metro-
patoridae (Zoraptera), 4; Mixotermitidae (Ato-
cida), 12, 15; Mylacridae (Blattoptera), 52,67, 77
Narkemidae (Atocida); Necymylacridae (Blat-
toptera), 19, 24, 27, 28, 30; new family (Hemeristi-
da), 20; Omaliidae (Atocida), 10; Orthomylacri-
dae (Blattoptera), 26, 46, 52, 63, 69, 73, 78, 79, 81,
84; Paoliidae (Atocida), 1, 2,12, 19; Paralogidae
(Odonata), 8, 13, 19, 57; Patteiskyidae (Palaeo-
dictyoptera), 17, Petrablattinidae (Blattoptera),
38; Phoberoblattidae (Blattoptera), 21, 24, 26,
27, 32, 78; Polycreagridae (Palaeodictyoptera),
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23; Prototettigidae (Atocida), 14, 18, 19; Pter-
onidiidae (Palaeodictyoptera), 7,11,19; Rhaphi-
diopseidae (Megasecoptera), 33; Spanioderidae
(Atocida), 19; Spiloblattinidae (Blattoptera), 59;
Syntonopteridae (Palaeodictyoptera), 12;
Xenoblattidae (Blattoptera), 23, 26, 36, 40, 42,
50, 56, 57, 83; Xenoneuridae (Atocida), 3, 12.
Note the use of Scudderian names: “Atocida” for
the “homoneurous protorthopterans,” and
“Hemeristida” for the “.aloneurodeans.”
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Plate 1

For easy comparison. all figures are printed with wing base to left; literature citation. respository,
and available collection data are given in text. under site number)

Fig. 1.—N. g.. n. sp. (Xenoneuridae), early Morrowan, site 3, Mount Evans. Colorado.

Fig. 2.—Metropator pusillus Handlirsch. early Morrowan, site 4, Altamont, Pennsylvania.

Fig. 3.—Eurvthmoptervx antiqua Handlirsch. early Morrowan. site 5, Pratt, Alabama. Figure
reversed.

Fig. 4 —Archimastax americanus Handlirsch. early Morrowan, site 10, Lemon’s Coal Bank.
Arkansas.

Fig. 5.—Pseudopaolia lacoana (Scudder), late Morrowan. Coxtonian, site 19, Campbell’s Ledge.
Pennsylvania. .

Fig. 6.—Pseudopolvernus laminarum (Scudder). late Morrowan, Coxtonian. site 19. Campbell's
Ledge, Pennsylvania.

Fig. 7.—Dieconeurites rigidus (Scudder). late Morrowan, Coxtonian, site 19. Campbell's Ledge.
Pennsylvania.

Fig. 8.—Aphthoroblattina fascigera 1Scudder), late Morrowan, Coxtonian, site 19, Campbell's
Ledge, Pennsylvania.

Fig. 9.—Plagioblatta parallela tScudder). late Morrowan, Coxtonian, site 19. Campbell’s Ledge.
Pennsylvania.

Fig. 10.—Titanodictya jucunda (Scudder). late Morrowan. Coxtonian. site 19. Campbell’s Ledge,
Pennsylvania.
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Plate 2

Fig. 1.—Parahaplophlebium longipennis (Scudder), late Morrowan, Coxtonian, site 19. Campbell’s
Ledge. Pennsylvania. Figure reversed.

Fig. 2. —Palaeotherates pennsvlvanicus Handlirsch. late Morrowan. Coxtonian, site 19, Campbell’s
Ledge, Pennsylvania. Figure reversed.

Fig. 3.—N. g, n. sp. (n. fam.. Hemeristida). late Morrowan, Coxtonian. site 20, West River Pictou,
Nova Scotia. Figure reversed.

Fig. 4.—Atimoblatta reducta Cockerell, late Morrowan, Mercerian, site 21. Mercer. Pennsylvania.

Fig. 5.—Cobaloblatta simulans Cockerell, early Atokan, Barnettian, site 26, Port Barnett, Pennsyl-
vania. Figure reversed.

Fig. 6.—Brachvmylacris bassleri Cockerell, early Atokan. Barnettian. site 26, Port Barnett, Penn-
svlvania. Figure reversed.

Fig. 7.—Plagioblatta flexuosa tCockerell), early Atokan, Barnettian. site 26. Port Barnett, Pennsyl-
vania. Figure reversed.

Fig. 8.—Polvetoblatta campbelli iHandlirsch). early Atokan, Barnettian. site 27, Garman’s Mills,
Pennsylvania. Figure reversed.

Fig. 9.—Atimoblatta curvipennis Handlirsch. early Atokan. Barnettian. site 32, Gardner's Drift,
Pennsylvania.

Fig. 10.—Parelthoblatta stella Durden, mid-Atokan. Stellartonian. site 35, Duff Brook Borehole
451.5 ft. Nova Scotia.

Fig. 11.—Brachymylacris belli Durden, mid-Atokan. Stellartonian. site 34.Duff Brook Borehole 452
ft, Nova Scotia.

Fig. 12.—Grvpoblattina phaseolus Pruvost. mid-Atokan. Stellartonian. site 40, McLellan Brook
Borehole 878 ft. Nova Scotia.

Fig. 13.—Linemylacris mclellanensis Durden. mid-Atokan. Stellartonian. site 38, McLellan Brook
Borehole 989 ft. Nova Scotia.
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Plate 3

Fig. 1.—Intermylacris intermedia Durden, mid-Atokan, Stellartonian, site 36, McLellan Brook
Borehole 1,010 ft, Nova Scotia.

Fig. 2.—Malarchimylacris mclellanensis Durden, mid-Atokan, Stellartonian, site 44, McLellan
Brook (A), Nova Scotia. Figure reversed.

Fig. 3.—Amblymylacris orieulxi (Pruvost), mid-Atokan, Stellartonian, site 46, McLellan Brook
Borehole 93-97 ft, Nova Scotia.

Fig. 4 —Acadiemylacris attenuata Durden, mid-Atokan, Stellartonian, site 47, East River Shore,
Nova Scotia. Figure reversed.

Fig. 5.—Intermylacris sp., hindwing, mid-Atokan, Stellartonian, site 50, McLellan Brook (D), Nova
Scotia. Figure reversed.

Fig. 6. —Antemylacris archimylacroides Durden, mid-Atokan, Stellartonian, site 53, Coalburn
Borehole 1,302 ft, Nova Scotia. Figure reversed.

Fig. 7.—Archimylacris coalburnensis Durden, mid-Atokan, Stellartonian, site 51, Coalburn Bore-
hole 1,347 ft, Nova Scotia.

Fig. 8.—Brachymylacris mclellanensis Durden, mid-Atokan, Stellartonian, site 56, McLellan Brook
(F), Nova Scotia.

Fig. 9.—Xenoblatta fraterna (Scudder), mid-Atokan, Stellartonian, site 57, Silver Spring, Rhode
Island.

Fig. 10.—Discoblatta scholfieldi (Scudder), mid-Atokan, Stellartonian, site 59, East Providence,
Rhode Island. Figure reversed.

Fig. 11.—"Etoblattina” latebricola Scudder, mid-Atokan, Stellartonian, site 59, East Providence,
Rhode Island.

Fig. 12.—Microblattina perdita Scudder, mid-Atokan, Stellartonian, site 59, East Providence,
Rhode Island.

Fig. 13.—Parelthoblatta stellartonensis Durden, late Atokan, Thorburnian, site 62, Thorburn Bore-
hole 153 ft, Nova Scotia.
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Plate 4

Fig. 1.—Discoblatta coalburnensis Durden, late Atokan, Thorburnian, site 60, Thorburn Borehole
171 ft, Nova Scotia. Figure reversed.

Fig. 2.—Brachymylacris mountuvillensis Durden, late Atokan, Thorburnian, site 66, McLellan Brook
(G), Nova Scotia.

Fig. 3.—Aphelomylacris thorburnensis Durden, late Atokan, Thorburnian, site 67, Vale Colliery,
Nova Scotia. Figure reversed.

Fig. 4—Acadelytron umbrale Durden, late Atokan, Thorburnian, site 67, Vale Colliery, Nova
Scotia. Figure reversed.

Fig. 5.—Mclellamylacris acadica Durden, late Atokan, Thorburnian, site 68, Potter Brook Borehole
29 ft, Nova Scotia. Figure reversed.

Fig. 6. —Antemylacris thorburnensis Durden, late Atokan, Thorburnian, site 73, Greenwood Bore-
hole 467—470.5 ft, Nova Scotia. Figure reversed.

Fig. 7.—Pinnamylacris elongata Durden, late Atokan, Thorburnian, site 73, Greenwood Borehole
467—470.5 ft, Nova Scotia. :

Fig. 8.—Aphelomylacris modesta Handlirsch, late Atokan, Thorburnian, site 77, Valley Falls Mine,
Rhode Island.

Fig. 9.—Phylomylacris n. sp., early Desmoinesian, Gilkersonian, site 78, Gilkerson Ford, Missouri.
Figure reversed.

Fig. 10.—Hemimylacris clintoniana (Scudder), early Desmoinesian, Gilkersonian, site 79, Clinton,
Missouri.

Fig. 11.—Trilophomylacris americana (Scudder), early Desmoinesian, Gilkersonian, site 79, Clin-
ton, Missouri.

Fig. 12.—Trilophomylacris moriensis (Copeland), early Desmoinesian, Gilkersonian, site 81, South
Port Morien. Nova Scotia. Figure reversed.

Fig. 13.—Oxynoblatta alutacea Handlirsch, early Desmoinesian, Gilkersonian, site 84, Furnace
Hollow, West Virginia.

Fig. 14 —Eurytaenia virginiana Handlirsch, early Desmoinesian, Gilkersonian, site 85, Gibson
Fork, West Virginia.
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DISCUSSION FOLLOWING ATOKAN SYMPOSIUM
March 29, 1982

At the conclusion of the Atokan symposium,
participants and members of the audience were
invited to make statements regarding the papers
presented and the Atokan Series in general. The
following summary has been edited from a tape
recording of that discussion. The editors have
grouped some discussions together that did not
occur chronologically, to improve the focus and
readability. All participants have been given the
opportunity to review and clarify these dis-
cussions prior to publication of this volume.

Parrick K. SutHERLAND, The University of
Oklahoma, Norman, Oklahoma

As an opening comment on the proposal made in
the paper by Rich Lane and Ron West, it would
seem to me that use of lower/middle/upper does
not eliminate any of the problems that involve
Morrowan/Atokan/Desmoinesian and so on. It
is true that we presumably get rid of the
Atokan-Desmoinesian boundary problem, but, if
the stage names are retained, then those stage
names still have to be treated in the time-
stratigraphic sense in which the rules now re-
quire. Thus, the stages merely become smaller
series, and there is still the requirement of bound-
ary stratotypes. Whether we call them stages or
series, they would have to be treated in exactly the
same way.

My own view is that it is best to retain Mor-
rowan/Atokan/Desmoinesian, but to work toward
defining boundary stratotypes. To do this, one
needs well-defined sequences where many differ-
ent fossil groups are represented—the Arctic se-
quence sounds fantastic; if it were only in the
temperate or tropical regions, we would all be
even happier! Although we don’t always have
spectacular exposures here in Oklahoma, we are
beginning to describe the faunal sequences in this
area, as reported in OGS Guidebook 20 for ex-
ample. We are certainly in no way proposing that
the type Atokan is a satisfactory reference se-
quence, but it is our view that the name Atokan is
so ingrained that we really cannot get rid of it. We
should now start working toward location of po-
tential boundary stratotypes.

H. Ricuarp LaNE, Amoco Research, Tulsa,
Oklahoma

I think we sometimes lose sight of the fact that
terms like Morrowan and Atokan are only names,
and when we proliferate those names we com-
monly end up discussing nomenclature rather
than correlation. This situation has resulted in at

least four systems used for the Lower—Middle
Pennsylvanian of North America. We have a se-
quence of series names for the Appalachian area,
one for the Midcontinent, one for Texas, and the
Derryan Series for New Mexico. When we try to
interrelate each of these series, we sometimes
forget about the rocks. The essence of the sugges-
tion in my paper with Ron West is that we should
cut through all of this nomenclature and replace it
with something really simple that can be used
everywhere: Lower, Middle, and Upper. I hope the
point came through in our table illustration that
the original definitions of Morrowan, Derryan,
Atokan, and Desmoinesian were paleontological
ones, which, in our opinion, makes them stages,
not series. They are basically biostratigraphic,
and not time-stratigraphic, units. There’s a fine
difference between biostratigraphy, reporting fos-
sil occurrences in rocks, and time-stratigraphy,
trying to divide time within sequences of rocks. I
think we have to think through our concepts and
make some real decisions as to how we want to
deal with Carboniferous serial nomenclature.

Unfortunately, the term Atoka, or Atokan, has
been used as a formation, a stage, and a series. 1
agree that boundary stratotypes are what are
needed; that’s the best known way to divide
geologic time. The old idea of using unconformi-
ties as natural breaks with which we classify
geologic time is wrong because somewhere we
have to fill in those unconformities. In that
approach, controversy usually arises as to where
the boundary is placed.

SUTHERLAND

It is for that reason that I would say that once
boundary stratotypes are established we are no
longer tied to the vagaries of nomenclature. That
is, once a boundary stratotype has been es-
tablished between the Morrowan and the Atokan,
then it doesn’t matter whether you call it Morrow-
an or Lower Pennsylvanian, because we would
then have a specific bedding plane that could be
used as the boundary between Lower and Middle
Pennsylvanian, or between the Morrowan and the
Atokan.

LANE

Perhaps, but [ have difficulty envisioning work-
ers in the Appalachian Basin using Morrow-
an/Atokan/Desmoinesian as series. I think there
would be a lot of disagreement as to which set of
serial nomenclature would be appropriate, and we
would never reach consensus. For that reason, I
propose abandonment of the geographic nomen-
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clature, and simply use Lower, Middle, and Upper
as Pennsylvanian serial nomenclature. No one
can argue with that, because no one has any sub-
jective ties to the neutral terms Lower, Middle,
and Upper.

MackEeNzIE GorDON, JR., U.S. Geological Sur-
vey, Washington, D.C.

The official classification for all systems by the
U.S. Geological Survey divides them into series
designated either lower and upper or lower, mid-
dle, and upper, with the Mississippian and Penn-
sylvanian as no exceptions. The U.S. Geological
Survey breaks the Mississippian into lower and
upper, and I can see some problems with those who
feel that the Valmeyeran should be recognized
and who would prefer a threefold subdivision.
Nevertheless, that is the official U.S. Geological
Survey policy at present. The Pennsylvanian is
divided into lower, middle, and upper series. The
type Pennsylvanian area is regarded as being the
Appalachian region, but the beds exposed in Penn-
sylvania are inadequate for reference, particular-
ly in the lower part, so the West Virginia area has,
at least for the lower part, become the more impor-
tant sequence. The top of the Lower Pennsylva-
nian is placed at the top of the New River Sand-
stone, below the base of the Kanawha Formation,
while the boundary between the Middle and Up-
per Pennsylvanian falls between the top of the
Charleston Sandstone and the base of the Cone-
maugh Group. It was originally thought that the
Lower Pennsylvanian could be equated more or
less with the Morrowan, but we find that upper
Morrowan faunas occur through much of the
Kanawha Formation. Now, the boundary between
the Survey’s Lower Pennsyivanian and Middle
Pennsylvanian is located approximately at the
base of the Dye Shale (“caprock” horizon) in terms
of the type Morrowan, in other words, where we
generally put the base of the upper Morrowan. The
upper series boundary agrees fairly well with the
boundary between the Desmoinesian and the Mis-
sourian. When employees of the U.S. Geological
Survey use terms like Morrowan, or other com-
monly used series, we are required to call them
provincial series, and in the West, because they
haven’t been established there, you must say
“Atokan Series equivalent” or perhaps “Atokan
Provincial Series equivalent.” The main formal
USGS series classification is Lower, Middle, and
Upper for the Pennsylvanian System, and Lower
and Upper for the Mississippian System.

SUTHERLAND

I might just comment that if the Survey’s classi-
fications were to be accepted as an official deci-
sion, then our boundary stratotypes would already
have been selected, and we would be locked into

those boundaries. It is my view that that should
not be the case.

JoHN Groves, Oklahoma State University,
Stillwater, Oklahoma

My own feeling on this question of nomencla-
ture is that it's a trivial question and that,
whether we call it Lower, Middle, or Upper, or
Morrowan, Atokan, Desmoinesian, and so on, it
has no significance. I think we can already sense
that we run the risk of developing allegiances to a
certain system of classification. The main thrust
of our research should be toward defining strato-
types, and not developing these ties with nomen-
clature. Names simply don’t make any difference
whatsoever, in my view. Of course, there will come
a time when some name must be put on these
chronostratigraphic units, but I don’t think any-
body should be concerned now with those names;
they could be X, Y, Z.

RoOBERT SHAVER, Indiana Geological Survey,
Bloomington, Indiana

I might say that I find it very strange being
bedfellows with both Rich Lane and Pat Suther-
land, but there is some similarity between our
proposals, in that all of us think that some concept
of the Atokan Series must be retained. But there
the similarity stops. I'm going to be a little bit
critical of Rich’s final proposal, because I think
that when we deal with time-stratigraphy, or, if
you want to go a bit further, time-rock classifica-
tion, we have to have a material basis for it.
Whether or not you wish to define a series or stage
as being based strictly on faunal zones, they mean
nothing unless you can place them in some order of
superposition. We always are going to have to
maintain a material basis for doing time-
stratigraphy or time-rock stratigraphy, or both of
those things together. If rules allow definition of
stages or series based strictly on biostratigraphic
zones, they must be put in the framework of, or
have, a material basis, to avoid problems of facies
control. I grant you that we correlate our series
and stage concepts by using fossils, and in a sense
the best biostratigraphic zones become syn-
onymous with stages and series. Yet, I think we've
seen from this Atokan conference that, if we trans-
fer the authority for time-rock stratigraphy to
biostratigraphic zones, we become so ingrained
with definitions that, even when we learn new
information, we don’t always recoordinate those
fossil zones with type sections of rock to assure
their place in superposition. The problem with the
lower Atokan boundary is one of having a suitable
type section, but also a problem of agreeing on
correlation; whereas the upper Atokan boundary
is simply a matter of arbitrary agreement on how
we're going to redefine type sections of rocks so
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that they collectively make up a single, un-
ambiguous standard.

FRrREDERICK MaRsHALL, Principia College,
Elsah, Illinois

Science is concerned with communicating clear-
ly the distinction between descriptive and in-
terpretive concepts. In the earth sciences, we have
our “igraphies” and “ographies” and “ologies”
which are essentially intended to do that sort of
thing. In stratigraphy, we have an important dis-
tinction between our basic descriptive unit, the
rock-stratigraphic unit, and an interpretive unit,
the time-stratigraphic unit. A problem occurs
when terminology arises that tends to scramble
those two concepts. This problem is clearly seen in
the Pacific Coast Tertiary, where the formational
approach to time-stratigraphy resulted in such
stage names as Vacqueros and Monterey for what
were basically formations. The facies chaos exist-
ing in that interval has resulted in some very
strange correlations. We have seen today, I think,
asimilar problem involving use of the word Atoka,
even if distinguished by the suffix “n” for a time-
stratigraphic unit. Is the Atokan Series supposed
to represent the boundaries of the type Atoka
Formation? We've found out that some of the
Wapanucka apparently belongs in the Atokan
Stage, and who knows what happens above! It may
be true, as Bob Shaver says, that we’re stuck with
“Atoka,” but its use seems to create the scram-
bling of concepts which I would prefer to see not
happen. The Atokan problem isn’t unique, since
practically all series names for Paleozoic systems
in North America started out as rock-strati-
graphic units. I don’t think that’s a proper
approach, and it seems especially strange since
the problems with that practice were pointed out
in 1941 by Schenk and Mueller. The American
code specifically discourages it, so that’s my pri-
mary objection to the use of the word Atoka in a
time-stratigraphic sense.

The second point relates to Rich Lane’s discus-
sion about zone and stage versus series. It is true
that most zones, and some of the stages based on
those zones, are essentially biostratigraphic units.
Yet, careful study of Oppel’s own works will show
that his zone concept was intended to be time
stratigraphic, as were the stages that comprised
those zones. In essence, they do not differ in con-
cept from series, only in duration of the interval
involved. As far as names go, they are just names.
I don’t think we are necessarily going to get rid of
problems by substituting one set of names for an-
other, but using Lower, Middle, and Upper may be
a better solution than present provincial nomen-
clature.

And the third comment I have has to do with
Bob Shaver’s talk. One of the things about being a
devil’s advocate is that it causes us all to think,

whether we agree with him or not. It causes us all
to scrutinize the care of our taxonomic and
biostratigraphic work, and the clarity of our con-
cepts of zones, stages, and series. It's important
that these thorns stay with us so that they remind
us of the careful work that needs to be done to
resolve these problems.

T. W. HEnry, U.S. Geological Survey, Wash-
ington, D.C.

My work for the last 6 or 7 years in the eastern
part of the central Appalachian Basin with Mac-
kenzie Gordon has involved integration of the few
marine beds, occurring in that dominantly paralic
sequence, with the compression/impression floral
zones recognized by Hermann Pfefferkorn and Bill
Gillespie. One of the things that has impressed me
most is the degree of biostratigraphic resolution
available from these compression floras. [ am also
concerned from looking through the IUGS
minutes, and also from listening to discussions
here today, that people active in upper Carbonifer-
ous research seem to be emphasizing marine in-
vertebrate zones almost to the total exclusion of
what is going on in the plant world. If we consider
the volume of rock, once sediments, representing
the Pennsylvanian around the world, it is over-
whelmingly terrestrial to at least paralic, and I'm
a little distressed at the ignorance of what's going
on with the plant zonation.

WaLTER NassicHUK, Geological Survey of
Canada, Calgary, Alberta

I'd like to comment on Woody Henry’s remarks
relative to marine versus nonmarine facies. I cer-
tainly agree with him, and I too am impressed
with what Pfefferkorn is doing. I'm also encour-
aged by the success that Roger Neves and others at
Sheffield have had in correlating nonmarine fa-
cies in the Westphalian in Europe, and certainly
Bob Wagner, in Sheffield, and Mann, in Moscow,
are really advanced in the whole field of megaflor-
al correlations. New advances by the Sheffield
group in recovering palynomorphs from anhydrite
sequences have obvious implications, because it
represents a direct way of relating continental
palynomorphs to a marine sequence.

I'd like to support the point made by Bob Shaver
that definitions must be related to a rock se-
quence; otherwise, we’re dealing in Schindewol-
flan concepts of a floating-stage nomenclature to
which presumably the world can relate. My own
experience with the Permian has reenforced this
view. The question of what constitutes the Per-
mian has been debated without decision by the
Russians for 30 years. Although the type Permian
isin the Ural Mountains, they have tended to base
the system on three successive fusulinacean zones
that have been selected and refined over a number
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of generations without regard to type relations.
Sooner or later, boundaries will have to be defined
in rock sequences. Similarly, with respect to the
Carboniferous, the Chinese have just come into
the world of science, so to speak, and they consider
what we consider the entire lower Permian to be
part of the Carboniferous. They still utilize the
unconformity principle in defining series and
stages, so there’s a real matter of global com-
munication that has to be addressed. I would sub-
mit that the problem underlies even use of such
terminology as Mamet Zone 20 and Zone 21 in this
symposium. I'm not sure what’s meant by Zone 21,
and I would like to know where there is a particu-
lar stratigraphic section that we can all visit and
see Zone 21, to debate it or whatever. Without a
type section, chronostratigraphic units are float-
ing, rather meaninglessly, as etherial kinds of
concepts that are rather difficult to communicate
to the world.

Magk Rich, University of Georgia, Athens,
Georgia

1 have a practical problem with what Walter
Nassichuk has said involving a time-stratigraphic
unit, or boundary stratotype. If everybody is look-
ing for continuous deposition that preserves
changes in overlapping ranges of various faunal
and floral groups, I can’t understand how one can
tie those changes to some kind of lithologic bound-
ary at a stratotype section. In a continuous se-
quence, formation boundaries are difficult to rec-
ognize, so series names or other time-strati-
graphic units reflect some kind of biostratigraphic
change that is not tied to formation names, be-
cause there may be no obvious formation boundar-
ies available.

NASSICHUK

I agree with you, Mark, that it’s folly to try to
base any sort of a world standard on a lithologic
sequence. I think we should follow the example of
the Silurian-Devonian boundary, where a com-
mittee debated placement of the “golden spike” for
12 years. It was ultimately driven at Klonk,
Czechoslovakia. So, why was that particular site
selected? Klonk was a place where trilobites, con-
odonts, and graptolites made a particular change
at the same horizon. The definition really is a
question of fossils in rock, but it is at Klonk that
you can go to see what a particular group of fossils
are doing. It’s really an objective reference to
what’s happening in organic evolution.

LANE

I'd just like to continue Walt’s comments here. If
there’s any system that’s a hotbed of stage and
serial nomenclature internationally, it’s the De-
vonian. After selection of the Silurian-Devonian

boundary, the Subcommission on Devonian
Stratigraphy (SDS) was established, and their de-
cision was to forget stage and serial nomenclature
for now, define a Lower, Middle, and Upper De-
vonian Series, and then, when that was com-
pleted, turn to the question of stage nomenclature,
or geographically derived names, for their sub-
divisions.

SHAVER

Rich, I agree with you to the extent that it really
doesn’t make that much difference, except for tra-
ditional reasons, whether you use a spatial
arrangement of lower, middle, and upper, or geo-
graphic designations. Do you recognize that sever-
al systems already exist for lower, middle, and
upper series? The USGS is most behind that and
supports the one in this country, but there isalso a
system in Europe, which isn’t exactly the same as
that being used in America, and when you see the
COSUNA charts you'll note that all American
lower, middle, and upper subdivisions have been
done away with in favor of the European arrange-
ments.

A second point I would like to make concerns the
USGS system, as I understand Mac’s explanation.
Even though he would appear to support a lower,
middle, and upper concept, those divisions are cur-
rently based on a rock record as material units. 1
think that if we suddenly defined series or stages
in terms of lower, middle, and upper, we would not
only have the problem of an American and Eu-
ropean system, we’d have a third system as well.
Utter chaos would result before the literature ever
got straightened out, and in the meantime none of
us would know what the other person was talking
about, because most people won’t say which sys-
tem they’re using.

I also wanted to say that biostratigraphers are
only a very small portion of the stratigraphers
who have to use this terminology. If we start a
system in which everything above the rank of
formation or group is going to be defined on more-
or-less abstract biostratigraphic zones, we're go-
ing to take away part of the coordination that we
have now between biostratigraphers and sub-
surface stratigraphers. They try to express their
interpretations in terms of time-rock units. If we
tell those people that they’re going to have to re-
train as biostratigraphers or they can’t use our
system, then I think we have problems that are
greater than those we have now in coordinating
the work of all kinds of stratigraphers.

LANE

Perhaps I'm a little too optimistic, but I would
hope that, instead of defining central North Amer-
ican provincial terms, we could move toward de-
fining subdivisions of an upper Carboniferous sub-
system that would be used on a global basis. None
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of the present subdivisions of the upper
Carboniferous subsystem are well defined, and
that’s why terms like “Atokan” and “Morrowan”
should be avoided. In addition, those terms are not
going to be used in central Siberia, just as “Bash-
kirian” and “Moscovian” aren’t used here. All we
have accomplished in precisely defining the Ato-
kan is clarification of a provincial term. I would
rather see us work toward defining a system of
subdivisions for worldwide correlation. Perhaps
this is the wrong forum to bring up the subject of
worldwide subdivisions of the Carboniferous. Per-
haps it should be at a meeting of an international
body of specialists.

SUTHERLAND

Our main thrust should be describing faunal
sequences. This sort of thing is needed in conjunc-
tion with the Morrowan—Atokan boundary and
the Atokan-Desmoinesian boundary. I believe
that boundary stratotypes should be approached
cautiously. I think it is fine to set up a study group
(as they did with the Silurian-Devonian bound-
ary), but boundary stratotypes cannot be properly
established until one has a selection of well-
defined faunal sequences upon which to base a
selection. As a first step, sequences across the
country must be located that have diverse faunas
in many different zones. It appears that Arrow
Canyon is one such place, except that very little
information on the varied fossil groups occurring
there has been published.

Raymonnd DoucLass, U.S. Geological Survey,
Washington, D.C.

I agree with your statement, Pat, but one of the
problems of the past is that there has been no
direct tie between a set of collections made for
fusulinids, for example, and a set of collections
made for conodonts. Now, in the north Arrow Can-
yon section there is the opportunity for study from
beds that can be tied exactly in with past col-
lections. Thanks to Ralph Langenheim and his
students, the myriad numbers used in Arrow Can-
yon have been compiled, so that it can be es-
tablished now that Douglass’ 36 is the same as
Amoco’s 127, Webster’s 39, Welch’s 125, and so on.
If we could do this in several sections around the
country, either by collecting together or working
with keyed sections, such as those painted for the
Atokan field trip that preceded this symposium,
then integration of information will show how dif-
ferent elements of the fauna are related biostrati-
graphically.

Gary WeBster, Washington State Universi-
ty, Pullman, Washington

Concerning the sequences in Arrow Canyon, the
fusulinids have been published (see Webster and

Langenheim, this volume, for references). The
brachiopods are currently under study by a stu-
dent directed by Ralph Langenheim, University of
Illinois. I am redoing my conodont work and try-
ing to extend it higher into the Pennsylvanian.
Ralph and one of his students have also published
some of the corals (see Webster and Langenheim,
this volume, for references). The substantial bryo-
zoan assemblage is the only major unstudied fau-
nal group. We should continue to see publications
on this important sequence appearing over the
next decade.

GROVES

I would like to ask Bob Shaver what positive
evidence he has for a Morrowan age for the lower
portion of the range of Profusulinella?

SHAVER

I'm not sure that we have any positive evidence.
But if I were to try now to place the Lead Creek
Limestone that contains Profusulinella in the Illi-
nois Basin in the southern Midcontinent succes-
sion, I would put it in the gap between the Kessler
and the Trace Creek, or in the Trace Creek itself.
The reason we don’t find Profusulinella there,
even though we have some marine cephalopods in
the Trace Creek, is for ecological reasons. When 1
came to this symposium, I really didn’t have a
good idea of how the Illinois Basin Profusulinella
and the related ostracods would fit, but now that
would be my proposal. We still have this problem
of whether the Trace Creek belongs in the type
Morrowan or not; I said, let’s leave it there in order
to avoid the criticism that attends the placement
of a series boundary in that unconformable posi-
tion between the Kessler and the Trace Creek.

WaLTER MANGER, University of Arkansas,
Fayetteville, Arkansas

Iwould like to make a few concluding comments
on some of the things we've discussed this after-
noon. I think that the symposium has been a suc-
cess, based on the quality of the contributions and
this discussion. We're focusing attention on the
Atokan Series and its boundaries, and that’s what
was intended. The point I would like to consider is
that these are chronostratigraphic units. Any
time a correlation chart is shown, I think the
assumption, whether conscious or unconscious, is
that isochronous surfaces are being traced from
column to column. Biostratigraphic evidence is
being used to do that, and, the fact is, we don’t
have enough information to be successful. So I
would echo the point made previously that we
need to get as many different groups examined in
as many sections as possible, to increase the data
base markedly. Second, we are dealing with a sys-
tem of nomenclature that has been developed
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more or less over the last century. None of us
played a part in that development, yet we are
obliged to use the system as it exists. I think we
have to maintain some continuity with that old
literature. The argument for an international
scheme is not going to be totally practical. Any
sort of international zonation is going to be, by
nature, less precise and less detailed than that
developed for a local province, such as the south-
ern Midcontinent. Personally, I see nothing wrong
with developing provincial series names, because
I think that they are important to the understand-
ing of the geology of a local area. We may have a
more-or-less intercontinental outlook, but we
need to have working units as a means of com-
municating the information that we’re obtaining
from our local sections.

I see the development of the chronostratigraph-
ic system proceeding from the establishment of
boundary stratotypes. Agreement on boundary
stratotypes would then define bodies of rock that
are recognized in sections in which an internal
biostratigraphy could be developed. A sequence of
biostratigraphic zones could be extended on a
more regional basis. The present situation is chao-
tic. The series boundaries are defined now by dif-
ferent groups, as Ray Douglass and some of the
others have pointed out, because we tend to work
in a vacuum—one person studying one group and
ignoring the others. Instead, with boundary stra-
totypes in agreement, at least on a working-
hypothesis basis, we could recognize these in-
tervals in our local sections and develop the
biostratigraphy from there.

SUTHERLAND

I thank all of you for your participation in this
symposium. I agree with Walt that it’s been a
success, and. both of us hope that it will initiate
diligent work on various Atokan sequences. I will
conclude with the comment that Arrow Canyon
seems to be emerging as the principal reference for
western North America, Upper Mississippian—
Lower and Middle Pennsylvanian relations. Yet,
until a number of additional sequences in the
West are described, there is no basis to conclude
that Arrow Canyon really is the best section. Is
there perhaps something better in Idaho or west-
ern Utah, or in the Arctic? We cannot evaluate
these possible candidates for boundary strato-
types, not only for the Morrowan-Atokan bound-
ary but also for the Atokan-Desmoinesian bound-
ary and the Mississippian-Pennsylvanian bound-

ary, until their sequences are extremely well
described. We need to keep the question of bound-
ary stratotypes in mind, and it is up to those work-
ing on different sequences to provide the bases for
detailed zonations. Then, boundary-study com-
mittees, organized over the next 5 to 10 years, can
make some real progress toward resolving many
of the problems identified by this symposium.

RonaLp R. West, Kansas State University,
Manhattan, Kansas

Written comment dated April 8, 1982

After listening to the presentations and dis-
cussions at the Atokan symposium, two things
occurred to me that may be appropriate for the
discussion section of the published results.

First, few, if any, of the speakers addressed the
problems of the upper Atokan boundary. Most of
the detailed considerations were given to the Mor-
rowan—Atokan boundary, and yet there are prob-
lems of a similar sort at the Atokan—Des-
moinesian boundary. The type Desmoinesian, as
you well know, is a real problem area, biostrati-
graphically, because of the poor to nonexistent
outcrops in Iowa and the Mississippian erosion
surface on which the Pennsylvanian sequence was
deposited. Some Atokan has been reported there,
based on fusulinids, but if they are Atokan rocks
this is hardly the place for a boundary stratotype.
My recollection of the Oklahoma sequence (Ato-
kan to Desmoinesian) is that, while it may be a
rather continuous section, it is poorly fossilifer-
ous. However, the new sections described in [ Okla-
homa Geological Survey] Guidebook 20 may have
improved this situation a bit.

Second, little if any attention was given to the
ecological controls of the different taxa being used
biostratigraphically. Several persons said that the
absence of certain forms might be due to ecological
controls, but they failed to give any indication as
to what these controls might have been. It almost
seemed as if ecological controls were being used as
an ad hoc explanation for why certain data were
anomalous, because no attempt was made to con-
sider any of the ecological aspects of the fossil
groups as a whole. I think it is very important that
biostratigraphers consider the ecology of their re-
spective groups. Perhaps some of the difficulties
encountered when comparing correlations using
different taxonomic groups would be better un-
derstood, perhaps solved, if the ecology of each
group were considered carefully.



