formation, does not justify the assump-
tion of a direct relationship between en-
vironmental variability and taxonomic
stability. Because such a relationship is
predicted by current explanations of the
relative duration of fossil communities,
there is reason to question the apparent
stability of fossil communities or the
proposed mechanism for their persist-
ence.

CHARLES W. THAYER
Department of Geology,
University of Pennsylvania,

Fossil Spores, Pollen, and Fishes from Connecticut Indicate
Early Jurassic Age for Part of the Newark Group

Abstract. Palynologically productive localities have been found in the United
States throughout the Newark Group basins, most of which had previously been
assumed to be barren. Rich palynoflorules dominated by coniferous pollen of
Circulina-Classopollis type, and well-preserved fossil fishes, including possible new
semionotids, have been found in the Hartford basin. Palynological data indicate
that the Newark Group has considerable time-stratigraphic range: Upper Triassic
for the Cumnock Formation (North Carolina), the Vinita Beds (Virginia), and
the upper New Oxford Formation (Pennsylvania), Rhaeto-Liassic for the Bruns-
wick Formation (New Jersey), Portland Formation (Connecticut and Massachu-
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setts), and the Shuttle Meadow Formation (Connecticut).

The Newark Group of eastern
North America occurs in basins gen-
erally regarded as fault-bounded (1),
outcrops of which extend from North
Carolina to Nova Scotia. Although
there is considerable literature on the
general geology and paleontology of
these basins, little information is avail-
able on the palynology of this group
of rocks. One study (2) indicated a
general absence of palynomorphs in
samples from the Newark Group of
Virginia, New Jersey, Connecticut,
Massachusetts, and Nova Scotia. The
samples were, however, taken mostly
from red sandstones and shales, which
are notoriously unpromising for spore
preservation. The same study reported
presence of palynomorphs in the Cum-
nock Formation of the Newark Group

"~ in North Carolina, and another paly-

nological study has been published on
material from the Pekin Formation (3)
of that state. From the more northern
“Newark” basins, however, no previous
report of palynomorphs has been pub-
lished (4). One of us (5) has located
a number of palynologically productive
localities in the Hartford basin of Con-
necticut and Massachusetts, and in the
Richmond and Culpepper basins of Vir-
ginia. We have also obtained productive
samples from the Newark basin of New
Jersey, the Gettysburg basin of Penn-
sylvania, and the Cumnock Formation
of North Carolina (6).

Palynomorph and fish localities in
Connecticut and Massachusetts. Four
of the seven productive localities found
in the Hartford basin are from the
Shuttle Meadow Formation, and three
others are from the younger Portland
Formation. The most intensively studied
locality is at North Guilford, Connecti-
cut—Ilocality 1. Here the Shuttle Mead-
ow Formation is exposed on the east
slope of Totoket Mountain in the Dur-
ham quadrangle (7). The rock at the
palynologically most productive hori-
zon is a greenish-gray, soft, poorly

bedded, silty shale. However, palyno-
florules were also recovered from limo-
nitic mudstone, black microlaminated
micritic limestone (lake bed), and a
gray underclay at this locality. (See
Fig. 1 for diagram of the section.)
Locality 2 is the well-known Durham
fossil fish site on the west slope of
Totoket Mountain and probably repre-
sents the same black shale and lime-
stone that outcrop at locality 1. Locality
3 is in a gray, silty shale at the north
tip of Totoket Mountain and is strati-
graphically lower than the section at
localities 1 and 2.

Locality 4 'is a section of the Shuttle
Meadow Formation roughly equivalent
stratigraphically to that from locality 1
(Fig. 1) but occurs more toward the
center of the basin. Gray, silty clays
and a compact greenish-gray shale, both
palyniferous, are exposed along High-
land Brook, just below the transition
from red mudstones and shales in the
upper part of the section to gray silt-
stones and mottled gray-brown sand-
stones in the lower part.

Locality 5 is in the lower half of the
Portland Formation, the uppermost
formation of the basin. This locality is
at least 750 m stratigraphically above
localities 1 to 4. It is located in the
Middletown quadrangle near the top
of a ravine, overlooking Chestnut Brook
and Connecticut Route 9. Palynologi-
cally productive samples were taken
from a 20-cm lens of greenish-gray,
silty shale, which is part of a micaceous,
arkosic sandstone sequence with numer-
ous dinosaur footprints. Locality 6 is
also from the Portland Formation, in
the southernmost part of the Middle-
town quadrangle along Laurel Brook.
Black, organic shales with numerous
fossil fishes yielded moderately cor-
roded palynomorphs.

Locality 7 is from Holyoke, Massa-
chusetts, at a recent excavation for
commercial development along high-
way U.S. 5, about 1.6 km south of the
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intersection with U.S. 202. The pro-
ductive horizon is the lowest 0.3 m of
a 10 m thick sequence of gray shales,
alternating with layers of sandstone,
massive marlstone, and tuff-like mate-
rial. This sequence of predominantly
gray lake beds is underlain and overlain
by red beds. Salt crystal casts are nu-
merous within certain layers of the lake
beds. In addition to palynomorphs, the
locality has also produced the most
abundant megafossil remains of coni-
fers in the basin. The beds are located
near the base of the Portland Forma-
tion (8).

Paleopalynology. The palynoflorules
from both the Shuttle Meadow and
Portland formations are dominated
by a Circulina-Classopollis complex.
(These and other important forms are
illustrated in Fig. 3.) Bisaccate grains
are rare in both assemblages. Vascular
cryptogam spores are common, but
make up as much as 10 percent of the
flora only in the lake beds. Cycado-
phyte pollen (9) is present in all as-
semblages. About 50 species represent-

meters - brownish red mud-
T stone and shale
[—— — variegated reddish brown to
6 —

] gray sandstone

\

L buff-white clay

=]=- mudstone

=4 —underclay

o:palyniferous layer

greenish gray poorly bedded shale

brownish red mud-
stone and shale

mottled yellow, gray fine
to medium sandstone with
interbedded gray clay

black sideritic micaceous shale

black microlaminated micritic Is.

ing 26 genera of fossil spores and pol-
len have so far been identified. The
palynoflora is strikingly different from
Upper Triassic palynofloras of the
southwestern United States and North
Carolina, in most of which bisaccate
pollen predominate (10, 11). Prelimi-
nary studies of palynoflorules obtained
from the Vinita Beds of the Richmond
basin in Virginia and from the upper
New Oxford Formation of the Gettys-
burg basin in Pennsylvania indicate that
these floras are similar to palynomorph
assemblages of the Upper Triassic
Dockum Group of northwest Texas
and of the Cumnock Formation, espe-
cially in being dominated by bisaccate
pollen.

At the North Guilford locality of the
Shuttle Meadow Formation (Fig. 1)
there are two types of palynoflorule:
one associated with the fish-bearing
black shale and limestone (the lake
beds), the other found in the overlying
red-bed sequence, although these flo-
rules have much in common. In the red
beds, 95 to 98 percent of the palyno-

Fig. 1 (left). Stratigraphic section, stream cut in the Shuttle
Meadow Formation, east side of Totoket Mountain, North
Guilford, Connecticut (locality 1). The seven small circles rep-
resent productive palynological horizons. Black shale and
limestone in the bottom meter of the section have yielded
many well-preserved fossil fish. (The 0 is at stream level. The
formation continues for about 100 m above and 60 m below
this exposure.) Fig. 2 (right). Anterior portions of fossil
lepidotid-like fishes from North Guilford (locality 1—see Fig. 1
for geological section). (a) The total length of the specimen
is about 23 cm. Baculate-shaped teeth are apparent (arrows).
(b) This specimen represents the most lepidotid-like fish as yet

recovered from the North Guilford locality. Teeth are clavate
as in Lepidotes elvensis Blainville (arrows).
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morphs belong to one species of Circu-
lina and three of Classopollis. Some
spore species are more abundant in the
North Guilford red beds than in the
lake beds, for example, Granulatispor-
ites asper (Nilsson) Playford & Dett-
mann, and Converrucosisporites came-
ronii (de Jersey) Playford & Dettmann.

The lake-bed palynofloral type shows
a high percentage of Circulina-Classo-
pollis occurring as tetrads and triads,
even massulae being common, whereas
in the red beds there are only rare
tetrads and other multiple grains. The
overall percentage of Circulina-Classo-
pollis is about 90 percent. Certain spore
types are found only in the lake beds—
such as very large (60 to 115 um)
Dictyophyllidites spp., and Convoluti-
spora klukiforma (Nilsson) Schulz.
Verrucosisporites sp. 1 (Fig. 3c) and
Dictyophyllidites harrisii Couper are
more common in the lake beds than in
the red beds.

The palynomorph assemblage from
the Portland Formation can readily be
differentiated from that of the Shut-
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tle Meadow Formation, the most strik-
ing difference being that Circulina
meyeriana Klaus, which comprises 85
to 95 percent of the Shuttle Meadow
flora, is much less abundant in the
Portland. Classopollis torosus ((Reis-
singer) Balme, absent in the Shuttle
Meadow, is abundant in the Portland.
Classopollis sp. 1 and sp. 2 (Fig. 3,
k and 1) are more abundant in the
Portland than in the Shuttle Meadow.
The total Circulina-Classopollis percent-
age in the Portland is over 90 percent.
Although bisaccates are relatively rare
in both formations, Pityosporites spp.
are found only in the Shuttle Meadow,
while Vitreisporites pallidus (Reissing-
er) Nilsson (12) and Alisporites thom-
asii (Couper) Nilsson are confined to
the Portland Formation. Araucariacites
australis Cookson is common in the
Portland, rare in the Shuttle Meadow.
Classopollis simplex (Danzé-Corsin &
Laveine) Reisser & Williams is present
in both formations. Exesipollenites lae-
vigatus Pocock, another coniferous pol-
len type, is present but relatively rare
in both formations.

That the great abundance of Circu-
lina-Classopollis pollen in all of these
florules represents real dominance of
the vegetation by conifers appears to
be demonstrated by the presence of
hundreds of leafy twigs of several types
referable to Brachyphyllum and Cheiro-
lepidium (“Cheirolepis”) in shales from
the Holyoke locality (locality 7), which
contain 99 percent Circulina-Classo-
pollis pollen. The Holyoke shales also
contain abundant carbonized wood,
bark, and seeds, probably from the
same sort of plants. Three types of
coniferous ovuliferous cone scales are
also present; the most abundant type
(Fig. 3s) is probably referable to Chei-
rolepidium sp. and is a seed-scale com-
plex consisting of five sterile scales
fused together. These scales resemble
those of Cryptomeria japonica (L.f£.)
D. Don, an extant taxodiad. It has
been shown that Cheirolepidium repre-
sents a source plant for pollen of the
Circulina-Classopollis (13, 14) type.
Rare specimens of Egquisetites and Po-
dozamites are also found at Holyoke,
and the megafossil flora as a whole
resembles the Welsh fissure flora (13).

The natural color (golden to brown)
of the palynomorphs obtained from all
florules by hydrofluoric acid macera-
tion shows that metamorphic alteration
of the rocks has been rather moderate,
despite contrary claims (15). The re-
flectivity of vitrinite from locality 1
measured in oil is 0.553, indicating
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high-volatile C bituminous coal (16).
Spore color and reflectance both show
that the rocks containing the spores
have not been subjected to temperatures
as high as 200°C, although more car-
bonized spores occur in rocks from
locality 7 at Holyoke.
Paleoichthyology. During the sum-
mer of 1970 the fish-bearing, presum-
ably lacustrine black shale and lime-
stone at locality 1 were rediscovered
(17). Over 450 fishes were found in a
pilot area of about 2 m?2, excavated to
a depth of about 1 m. The upper por-
tion of lake-bed sequence is com-
posed of highly organic, micaceous
shale with occasional clay lenses. Chem-
ical and petrographic studies show
that the lower lake-bed sediments con-
sist of a varved organic micrite with a
carbonate content of about 70 percent.
Pyrite is conspicuous on numerous

Fig. 3. Fossil spores,
pollen, and cone
scale from Hartford
basin. Specimens c,
e, i, m, and o are
from the Shuttle
Meadow Formation,
locality 1; s is from
the Portland Forma-
tion, locality 7. All
others are from the
Portland Formation,
locality S. (a) Gran-
ulatisporites  asper
(Nilsson) Playford &
Dettmann, 36 xm. (b)
Dictyophyllidites ha-
rrisii  Couper, 41
wpm. (c) Verrucosispo-
rites sp. 1, 70 pm.
(d) Gleicheniidites cf.
G. nilssonii Pocock,
36 um. (e¢) Convolu-
tispora  klukiforma
(Nilsson) Schulz, 54
um. (f) Vitreisporites
pallidus (Reissinger)
Nilsson, 22 um in
length. (g) Alispori-
tes thomasii (Couper)
Nilsson, 57 um in
length. (h) Perinopol-
lenites elatoides Cou-
per, 32 um. (i) Ex-
esipollenites laeviga-
tus Pocock, 26 um.
(j) Araucariacites au-
stralis Cookson, 42
wum. (k) Classopollis
sp. 1. Tetrad, each
grain about 22 um

q

bedding planes and sometimes replaces
bones and scales of the fossil fishes.
The structure and lithology suggest that
the sediments were formed in a mero-
mictic lake under the influence of a
seasonal climate (I8). Some of the
fish taxa appear to be restricted to cer-
tain types of lithology in the sequence.

The fishes identified include species
described (19) from locality 2: Red-
fieldius redfieldi Egerton, R. gracilis
J. H. Redfield, Ptycholepis marshi
Newberry, and Diplurus longicaudatus
Newberry. A Ptycholepis with reduced
skull ornamentation was also discov-
ered; the taxonomic significance of this
condition is being investigated. In addi-
tion, a number of distinct types of
Semionotidae are present: certain speci-
mens compare favorably with published
descriptions of Semionotus (20), while
other individuals (Fig. 2, a and b) bear

r 5

by 27 um. (1) Classopollis sp. 2, 31 um. (m) Classopollis simplex (Danzé-Corsin &
Laveine) Reisser & Williams, 25 um. (n) Classopollis torosus (Reissinger) Balme, with
equatorial bands, 27 um; Classopollis sp. 1, lateral-proximal view. (0) Circulina meyeri-
ana Klaus, 23 um. (p) Monosulcites carpentieri Delcourt & Sprumont, 49 um in length.
(q) Monosulcites subgranulosus Couper, 46 um in length. (r) Entylissa reticulata Nilsson,
56 um in length. (s) Ovuliferous cone scale referable to the genus Cheirolepidium
(synonym: Cheirolepis), 9 mm by 12 mm. Specimen consists of five sterile scales—two
larger basal and three smaller apical scales—fused together.
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close resemblance to Lepidotes (par-
ticularly L. elvensis Blainville from the
European upper Liassic) (21). Because
of the uncertain state of Semionotus
systematics (22), it seems advisable to
avoid any specific determinations for
these semionotids at this time. Further-
more, before any generic separation is
attempted, it is necessary that a rigor-
ous study of European semionotid and
lepidotid material be made in order to
establish unique derived characters for

both these genera (23). At the present

time, though, we emphasize that some
holosteans at locality 1 show close re-
semblances to Semionotus, while others
compare more closely with Lepidotes.

Discussion. The time-stratigraphic
range of the Newark Group appears to
be greater than previously believed.
Megafossil paleobotanical work has
been interpreted to indicate that the
flora of the Richmond basin coal beds
is Keuper in age (24). Palynoflorules of
the Cumnock Formation (Deep River
basin, North Carolina), from the Vinita
Beds (Richmond basin, Virginia), and
from the upper New Oxford Formation
(Gettysburg basin, Pennsylvania) on
the basis of preliminary investigations
seem to support an upper Carnian-
Norian age.

Isotopic studies have suggested that
the Triassic-Jurassic boundary is at
about 200 million years (25). Isotopic
dates for the lava-flow units and a sub-
flow hornfels in the Hartford and Deer-
field basins of Connecticut and Massa-
chusetts range from 161 to 201 million
years, with a cluster of dates between
191 and 201 million years (I5). These
dates consistently group toward the
younger side of the proposed range
for the Triassic-Jurassic boundary. On
the basis of paleomagnetic studies, the
Hampden lava-flow unit, which under-
lies the Portland Formation, has been
correlated with the North Mountain
lava-flow unit of the Fundy basin in
Nova Scotia (26). It has been claimed
(27) that “the paleomagnetic pole for
the North Mountain lava-flow unit may
indicate that the Nova Scotia Triassic is
slightly younger than the late Triassic
of the eastern United States.”

The palynofloras of the Shuttle Mead-
ow and Portland formations show
similarities to those described from the
Rhaetic-Liassic of England and Ger-
many (28). The palynoflora of the
Shuttle Meadow Formation has ele-
ments in common with the English
Rhaeto-Liassic palynoflora, but the ab-
sence of such characteristic Rhaetic
palynomorphs as Rhaetipollis germani-
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cus Schulz, Ricciisporites tuberculatus
Lundblad, Zebrasporites sp., Cornuti-
sporites sp., Triancoraesporites sp.,
Ovalipollis sp., and Aratrisporites sp.
raises some doubt as to Rhaetic age.
The presence of Convolutispora kluki-
forma (Nilsson) Schulz, which makes
its first appearance in the basal Liassic
of Germany and Sweden, and the pres-
ence of a Dictyophyllidites sp. identical
to spores produced by the fern, Dictyo-
phyllum muensteri (Goeppert) Nathorst
(29), suggest that the Shuttle Meadow
Formation is probably not older than
basal Liassic. However, the presence of
lepidotid-like fish, and the fern, Cla-
thropteris meniscoides Brongniart (lo-
cality 2), would favor either an upper
Rhaetic or basal Liassic age. The great
abundance of Circulina-Classopollis and
the presence of Classopollis simplex
(Danzé-Corsin & Laveine) Reisser &
Williams are also characteristic of the
‘upper Rhaetic and Liassic (30). It is
significant that Rhaeto-Liassic palyno-
florules have also been recovered from
the youngest sediments of the Culpepper
basin (Virginia) and from the Bruns-
wick Formation of the Newark basin
(New Jersey).

If the Shuttle Meadow Formation
is basal Liassic or possibly upper
Rhaetic in age, the Portland Formation
would presumably be lower Liassic,
since the Portland localities are strati-
graphically separated from the Shuttle
Meadow localities- by about 750 m of
sediment and basalt flows. The Portland
Formation palynoflorules compare fa-
vorably with a lower Liassic (Sinemu-
rian) flora of England (31). Those
palynomorphs in common are Vitre-
isporites pallidus (Reissinger) Nilsson,
Alisporites thomasii (Couper) Nilsson,
Dictyophyllidites harrisii Couper, Arau-
cariacites australis Cookson, Cycadop-
ites minimus (Cookson) Pocock, Mono-
sulcites subgranulosus Couper, Perino-
pollenites elatoides Couper, and Classo-
pollis torosus (Reissinger) Balme. Other
palynomorphs from the Portland For-
mation, such as Exesipollenites laevi-
gatus Pocock, Spheripollenites sub-
granulatus Couper, cf. Chasmatosporites
major Nilsson, Entylissa reticulata Nils-
son, and Gleicheniidites cf. G. nilssonii
Pocock, are characteristic of the Lower
Jurassic, not the Triassic. It is there-
fore more than likely that the Portland
Formation is lower Liassic in age, per-
haps not older than Sinemurian. The
apparent equivalence in age of the Port-
land Formation and the Navajo Sand-
stone of western United States, based
on reptilean remains (32), further sug-

gests a lower Liassic age for the Port-
land Formation. The fishes from the
Hartford basin (locality 1) do not con-
firm or deny a Triassic age, and the
presence of Lepidotes would not neces-
sarily indicate lower Liassic. However,
occurrences of Lepidotes in the Triassic
are relatively rare compared with its
abundance in Jurassic and Cretaceous
rocks. This may corroborate the palyno-
logical evidence for a post-Triassic age
for the younger sediments of the
Newark Group. Our findings agree with
a recent statement that only the older
sediments of the Newark Group can
be correlated with the Chinle Forma-
tion of western and southwestern
United States (33).
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Methylated Forms of Arsenic in the Environment

Abstract. Environmental samples were analyzed for arsenate and arsenite ions
and the methylarsenic acids in nanogram amounts. Dimethylarsinic acid and
methylarsonic acid were found in natural waters, bird eggshells, seashells, and

human urine.

Challenger (I) has reviewed his
work and that of others on the biologi-
cal methylation of arsenic up to 1944.
He found that certain fungi are re-
sponsible for methylation but obtained
negative results for bacteria (2). In-
direct evidence for the methylation of
arsenic in the environment by methano-
genic bacteria has been provided in
the work on laboratory cultures by
McBride and Wolfe (3). Inorganic
arsenic forms are reduced and methyl-
ated eventually to dimethylarsine by
methanogenic bacteria. Dimethylarsinic
acid and methylarsonic acid were inter-
mediates. Nevertheless, the existence of
these arsenic compounds in the en-

vironment has not heretofore been
established.

A lack of suitable analytical chemi-
cal procedures has hampered environ-
mental studies of arensic, especially the
detection and determination of the in-
organic arsenic ions and the methyl-
arsenic acids at ambient environmental
(parts per billion) concentrations. Al-
though some work has been reported
on the determination of arsenite and
arsenate ions in seawater (4), we could
find no reported work on determina-
tion of the methylarsenic acids at very
low concentrations,

Most methods now used for the de-
termination of arsenic in low concen-

trations are total elemental analysis
procedures. Many depend on the re-
duction of inorganic arsenic ions to
arsine and subsequent colorimetric
analysis. The silver diethyldithiocarba-
mate (5) is an example. The lower
limit of detection for this method is
0.2 ug or 2 ppb if 100-ml samples are
analyzed. Neutron activation methods
for arsenic have a limit of detection
near 1 ng (6), but are comparatively
time-consuming because of the sepa-
ration steps, irradiation, and decay
times involved. Atomic absorption
methods for arsenic have limits of de-
tection in the range of 0.5 to 1 part in
10¢ in the vaporized samples (7). Ando
et al. (8) obtained a sensitivity of 6
ppb (1 percent deflection) with a
91-cm (path length) tube. Chu et
al. (9) obtained a detection limit of
near 0.01 ug in a flameless atomic ab-
sorption technique.

Starting with work reported by Bra-
man, Justen, and Foreback (10) on the
determination of arsenic as arsine in
an electrical discharge, we have de-
veloped procedures that permit the de-
termination of arsenite ion, arsenate
ion, methylarsonic acid, and dimethyl-
arsinic acid in aqueous solutions with
high specificity and at lower limits of
detection near 1 ng. These procedures
depend on pH selective reduction re-
actions of the various arsenic forms
with sodium borohydride and a sepa-
ration of the volatile arsines produced
by selective volatilization from a cold
trap. We found that As(III) ion is the
only arsenic form reduced to arsine by
sodium borohydride at pH 4 to 9. As-
(V) ions must first be reduced to As-
(III) ions by sodium cyanoborohy-
dride at pH 1 to 2 before they can be
further reduced to arsine by sodium

Table 1. Analysis of environmental samples. The results are given in parts per billion (ppb) as arsenic; the precnslon is = 10 percent rela-

tive or = 0.01 ppb.

Methylarsonic Dimethylarsenic
Sample AsdIh) As(V) acid acid Total
ppb % ppb % % qdd % qdd (ep2)
Freshwater samples
Hillsborough River <0.02 <10 0.25 100 <0.02 <10 <0.02 <10 0.25
Withlacoochee River <0.02 <5 0.16 38 0.06 14 0.30 48 0.42
Well water near
Withlacoochee River <0.02 <3 0.27 39.7 0.11 16 0.20 44 0.68
Remote Pond, Withla-
coochee Forest <0.02 < 2 0.32 30 0.12 11 0.62 58.5 1.06
University Research .
Pond, USF 0.79 40.5 0.96 49 0.05 2.6 0.15 1.1 1.95
Lake Echols, Tampa 2.74 76.5 0.41 114 0.11 31 0.32 8.9 3.58
Lake Magdalene, Tampa 0.89 51 0.49 28 0.22 12.6 0.15 8.6 1.75
Saline waters
Bgy, Causeway 0.12 6.8 1.45 81.9 <0.02 <1 0.20 11.3 1.77
Tidal flat 0.62 27 1.29 56.6 0.08 3.5 0.29 12.7 2.28
McKay Bay 0.06 4 0.35 23.6 0.07 4.7 1.00 68 1.48
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