the method can reveal overgrowth and
cementation phenomena in carbonates
not visible in white or polarized light.
Generations of fractures can be dis-
tinguished by their luminescence, and
diffuse structures in marbles can be
seen which apparently were present as
sharp features in the limestone prior
to metamorphism. In several cases
fossil organisms, which could not be
recognized as organisms in polarized
light because of extensive recrystalli-

zation, could be observed by lumines- -

cence. This is evidence in addition to
that of Smith (Z, 2) that the lumines-
cence technique will have paleontolog-
ical applications also. Although this
report is limited to carbonates, the
luminescence technique will certainly
be applicable to the petrology of all
types of rocks (1, 2).
ROBERT F. SiPPEL

EVERETT D. GLOVER
Field Research Laboratory,
Socony Mobil Oil Company,
Dallas, Texas
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Paleozoic Reef in Pakistan

Abstract. 4 Silurian, and perhaps
Devonian, limestone belt in northern
West Pakistan contains the first Pa-
leozoic reefs found on the Indo-Paki-
stan subcontinent. The belt contains a
rich fauna entirely new to Pakistan.
Its presence indicates that this area
was inundated in Silurian and Devo-
nian times by seas bordered by reefs
or containing reef platforms.

The first Paleozoic reef belt on the
Indo-Pakistan subcontinent has recent-
ly been recognized in northern West
Pakistan. It is present in an east-west
trending ridge, rising as much as 75
meters above the surrounding alluvial
plain, between the towns of Nowshera
and Risalpur about 40 kilometers east
of Peshawar (latitude 34°N, longi-
tude 72°E). The portion so far ex-
amined is about 8% kilometers long,
but low hills in the continuation of the

3 DECEMBER 1965

strike both to the east and to the
west probably are additional reef
masses. Along this belt a series of in-
dividual reefs, ranging in thickness
from less than 80 to as much as 250
meters, crops out. These are either sep-
arated by shale or connected by bedded
limestone of lesser thickness than the
reefs.

The reef limestone is massive, gen-
erally of pale red color, medium-to-
coarse grained, highly fossiliferous,
and partly dolomitized. It is underlain
by about 30 meters of dolomite con-
taining layers of brachiopods; the do-
lomite in turn rests on greenish gray,
micaceous phyllite interbedded with
layers of crinoidal limestone. At its
upper limit the reef limestone grades
into indistinctly bedded limestone con-
taining few corals or brachiopods but
many prominent cephalopods. This
limestone is overlain by a gray, medi-
um-grained, partly dolomitic quartz-
ite. The entire sedimentary sequence
strikes approximately east-west and
dips 45° to 50°N. '

The reef limestone contains a rich
fossil association of tabular and
spheroidal stromatoporoids, tabulate
corals, including Heliolites, Thamno-
pora, Favosites, Alveolites, Cladopora
(I), and Syringopora, rugose corals
(Mucophyllum, 1), brachiopods in-
cluding Atrypa and Camarotoechia,
and large cephalopods of the family
Michelinoceratidae.

All stromatoporoids and corals are
so completely recrystallized that their
skeletal structures have been thorough-
ly destroyed and little or nothing of
them can be seen in thin section. It
is generally only on suitably weathered
limestone surfaces that traces of these
skeletal structures can be seen in suffi-
cient detail to allow at least generic
identification. In the dolomitized rocks
the fossil structures have been largely
obliterated.

The reef-building organisms are
found in many places in growth posi-
tion; in other places overturned col-
onies of stromatoporoids and tabulate
corals are seen; in some places the
limestone is bedded and contains many
fragments of reef-builders as well as
other fossils. These bedded limestones
have strikes deviating in various di-
rections from the regional east-west
strike and have dips ranging between
15° and 70°. Such beds are inter-
preted as reef-talus having a primary
sedimentary dip which has been dis-
torted by tectonic tilting.

The age of the reef limestone is
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Fig. 1. Paleozoic reefs in Pakistan.

Silurian or Early to Middle Devonian.
Silurian and Devonian reef faunas
have many genera in common and
may be difficult to distinguish on the
basis of the few specimens collected
so far. Mucophyllum is most charac-
teristic of Silurian strata, although its
range extends into the Lower and,
possibly, Middle Devonian (I). The
fact that the only cephalopods are
rather generalized michelinoceratids
may point toward a Devonian age of
the rock; for in a Silurian reef lime-
stone a greater variety of cephalopod
species and genera, such as are known
from reefs of that age in Illinois and on
the island of Gotland, might be ex-
pected. However, such assemblages
may well exist in parts of the reef
belt that have not been examined
as yet.

The limestone here described repre-
sents the first Paleozoic reef discov-
ered in Pakistan and India and con-
tains a fossil fauna that is entirely
new to Pakistan. If a Silurian age is
confirmed it will be the first docu-
mented fossiliferous exposure of rocks
of that age in Pakistan. However, the
possibility of an Early or Middle Devo-
nian age cannot yet be ruled out en-
tirely.

The reef limestones have long been
utilized locally as building stone and
are burnt for lime in kilns near Now-
shera. Because much of the limestone
is recrystallized, especially at the east-
ern extremity of the belt, it has also
in former times been quarried as mar-
ble. Indeed, in the only reference to
this rock in the geologic literature
(2) it is described as a pink marble,
formed by metamorphism of a fer-
ruginous limestone. One of the effects
of this metamorphism, according to
Coulson, was the formation of bands
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of clear calcite that traverse the rocks.
Coulson may well have been referring
to the prominent cross sections of long,
tabular stromatoporoids, which stand
out as very light gray calcite bands
in the pale red limestone matrix. In
1957 Kidwai (3) made a plane table
map of the hills in order to evaluate
the limestone reserves.

Fossil assemblages have also been
collected recently from limestone lo-
calities in northern West Pakistan as
much as 56 kilometers distant from
the Nowshera reef. Some of these lime-
stones seem to be correlative with the
Nowshera reef, especially the Kala
limestone north of the town of Swabi
in the Mardan district, which in part
represents a reef talus.

These limestones have in the past
been assigned partly to the Precam-
brian and partly to the Carboniferous
and Permian. The newly found fossils
suggest that all the limestones which
cover large areas of Swat state and
Mardan district may have been de-
posited during the Silurian or Devo-
nian, or possibly during parts of both
periods, in a sea bordered by reefs
or containing reef platforms.

The regional metamorphism in the
Peshawar area increases toward the
north so that the recrystallization and
deformation of fossils in limestones
tend to increase northward. Dolomiti-
zation of these limestones apparently
increases toward the east. It is, there-
fore, unlikely that fossil assemblages
as well preserved as those at Nowshera
will be found in the limestones either
to the east or to the north, although
many less-well-preserved fossils have
already been found.

No equivalents of these limestones
have as yet been found south of Now-
shera, but they may correlate with Pa-
leozoic limestones recently found by
A. Schreiber (4), of the German geo-
logical mission to Afghanistan, south
of the Kabul River, about 70 kilome-
ters northwest of Peshawar.

Both in Swat state and Mardan
district these fossiliferous limestones
are associated with extensive, black,
fetid, fine-grained limestones and with
vuggy, highly porous dolomites. The
combination of reefs, fetid limestones,
and porous dolomites has potential
economic implications for the discov-
ery of oil.

CURT TEICHERT*
KARL W. STAUFFER
U.S. Geological Survey,
Washington, D.C.
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Ultrasound Chemical Effects on
Pure Organic Liquids

Abstract. Molecular fragmentation of
organic liquids was produced by cavita-
tion due to ultrasound waves, even in
the absence of water. The sonolysis of
acetonitrile under argon yielded N,,
CH,, and H, but under oxygen the
products were N, CO, CO,, and
H,O. Pure nonaqueous carbon tetra-
chloride also underwent sonolytic de-
composition under either argon or oxy-
gen, with the production of elemental
chlorine.

Intense ultrasonic waves cause chem-
ical changes in water and in aqueous
solutions if a permanent gas is pres-
ent, by a mechanism involving cavita-
tion (/). In pure water, sonolysis
produces hydrogen atoms and hydroxyl
radicals, as well as molecular hydro-
gen, oxygen, and hydrogen peroxide
(2, 3). When dissolved substances are
present, they may react with the H
and OH radicals, causing further chemi-
cal changes in a manner similar to the
“indirect action” of radiolysis (3, 4). In
addition many volatile organic solutes
in water (such as alcohols, aromatic
compounds, or carbon tetrachloride)
undergo a direct sonolysis inside the
cavitation bubbles, with fragmentation
of the molecule (3, 5).

These facts suggested the possibility
that pure organic liquids might be de-
composed by intense ultrasound even
in the absence of water, although no
such observation has been reported.
Experiments were performed on high-
purity acetonitrile and carbon tetra-
chloride; both liquids underwent sonoly-
tic decomposition. Acetonitrile was
chosen because of its wide use in physi-
cal chemistry as a nonaqueous solvent;
CCl, was picked because it is cus-
tomarily used for sonochemical studies
in aqueous solution.

In the experimental procedure (3),
a 10-ml glass bulb served as the sample
cell, which was irradiated by an ul-
trasonic generator (800 kcy) and

cooled by circulating water. Acetonitrile
(4-ml samples) was first saturated with
argon, then irradiated in a closed sys-
tem for 2 to 10 hours; dissipation of
acoustic power inside the cell was
estimated to be 3 watts. Analysis of
the gas phase by both gas chromatog-
raphy and mass spectrometry showed
that nitrogen, methane, and hydrogen
were formed in molar ratios of 1:2:4.
The yields of these gaseous products
were about 10—8% mole liter—! min—1,
which is about two orders of magni-
tude less than the yield of hydrogen
peroxide obtained from water under
the same experimental conditions. An
attempt to detect less volatile products
in the liquid phase was not successful.

Further experiments were made in
which the argon atmosphere was modi-
fied by the addition of 10 percent of
deuterium gas. Mass-spectrometric anal-
ysis showed that the ultrasonic treat-
ment produced HD in substantial yield
comparable with that of H,, an in-
dication that hydrogen atoms are a pri-
mary product in the sonolysis.

An oxygen atmosphere was substitut-
ed for argon. Comparative experiments
showed that the yield of nitrogen from
acetonitrile remained unchanged in the
oxygen-saturated system, but the yield
of hydrogen and methane fell to zero.
In their place, new products appeared:
namely, carbon monoxide, carbon di-
oxide, and water, in molar proportions
of 6:2:1; the dissolved gas plays a
major role in the sonochemical reac-
tion. The mass spectrometry and gas
chromatography techniques were here
supplemented by O%8-tracer experi-
ments of higher -analytical sensitivity;
parallel experiments were made under
018—018% and 0'%—O06, and the mass
spectra of the gaseous products were
compared.

For acetonitrile under argon, the
sonolytic formation of methane and
nitrogen in 2 : 1 ratio is consistent with
the rupture of the C—C bond, giving
methyl and cyanide radicals as inter-
mediates. The production of hydrogen
in high yield and the formation of H
atoms as intermediates are evidence for
efficient cleavage of the C—H bonds
also, which is not surprising in view
of the bond strengths (6).

Under oxygen, the sonolysis of ace-
tonitrile results in oxidation to CO and
CO, and in the formation of N, in
relatively high yield. The products are
different when acetonitrile is subjected
to radiolysis (7). This demonstrates
again the distinction (3) between sono-
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