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NOTICES OF MEMOIRS.

I.—How tur Waters or THE OceaN Brcame Sair.! By
Prof. Epwarp Hunt, LL.D.,, F.R.S.,, F.G.S.

erHERE are many things in the world around us to which we
are so accustomed from childhood that we never stop to
enquire why they should be so. That rivers and lakes should
consist of fresh water, and that the sea should be formed of salt
water, seems so natural that we counsider them as not only matters
of course, but essential to the physical economy of the world ; and
if perchance our attention is called to the fact that some inland
lakes are formed of salt water we proceed to investigate the cause
+ f s0 unusual an occurrence—one which being exceptional requires
special explanation. But how few of the thousands and millions
who traverse the ocean or dwell upon its shores put to themselves
tho question “ Why are its waters salt?” And this, notwith-
standing that it is daily receiving supplies of fresh water both
from the rain which falls upon its surface and from the rivers
which empty themselves into it. Clearly there is something here
which does require special investigation, a question which does need
solution, because, as far as the supplies afforded by the rain and
rivers are concerned, the ocean waters ought apparently to be fresh
rather than salt.

2. In using the terms “fresh™ and “salt” here, and in the
following pages, I do so in the popular sense of the words.
Scarcely any natural water, except rain, is absolutely free from
dissolved salts. All rivers contain them to a greater or less extent,
as do also the waters derived from wells and springs. Such waters,
however, are called (and properly called) ¢ fresh,” which does not
necessarily mean water absolutely devoid of salts in solution; but
wlhen the proportion of salts is so great as to cause the water in
which they are dissolved to appeav “salt” to the taste, then the
term salt water or brine is applied to them. The varieties of saline
waters and the degrees of salinity are innumerable, and their pro-
perties and uses vary accordingly. There are the salt waters of the
Dead Sea—so acrid as to be nauseous to the taste; there are those of
the ocean, not so acrid: there are the varieties of mineral waters,
and the brine springs highly impregnated with sodium chloride.
But it is not necessary to go further into this branch of the subject ;
all that is necessary is to understand clearly the meaning of the
terms we employ, and in the following essay I shall use the words
fresh, brackish, and salt, as applied to water in the sense they are
popularly understood.

3. But before entering upon the discussion regarding the cause
or origin of the saltness of the oceanic waters we may endeavour to
ascertain whether this highly saline character has characterised these
waters throughout a very long period of geological time. Now
the evidence we can safely rely upon in this part of our enquiry is
mainly derived from the character and affinities of the organic forms

! Paper read at a meeting of the Victoria Institute, January 16, 1893.
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of past geological ages. At the present day the molluscan and other
forms which inhabit the ocean waters are distinguishable from those
which inhabit fresh water lakes and rivers, while there are numerous
others, such as the Actinozoa or corals, star-fishes, crinoids, sea-
urchins, or echinoderms, exclusively confined to oceanic waters at
the present day. The Brachiopods and the Cephalopods are
specially chavacteristic of oceanic waters of the present day, and
are therefore of special value in the attempt to determine the
character of the waters which they inhabited in past geological
times.

4. Now representatives of all these forms are found not only in
Tertiary and Secondary, but even in early Primary or Palzozoic strata.
Not only in the Cretaceous and the Jurassic strata, but also in the
Carboniferous, Devonian, Silurian, Ordovician and Cambrian forma-
tions do we find corals, crinoids, starfishes, sea-urchins, various forms
of Brachiopods and Cephalopods, differing indeed specifically from,
but sometimes generically related to, those of the present day. The
forms which are thus preserved to us in a fossil state are only those
whiclh were furnished with a stony or horny skeleton or integu-
ment. Many other forms there were which had no calcareous
skeleton, and consequently have not been preserved in a fossil
state, but which are represented in the ocean waters of the present
day ; and if these be allowed for, it becomes clear that amongst the
invertebrate forms of marine life, those of the present day were
largely represented in very early geological periods.

5. Such being -the case we are justified in coming to the
conclusion that the waters of the ocean must bave been salt from
very early geological times; but it by no means follows that they
were fully as saline as those of the present day.

The forms of life which require the high salinity of existing
ocean waters were possibly represented by others capable of sus-
taining life when the salinity was only half as great as it is now.
We know that some forms, such as those of the oyster, cockle, etc.,
are capable of surviving in the Baltic, or of ascending estuaries,
where the water is almost brackish. Degrees of temperature, purity
(or freedom from sediment), and other conditions were probably of
greater importance in determining the existence of life than degrees
of salinity. Adaptability to the conditions of environment has
doubtless been a law of nature amongst marine forms as well as
those of the air and the land throughout all past time.

6. It is scarcely necessary to state here that the occurrence of
beds of rock salt in several formations, especially in the Trias of
the British Isles and of Europe, affords no evidence as regards
the degree of salinity of the sea water in geological times. At
no period have the waters of the ocean been so saturated with
saline matter as to admit of the deposition of beds of rock salt.
It has sometimes been suggested that such deposits may have
been formed by the accidental accumulation of sand bars, owing
to which portions of the ocean have been cut off from the main
mass and the salts have been deposited as the waters have decreased
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and become supersaturated by evaporation. But the mode of occur-
rence of the known beds of rock salt lend little support to this
view; and recent investigations have led to the conclusion that
deposits of rock salt have been accumulated over the floors of
inland salt lakes like that of the Dead Sea in Palestine, along
whose banks such deposits occur in the form of terraces which
once formed the bed of the inland lake itself, when at a higher
level than at present, but owing to the lowering of its waters
are now exposed along its western margin, as in the case of the
terraced hill known as Jebel Usdtim. Another fatal objection to
the view of the marine origin of salt-rock is to be found in the
fact that this rock generally consists of nearly pure chloride of
sodium, while ocean water contains large proportions of the
chilorides of calcium, magnesium, and potassium, the precipitation
of which would result in a deposit very different from that of the
rock-salt of Cheshire and Worcestershire, which is composed of
98-:30 per cent, of chloride of sodium and only small traces of
other salts.

7. But in addition to the evidence derived from organic forms
of the primaval ocean we apparently possess very remarkable
direct evidence that the waters were highly saline. It is known
that some strata of the Upper Silurian period in North America
are saliferous, constituting the Onondaga salt group and the Trenton
and Chazy limestone series.! These strata are characterised by
large numbers of marine organisms, and there can be no doubt
that they were formed in the waters of the Silurian seas. They
also yield large quantities of saline waters which are used in
commerce, and in which chloride of sodium predominates; and as
the strata are often in the condition of basins below the level of
the outer ocean, Dr. Sterry Hunt has inferred that the waters with
which they are saturated were originally those of the Palzozoic
ocean in which the strata were deposited. In other cases, however,
where the strata are upraised above the ocean level and highly
inclined, the same author considers that surface waters have
gradually replaced those originally contained in the strata.? Thus
we are justified in inferring, not only from organic, but from
direct physical evidence, that the waters of the early Silurian
oceans were salt.

8. On examining samples of water taken from the open ocean of
various regions and far from land, it has been found that the propor-
tion of salts and carbonates do not vary much. This is doubtless
owing to that wonderful system of currents by which the waters are
kept in a state of perpetnal movement, and owing to which there is
a constant interchange of the warmer waters of the equatorial region
with the colder of the polar. Sea water is essentially a chlorinated

! Dana states that in the State of New York the salt is made from strong brine by
sinking wells varying from 150 to 340 feet in depth. It takes from 35 to 45 gallons
of this water to make a bushel of salt, whereas 1t takes 350 gallons of sea water for
the same result.

2 ¢/ Chemical and Geological Essays,”’ p. 104.
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alkaline mineral water, the saline contents of which consist chiefly
of sodic, magnesic, potassic, and calcic chlorides and sulphates,
together with a number of other substances in much smaller pro-
portion. The total amount of dissolved contents in the water of
the open ocean varies from about 28 to 39 grammes per litre.
Forchhammer fixes the mean amount of such contents at 34404
grammes per litre,! and the mean proportions of the counstituent
substances to each other and 100 parts of chlorine are as follows?:—

s o f . Total saline
Sodium. Magnesium. Calcinm. Chlorine. constituents.

14-26 6642 2114 100 181-10

9. What is most striking in this analysis is the large proportion
of chlorine, and the greatest difficulty we are met with in order to
account for the salts of sea water is the abundance of this gas.
Recollecting that chloride of sodium is the most abundant salt both
in most salt lakes and in sea water, we are justified in seeking for a
solution {o our problem by an examination into the mode of origin
of salt lakes.

10. Now there is one peculiarity which characterizes all salt lakes
over the surface of the globe, namely—that they have no outlet;
they are closed lakes. Whether we take the case of the salt lakes
of Western America, those of Central Asia and the Dead Sea, we
shall find that they are not drained by rivers.

11. In such cases the lakes are constantly receiving supplies of
water from streams and springs, but do not give it off in the same
manner, inasmuch as it is evaporated into the air as fast as it falls,
In the case of freshwater lakes it is otherwise. Here the water of
the streams which enter the lake.is at least partially discharged by
means of rivers flowing out, in consequence of which the water
remains fresh, as the saline ingredients are carried away as fast as
they are delivered. Of these two varieties of inland lakes we have
remarkable examples in the case of the Dead Sea and the Sea of
Galilee. In the former case the river Jordan entering at the
northern end keeps up a constant supply, but this lake, which is
about 1292 feet below the level of the Mediterranean, has no outlet,
in consequence of which the water supplied by the Jordan passes
away into the atmosphere in the state of vapour. In the case of
the Sea of Galilee it is otherwise, The river which enters at the
mnorth passes out again at the south; hence the water of the lake is
fresh and supports an abundant fauna of fishes and molluscs, while
the waters of the Dead Sea are (as the name indicates) absolutely
destitute of living beings, and fish entering it from the Jordan imme-
diately perish. If there had been an outlet to the southwards from
the Dead Sea into the Gulf of Akabah, and a continuous stream had
been flowing from the time the depression was formed, the waters
of the Dead Sea would have only differed from those of the Sea of
Galilee by a somewhat greater proportion of salts and carbonates.
Several other examples might be cited, but those of the Sea of
Galilee and the Dead Sea are the most familiar and striking.

1 Phil. Trans. civ. 308, ¢t scq. 2 Watt’s Dict. Chem., vol. v. 1019.
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12. There are two ways by which we may account for the salinity
of the ocean waters from very early periods of geological time.
First, by supposing that the primaval waters were saturated with
acid gases which were held in suspension in the vapour surrounding
the incandescent globe; or secondly, that the salinity resulted from
a process resembling that by which salt lakes of the present day
have been formed.!

13. We must, I think, concur with Dr. Hunt that from some
cause or other, chlorine largely abounded in the waters of the
primaval ocean, as by far the greater proportion of the salts are
chlorides, and chlorine is but very slightly represented in river
waters at the present day.

14, In contrast to the above, which may be called « the chemical
theory,” we may now consider that which may be called ‘the
geological theory,” though it very much depends upon certain
chemical processes.

15. If we compare the analyses of waters brought down by rivers
into the ocean at various parts of the globe we shall find that the
matters in solution are very much the same as those which we
find dissolved in oceanic waters; the proportions are doubtless
immensely different, but the ingredients are essentially similar.
Now, what are the dissolved ingredients of river waters? They
are calcium, magnesium, sodium, potassium, a little iron, silica,
alumina, and other matters, in combination with carbon-dioxide
(carbonic acid gas), sulphuric acid, hydrochloric acid. Of these the
carbonates of lime and magnesia are the most abundant, but chlor-
ides of sodium and maguesium are almost always present even in
waters where there can be no suspicion that they have been intro-
duced by any artificial means. These constituents are also found in
even larger proportions in the waters of natural springs; and in

1 Of the former method Dr. Sterry Hunt may be considered the chief exponent,
and in order that I may not unintentionally misrepresent his views I will give them
here in pearly his own words. Referring to that period in the physical history of
our globe in which it may be presumed to have been in a molten state surrounded by
an atmosphere and an envelope of vapour of water, he says :—¢ There would be the
conversion of all the carbonates, chlorides and sulphates into silicates, and the
separation of the carbon, chlorine and sufphur in the form of acid gases which,
‘with nitrogen, vapour of water, and a probable excess of oxygen could form the
dense primeaval atmosphere. The resulting fused mass would contain all the bases
as silicates, and must have resembled (when cousolidated ?) certain furnace slags or
volcanic glasses. The atmosphere charged with acid gases which surrounded this
primitive rock must have been of great density. Under the pressure of a high
barometric column condensation could take place at a temperature much above the
present boiling point of water, and the depressed portions of the half-cooled crust
would be flooded with a highly heated solution of hydrochloric and sulphuric acids,
whose action in decomposing the silicates can easily be understood. The formation
of the chlorides and sulphates of the various bases and the separation of silica would
go on until the affinities of the acids were satisfied, and there would be a separation
of silica taking the form of quartz, and the production of sea-water holding in
solution, besides the chlorides and the sulphates of sodium, calcium, and magnesium,
salts of aluminium and other metallic bases. The atmosphere being thus deprived of
its volatile chlorine and sulphur compounds, would gradually approximate to that
of our own time, but would differ in the greater amount of carbonic acid gas.”
¢¢ Chemical and Geological Kssays,”” p. 40 (1875).
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such chlorine occurs, sometimes in considerable quantity, in com-
bination with sodium, magnesium, and potassium. Spring water
coming as it does directly from the strata, or from rocks of various
kinds, is generally free from any external or artificial ingredients,
hence it may be regarded as the chief source of supply of the
carbonates and salts found in streams and rivers. If we enquire
what is the origin of spring water, the reply is simple. It is
water which originally falling on the surface as rain or snow has
percolated downwards into the rocky crust, and taking up the
soluble matters with which it comes in contact,-bursts forth at the
surface along lines of fault, fissure, or other natural ducts. The
relative proportions of the ingredients of sea water and of rivers or
lakes may be gathered from the selected examples on p. 171,

16. From the above resulis of the analysis of various waters, it
will be seen that there is no essential difference between the waters
of the ocean and those of lakes and rivers except in the proportions
of the dissolved ingredients. There are, of course, occasionally
substances specially abundant, as is the case with bromine in the
waters of the Dead Sea, probably derived from the volcanic district
on its borders; on the other hand, silica (Si 0%}, which is not
mentioned in the waters of the Atlantic Ocean in the analysis of
Von Bibra, is certainly present in those waters, and supplies
the material from which sponges, diatoms, and radiolaria build up
their skeletons. It will be observed also that chlorine and sulphuric
acid is present in all the waters, and these gases uniting with the
alkalies, give rise to the salts which are so abundant in the waters
of the ocean and of closed lakes.

17. In considering the manner in which springs and sarface
waters have become impregnated with salts and carbonates, we have
to recollect that all rocks decompose in presence of the atmosphere.
This is mainly due to the carbonic acid (carbon-dioxide) contained
in the air and rain water, which acts upon felspathic rocks, com-
posed, as we have seen, of double silicates of alumina, potagh, and
soda. Ebelman has well explained the process by which basaltic
and similar rocks are decomposed under the influence of the
atmosphere. The carbonic acid ,i(carbon-dioxide) combines with the
lime and magnesia, while the silica is liberated in a soluble form.
The felspar is more stable than the pyroxene and hornblende, but it,
ultimately gives way, forming a hydrous silicate of alumina. Thus we
can account for the presence of carbonates of lime and magnesia,
free silica, and by a further process in presence of sulphuric acid and
chlorine of the various sulphates and chlorides.

18. Now, as bearing on the fact of sodinum chloride (or common
salt) being the chief ingredient in oceanic waters, as well as in those
of the Dead Sea and most salt lakes, we must recollect that the
soda-felspars are much more soluble than the potash-felspars, and
on this account we have probably a true cause of the predominance
of sodium chloride. The rocks composed in the main of such
felspars as labradorite, albite, oligoclase, and andesine, were there-
fore more powerfully acted upon than those composed of orthoclase
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and sanidine; but even in these cases many orthoclase granites
-contain proportionate quantities of the soda felspars such as oligoclase
-and albite, and the decomposition of these components would hasten
that of the less soluble varieties.

19. It seems not improbable from certain considerations connected
with the organic structures of the ancient world, that carbon-dioxide
was more abundant in the atmosphere of Palaxozoic times than at
present. The enormous quantity of carbon which must have been
extracted from the air during the Carboniferous period in order
to the formation of the beds of coal at intervals all over the world,
seems fo favour this view ; and if this be so, then we may suppose
that previous to the Carboniferous period, the air was highly charged
with carbon-dioxide, and the process of decomposition on the land
surface was carried on with even greater rapidity than at the
present day; but even had this not been the case, it only requires
a sufficiently long period in order to bring about the chemical
reactions necessary to the salinification of the oceanic waters.

20. We are now approaching the conclusion of our enquiry.
From the examples of closed lakes we can determine the process
-of salinification with the utmost certainty. Throughout greater or
shorter periods, these lakes have been receiving the waters of rivers
bringing down, both mechanically suspended sediments and chemi-
-cally dissolved salts, silicates, and carbonates. The sediments are
precipitated over the bottom of the lakes, and the water being
carried off into the atmosphere in the form of vapour as fast as
it enters, leaves behind the dissolved ingredients. These necessarily
augment in quantity, and ultimately the waters of the lakes become
saturated with salts and carbonates, which are then deposited.

21. Now the ocean is a closed lake of enormous magnitude.
Throughout all geological time it bas been receiving continual
supplies from rivers, bringing down not only sediment, but salts
and carbonates, together with free silica, in solution. The sediment
is deposited over the ocean floor, and generally not far from the
lands, while the dissolved ingredients are carried by the currents
into all parts. Meanwhile the ocean surface is constantly giving
-off, particularly over the equatorial regions, enormous quantities
of vapour, which are carried into the higher regions of the atmos-
phere, and are precipitaged in the form of rain and snow over the
lands. Part of course falls on the sea again, but the greater
quantity falls on the land surfaces, and is returned to the ocean
in streams charged with a fresh supply of the salts and carbonates
it bad left behind in the ocean.' The consequence of this process
must clearly be that the saline ingredients have been increasing
in the oceanic waters from the earliest periods down to the present
day. As regards the carbonates of lime and magnesia, and the
silica which are being carried into the ocean by the rivers, we have
no difficulty in accounting for their uses. Of these materials, the
shells and skeletons of the molluscs, echinoderms, reef-building

! This process of evaporation and supply by rivers is accurately described in the
Book of Ecclesiastes i, 7.
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corals, foraminifera, sponges, radiolarians, and diatoms and other
forms are built up, and as these structures are continually being
formed, and the materials solidified as fast as they enter the oceans,
there is no reason why they should augment. Hence the proportion
of carbonates of lime and magnesia in the ocean waters may be very
much the same now as it was in Silurian and Carboniferous times.

22. We are thus brought to the conclusion that the saltness of the
sea may have originated in very much the same way as has that
of the Dead Sea, Liake Oroomiah, or the Great Salt Liake of Utah,
or many others which might be named, and which possess in
common the characteristic of having no outlet. When the great
envelope of vapour which surrounded the incandescent globe began
to condense upon its cooling surface, the resulting waters, though
containing, as Dr. Sterry Hunt supposes, acid gases, were destitute
of saline ingredients. The process of salinification began with the
first streams which entered the seas from the bordering uplands,
and this process carried on throughout the long ages preceding
the Silurian period brought the waters to a condition suited to
sustain the life of forms of inhabitants representative of those
which inhabit the ocean at the present day. These long ages
may be supposed to include, not only the Archazan and Azoic
periods, but that during which the first crust was in course of
formation over the incandescent globe.

II.—Ox~ some New Reprires From THE ELciN Sanpstone. By
E. T. Newron, F.G.S. From the Proceedings of the Royal
Society, Vol. 52.

DURING the last few years a number of Reptilian remains have

been obtained from the Elgin Sandstone at Cuttie’s Hillock,
near Elgin, which are now in the possession of the Eigin Musenm and
of the Geological Survey. These specimens represent at least eight
distinet skeletons, seven of which undoubtedly belong to the Dicy-
nodontia, and one is a singular horned Reptile new to science. All
the remains yet found in this quarry are in the condition of hollow
moulds, the bones themselves having entirely disappeared. 1In
order, therefore, to render.the specimens available for study, it was
necessary, in the first place, so to display and preserve these cavities
that casts might be taken which would reproduce the form of the
original bones. Gutta-percha was found to be the most suitable
material for taking these impressions; and in some instances,
especially in the case of skulls, the casts had to be made in several
parts and afterwards joined together.

The first specimen described is named Gordonia Traquairi; it is
the one noticed by Dr. Traquair in 1885, and referred to the Dicy-
nodontia ; besides the skull, it includes fragmentary portions of other
parts of the skeleton, and is contained in a block of sandstone which
has been split open so as to divide the skull almost vertically
and longitudinally. The two halves have been so developed that
casts made from them exhibit the left side and upper surface, as
well as the main parts of the palate and lower jaw. . In general
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appearance this skull resembles those of Dieynodon and Oudenodon.
The nasal openings are double and directed laterally ; the orbits are
large and look somewhat forwards and upwards. The supra-tem-
poral fossa is large, and bounded above by the prominent parieto-
squamosal crest, and below by the wide supra-temporal bar, which
extends downwards posteriorly to form the long pedicle for the
articulation of the lower jaw. There is no lower temporal bar.
The maxilla is directed downwards and forwards to end in a small
tusk. Seen from above, the skull is narrow in the inter-orbital
and nasal regions, but wide posteriorly across the temporal bars,
although the brain-case itself ie very narrow. There is a large
pineal fossa in the middle of a spindle-shaped area, which area is
formed by a pair of parietals posteriorly and a single intercalary
bone anteriorly.

The palate is continuous with the base of the skull; the ptery-
goids on each side send off a distinct process to the quadrate region.
Towards the front the median part of the united pterygoids arches
upwards, and the outer sides descend, forming a deep groove; from
the evidence of other specimens it is clear that the palatines, extend-
ing inwards, converted this groove into a tube, and thus formed
the posterior nares. The ramus of the lower jaw is deep, with a
large lateral vacuity, and the two rami are completely united at the
symphysis. The back of this skull is not seen, but two other
specimens, referable to this same genus, show that the occiput had
two post-temporal fossee on each side.

This specimen is distinguished from Dicynodon by the presence of
two post-temporal foss on each side of the occiput, by the small
size of the maxillary tusk ; and probably by the elongated spindle-
shaped avea enclosing the pineal fossa, and also by the slight
ossification of the vertebral centra.

A second and much smaller specimen, provisionally referred to
G. Traquairi, has, besides the skull, a fore-limb well preserved.
The humerus of this shows the usual Anomodont expansion of its
extremities; its large deltoid crest is angular, and set obligquely to
the distal end.

Three other species are referred to the same genus, namely :—

Gordonia Huxleyana, which is distinguished from G. Traquairi
by its proportionately wider and more depressed skull, and by the
absence of the concavity between the orbits which is present in the
latter species. The humerus has the distal extremity oblique to the
deltoid crest, which was probably rounded and not angular.

G. Duffiana has the skuall even wider than in G. Huwleyana, and
the portion of a humerus found with this skeleton has the two
extremities set nearly at right angles to each other.

G. Juddiana has an elongated skull resembling that of &. Tra-
quairi, but the parietal crests are less developed, the bones of the
nasal region are much thickened and overlap the nasal apertures, the
small tusk is placed a little further back and points more directly
downwards, and the pineal fossa is smaller than in either of the
other species.
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A second generic form is named Geikia Elginensis, This is a
skull nearly allied to Ptychognathus, Owen, but is distinguished by
its shorter muzzle and the entire absence of teeth ; the upper part of
the skull, between the orbits, is also peculiar, forming a deep valley
open anteriorly, with a ridge on each side, the anterior end of
which forms a large prominence above and in front of the orbit.
The occiput has only one (the lower) post-temporal fossa open on
each side. The maxilla is produced into a tooth-like prominence,
which occupies a similar position to the tusks of Gordonia; but the
bone is too thin to have supported a tooth, and in all probability
it was covered by a horny beak. The lower jaw has a strong
symphysis, a distinct lateral vacuity, and the oral margin, at the
front of each ramus, bears a rugose prominence.

Elginia mirabilis is the name proposed for the skull of a Reptile,
which, on account of the extreme development of horns and spines,
reminds one of the living Lizards Molock and Phrynosoma. The
exterior of this skull is covered in by bony plates, the only apertures
being the pair of nostrils, the orbits, and the pineal fossa. The
surfaces of the bones are deeply pitted, as in Crocodiles and Laby-
rinthodonts. The horns and spines, which vary from %in. to nearly
3in. in length, are found upon nearly every bone of the exterior.
The development of the epiotics and the arrangement of the external
bones resemble more the Labyrinthodont than the Reptilian type of
structure, while the palate, on the other hand, conforms more nearly
to the Lacertilian type, and, with the exception that the pterygoids
are united in front of the pterygoid vacuity, agrees with the palate of
Igquana and Sphenodon. There are four longitudinal ridges along the
palate, some of which seem to have carried teeth. The oral margin
was armed with a pleurodont dentition, there being on each side
about twelve teeth with spatulate crowns, laterally compressed and
serrated, With the exception of the smaller number of the teeth,
we have here, on a large scale, a repetition of the dentition of Iguana.
This peculiar skull seems to show affinities with both Laby-
rinthodonts and Lacertilians, and is unlike any living or fossil form ;
its nearest, thongh distant, ally apparently being the Pareiasaurus
from the Karoo Beds of South Africa. :

REVIEWS.

I.—Fauxa DER GASKOHLE UND DER KALKSTEINE DER PERM-FORMA-
rroN Bouymens. Band III. Heft 2. By Prof. ANrox Fritson, of
the Bohemian University of Prague. Prague,-1893.

LL who are interested in the study of the. Palmozoic Vertebrata
will welcome the appearance of a new part of Prof. Anton

Fritseh’s great work on the Permian Fauna of Bohemia, dealing,

as this part mainly does, with a problematic group of extinct fishes,

whose affinities have troubled palasichthyologists since the time of

Agassiz. It is that of the Acanthodei, the consideration and illustra-

tion of which oceupy twenty-six of the thirty-two pages, and seven
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