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7. — The fauna and Stratigraphy of the Stormberg Series. — Dy
S. I1. Havenrox, B.A. D.Se., F.G.S. IHon. Curator of the
Palacontological Collections, formerly Assistant Director, S. A,
Musenm. (With 55 Text-figures.)

INTRODUCTION.

In the following pages an attempt is made to bring together facts,
previously scattered through a number of publications, bearing upon
the stratigraphy and palacontology of the Stormberg Series and to
incorporate among them the results of three collecting expeditions
made by the author mainly in the districts of Herschel and Wode-
house. The whole of the fossil collection of the South African
Museum has been reviewed — the animals by the author, the plants
by Dr. A. L. du Toit.  The work of the latter is not yet veady for
publication; but Dr. du Toit has kindly forwarded a provisional list
of his identifications, which is incorporated helow, To him I am
also indebted for constant eritical adviee and, as will he seen, T liave
drawn largely upon his published deseriptions of the stratigraphy
of the beds.

Mr. Macgregor, of the Rhiodesian Geological Survey, has heen good
enough to supply me with notes and specimens from Southern
Rhodesia.  Rock-sections have been cut in the Geological Departinent
of the University of Cape Town, where Protessor A. Young hax
eritically examined the petrological work, hesides discussing  the
many interesting points of palaecogeography which arose.  Thanks
are due to the Royal Society of South Afriea for a grant which
resulted in the discovery of the skeleton of Massospondylus harriesi;
and, among others, I am indebted for help to Dr. L. Péringuey for
examination of the insect-remains and to Mr. K. 1. Barnard for
inspection of the crustacea.

FAUNA AND FLORA.
The following list shows the forms found in the Stormberg Series.
PLANTS.
(List supplied by Dr. A L. du Toit.)

Neocalamites (Schizoneuwra) Carrerei, (Zeill.).
Neocalamates sp. Sew.
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Danaeopsis hughesi, (Feist.).

Thinnfeldia odontopteroides, (Morr.).
Thinnfeldia lancifolia, (Morr.).
Thinnfeldia Feisimanteli, Johnston.
Thennfeldia aquiling, Shirley.
Thinnfeldia trilobita, Johnston.
Taeniopteris Carruthersi, (Ten.— Woods).
Taentopteris Tenison— Woodsi, Eth. jun.
Taeniopterts crassinervis, (Feist.).
Chiropteris Zeilleri, Sew.

Chiropteris cuneata, (Carr.).

Chiropteris copiopensis, Stein. et Solms.
Gingkoites (Ginkgo) digitata, (Brongn.).
Ginkgoites antarctica (Sap.).

Ginkgoiles, nov. sp.

Baiera Schenki, Feist.

Baiera stormbergensis, Sew.

Baiera moltenensis, Sew.

Sagenopteris longicanlis, du Toit.
Cladophlebis (Todites) Roesserti, (Presl).
Cladophlebis nebbensis, (Brongn.).
Callipteridium stormbergense, Sew.
Stenopteris elongata, {Carr.).

Stenopteris rigida, Dun.

Stormbergia Gardneri, Sew.
Sphenopteris alata, Brongn.
Sphenopterts lobifolia, Morr.
Pterophyllum natalense, du Toit,
Ptevophyllum cf. Footeanum, Feist.
Phoenicopsis (Desmiophyllum) elongata, (Morr.).
Pachypters acuta, du Toit.

Pachypteris lanceolata, Brongn.
Zawzites 8p.

Maraitiopsis munsteri, (Goepp.).
Glossopteris browniana, Brongn.
Glossopteris conspicua, Feist.
Stachopitys sp.

Strobilites sp.

Rhexorylon sp.

ANIMALS.

CRUSTACEA.

Cyzicus (Euestheria) draperi (Jones & Woodw.).
Cyzicus sp. Leriche.

Lepidurus stormbergensts, sp.nov.

Unnamed Ostracod.
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INSECTA.

Coleopteron. Gen. et sp. indet.

Fhthartus africanus, sp.nov.

Striatotegmen africanum, gen. et sp. nov.
Unnamed Blattid.

Archaegryllodes stormbergensis, gen. et sp.ncv.
Eggs of Orthopteron?

PISCES.

Semionotus capensis, Sm.—Woodsw.
Helichthys (?) sp.

REPTILIA.

Paehygenelus monus, Watson.
Tritheledon riconot, Br.

Lycorhinus angustidens, gen. et sp. nov.
Sphenosuchus acutus, Htn.
Notochampsa istedana, Br.
Pedeticosaurus leviseurr, v. Hoep.
Erythrochampsa longipes, (Br.).
Thecodontosaurus browni, (Seeley).
Thecodontosaurus skirtopodus, (Seeley).
Thecodontosaurus minor, Htn.
Gyposaurus capensis, Br.
Artstosaurus erectus, v. Hoep.
Massospondylus carinatus, Owen.
Massospondylus harriesi, Br.
Massospondylus schwarzi, sp. nov.
Aetonyax palustris, Br.
Dromicosaurus gracilis, v. Hoep.
Plateosaurus stormbergensis, Br.
Plateosaurus cullingworthi, sp. nov.
Gryponyx africanus, Br.

Gryponyx transvaalensis, Br.
Gryponyzr taylori, sp.nov.
EBuskelesaurus brownt, Huxley.
Euskelesawrus capensis, (Lyd.).
Euskelesaurus ajricanus, §p.nov.
Gigantoscelus molengraffi, v. Hoep.
Fucnemesaurus fortis, v. Hoep.
Melanorosaurus readi, sp.nov.
Geranosaurus atavus, Br.
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PART L

DESCRIPTION OF SPECIES.

CRUSTACEA.
ENTOMOSTRACA.
FamiLy CYZICIDAE,

CYZICUSN, Audouin.
Cyzicus (Euestureria) praPERI (Jones & Woodw.)

189%.  Estheria Draper: and E. stowiana, lones & Woodward,
Geol. Mag., N.S. Dec. 1V, vol. I, p. 289, PL IX figs. la—¢, 2.

The original deseription runs as follows: — Size: Length of valve,
16 mm.  Length of hinge-line; LI nun.  Height 10Y, mm. Valves
suboblong, straight above, slightly  curved below, rounded at the
ends; anterior margin higher and less convex than the posterior.
The interspaces on the surface are ornamented with coarse shallow
pits, making an obscure reticulation. The wmbo is just in front of
the middle of the hinge-line.”

I have examined a number of specimens from the shale-band at
Siberia, Wodehouse. €. . in the Cave Sandstone which belong to
this species. None of them attain the dimensions recorded by Jones &
Woodward: the largest valve seen hy me is I2 mm. long, 8 nm,
high and hLas a hinge-line of 8', mum. The corresponding dimmen-
sions on a number of the spechnens are 71, mm., 5 mm. and 5 mm.,
while some have a length of not more than 2!, nun.

Several of the spechmens show the details of the external markings.
The shape 1z somewhat variable, the smaller specimens approx-
imating more to that figured by Jones & Woodward as K. stowiuna.
Al agree, however, in the possession of the concentric ridges and,
as far as can be seen, in the nature of the intercostal ornamentation.
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In a valve having a height of 4 mm. there are 13-1% regularly
spaced well-marked fine costae with broad interspaces. As the valves
grow older and larger the costae inerease rapidly in numbers and
are crowded together near the ventral border in the larger specimens
as in C. mangaliensis.

The intercostal ornamentation consists of shallow pits when viewed
from without and pustules when viewed from within the valve.
These are arranged 1 irregnlar rows and are set closely together so
that there are 7 or 8 rows in each interspace. The pits are rounded
rather than polygonal in outhne. The older portion of the valve
(that around the wmbo) is smooth save for the concentric ridges.
The pits are more prominent near the ventral, anterior and posterior
borders of the valves, The abscence of pits near the umbo on the
larger specimens is presumably due to wear or some other cause,
as the small specimens oeccasionally show ornamentation over the
whole valve.

Some of the valves show a considerably greater degree of ribhing
than the more typical specimens.  This variation in sculpture is
paralleled in C. wmurchisonae in different valves of which Rupert
Jones recorded variable ribhing.

The similarity of ornamentation hetween the valves of all sizes
found at Siberia helps to prove the assmmption here made that
(. stowiana and C. draperi are but growth-stages of the one species,
This possibility was mentioned by Jones & Woodward who had not,
however, material for observing the intercostal ornamentation on the
smaller forms nor intermediate valves showing the gradual changes
in size.  The variation in shape between specimens of the same size
does not seem sufficient warrant for sepwrating the specimens into
several species. The species ligured hy RupertJones inhis “Monograph
of Fossit Lstheriae™ ure vartable in shape-characters; and the varia-
tions seen in C. draperi are no greater than those fieured for his
Listheria ovata or E. minuta.

In general form C. draperi secins to approach fairly closely to
C. mangaliensis from the Rhaetic of India and from the Argentine.

Type. In the Britishi Museuin,

Locality. Harrismith, O, I©, 8,

Horizon. Shale-band in the (ave Sandstone.

Cyzicus sp.
1920. Leriche. Estheria sp. Rev. Zool. Afvie. V1II p. 78. DL 11, fig. 1.

Founded on specimens from the Lubilash Beds at Nitari, caion
of the Inzia, Belgian Congo.
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“The valves are sub-oval; the beak is anterior and not prominent.
The dorsal border is almost straight. The anterior border is rounded
and passes insensibly into the ventral border, with which it forms
a very regular curve.  The ventral border is regularly convex; it
Joins the posterior horder, which is oblique to the dorsal border, by
a very obtuse angle.  The valves carry about fouwrteen concentric
ribs.  The state of preservation does not permit of the presence of
an intercostal ornamentation heing stated.”

Lericlie states that these fossils belong to a group of “FEstheria”
characterised by a regular concentric ornamentation formed of pro-
minent spaced ribs. This group has been called Euestheria by Deperet
and Mazeran. The Congo forui approaches most closely E. manga-
lensis but is distinguished by the shightly more elongate shape and
the sharper demarcation of the posterior and ventral borders. K. greyi
hhas a similar ornamentation but has a more oval and more inequi-
lateral form.

Specific identification is not possible without o knowledge of the
mtercostal ornamentation,

FFan. APODIDAL.
LEPIDURUS, Leach.
LEPIDURUS STORMBERGENSIS sp. 1OV,

This form is represented in the South African Musewm collection
by a number of impressions on shale. Some represent isolated
carapaces of immature animals; others more or less complete mature
individuals.  No specimen is perfect, and therefore several have heen
examined in the preparation of the following description. In some
cases impressions of the appendages are fairly well-preserved, hut
detailed deseription of these is postponed.

The carapace is almost circular, slightly longer than broad, and
deeply emarginate behind, the emarginate portion having an untoothed
border.  There is a strong median keel extending from the hinder
border to a short distance behind the eyes.

Measurements of four carapaces of varying size arve as follows:

Median length Maximum length Maximum breadth
9 mmn. 103 mm. 10 mm.
9 mm. 1 wm. 10 mm.
11 mm. 13 mm. 12 mm.

19  mm. 17°5 mm.
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The smaller carapaces are isolated; the larger are attached in each
case to the body.

The first antenna is short, single, possibly divided into two joints.
As seen in specimen 5752 and possibly in 5751 it is shmilar in
appearance to that of the recent L. wiridis. The antenna is hest
seen in specimen H758, :

The second antenna cannot he distinguished.

The mandible is apparently an elongate plate (breadth greater than
length) with a denticulate biting edge having 5 or 6 teeth. An
impression is seen in no. D758 In no. 5752 the maxilla is seen
in juxtaposition with its neighbour of the other side.

The segments under the carapace are all provided with setose
Phyllopod appendages.

In one specimen there are about 17 segments protruding beyond
the carapace; of these at least 7 are longer than the others and may
be regarded as true abdominal seginents, althongh none of the seg-
ments are seen to possess feet. Each segment bears an encireling
row of sharp spmes which diminish in nuwmber posteriorty. The
spines arise from near the middle of each segment and project well
back behind the posterior horder. Excluding the telson the body is
abont half the length of the carapace. (In auother specimen the
hody is shorter, and the number of abdominal segments apparently
six.  This is possibly a female).

The telson is moderately short, spatulate, with a fairly well
ronnded posterior horder and a pronounced longitudinal median keel.
It carries no spines, and the edge is entire. In spechmen H763,
however, the telson, instead of being spatulate, ix somewhat pointed
at the end, like a spear-head, and the lateral edges seem to be
either serrate or provided with =hort spines. This may represent a
variety ; but the specimen is otherwise too incomplete for lengthy
description.

The caudal filaments are fairlv hroad at the base, taper fairly
rapidly and are covered with long fine hairs.

Specimen no. 5752 shows an oval body 25 mm. long sitnated in
the neighbourhood of the 15th or 16th legs under the carapace,
behind the mid-line of the carapace and to the side. The hody is
empty, but was probably an ovisac.

The form has heen placed in the genus Lepidurus on account of
the characteristic telson which distinguishes it at once from Apus.
As far as can be discovered Lepidurus has not hitherto been des-
cribed from Triassic deposits, although an allied form _Apudites (or
Apus) antiquis has been named by Sechimper from the Lower Trias
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(Voltzia Sandstone) of the Vosges. Unfortunately it has not heen
possible to cousult the description of this form, which has been
placed in the genus Apus by Ph. C. Bill (1914). The genus Lepi-
durus is mot a member of the modern South African fauna although
several species of dpws occur in the South Afvican vleis, which
habitually sufter periodic dessication.

Co-types. N. Af. Mus. Coll. Cat. Nos. D751-57H%, H759-5761.

Locality.  Siberia, Wodehouse, C. P,

Horizon. Shale-band near base of Cave Samdstone.

Crass INSECTA.
Orper COLEOPTERA.
Text fig. 1.

A piece of shale in the collection of the South African Museum
contains the impression of what seemns part of a coleopterous elytron.
The Impression ix that of the posterior half of a right elytron, the
anterior portion being overlain by another impression which, accor-
ding to Dr. L. Péringuey, cannot be coleopterous. The inpression

£\

Fig. 1. Coleopterous elytron.

shows 8 main sub-parallel veins and a fairly broad fold. The sixth
and seventh of the veins coalesce posteriorly. In addition there is
a series of pustules (left in the impression as punctures) forming a
fine line between the two outer veins, and another series het\\een
the next pair of veins.

The fragment (Cat. No. 5635) iz too incomplete to justify naming.
Triassic coleoptera have Dheen described from Australia  (families
Hydrophilidae 2. Elateridae?, Tenebrionidae? and Malacodermidae)
and from the Keuper and Rhaetic of Europe. No Permian forins
have hitherto been described.

Locality.  Siberia, Wodehouse, C. P.

Horizon, Shale-band near base of Cave Sandstone.
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OrpER PLECTOPTERA.
Fay. EPHEMERIDAE.

PuTHARTUS AFRICANUS. Sp. 1OV,
Text fig. 2.

This is represented by several imperfect larvae of which the
specimen figured (Cat. No. 5732) is nearly complete. lacking the
head and lateral appendages. The cercal setae are faintly indi-
cated — and have been drawn in on the evidence of a second spec-
imen (No. 5733) consisting of the hinder portion of an abdomen in
which the long setae are well-marked.

As preserved, the hody without the cerei isx 15 . long and
35 mm. broad in the middle.

IFig. 2. Phthartus africanws, Htn,

The earliest Kphemerid larvae helong to the genus  Phthartus
Handl. from the Permian of Russia. The present form seems fairly
similar to that genus. but the cerci are =horter and stouter. It may
he grouped provisionally as Phthartus africanus sp. nov.

Type. Impression on shale — S0 Afr. Mus, Cat. No. 5732

Locality. Road-cutting. Siberia, Wodehouse, ', P.

Horizon. sShale-band near hase of Cave Sandstone.

Orper ORTHOPTERA.
Fay. MESOBLATTINIDAE, Handl
STRIATOTEGMEN AFRICANUM, gen. et sp. nov.

Text fig. 3.
(=)

Tillyard’s emendation of the characters of this family runs as
follows: —  “Subcosta much reduced. Radial area extensive and
strongly developed, sending numerous branches towards the anterior
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border. and reaching nearly to the apex. Media free, dividing into
a variable large number of hranches directed towards the apical
horder. Cubitus also free, branching variably. the branches directed
towmrds the posterior border.  Anal field large. well-defined, usually
comewhat cultriform. with more or less curved veins running chiefly
towards the posterior border. Intercalated veins and veticulation
or cross-venation may or may not he present.  Mostly small to medium-
sized form=”  (Proc. Linu. Soc. N. S, Wales, XLIV. 2. 1919, p. 366).

The fosstl S0 AUM. Cat. No. H63% consists of a piece of shale and
a partial counter-piece showing a nearly complete insect.  One
teemen is folded hack on the body: the other is spread out at right
angles to the body and is preserved without the apex as an imjpres-
ston on slah H634a.

The width of the tegmen ix just over one-third of the probable length
(which is about 9 mm.). The humeral area is narrow and distinctly
less in leneth. trom base to apex. than the anal area, and ix hounded
distally by a slightly double-curved sub-costa which is apparently
unbranched. The humeral area is shavply pointed at the apex.

The vadius is strongly double-curved. 1t gives off eight primary
hranches to the anterior horder. excluding the forked distal end: of
these. the first six are simple veins. the seventh and eighth forked.
The median has four branches which apparently extend to the
border below the apex. The cubitux has at least six hranches.

In the area covered by R, M, and Cu strong raised ridges sepa-
rate the veins, These are preserved as strong channels; but that
they are not true veius is shown by the fact that they do not unite
with one wnother basally, whereas the true veins do. There are
faint indications of crossvenation on the proximal portions of the
area covered by M and Cu.

The anal area has the vena dividens strongly marked. The first
anal vein rises from the vena dividens but ends at the wing border
just below the apex of the area.  The third vein is forked at some
distance from the border. The fourth vein is waved. asis the fifth —
the latter being forked nearv its distal end. The sixth vein is also
waved. In the anal avea, there are indications of faint ridges
hetween the veins. There is also a certain amount of hregular
cross-venation.

Comparison of this wing with the forms fromn the Ipswich Beds
of Australia gives the following vesults: — From Triassoblattina it
differs in the narrower humeral area, the rveduced nature of the
subcosta, the stronger double-curving of the radins, and in the fact
that none of the anal veins end distally on the vena dividens. There
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are differences, too, from the genotype 7. typica in the number of
branches of R, M, and Cu.

From Samaroblatta it diflers in the shorter and narrower humeral
area, in that the distal portion of R prohably reached the apex.
In other points it approaches fairly closely to this genus. especially
i the possession of intercalated ridges and a cross-venation. The
difference i1 branching of R, M, and Cu iz not of great moment;
Tillyard has pointed out that not only different individuals of the
same species of Cockroach. but also even the right and left tegmina
of the same individual, show considerable dillerences in this respect.

Tig. 3. Striatotegmen africanwm, Htn.
Venation of tegmen.

From Austroblatta, with which it agrees in size, it differs in the
smaller humeral area. the pronounced hending of R, and the pre-
sence of intercalated veins.

In general characters it agrees closely with Mesoblattula from the
Lias of Mecklenburg. It shows the same reduced subcosta: the hu-
meral area shorter than the anal. the same strongly double-curved
radins, and the same general features of M and (‘u  As in Meso-
blattula there arve intercalated ridges. and evidence of occasional
cross-venation (cf. M. geinitziuna). Unfortunately the anal area is
unknown in the genuns Mesoblattila. Our form differs from this genus
in that the anterior branch of the medial is apparently not forked;
m this it differs also from Mesoblattopsis, Liadoblattina, Rhipidoblat-
tina and  Caloblaitina, and apparently agrees with Mesollattina. [t
agrees also with Mesoblatting in the reduced humeral area and the
simple subcosta; but the area covered by the radius is larger in the
South African form, the radius is more strongly curved, and there
are fewer primary branches. The tegen, too, is somewhat broader,

Two genera of this famnily have been described from the **Rhaetic”
of Tonkin — Rhaetoblattina Handl. and Hongaye Handl. DBoth of
these are larger than ouwr form. In each the humeral area is short,
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the subcosta reduced to a single vein, the radius strongly double-
bent so that it touches at its lowest point the middle line of the
tegmen. Hongaya agrees with the South African form in that the
upper hranch of the median is not forked, in the general nature of
the cubitus and median, in the fact that the first anal vein rises
from the vena subdividens and ends distally on the wing horder. and
in the presence of intercalated ridges; but it differs in the number
and nature of the radial branches and in the smaller size of the
anal area. Rhaetoblalting hax a larger anal area, comparable with
that of our form. a small humeral area, and intercalated veins: hut
the median and cubitus are not =0 similar to our form as those of
Hongaya. 1In neither of the Tonkin genera are cross-veins described;
and Handlirsch was unable to discern them.

As was to De expeeted, this form shows close relationships with
the Triassic, Rhaetic and Liassic forms of the Mesoblattinidae, and
is more advanced than the Carboniferous and Permian members of
the familv. It does not seem to fall readily into any one of the
described genera and for that reason the mew generic name Striato-
tegmen is proposcd for it, founded upon the following generic cha-
racters: —

Striatotegmen gen, nov. Tegmen small (under 10 mm. in length).
Width just over one-third of the length. llnmeral area narrow,
and distinetly shorter than the anal area. Sub-costa slightly double-
curved, unbranched. Radius strongly double-curved, almost reaching
middle line of wing, with eight primary branches. of which the
anterior six ave simple.  Upper branch of median unforked; wupper
hranch ot cubitus unforked. Vera dividens strong. First anal vein
arising from vena dividens, but not ending distally on it. Intercal-
ated ridges present, especially strong in radial, medial, and cubital
areas.  Cross-veins faintly indicated.

For this form the specific name Striatotegmen africamumn sp. nov.
18 proposed.

Type. Inseet on shale, and counter-impression. 8. Af. Mus. Cat.
No. 5634.

Locality. Road-cutting, Siberia, Wodeliouse, C. P.

Horizon. Shale-band near base of Cave Sandstone.

Gen. et sp. indet.
Text fig. 4.

A fragment from Siberia (S. Af. Mus. Cat. No. 23%0) shows por-
tions of two Blattoid tegmina. Parts of the radius, median, and
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cubitus of each tegimen are seen, but nothing of the subcosta nor
of the anal area. Both ends of each tegmen are missing. Inter-
calated ridges are seen between the hranches of the cubitus and
mediau, but none in the avea covered by the portion of the radiuns,

Nothing of the subcosta is seen, and but little of the radius. The
distal branclies of the radius are forked.

Fig. 4. Blattoidea incert sed.

Most of the distal portion of the median is preserved. The appea-
I I 1
rances of the two tegmina are slightly different. Each shows the
primary branch forked near the extreme end; and, in addition, three
other branches which arise by dichotomous division of a hranch
rom the mam stem. Intercalated ridges occur on one tegmen; on
i th t Int lated ridg teg :
this side there appears to be a second primary unforked branch of
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the median which ig connected to the first fork ot the first primary
branch hy a diagonal cross-vein. :

The cubitus occupies a larger area than the median. It is dichot-
omously forked, and intercalated ridges are well-marked.

There s no sign of a strong vena dividens, nor any indication of
the anal area.

Locality.  Road-eatting, Siberia; Wodehouse, C. P,

Horizon. Shale-hand near base of Cave Sandstone,

[Fax. GRYLLIDAE.
ARCIIAEGRYLLODES STORMBERGENSIS, gen, et sp. nhov,
Text fig. 5.

This is founded on portion of the tegmen of a male Gryllid, abont
I'l mm. long as preserved and 5 mum. hroad.

Tig. 5. Archaegryllodes stormbergensis, Htn. X 12.

The general arrangement of the main veins is similar to that in
the recent form Brachythripus and is distinct from the hitherto
earliest-described Gryllid — Protogrylius from the Upper Lias of
Mecklenburg.

The subcosta is long and has a number of curved oblique hranches
in its proximal half. The radius lies close hehind the subcosta.
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The median is weak and joins the radius about halt’ way along the
latter forming a space with an acute distal angle. Distal to this a
hranch of the median again reaches up to the radius. Cross-veins
connect the proximal portions of the radius and median.

There are indications of a drum bhetween the branches of the
cubitus, but the veining is not distinct. There are cross-veins hetween
the second branch of the cubital and the first anal.

This is the earliest Gryllid deseribed; and that fact, coupled with
its lack of similarity with Protogryllus seem to justify the erection
of a new genus which can be called Archaegryllodes n. gen.. the
species represented by the specimen under discussion being termed
A. stormbergensis.

Type. Partial tegmen on shale. S, Af. Mus. Cat. No. 2341.

Locality. Road-cutting, Stberia, Wodehouse, C. P.

Horizon. Shale-hand, near hase of Cave Nandstone.

ORTHOPTEROUS EGGS.
Text fig. 6.

On the same slab of shale as that which contains the type of
Archaegryllodes stormbergensis (No. 23%1l) are from ten to twelve

Fig. 6. Eggs of Orthopteron? X S.
.
elongate oval bodies, which seem to he eggs of an Orthopteron.
Eacli is about 1 mm. long by 0-4 or 0-5 mm. broad., and the specimens
lie together m one mass,

There is a rough approximation to the form of a double row of
eggs placed transversely, although one or two have heen displaced
from their orviginal position; but the general appearance seerns to
indicate that the eggs were originally in an ootheca similar to that
of some Orthopterous insects, but that the cover has disappeared.
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PISCES.
TELEOSTOMI.
GEN. SEMIONOTUS. Ag.

SEMIONOTUS CAPENSIS, Sni.— \Woodw,

1888, Smith—Woodward. Quart. Journ. Geol. Soc. XLIV, p. 138,
1901, Schellwien.  Schrift.  Physik.-oekonom. Gesell. Konigsberg.

XLIIL
1909.  Broom. Ann. S. Afric. Musewn VI, part 3, p. 262

Since Broow’s description, the South African Museum has received
no further examples of this well-known fish, and it will suffice to
quote the main points of Broon’s analysis of the form.

“The majority of specimens measure from 60 to 210 mim. i length.
I the example which iz 210 mm. long. the body is 42 mm. in
depth at the deepest part. and the head measures 48 mm. to the
hack of the operculum,

Schellwien has recently deseribed a number of specimens and has
shown the 1nore nnportant features of the skull struetuwre. The
gpeciniens I have examined confirm most of his observations, but in
one or two points [ am inchined to ditfer from him.

Almost every detail of the skull is now known except the basi-
cranial region. The frontals are large. and extend from the nasal
region to behind the plane passing through the back of the orhit.
The back part of the hone is about twice as wide as the middle
portion. Behind it is a large oblong parietal.  Below the parietal is
a slightly mwrrower squamnosal. My specimens do not satisfactorily
show the supratemporal region. but Schellwien finds a narrow
supratemporal and a post-temporal. ’

The opercular bones are very like those of Lepidotus. The oper-
culum differs in being relatively considerably wider in its lower
half.  Inferiorly it joins the subopercular in a manner very similar
to that in the better known genus. The subopercular in Semionotus
is only about one-third the size of the operculum instead of half as
large as in Lepidotus, while the interopercular is less than half the
size of that in Lepidotus. In front of these three opercular bones
is a narrow curved preopercular, along which there runs a mucous
canal. .

In Schellwien’s diagrammatic restoration the postorbital seems to
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me to be rather too small, while the mteropercular is much too
large. Above the anterior end of the long preopercular is an elon-
gated suborbital smaller in size than the postorbital. The portion
of the figure dealing with this region is, in my opinion, erroneous.

The lower jaw has an elongated triangular dentary and a power-
ful angular.

The palato-pterygo-quadrate arch is fully ossified, but the exact
limits of the diflerent elements cannot he made out with certainty.
There 1s a long narrow bone below the quadrate stretching from
the articular region to the lower end of the hyomandibular. This
would seem to be the symplectic. The hyomandibular is a power-
ful bone and fairly similar to that of the ordinary Teleosteans. In
addition to supporting the opercular bones and the quadrate arch,
it supports the hyoid arch. There is a large qumh‘a.ngular epihyal
and an elongate triangular ceratohyal. The interhyal has probably
been cartilaginous, as has also probably been the hypohyal and the
urohval. Under the subopercular are six branchiostegals.

The clavienlar arch consists of the clavicle, supraclavicle, post-
clavicle and post-temporal, but there seems to be no trace of an
infraclavicle. A mucous canal crosses the supraclavicle obliquely as
in the Palaeoniscias. There is a small ossification which possibly
may be the coracoul as is thought by Schellwien,

The pectoral fin consists of 1% rays with 5 or 6 fulcra i front.
The rays are much flattened distally. but apparently not Dbranched.

The pelvic fin consists of 7 rays which are branched distally.
The fulera are powerful.

The dorsal fin bhegins exactly in the middle of the back of the
fish, and consists of 13 rays, of which the last 3 are smatl. All the
rays are branched distally and articulated. In front are a row of
very powerful fulera, 9 in number. The anal {in consists of 9 rays
with 9 powerful fulcra in front.

The caudal fin consists of 16 rays, all of which are branched and
articulated.  Below and in front of the first ray are 1% fulera, and
14 fulera also lie above the tail, gradnally passing into the dorsal
scales in front. The rays of the dorsal. anal, and caudal fins are
double.  Though the tail is in a sense brevi-heterocercal the upper
portion is really continued as a long, slender process bearing small
rhombic scales about 20 mm. bevond the end of the middle of
the tail.”

Type. In British Museum.

Locality. Ficksburg, O. F. S,

Horizon. Cave Sandstone.
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Hevicamnys (?) sp.

A piece of shale from the deposit at Siberia, C. P.. shows portion
of the body of a small fish including the proximal portions of the
anal and pelvic fins.

The body must have heen fairly long and shallow. The pelvic
fin is not entire, but the preserved portion consists of 13 rays,
spread out into something of a fan-shaped body. They show no
evidence of bifurcation. The anal fin is preserved in its proximal
half; it is composed of 35 or 36 rays, of which the first seven at
least increase rapidly in size from the first. There is no evidence
of the presence of fulera. The dorsal fin is not preserved.

The flank-scales are small, rhomboidal, without external ornament.
There seems to be evidence of a single longitudinal groove on the
iner surface.

It is possible that the form is allied to that described by Broom
as Dictyopyge formosa. It 1s doubtful, however, whether that species
can be ranked in the genus Dictyopyge as defined by Egerton. Ex-
cept in the pectoral fin no fulera are seen; while there is no evi-
dence of bifurcation of the fin rays in the specimens of formosa
which we possess. Rather does the form seem to he generically
identical with Helickthys, agreeing in the comparative scarcity of
fuleral bones, in the simple unbifurcated rays, and in general cha-
racters. [ulcra are not well-marked, but are present.

It is considered, therefore, that the type specimen of Dictyopyge
formosa (S. A. Mus. Cat. No. 2761) must be known as Helichthys
formosa.

Type. Incomplete small fish. S. A. Mus. Cat. No. 5130.

Locality, Siberia. Wodehouse, C. P.

Horizon. Shale-band near base of Cave Sandstone.

Crass REPTILIA.
SuPER-ORDER ANOMODONTIA, Owen.
OrpEr THERIODONTIA, Owen.
PACHYGENELUS soNvUs, Watson.
1913, Watson.  Geol. Mag. N. S. Dec. V. Vol. X, p. 145, figs 1, 2.

This form is known only from the anterior portion of a small
dentary.  There are only two incisors, of which the first is much
bigger than the second. The canine is large, of oval section. There
s a long diastema between the canine and the first molar, “The
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(molar) teeth are small, single-rooted, and narrow from side to side;
the root is deep and closely (its its alveolus.” “The crown is of an
irregular oval shape, widest in front, where it is about three-quarters
of its length. There are four cusps arranged longitudinally and for-
ming the outer side of the tooth;.... the first was much the largest,
and they gradually decline in size and height to the fourth. On the
inner side is a strong cingulum. This shows a very faint crimping”.

Type. Imperfect dentary.

Loeality. Witkop, Albert, C. P.

Horizon. Red Beds.

TRITHELEDON RicoNoI, Broom.
Text fig. 7.

1912. Broom. Ann. S. Afric. Museum VII) 5, p. 334, PL XXII,
figs. 30-30.

The type of this form is a “portion of a left maxilla with the
roots of 7 teeth and two imperfect immature teeth, portion of the
left jugal, and a fragment of the left palatine” from Pahallong, Mount
Fletcher District, Griqualand East, which is in the collection of the
South African Museum.

In 1914, the discoverer of this fragment, the late Dr. M. Ricono,
forwarded to the Musenm a small parcel containing a portion of a
skull and eleven dissociated vertebrae from Paballong, all of which
undoubtedly belong to the same animal as the fragment described
by Dr. Broom. Dr. du Toit, who has since visited the locality,
informs me that the fossil came from the Red Beds. 1t was found
within a quarter of a mile of the spot from which the type of
Sphenosuchus acutus came, and from an horizon within 10 or 12 feet of it.

This new skull fragment consists of the greater part of the right
maxilla including the palatal portion, the base of the jugal arch,
part of the left maxilla, and a portion of the right palatine. The
first seven molars are present. They agree with the deseription
given hy Dr. Broom as far as can be seen from the crowns of
the 4th and 6th teeth, which are the only teeth preserved entire.
The 7 teeth occupy a length of 152 mm.

In front of the 4st. molar there is a markedly concave diastema
of which a length of 9 m. is preserved. There is no remnant of
the canine present, and if the hase of the canine was on the same
level as the bhase of the molars, the diastema would probahly have
been about 12 mm. long. It has a maximum height of 4 mm. above
the hase of the teeth.
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The maxillary part of the palate is complete on the right side.
It is 18 mm. long, and narrows slightly anteriorly. Detween the
hases of the 1st. molars the palate, when complete, had a width of
965 mm., while at the point of junction of the maxilla with the
premaxilla the width was 22 mm.  The alveolar part of the hone
which contains the roots of the molars is fairly massive, but the
palatal portion of the bone has a thickness of but 2 m,

In front ol the maxilla a small palatal fraginent of the premaxiila
is preserved, while posteriorly a section of the right palatine is seen
forming a vertical wall to the narial passages and curving downward
and inward to form part of the secondary palate, articulating on the
palatal surface with the maxilla. The vault of the palate is low,
being a flattened concavity.

Fig. 7. Tritheledon riconoi, Br.
Palatal view of right maxilla.

By placing the type specimen in its correct position with respect
to this fragment it is seen that in all probability the first molar
tooth on the type is in reality the second molar of the animal.
It would thus appear that this form has 10 molars: for it is im-
probable that any are missing from the posterior part of the type,
the alveolar border of the maxilla thinning away rapidly hehind the
last of the series displayed.

All the vertebrae preserved are incomplete. The largest — pro-
bably from the mid-dorsal region — has a centrum 3% mm. long,
whose ends are 22 mm. high and 20 mm. broad. The ends of the
centra are slightly concave. The centra are regularly constricted,
the median width being 16 mm.. and along the ventral surface is
a well-defined median longitudinal grove, which broadens at the two
ends. The centra are relatively longer than those of Cynognathus.
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The neural canal is well-defined. The transverse processes are
placed midway along the vertebra, and arise at the level of the top
of the centrum. The base of the process occupies at least two-
thirds of the entire length of the centrum. No zygapophyses are
preserved.

Type. Skull-fragment S.A.M. Cat. No. 1885.

Locality.  Paballong, Mt. Fletcher, Cape Province.

Horizon. Red Beds,

LYCORHINUS ANGUSTIDENS, gen. et sp. nov.
Text fig. 8.

The type of this new form consists of a portion of the left ramus
of the lower jaw of a Cynodont from Paballong, Mount Fletcher,
presented to the Museum by the late Dr. M. Ricono. The fragment
shows the canine, 7 molars and the impressions of 4 others, making
11 in all. The ramus lacks the lower border, and is broken off
anteriorly at the front of the canine and posteriorly at the ninth
molar.

The canine is long and powerful, with a long root, and curves

Fig. 8. Lycorkinus angustidens, Hin.
Type dentary.

slightly backwards. The point is absent and the inner auterior side
of the upper sixth is bevelled ofl by rubbing against the canine of
the upper jaw. In section the tooth is oval with the longer dia-
meter along the jaw. The anterior border is ridged and serrated
for the greater part of its length; the posterior border is also ridged,
but is unserrated.

Close behind the canine, separated from it by a diastema mea-
suring at the most 1'> mm, come the molars. They are all of the
same pattern, increasing gradually in size to the fourth, and decreasing



344 Annals of the South African Museum.

from the eighth. The roots are long and nearly eircular in cross-
section. Half-way up the erown on the inner side is a cingulum
above which the crowns are laterally compressed, so that seen
from above they are considerably longer than broad. Above the
cingulum on the inner side the crown slopes upwards and outwards
and the thinning of the ecrown thus produced is also accentuated
apparently by a somewhat inwardly-directed slope of the outer
face. Fach molar from the 4th onwards is provided with two
cusps, a large anterior cusp occupying two-thirds of the grinding
surface, and a much smaller, somewhat lower posterior cusp. On
the inner face there is a groove running between the ridges which
descend from the cusps to the cingulum. The second and third
molars are provided each with an additional cusp in advance of the
large one which has been called the anterior cusp; and to a lesser
extent this feature is also seen on the first and fourth molars. The
crowns are but scarcely worn. The outer side is unfortunately not
seen, but its general characteristics can he obtained from the im-
pressions of the 8th, 9th, and 10th molars.

The total length of the fragment as preserved is 40 mm. The
crown of the canine is 195 mm. high, and 7 mm. long at the base.
The first ten molars together occupy a length of 33 mm. At the
canine the depth of the dentary was about 17 mn.

Type. Portion of lower jaw with teeth. S.A.M. Cat. No. 3606.

Locality. Paballong, Mount Fletcher, C.P.

Horizon. Red Beds.

Surer-OrDER ARCHOSAURIA.
Faym. SPHENOSUCHIDAE nov.
SPHENOSUCHUS ACUTUs, Htn.
Text figs. 9—16.
1915, Haughton. Ann. S. Afr. Mus. XII, 3, p. 93.

Since the original description of this form was published a cer-
tain amount of additional development has heen done upon the type
specimen, which necessitates slight additions and emendations, It
has been thought best, therefore, to recast the deseription.

The skull is somewhat crushed but nearly whole, and shows all
the external details. It is larger than that of Euparkeria, and is
comparatively more pointed, longer, and narrower. The orbits are
rounded, and wholly in the posterior half of the skull. The supra-
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temporal fossa is elongate, oval in shape, and larger than that of
Euparkeria or Ornithosuchus. The shape of the infratemporal fossa
is characteristic in that its anterior border, formed by the jugal and
postorbital, passes upwards and forwards instead of upwards and
backwards as in Euparkeria and Ornithosuchus; so that the superior
length of the opening is abont equal to the inferior length.

The snout is characterised by the fact that the premaxilla does
not form an anterior horder to the nostrils, these being quite ter-
minal. Further, there is no trace of a median septum dividing
them. The roof of the snout is formed by the paired nasals, which
are hroken posteriorly. The extreme tip of the left nasal is wmissing
hut the bhones were obviously pointed in front. The whole of the

Fig. 9. Side view of skull of Sphenosuchus acutus Htn. X .
(Slightly restored.)

posterior and lower borders of the nostril are formed hy the pre-
maxilla, which sends back a process separating the forward portion
of the maxilla from the nasal. The nostril seems to have had an
upper prolongation between the nasal and premaxilla.  The pre-
maxilla carries apparvently three or four simple pointed teeth.

There 1s no septomaxilla present on the face.

The antorbital vacuity is large. and is sunken in the face, having
borders which make an oblique angle with the sides of the face.
The whole of the anterior and lower borders is formed by the
maxilla. which extends back only as far as the front of the orbit —
not nearly so far as in  Fuparkeriu. The wmaxilla carried about
12 teeth, of which 8 are preserved on the right side. Unfortunately,
not one possesses the crown; but a small tooth in the lower jaw
shows serrations on the anterior border similar to those of the car-
nivorous Dinosaurs. The teeth are flattened laterally, and vary
constderably in size. The first maxillary tooth hasan antero-posterior
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diameter of just over 1 mm.; the probable 6th, which is the largest,
has a dianeter of 75 mm. The teeth do not increase nor decrease
regularly in size from front to back of the jaw, but are variable.
The surface of the maxilla is plentifully supplied with grooves
and small foramina for blood-vessels.
The nasal iz an extremely long bone forming the upper surface
of the skull from the tip of the snout nearly to the plane of the

Fig. 10. Top view of skull of Sphenosuchus acutus Htn. X .
(Shghtly restored.)

front of the orbit. It forms none of the posterior border of the
nostril.  The greatest width across the pair of bones is 20 mm. —
at the back — while the length is about 88 mm.

The Jachrymal forms the whole of the upper border and most of
the posterior horder of the antorbital vacuity, besides forming the
larger part of the anterior orbital border.

The prefrontal is a small bone lying between the frontal, nasal,
and lachrymal. Below it has a lobe-like extension articulating with
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the lachrymal, so that it forms about I8 mm. of the orbital border;
but its width throughout most of its length is only about 6 mm.

I can see no evidence of a postfrontal. [Even if one be present
the frontal is still peculiar in that it passes back to form part of
the anterior horder of the mupper temporal fossa, separating the
postorbital from the parietal. The interorbital region has a median
elevation, hroadened at the level of the postorbital bars, and nar-
rowing posteriorly until it forms the median parietal crest.  On each
side there is a slight supraoibital crest; and between this and the
median ridge is a well-defined channel. The frontal forms half of
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Fig. 11. Sphenosuchus acutus, Htn.
Occipital view of skull. X 1.

the supraorbital border. Its greatest length is in the middle line,
the sutures with the parietals passing well forward from a point
one-third along the parietal crest nearly to the anterior extremity
of the supratemporal fossa.

The postorbital bar differs from that in Eupa-keria and the allied
forms in that its upper end is in advance of the lower. The des-
cending portion of the postorbital is thus inclined backward instead
of forward, lving in front of the ascending process of the jugal.
The postorbital forms most of the outer border of the upper tem-
poral fossa and a small portion of the upper border of the lower
opening, anteriorly articulating with the frontal, and posteriorly over-
lying a part of the squamosal. Nowhere does it meet the parietal.
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The jugal is a tripartite hone. Its anterior process forms the
inferior border of the orbit, and articulates with the lachrymal and
the maxilla It does not pass up in front of the orbit as in Eupar-
keria. The ascending process lies behind and superiorly internal to
the postorbital and is inclined slightly forward. The posterior pro-
cess forms most of the zygomatic arch, lying outside the quadrato-
Jugal.

The lower temporal opening has a rhomboidal shape, being bounded
by the postorbital, jugal, quadrato-jugal, quadrate, and squamosal.
It is shghtly bigger than the upper opening.

In both FEuparkeria and Oruithosuchus the quadrato-jugal is a
fair-sized bone whose articnlation with the jugal passes downward
and forward, and which passes up in front of the quadrate to meet
the squamosal. In this form, however, the quadrato-jugal is a com-
paratively small flat bone which lies in the lower posterior corner
of the lower fossa and whose articulation with the jugal passes
downward and backward. It lies under the jugal and overlaps part
of the quadrate. There is no foramen between it and the quadrate.

The quadrate is a long, strongly developed, fixed bone with a
somewhat expanded lower end. Its upper end is fixed between the
squamosal and the opisthotic. The external surface shows a well-
marked longitudinal depression at the lower end of the upper
half.  The front edge of the bone is thin, the posterior horder well
rounded.

The squamosal is a strong bone, articulating with the postorbital,
quadrate, parietal, opisthotic, paroccipital, and exoccipital. It forms
the outer posterior corner of the skull, i e. half the outer and poste-
rior borders of the supraternporal fossa. It passes over on to the
occipital plate and takes part in the border of the small posttem-
poral foramen.

The parietal has a strong median crest which divides posteriorly
and forms the upper border of the occipital plate. The bone passes
over this lateral crest to form part of the occipital plate. It articu-
lates on the plate on the inner side with the supraoccipital, on the
outer with the squamosal, and below with the exoccipital, forming
a small part of the boider of the postternporal fossa. Anteriorly the
bone articulates with the frontal, and below with the opisthotic and
alisphenoid.  As in Orunithosuchus there is no interparietal,

The foramen magnum is an oval opening 12 mm. high and 10
. hroad, lving high in the skull but well in the lower half of
the occipital plate.

The supraoccipital forms a very small portion of the upper border
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of the foramen magnum. It is a triangular bone with a narrow
short shaft passing down to meet the foramen magnum. Its apex
lies under the bifurcating ridge of the parietal. The surface is
slightly concave.

The suture between the exoccipital and paroccipital process is not
to be seen. The latter is fairly high and fairly thin; its outer cor-
ner is bent almost horizontally and rests on the backwardly-directed
part of the squamosal.

The basicranial region differs from that of the Theropodous Dino-
saurs as exemplified by Plateosaurus erlenbergensis.

The basioccipital forms the majority of the rounded condyle,
which lies wholly below the foramen magnum and is slightly hol-
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Fig. 12. Sphenosuchus acutus, Htn.

A. Side view of basicranium and brain-case.
B. Ventral view of basicranium.

lowed out in the middle of its hinder surface by a small notochordal
pit. The bone also forms the base of the foramen magnum. Ante-
riorly it thins considerably and then thickens again; seen from the
side its lower bhorder is very strongly concave. The basioccipital
tubera are strongly projecting and hetween thewn the transverse ridge
is deeplv hollowed out. The tubera are formed wholly of the basi-
occipital, in stiong contra-distinction to those of Plateosauwrus and
are thus somewhat reminiscent of the tubera in the Anomodontia.
This likeness is further intensified by the fact that the basisphenoid
sends back a process on either side to support the anterior wall
of each tuber. Between these basisphenoidal processes and anterior
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to the transverse ridge the basioccipital rises considerably so that
seen from below it has a deep central pit. This pit is triangular
in shape with its base behind and its apex in front. The base is
formed wholly by the basioccipital.  The upper portion of the sides
is also formed by the basioccipital. but the larger, lower portion is
formed by the basisphenoid. Superiorly this pit divides into two
canals separated by a rod of hone which passes upwards from the
transverse hasioccipital ridge and then turns forwards. The openings
to the canals are elongate vertically. Superiorly the basioccipital
meets the exoccipital. On the left hand side of the skull the suture
can be seen running from just below the top of the condyle — the
exoccipital forming a very small portion of the condyle — forwards
and slightly upwards to a point above the basioccipital tuber, and
then passing downwards so that the exoccipital forms part of the
lateral ridge running down to the tuber and meets the basisphenoid.
The exoccipital forms all the lateral border of the foramen magnum,
and the two almost meet above the foramen. The foramen for the
XIIth nerve (hypoglossus) is single and small.

The basisphenoid sends back two processes as supports for the
tubera, as mentioned above. In front of these the bone narrows
somewhat and then sends forward the two pterygoid apophyses.
At its narrowest the hone is deeply grooved in the median line.
The lower horder of the pterygoid apophysis bends down sharply.

Between the exoceipital and the basisphenoid on the side is a
small foramen, presumably that of the carotis interna. Detween the
exoccipital and a dumb-bell shaped piece of bone forming part of
the side wall of the brain and seen in oblique section is another
foramen. The bone is probably a portion of the prootic, and the
foramen, which lies above and slightly in advance of the supposed
foramen for the carotis interna, is probably the foramen lacerum for
the INth-XIth unerves. On the dorsal side of this bridge of bone
is a large irregular shaped opening which 1 take to be the fenestra
ovalis and the opening for the VIlIth (auditory) nerve. Anterior to
this and looking downwards and forwards is the large circular
foramen ovale for the Vth (trigeminal) nerve.

Anterior to the foramen magnum the brain case heightens rapidly.
Posteriorly it is considerably constricted and above the foramen
ovalis the bone of the side-wall is pierced by a small circular opening,
probably for a hlood-vessel. Anterior to this the brain-case expands
laterally and is bounded by the parietal above and the alisphenoid
on the side — the two hones being divided by a straight horizontal
suture,
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The condition of the basicranium is somewhat similar to that seen
in Thecodontosairus antiguus, bhut differs in that the basisphenoidal
tubera are placed further back and more ventrally in this new form,
so that the lower surface of the basioccipital instead of passing
almost entirely forward has a very concave profile when viewed from
the side. The basisphenoid, too, differs in that it is longer in com-
parison with its width, neither the outward ridges of the bone which
lead to the tubera nor the forwardly directed ptervgoid apophyses
diverging at so great an angle from each other as in the higher form.

The postpalatal vacuity lies directly helow the orbits, and has a
length of 26 mm., and a width of ¥ mm. Almost the whole of its
inner border, its anterior border, and part of its outer border are
formed by the palatine. Its hinder border, and the remainder of
the outer border is formed by the transpalatine.

The mternal nares are not seen, but must have been considerably
in advance of the postpalatal vacuity.

The anterior prolongation of the pterygoid passes far forward as
a narrow bone with a rounded keel, separated from its neighbour
by a well-marked groove. At the level of the front of the postpalatal
vacuity 1t hegins to broaden out and passes back as a gradually
broadening plate articulating with, and lying below, the palatine.
Posteriorly the mesial rounded keel becomes less pronounced and
the platelike portion of the boune has a slight median depression.

The palatine is not wholly displaved. It articulates with the
pterygoid internally, with the maxilla externally, and with the trans-
palatine posteriorly, forming the anterior and inner borders of the
postpalatal vacuity. The front part of the bone carries a pronounced
ridge which runs zig-zag across the bone with deep hollows in front
and behind, There is no evidence that this ridge carried teeth.

The transpalatine is a stout bar with a strong expanded articu-
lation with the maxilla externally. It separates the postpalatal
vacuity from the large pterygoid vacuity; internally it is broken ofl]
but the impression of the upper surface of the bone on the matrix
remains in part, and it seems to have met both the palatine and
the pterygoid.

Of the whole palate the premaxilla, maxilla, and prevomer form
but a small part: in this, as pointed out in an earlier paper, the
forny agrees with Erpetosuchus and differs from Ornithosuchus.

The lower jaw is incomplete. About 100 mm. of the right ramus
is anchylosed to the anterior 40 mm. of the left ramus, while a
small portion ot the back of the jaw is attached to the left quadrate.
I am thus unfortunately unable to say whether or not a fossa was
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present. Remnants of 12 teeth are preserved on the right dentary,
and of 5 or G on the left. Of these latter the 4th is small and
nearly complete. It shows that the teeth were fluttened, pointed,
and simple, provided with serrations on the anterior bhorder. The
dentary forms the whole of the anterior halt of the outer surface
and thickens in front to meet its neighbour over the whole of the
symphysis.  The splenial torms a large part of the inner surface of
the anterior half’ of the jaw, but takes no part in the symphysis.
It has a straight articulation with the dentary along the lower border
of the jaw. The fractured end shows a small part of the angular
Iying within the splemial and dentary. There is a postarticular
process passing behind the extremity of the quadrate.

Fig. 13. Sphenosuchus acutus, Htn.
Anterior caudal vertebra. X 1.

Vertebrae. The anterior cervical vertebrae have been displaced
and the centra are missing. The elements of the atlas cannot be
distinguished, although a small curved hone lying on the right
exoccipital is probably a part of the pro-atlas. The dorsal spine of
the axis is preserved. [t is 30 min. long, higher in front than behind,
and overlaps the 3rd. cervical. This latter shows well-developed,
strong anterior zygapophyses, shorter postzygapophyses, a straight
flattened dorsal spine, and a well-marked neural canal. The dorsal
spines of the 4th and Hth cervicals are also present. They are like
that of the 3rd cervical, slightly expanded at the crest, with a shallow
groove running down the posterior border. The anterior ribs are
double-headed.

There is an anterior caudal preserved (Text fig. 13). 1t is 16 mm,.
long and has a total height of 37 mm. The body is somewhat con-
stricted in the middle, having a minimumn width of 8 mm. The
ventral surface is broadly rounded. The ventral horder is concave
with the posterior end lower than the anterior, The anterior surface
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is concave. The posterior surface is concave in the middle, hut its
border slopes away to the edges of the surface so that its outer half
is couvex. There is thus a large surface for articulation with the
haemapophysis below the concave portion of the posterior face of
the centrum. The neural canal is circular in cross-section. The
trausverse processes rise high up and pass outwards, slightly upwards
and shightly backwards.  They are long, narrow, and thin. The
zygapophyses diverge from each other strongly. The prezygapophyses
have flat upper faces which look inwards. The neural spiue is high

Fig. 14. Sphenosuchus acutus, Htn.
Internal view of left scapula. x 1.

and thin, narrower and higher than ix usual in the Dinosauria or
Crocodilia. Its hase is broader posteriorly than auteriorly, and lies
wholly in the hinder two-thirds of the neural arch. The width
across the transverse processes is 30 mm.; that across the prezyga-
pophyses is 12:5 mm.: the length of the upper border of the dorsal
spine 1s 8 min,

Shoulder girdle. The shoulder girdle is preserved entire, and con-
sists of two scapulae, two coracoids and an interclavicle.

The scapula is 81 mm. long and expanded both at its proximal
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and distal ends. The width of the distal end is 43 mm., of the
proximal end 40 wm., while the narrowest part of the shaft —
which oceurs just above the proximal expansion — measures but
15 mm. in width. There is no acromion process.

The hone figured and described in the original paper as a clavicle
is in reality a coracoid. The left coracoid is perfect save for the
extreme distal point.  The coracoid is a long, thin bone, whose shape
can best be understood from the figure. The ventral margin is
slightly convex and thin. Above this thin border the hone swells

Fig. 15. Sphenosuchus acutus, Htn.
Inner view of left coracoid. Xx 1.

and on the onter side there is a very slightly roughened elongated
surface apparently for the insertion of the coraco-brachialis muscle.
Above the interclavicular portion the anterior border is concave to
a point directly below the coracoid notch, and then is again some-
what concave, the two curves being separated by a well-defined
obtuse angle.  The upper border of the post-glenoid prolongation is
shightly concave. Anterior to what is apparently the scapular arti-
cular surface there is a small coracoid notch measuring only 2:5 mm.
in diameter, and beyond this is a thin spatulate pre-glenoid prolon-
gation with a length along its upper horder of 11 mm. The greatest
length of the bone is 77 mm. The width at the coracoid noteh is
13 mm.; that at the broadest part of the postglenoid prolongation
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is 14 mm. The length of the postglenoid process is 45 mm. while
that of the interclavicular articular surface is 37 mm.

This coracoid differs from that of any known forms. In the Phyto-
sauria the coracoid is rounded in form and has a large coracoid
notch, and the pre-glenoid portion is much longer than the post-
glenoid. In the Pseudosuchia the form is variable.  Ornithosuchus
hias a rounded coracord with a short posterior ventral process, and
a supracoracoid foramen. FKuparkeria has a large rounded coracoid.
Schleromochlus has a long, flattened, rod-like coracoid like those of
the Birds and Pterosauria.  In the Crocodilia the coracoid approxi-
mates somewhat to that of Sphenosuchus. It also is composed of two
expanded ends joined by a vrelatively narrow neck. But in the
Crocodilia the hone is much higher and relatively shorter, and there
is a foramen instead of a coracoid notch. This latter feature, however.
is variable in the Crocodilin: for Andrews hus ligured two species of
Metriorhynchus from the Oxford Clay, one of which has a coracoid
notch and the other a coracoid foramen. In none of the Triassic
Coelurosauria is the coracoid known: but in Aetonyr and other
Triassic Saurischiw it is a large rounded bone with a supracoracoid
foraimen, somewhat similar to that of Euparkeria. 'The South African
form which most closely approximates to Sphenosuchus in this respect
is- Notochampsa.

Humerus.  The humerns is 113 mm. long.  The proximal end is
broad; in the inner view it is seen to be hollowed out between
the delto-pectoral crest and a well-marked ridge which runs down
on the inner side from the proximal condyle. The delto-pectoral
crest lies considerably below the level of the head of the houe, so
that the proximal expanded portion occupies two-ifths of the total
]gngth. The shaft 1s slightly curved, and oval in eross-section, the
distal end being more strongly bent thau the proximal. Iu the
narrowest part the shaft has a diameter of 10 mm. The distal end
is but slightly expanded and shows two distinet ronnded condyles,
of which the inner is much the larger. Seen in lateral aspect, the
bone presents somewhat the appearance of that of Ornithosuchus,
hut it is longer, more slender, and the distal condyles are more
rounded.

Tibia and Fibula. There is also preserved a tibia and the distal
third of a fibula from the same Jimh. The tibia is a long, thin
bone slightly curved. with an expanded proximal end, and a robust
distal end. Its greatest length is 120 mmnw.; the distal endis I5 mm.
wide, the shaft 9 mm., and the proximal end 29 mm. The tubero-
sitas tibiae is the highest pomnt of the bone. From it the articular

23
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surface slopes downwards, gradnally  heing rounded off into the
posterior face of the bone.  The iuner edge of the proximal surface
is evenly rounded: ou the anterior half of the onter edge there is
a prominent lateral condyle from which a short, prominent ridge
passes down on to the shaft. This condyle lies well helow the level
of the head of the boue. At the distal end there is a differentiation
into two processes; one of which liex higher than the other. as in
the Triassic Sanrvischia: but the step trom one to the other is not
so deep as in, say. Thecodontosaurus.

Fig. 16.  Sphenosuchus acutus, Htn.
A. Tnner view of left humerus.
B. Outer view of right humerus.

Both figures x 3.

The distal portion of the fibula shows the bone to have heen more
slender than the tibia. The distal end is slightly expanded, The bone
is oval in cross-section.

Type. Skull and part of lower jaw with bones of the shoulder
girdle, part of fore limbs, and part of hind limb, with vertebrae and
rib fragments.  (S.A.Mus. Cat. No. 3014%.)

Locality.  Paballong, Mount Fletcher, Cape Colony.

Horizon, Red Beds.

Affinities. In the general form of the skull Sphenosuchus agrees
with most of the members of the super-order Archosauria, i.e. in
the possession of supra-, infra-, and post-temporal avcades and vacuities.
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fi some Dinosaurs the post-temporal vacuity is closed. In Sphenosuchus
it is very small, much smaller than in the Phytosauria or genera
like Euparkeria.

The skull has a smaller quadrato-jugal than Ewuparkeria, but shows
an advance on that form in the loss of the imterparietal and the
reduction of the lachrymal.

Chief interest lies; however, in the post-cranial part of the skeleton
and in the lack of armour. This latter feature is noteworthy as the
larger number of the genera comprising the order Thecodontia, to
which this form was oviginally assigned, possess armowr in the form
of scutes which are sometimes numerous and heavy. No armour
has, however, yet been seen in Thecodontosaurus, Mussospondylus,
and the genera of the Saurischia,

The shape of the coracoid (erroneously described in the original
deseription as the clavicle) is wmigque among reptiles, and strongly
reseinbles that of many Birds.  Anong Reptiles, it is approximated
most closely by the bones in Notochampsa and the Crocodiha,  Eupar-
keria has a vounded covacoid, and so has Massospondylus, so that
Sphenosuchus cannot he aucestral to the latter nor to the Saurischia.
Its humerus and tibia, however, are more like those of the Saurischia
and  Massospondylus and its allies than other Archosunria; and the
shape of the distal end of the tibia shows that the astragalus was
probably fairly hmmovably fixed to the tibia. Further, the possible
lack of clavicles is important.  The other hones of the scapular arch
are so well preserved and so nearly in place that it is scarcely
possible to suppose that hony clavieles, if present in the hiving antmal,
were not preserved. Lying anterior to the arch and dissociated from
the scapula and coracoid 15 a thin elongate bone — not complete —
which might be a clavicle or a neck rib or even a long bone of the
hyoid arch similar to the ceratobranchial described by Broom in
FEuparkeriu. The absence of elavicles would remove the form alto-
gether from the order Thecodontia.  Further, it could only he put
with difficulty into the Saurischia on account of its peculiarly spe-
cialised coracoid, which must be taken as a proof of a certain shmi-
larity in musculature between this forin and the Birds. On the other
hand, the coracoid is more elongate and birdlike than that of
Awchaeopteryx, which has already acquired feathers; and it is probable
that this pecuhiarity in the coracoid of Sphenosuchus s merely a
specialisation which was not a step on an advance fromn the Reptile
to the Bird. The absence of clavicles would prevent Sphenosuchus
from being on the direct line of evolution of the class Aves.

Takimg all the facts into consideration, it is necessary to found
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for the genus a new fumily. which may be called the Sphenosuchidae,
and which on acconnt of the uncertainty as to the occurrence or
absence of clavicles, cannot be satistactorily included in any of the

defined orders of the Archosaurta.

I'as. NOTOCHAMPSIDAE, nov.
NOTOCHAMPSA ISTEDANA, Broom,
Text fig. 17, 18,
190%.  Broowm. Geol. Mag. Dec. V, Vol. 1, p. 502,

The only hitherto-published description of Notochumpsa is that by
Broom who gave a very brief notice of the two forms from the
Stormberg Beds which he inclnded in the genus. At the time of
writing that paper, the remains of the lger animal (N. istedana)
had ot heen completely developed, but Brooun considered that enough
was shown to place the forms in the Crocodilia (Mesosuchia ot Huxley).
A short time ago Watson suggested that the lavger form was possibly
not a crocodile at all; but was related to Stegomus. 1 have therefore
further developed the fossil in the hope that it would he possible
to settle its systematic position.  There are now displayed .the im-
pressions of niost of the hones of the top of the skull. most of the right
ramus of the lower jow with the whole svinphysis, the shoulder girdle
(right scapula, two coracoids. and an interclavicle), the proximal end
of the right humerus, the humerus, radins, ulna, carpus, and meta-
carpus of the left side. part of the femur, tibia. and fibula of the
left side, most of the dorsal armour. and some ribs. These remains
merit a somewhat fuller description than that already given.

Skwell.  Unfortunately, although further development has shown
a little wmore of the top of the skull, nothing can he seen of the
structure of the palate. .

In the middle line, as preserved, the skull has a length of 1015 mm.,
while its greatest length ix 117 mm. The length of the lower jaw
from the symphysis to the articular surface is only 106 mm.  Little,
therefore, can be missing from the front of the snout althongh the
anterior horders of the nares are not seen. The nares must, in cou-
sequence, have been almmost terminal.  In his restoration of the skull
Broom figures the nares as being typically crocodilian, i.e., coalesced
into one central opening in the premaxilky, and thus adds about
T4 mm. to the length of skull as preserved. This, I think, is a
misinterpretation of the xtructure because, in the first place, the
disparity in length hetween the mandible and skull becomes too
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great and, secondly, there seems to be sufficient evidence in the nasal
region itself to prove that the nostrils were separate and somewhat
lateral.  The whole stincture of the remaining portion of the snout
seems to point to this conclusion.  On the righthand side the -

Fig. 17. Notochampsa istedana, Br.
Top view of skull. X 1.

pression of the hone is excavated as if it were the posterior border
of the nostril. This portion of the snout seen in profite is distinetly
raised, whereas the remainder of the snout is shightly concave along
the median line, and between the nostril and the centre line is a
shallow concavity. 1If this reading of the structure is correct, then
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the nostrils were somewhat laterally placed and separate as in the
Pseundosuchia. [t demands an additional length of about 5 mni. to
the tip of the snout. thus making the upper and lower jaws more
commensurate than does the earlier restoration.

The snout is fairly long, and tapers slightly anteriorly. Most of
its upper surface is formed by the nasals, which are separated by
a long median suture, and terminate hehind in a digitating suture
with the frontals.

The maxilla bears a nwmber of teeth. about 8 or 9 in all probability.
The first two preserved on the right maxilla are large teeth with long
roots each set in its own socket. and with hackwardly-curved pointed
crowns somewhat oval in section.  There were no prominent anterior
or posterior edges. The posterior teeth were smaller than the others,
but there is no regular diminntion in size.

The snout ix broken off anterior to the orbits, and the whole of
the orbital region is missing. Just anterior to the hiatus the snout
swells laterally and becowmes rvaised on the two sides, the median
depression remaining constant.  The lateral prominences look to be
each the mmipression of a separate hone. although sutures are extremely
difficnlt to delineate.  Each contains a portion of the bone figured by
Broom as lachrymal, and each is probably wholly a prefrontal.  1If
this be =o. the lachrymal was wholly on the side of the skull.

Only the hinpressions of the lower surface of the bones surroun-

ding the vacuity are present.

The upper temporal vacuities are present. Their anterior borders
are formed hy the postorbitals.  Broom fignres the squamosal as
forming the whole of the bar between the upper and lower temporal
fossae: but on the right hand side there is a well-marked separation
hetween the bone forming the inner part and that forming the outer
part of this bar, and the separation is seen also in part on the left
hand side of the sknll.  The inner of the hones I take to he the
upper portion of the quadrate, which just meets the postorhital
anteriorly, and has the relations of the ¢nadrate in the recent Croco-
dibia. - Externally and posteviorly it articulates with the squamosal.

The squamosal also passes outwards, backwards, and downwards
to form the posterior horder of the lower temporal vacuity and to.
meet the quadrate.  On the inner side it meets the supraoccipital
and exoceipital.

The parieta) bar is very broad.

The quadrate is partially displaved. The forin of its articular
surface is not seen. The mmner edge of the bone is hent upwards
to meet the squamosal; and its other relations have been stated above.
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The lateral temporal opening was long and fairly low. In it can
be seen a portion of the quadrato-jugal. lacking the outer edge, and
articidating with the quadrate,

The supraoccipital articulates above with the parietal m a farly
long sature.  Ventrally it narrows rapidly and articnlates on its
oblique edges with the exoccipitals, which are apparently large bones.

The weathering away of the hone shows a canal opening into the
auditory region between the quadrate and the parietal on the posterior
horder of the upper temporal opening, and this is continued into the
post-temporal vaenity, bounded by the squamosal and parietal ahove
and the exoccipital and supraoccipital helow.

Mandible.  Part of the lower jaw is preserved. The symplysis ix
fairly short, and formed apparently wholly by the dentaries. The
tower jaw is slender, its deepest part heing just behind the Meckelian
cavity.

Of the right ramns, the dentary is wholly preserved. It meets its
neighbour in a svinphysis 12 mm. long.  The alveolar horder is
straight and carries about 12 teeth of which 9 can bhe seen. The
tirst two are in the position of incisors and point strongly forwards,
The third is considerably larger than any of the others.  Posterior
to it the teeth seem to be of approximately equal size to one another.
At the level of the last three or four teeth the dentary is extremely
shallow, while it broadens again towards the Meckehan cavity, of
which 1t forms the anterior half of the border. The ventral face of
the symphysial region is convex from side to side, and pitted.

The splenials are mnot preserved; but the shape ol the inner
surface of the right dentary shows their approximate positions. The
bone did mot enter the sviuphysis. For over one-half its length it
lay along the inside of the dentarv. For a distance of I8 mm. it
was separated from the dentary by the angular, lying along the
mner surface of that bone almost to the level of the outer fossa.

The angular has velations with the other hones, as far as can be
seen, similar to those in the Crocodilia. It forms the posterior border
of the outer fossa, and passes on the vential side below the dentary,
separating it {rom the splenial.  None of the other bones are seen.

Scapula.  The right scapnla is displayed in tull, as well as the
glenoid end of the left scapula. The bone is extraordinarily expanded
at its upper end, and somewhat swollen below. The posterior border
from the narvrowest part of the hone upwards is almost straight,
save at the upper extremity; but the anterior edge is strongly
bent owing to the anterior prolongation of the upper part of the
bone. The lower part of its anterior border is swollen and convex,



362 Annals of the South African Museum.

while the articulation with the coracoidal element is almost straight.
Approximately half the glenoid cavity is formed by the scapula.
Fromn the narrowest part upwards the hone is very thin. From the
upper posterior corner to the middle of the glenoid cavity the scapula
measures 43 mm. At its narrowest it is 45 mm. wide; at its upper
border it is 30 mm, wide. The articulation with the coracoid measures
85 mm.

Coracoid.  Both coracoids are seen. The hone is smaller than the
scapula, strongly compressed and expanding considerably at each end.

Fig. 18. Notochampsa istedana, Br.
A. Scapula and coracoid.
B. Proximal half of humerus.

It forms the lower half of the glenoid cavity. Anterior to the
glenoid cavity and just below the articulation with the scapula the
bone is pierced by the coracoidal foramen. The distal expansion
is very broad, terminates in a convex border and is prolonged more
posteriorly than anteriorly.

The coracoid has a length of 25 mm. in the middle line. Its
lower border measures 15 mun,, while its narrowest part has a width
of only 3 mm.

The Interclavicle is a narrow elongated strip of bone, not wholly
preserved.

Humerus.  The humerus has a long, thin, flattened shaft with a
considerably expanded upper end. The lower end is not preserved
on either side of the body. The total length of the bone was probably
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about 60 mm. The maximum width at the proximal end is 14 mn.,
while the shaft is 4 mm. broad and 1'5 mm. thick as preserved.
The head is rounded, and there is no very prominent deltoid crest
although some distance below the head of the bone a slight crest
was present.  The anterior face of the expanded portion is concave.

The radius and wlra are hoth long, slender hones bhut shlightly
expanded at their ends. The bone lying as the outer of the two on
the left-hand side of the body is slightly longer than the other, and
this I take to be the ulna. The left forearm is lying parallel to the
body with the elbow hehind and the hand in front, hent almost at
an angle of 150° to the plane of the humerus.

Radius. The radius has a length of 52 mm., while the middle
of the shaft has a greater diameter of 2:5 mm. The bone is com-
pressed and has its end expanded to a width of about 4 mm. Save
at the lower end, where it is slightly curved away from the ulna, it
is straight throughout its length.

Ulna.  The ulna is a slightly curved bone 54 yin. long, apparently
somewhat 1nore slender than the radius, but with similar expanded
ends. Just below the surface for the articulation with the humerus
the radial border is markedly concave.

Carpus.  The carpus of the left side is partially displayed. Two
bones of the proximal row can be seen, one below the nlna and one
below the radius. These I regard respectively as the ulnare and
the radiale.

The wlnare is an elongated bone with a narrow shaft and expanded
ends. In cross-section it is apparently oval. Its length ix 10 mm.,
the proximal width 4 mm., and the distal width 5 mm., while the
shaft of the hone has a width in its narrowest part of less than
2 mm. The proximal articular surface has a small outer convexity,
the remainder being hollowed out. The distal surface is cushion-shaped.
Attached to the lower end of the bone is a =mall bone, oval in
section as seen, 2 mm. high and 4 mm. broad, which may be the
fused Srd, 4th. and 5th carpals.  The radiale is a similar hour-glass
shaped bone 11-5 mm. long with its ends somewhat less expanded
than those of the ulnare. The narrowest part of the bone is 2
mu. wide,

Metacarpus.  Remains of all five metacarpals are seen. The third
and fourth articulate with the bone lying below the ulnare, but not
the fifth. Each metacarpal is an elongated bone with expanded ends.
The first is 97 mum. long, the second 10 mm., the third 95 mm.
and the fourth 83 mm., while the fifth is not fully displayed.

Femur. The distal half of the femur is slightly curved and has
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an expanded end, which was probably slightly cartilaginous. The
preserved portion of the hone is 48 1. long, and the distal end
measnres 115 . in its greatest diameter. The shaft at 1ts narrowest
is between 5 and 6 . thick. The outer condyle is konger than
the inner and on the anterior surface hetween the two is a shallow,

o
o

broad depression.

The tibic and fibule are hoth long, slender hones, longer and more
vobust, however, than the bones of the lower part of the fore-leg.
The tibie has a length of 62 nun.  Its shaft is long and straight:
the proximal end of the hone ix swollen to a thickness of 6:5 mm.,
and rounded.  The distal end ix somewhat crushed, but it is wider
than the proximal end and has a protuberance on the fihular side.
The fibwla s a wore slender hone, 60 m. long, with slightly
expanded ends.

Armowr. The back was covered with a series of paired dorsal
sentes, one of which was figured by Broom. There were apparently
neither luteval nor ventral ossifications — at least. none are preserved
on this speeimen.  Eaeh paiv of sentes covered one vertebra. Remuins
of 20 pairs ure preserved. almost wholly as impressions of the under
surface of the hone.  Each scute was ronghly rectangular, hut towards
thie outer end of the posterior border there was a projecting process,
From the twelfth pair onwards the width gradually decreases. The
first seute ix short, the second slightly longer.  The 3rd is a little
longer than the #th or 5th.  From this onwards the length s
constant.  The T1th. scute is 20 nne broad and 95 wm. long at
its mmer edge.  The 19th. has a breadth of 145 . and a length
of 9 .

Affinities.  In the elongation of the rostrmn the form agrees with
the Crocadilia and Phytosauria: but in the possession of paired and
lateral outer nares it diflers from the former, and in the short
premaxittary and forward position of the nostrils from the latter.
The elongation of the rostrum s a secondary character.

I o not able to determine with ahsolute satisfaction whether or
not a preorbital vacnity was present.  The orbit itself is absent, but
hoth prefrontals can be seen. On the right hand side helow the
prefrontal on the side of the skull there s a distinet depression with

superior, anterior. and inferior borders of hone. This may — and
probably does — vrepresent a preorhital vacuity, looking wholly

ountwards and placed below the orbit and but slightly in advance of
i, a condition paralleled to a certain extent in the Phytosanrians
Mystriosuchus and Rhytidodon.

The secapula is without paratlel among Archosauria in the extreme
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broadening of its dorsal half.  The coracoid has the general shape
seen in the Crodilia: but an even greater departure from the rounded
bone of the Psendosuchia and Phytosanria 1s presented by the
coracoid of Sphenosuchus, described in this paper, which is undoubt-
edly a Pseudosnchian of rather advanced type. 1n the possession of
an interclavicle and the absence of clavicles Nofochampsa agrees with
the Crocodilia and differs from the Dinosauria, Phytosauria, and
earlier Pseudosuchia.

The fore-limmb is not Crocodilian i structure.  The humerns in
its expanded proximal portion with concave anterior surface, its
deltopectoral crest well helow the level of the head of the bone, and
its narrow shaft is reminiscent of that of Stagonolepis which, however,
departs from the normal Phytosaurian form and approximates to
that of the Pseudosuchia and Saurischia.

The long and slender limbs show affinities with such forms as
Stegomus and  Schleromochlus, although the front limh approximates
m length to that of the hind hmb much more nearty than in the
latter form. The genns hervein differs greatly from the Jurassie Crocodilia.

The armour is peculiar in that it apparently consists only of two
rows of scutes along the back. These are broader than long as in
Stegomus, Aetosaurus and Dyoplax. Possibly, however, ventral armour
was also present.

With the form described as Pedeticosaurus leviseuri hy van Hoepen
Notochampsa possesses several characters in common. Both have the
snout somewhat elongate, with the nostrils separate, lateral, and
nearly terminal.  Both have thecodont teeth, of which the two just
behind the premaxilla seem to be the longest and strongest. In
Pedeticosaurus there is a small antorbital vacuity on the side of the
face — smuller than in other Psendosuchia -~ an arangement which
may, as stated above, he present in Notochampsa. There is also a
general agreement between the t(wo forms in the hroadened distal
end of the scapula, the long and slender bones of the upper arm
and fore-arm, the elongate carpals, the comparatively short rihs, and
the double row of plates down the back. The bhone called hy van
Hoepen the left scapula appears to be more likely to be a coracoid.
If that be =so, it will agree with the coracoids of Notochampsa in
its general shape, having two expanded ends connected by a narrower
shaft.  The hind leg in Pedeticosaurus is velatively somewhat longer
than in Notochampsa.

The points of agreement are. [ think, sufficiently numerous
provisionally to place the two genera Notochampsa and Pedeticosaurus
in the same family which must be called the Notochampsidae. This
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displays affinities both with the Pseudosuchia and the Crocodilia.

By von Huene the Crocodilia are thought to have been derived
directly from the Aetosamria.  Such a descent implies; mmong other
things, elongation of the snout. the loss of preorbital vacuity, the
loss of the clavieles, and the production of a typically Crocodilian
coracoid.  These changes wre partly brought about and partly fore-
shadowed in the Notochamnpsidae: and although the limbs are not
moditied i the Crocodilian manner save in the lengthening of the
carpals, it may be concluded with some degree of truth that the
family occupies an intermediate position between the Aetosanria and
the Crocodilia, possibly on the direct line of descent. [t is unfortunate
that nothing is known of the palate in either of the two members
ot the family. .

Type. Skull and portion of skeleton and armour. (S. A. Mus.
Cat. No. 4013).

Locality. Funnystone, Barkly East, C.P.

Horizon. Cave Sandstone.

PEDETICOSAURUS LEvIsEURD v. Hoepen.
1915, van Hoepeu.  Ann. Transv. Mus. V. p. 83, Pls. NXTH-XTV.

The type consists *‘of a nearly complete individual on two slabs
of matrix. The fossil is an impression of the right side of the skuil
and limbs, and besides this, consists of some vertebrae, a few ribs,
a great part of the tail and of dermal ossifications”.

The skull is only seen in lateral view. It has a total length of
abouth 90 mm. The snout iz low and fairly long. the tront of the
orhit Iying a hittle in advance of the middle of the sknll.  The orbit
s large and rounded, the wntorbital vacuity siall with a straight
lower border. The nostrils are almost terminal.  The bar separating
the upper and lower temporal vacuities s not clearly displayed.
The lower border of the lower opeuing is formed mainly by a
shallow jugal.  Posteviorly this meets a bone. which, as preserved,
has a free upper anterior end, and occupies the same position as
the bone which I have called quadratojugal in Notochampsa and
Sphenosuchus.  Behind this 18 a portion of the quadrate with which
the lower jaw still articulates. V

The premaxilla carvies three small teeth; the maxilla probably
carries 16 or 17 teeth, of which the anterior two or three are large.
All are pointed, backwardly eurved, aud apparently unserrate.

The hone which van Hoepen huas called a “hyoid” is apparently
a double-headed anterior cervical rib.
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The account given hy van Hoepen of the post-cranial skeleton is
correct save that the hone which he describes as the less-completely
preserved scapula I take to be a coracoid, elongate in shape soine-
what similar to that seen in the Crocodihia and i Notochampsa.
Lt 1% also possible that the small fragment lying above the supposed
coracoid and below the humnerus of the other side is the impression
of part of a small straight interclavicle.  The assumption of the
presence of a coracoid is justified by the long straight distal articular
swface of the scapula lying anterior to the glenoid cavity; this is
equal in length to the articular surface of the supposed coracoid,
which has a comparatively narrow middle portion with strongly
expanded ends.

If a coracoid be truly present, then an interesting comparison caun
be drawn between Pedeticosaurus and Notochampsa, as 1 have pointed
out in the re-deseription of the latter forin.  Pedeticosaurus is a
slightly smaller ammal having, however, its hind legs longer and
ore strougly devetloped than those of Notochampsa.  The resem-
hlances are close enough to suggest a family connection, and | have
theretore placed hoth genera in the same family.

I have to thank Mr. M. Leviseur and the Bloemfontein Museum
authorities for permission to examine the type.

Type.  Incomplete skeleton” on two slabs in the Orange Free State
Museun.

Locality.  Rosendal, Senekal Distr., Orange Iree State.

Horizon. Cave Sandstone.

OrpER CROCODILIA (?).
EryrarocsamMpsa nov,
Eryrurocnaypesa LoNGiees (Broom).

1904, Broom. Notochampsa longipes. Geol. Mag. N. S, Dec, V.
Vol. 1. p. 532 figs. 2 and 4.

Pelvis. In his original description of this form, Broom says “the
pebvis is tvpically Crocodilian in that the pubis does not enter the
acetabulum.  The iliwm is of small size.”

The pelvis as preserved is seen partly on the main slab and partly
on a small piece of rock which was broken ofl in the development
of the fossil for the purpose of examining the pelvis.  This latter
shows the two ischia, most of the two prepubes; and a portion of
the left ilimm (partly in bone and partly as a mould). The main
slah shows moulds of these hones with small pieces of hone adhering.

The iliwn is incomplete. It was a stout bone, nearly as large as
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the ischiwm. with a long dorsal border. There 1s a long pre-
acetabular portion with a bluntly-pointed extremity.

The ischium is of the usual Crocodilian form. Ventrally it forms
a long union with its fellow by means of w straight suture 15 mm.
long. The ventral portion of the hone is a triangular plate with an
acute posterior angle and a more obtuse anterior angle. The dorsal
portion of the hone is bifurcated. with a larger posterior portion for
articulation with the ilinm, and a prominent antertor protuberance
directed upwards and forwards for articulation with the unossitied pubis.

On neither side is the prepubis complete.  Each is a slender bone
with o spatulate anterior portion.  The two bones do not meet
ventrally and must have been connected by cartilage.  The proximal
end is shghtly expanded and lies at present some distance in front
of the ischium and wholly disconnected from it. The length was
235 mm., and the greatest hreadth at the spatulate end 45 mm.,
while at its narrowest the shaft is just imder 1'5 mni. broad.  The
shaft is nearly circular in cross-section.

Femar.  The right femur is partially preserved. It consists of a
slightly bent shaft with somewhat swollen ends.  The ends of the

bone are spongy while the shaft is hollow a condition which is

seen in the other bones of the hind linb and the petvis. The length
is about 48 mm. The lhead is %3 1hun, hroad, the shaft 3-8 mm.
In cross-section the shaft is a somewhat flattened oval.  The distal
end has two condyles separated by a well-marked intercondylar groove,
The outer condyle is larger than the inner. The width of the distal
end is 8 mimn.

Tibia. The tibia is 4 or 5 mm. shorter than the femur, [t is a
very slightly curved shaft with an expanded proximal end flattened
antero-posteriorly. The fibular side of the shaft is somewhat flattened,
while the inner side is regularly curved. Distally the Dbone widens
out.  The breadth of the proximal end is 6 mn. while the width
of the shaft ix 35 mm.

Fibula. The f{ibula is approximately of the same length as the
tibia, but is a much more slender hone. Between the shaft and the
proximal end there is a narrow neck. The shaft has a longitudinal
ridge on the inner anterior border. The distal end is not seen.
The shaft is 2 mm. hroad.

Tarsus.  The structure of the tarsus is somewhat difficult of deter-
mination. The cleavage of the rock has broken the hones across
the middle so that neither the dorsal nor palmar surfaces are seen.
The astragalus s much larger than the caleanewm, which is a small
bone with a small posterior tuber jomed to the main body of the
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bone by a narrow neck. There are two other bones of which the
one articulating with the calcaneum nay be the cuboid and the
other the reduced fifth metatarsal or the fused 4th and Sth tarsalia.

Metatarsus.  Metatarsals 1 — [V are similarly elongated narrow
cylindrical bones with slightly expanded ends.  The 2nd and Srd
, while the 4th is the shortest.  The lengths
from the Ist to the 4th are 22 mnoi, 25 ., 23 oon.. and 20 .

are larger than the others

respectively.

One phalanx of the 2nd. digit and two phalanges of the third are
preserved.  Each is a fanly long slender bone with concave proximal
and convex distal articulation.

Armour.  Portions of the dorsal and ventral armonr are preserved.

One of the dorsal plates has been figured by Dr. Broom. It has
a width of 13 mm., and a length of 8 mm. in the middle line.
lis dorsal surface is pitted save for the portion overlapped by the
anterior plate. At the outer sixth the plate is bent downwards,
the bend being strengthened by a dorsal ridee. The total width of
the body was probably about 25 mm.  The ventral plates are paired,
but are smaller and more numerous than the dorsal plates. In the
abdominal region each was about 9 mm. wide and 4 mm. long,
while iu the candal region they were smaller.

The two forms desertbed by Dr. Broom as Nolockampsa were
included in the oue genus on aceount of resenthlances hetween the
dorsal plates.  Further investigation shows that while the pelvis in
“N. longipes” is typically Crocodilian the skull of N. istedana shows
features which remove it from the true crocodiles, The guestion
then avizes, are the two forms congeneric/  Dorsal plates are known,
not only n the Crocodilia, but in the Pseudosuchia such as Seifero-
mochlis, Aetosanrus, and Fuparkeria; and it is donbtful whether they
ean he considered of generic importance.  Unfortunately the pelvis
is absent in the type of N. istedane and also i the allied type
Pedeticosaurus. 1t Broom’s N. longipes i to be kept in the genus
Notochampsa then the genus must be considered to he characterised
by the possession of a skull differing from that of a true Crocodile
and of a typically Crocodilian pelvis.  This is not impossible; hut
nutil more is known of these forms it woukd seem hest to separate
the two forms from one another, classing isteduna as one of the
higher Pseudosuchians and erecting, as above, a new genus Erythro-
champsa for the more truly Crocodilian Erythrochampsa wngipes.

Type. S. Af. Mus. NO 445 f.

Locality.  Eagles Crag, Barkly East, C. P.

Horizon. Red DBeds.
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Fay. THECODONTOSAURIDAE von HuENE.
1905, von Huene. Zeitschr. . dtsch. geol. Ges. LVII, p. 345.
THECODONTOSAURUS BROWNIL (Seeley).
1R95,  Seelev.  Mussospondylus (?) browni, Ann. Mag. Nuat. Hist
Ser. VI, vol. 15, pp. 102-132.
1906, von Huene. Geol. u. Pal. Abh. XII, 2 p. 45, figs. 82-85
Pl. XIE (XIX), figs. 7-8.
191, Broom. Ann. S. Afrie. Mus. VI 4 p. 293,

The type consists of two femora, 2 cervical vertebrae, a dorsal
vertebra, 3 caudal vertebrae, and some foot-bones from the Telle
River, separating Herschel from DBasutoland,  There is some doubt
as to whether all the remuins are from the same aniinal, and von
Huene in his re-description has classed the vertebrae with Theco-
dontosaurus skirtopodus.  I'rom von Huene’s account, the following
are taken as the sahent points of the form.

The femur is =mall, markedly S-shaped, with a compressed distal
end and a sagittal groove which divides the articular surface.  The
bone is strongly compressed laterally. The fourth trochanter lies
wholly in the upper half of the bone. The head is rounded and
very thick. The length of the type is 24 cm.

Von Huene notes that the femur is as large as that of Thecodon-
tosaurus cylindrodon, hut at the distal end is smaller and has higher
and smaller condyles than 7. skirtopodus.  'The proximal end is
simaller and thicker than in 7. antiquus and T'. eylindrodon.

Van Hoepen has described under the name of Massospondylus
browni a fairly complete skeleton in the Transvaal Musenm. T be-
lieve this to bhe a specimen of Massospondylus harriesi and have
discussed it in my deseription of that form.

Type. Isolated bones in the DBritish Muoseumn.

Locality. Telle River, Herschel, C. P.

Horizon. Red Beds,

THECODONTOSAURUS SKIRTOPODUS (Seeley).

Text figs. 19, 20. .

1894, Seeley. Hortalotarsus skirtopodus. Ann. Mag. Nat. Hist. (G).
Vol. XTIV, p. A11-419.
1906.  von uene. Thecodontosaurus skirtopodus. (Geol. u. Palaeont.
Abh. NUF. Bd. VIII, Hft. 2, p. 4%, figs. 72-78.  Pls. XII, XIIIL

The type is a portion of a hind limb from Barkly East. Von
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Huene has also deseribed some vertebrae, humeri, a femur, and a
tibia from *‘the Karroo formation” — now in the Vienna Musenm —
as members of this species.

Diseussing the generie position of the form von Huene says “The
form of the tibia is eutirely characteristic of Thecodontosaurus; the
long, laterally-directed projection at the proximal end, the broad
lateral condyle at the proximal end, and the nature of the expan-
sion of the proximal and distal ends are elsewhere only secen in
Thecodontosaurus and- Anchisaurus. "The astragalus, also, corresponds
closely with that of Thecodontoswwrus from DBristol. T can see no
ground for separating Hortalotarsus from Thecodontosaurus.”

While collecting at Foutanie, Fouriesburg, O. F. S, Mr. A, R.

Fig. 19, Thecodontosaurus skirtopodus (Seeley).
Right ulna. X 4.

Walker obtained some bones from the top of the Red Beds. They
comprise (S.A. M., Cat. No. 3420) some vertebrae, a scapula, the
distal end of a humerus, an ulua, an ilivm, part of an ixchium, a
fenur and a tibia whieh belong to an aunimal somewhat smaller
than, but closely comparable with, the type of T. skirtopodus. The
hones are in good condition and worthy of a short deseription,
especially as some portions of the skeleton were hitherto nnknown.

Seapula.  The right scapula is almost complete. Its length as
preserved is 125 mm., but it lacks the distal end. Tt is small and
slender, the minimum width across the bone being 21 mni.  Distally
the shaft expands very slightly, but proximally it has a greatest
width of 47 mm. The proximal portion is very like that of Massos-
pondylus carinatus.  On the lateral face the supracoracoidal surface
is concave. The whole bone is curved in its length, convex out-

2%
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wards, At the glenoid cavity the hone has a thickness of 17 mm.
Both the anterior and posterior borders of the blade are fairly thin
and keeled, but proximally the anterior horder becomes thicker and
more rounded.

Ulna.  The right ulna is complete.  Its length is 87 mm. The
proximal articular surface is triangular with an acute rounded anterior
angle, and an obtuse lateral angle.  The posterior end stands higher
than the anterior.  Below the proximal end the hone narrows rapidly.
In its proximal half the medial face of the bone has a shallow broad
longitndinal groove. Distally the hone is twisted and flattened so
that the Dbroad faces of the distal end look directly forwards and
hackwards,  The distal end is 19 mm. broad. The medial end of
the wrticular  surface is pointed, the lateral end trmcate. The

Fig. 20. Thecodontosaurus skirtopodus (Seeley).
| Right ilium.

maximnm  thickness at this surface is 11 mm. At its thinnest the
shaft is 12 wmm. broad and 7 mwm. thick.

Iliwm.  The right ilimn is typically Thecodontosanrian with its
short anterior spine and its elongate posterior spine. The length of
the upper border s 105 wmm.: the horder is shghtly curved, more
so anteriorly than posteriorly. The posterior spine is more pointed
than in 7. antiguus.  On its inner surface the inner crest is strongly
developed. The acetabulum is 60 mm. broad and 30 min. high.
The supra-acetabular crest is strongly developed above the anterior
part, but disappears posteriorly.  The height from the postacetabular
process to the upper border of the bone is 76 mm. The preacetabular
process is 48 mm. long.

Ischivm. The distal end of a left ischiumn 1= 117 mm. long. The
shaft is slender, strongly expanded distally.  The anterior edge is
straight and sharp, the posterior horder regularly concave and flattened.
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The bone was in contact with its fellow for a length of about 80
mm. At the bottom of the groove on the posterior surface the bone
is 17 mm. thick from back to front. At the distal end the maximum
thickness is 29 mm.

Fewur. The distal portion of a right femur is complete from the
trochanter quartns downwards.  The distal end agrees closely with
that figured by von Huene in its general contours, its compression
sharply marking it ofl' from Massospondylus carinatus. The length
from the bottom of the fourth trochauter to the distal end is 105 mm.
Both condyles are high: at the lateral condyle the distal sarface is
at its hroadest.,  There is a deep, narrow groove hetween the condyles
on the postertor surface. The minimnun breadth of the shaft is
2% mm. The length of the distal articular surface is 39 mm., its
breadth at the lateral condyle 34 nun., and at the medial condyle
29 min.

Tibia. The tibia is complete save for the proximal artienlar surface.
The length is 174 mm. The bone seems slightly ernshed, so that
the medial edge of the proximal end is not very convex. The medial
condyle lies nearver the postevior end of the surface. Belind the
anterior point the lateral border is somewhat concave. The shaft
is {flattened Jaterally and has a minimumn thickuess of 35 mm., and
a minimum breadth of 11 mwm. At the distal end the bone is broader
in front than behind, the breadths being 31 wmm. and 17 mm.
vespectively,  The anterior condyle lies 13 mm. above the posterior.

Discussing the relations of this species with European members
of the genus von Huene says Thecodontoswurns skirtopodus has some-
what shorter dorsal vertebrae than T. antiquus, the cross-section
being the same. The humerus is of similar size to 7. antiquus,
but the processus lateralis reaches much deeper here than there.
A bone, which is doubtless the end of the ischiumn, agrees with a
simitar hone in T antiquus and diflers considevably from 7% polyzelus.
The distal end of the femur is smaller and thicker than in 7. entiquus
and T. eylindrodon, and the condyles ave higher than in 1% polyzelus.
The length ot the tibia agrees with that of 7. MacGillivrayi; the
proximal end is tolerably small; the lower hall of the shaft and
distal end thicker than in T, wntiguus. The astragalus is as in
T. antiquus.  Metatarsal IV corresponds best with 1. polyzelus.

Type. Portion of hind limb in British Museum.

Locality. Buarkly East Division, C.P,

Horizon. Cave Santstone.
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THECODONTOSAURUS MINOR Itn.
Text fig. 21.
1918, Hauchton. Anu. Mag. Nat. Hist. INX. 11, p. 468,

“The specimens forming the type of this new form were presented
to the South African Museum by the late Dr. M. Ricono. They
consist of a left tibia, a cervical vertebra. and a portion of the
feft ilium.

Left tibia. The tibra is 109 mm. long. The proximal articnlar
surface is 31 mm. long, and I8 mm. broad. This surface for the
most part slopes obliquely backwards and laterally, the inner border
being convex from front to back and higher in front than behind.
The tuberositas tibiae is almost the highest point ol the bone: it is
profonged anteriorly and turned slightly outwards.  The lateral con-
dyle is strongly developed. Below the head the shaft thins rapidly
until at ats middle 1t has an anteroposterior thickness ot 12 wmm.,
and a width of 10 mmm. Thence it thickens towards the distal end.
The anterior face is flat with a prominent edge on the lateral side
and a rounded edge mediallv.  The outer sharp edge is continued
down to the anterior distal process. The posterior border of the
shaft is rounded.

The distal surface is trapezoidal in form. 'The innmer anterior
border is 20.5 mm. long, the posterior outer horder 16 mm. long,
while the posterior inner border is 12 mm. long. The anterior
process lies 7 mm. above the posterior process. DBetween the two
on the outer surface of the bone iz a shallow groove.

Cervical vertebra. The length of the body 1z 31 mm. The anterior
articular surface is shghtly larger than the posterior. Both are con-
siderably hiigher than broad. The body is prononncedly ampliicoelous.
There is a prominent median ventral keel, sharper in its anterior half.
The whole body is strongly compressed laterally, having a width at
the middle of 5 mm.. and the anterior end of 8 mm. The canal
has a height and breadth anteriorly each of 5 mm. The ends of
the zvaapophyvses are missing.  The dorsal spine was low and fairly
long with a somewhat convex upper horder.

Ischiwm. A portion of what is probably the left ischium is pres-
erved, inclnding the proximal articular surface.  The bone is bent
strongly  backwards, more so than in Thecodontosaurus antiquus as
figured by von Huene, so that the ischimin must have been directed
very strongly backwards. At the broken distal end the bone is
12 mm. thick, and 6:5 mm. broad. The inner border of the proxi-
mal surface is straight, the lateral horder has a prominent outward
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1c

Fig. 21.  Thecodontosaurus minor, Htn.

la. Teft tibia. 1b. Left proximal end. le. Left distal end.
2. Cervical vertebra. 3. Ischium. All natural size.

75
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projection — the maximum  width of the surface being 9 mnr.

The nature of the tibia and the ischivan mark these remains off
from the Plateosauridae and place them among the Thecodontosau-
ridue. They indicate a member of this tamily smaller than any
hitherto described fronm South Afriea and which cannot be exactly
identified with any European species. I propose therefore to give
it a new specilic nawme Thecodontosaurus minor.

Type. S.A M. Cat. No. 341,

Locedity.  Pitsing, Maclear, . P.  Cutting in road to Naude’s Nek.

Horizon. Red Beds.”

There is in the Bloemfontein Museuin a slab of Cave Sandstone
from Ladvbrand, O. F. 8. which I was kindly permitted to examine,
The slab contains the cast of a right femur, tibia, the distal end of
the fibula, metatarsals I-IV, and the first three digits of the pes of
a Dinosaur; also part of the right ischivm and two fragments of
Jaw with teeth.  The formn seems to correspond pretty closely with
the type of Thecodontosaurus minor, and 1 refer it to that species.
[t differs from Gyposaurus in being smaller and in having the meta-
tarsals proportionately shorter.

One fragment of jaw is 50 mm. long and 9 mm. deep at the
wentumn. 14 nn. from the front it carries a single tooth 6:5 mm.
long and I'5 wm. in diameter. At the back of the fragment there
are five teeth closely set together, the five occupying a space of
12 mm. and gradually decreasing v size from the first backwards.
The largest is 6 mm. long. The teeth are widest some distance
above the jaw and are serrated, at least on their posterior horders,
in their upper halves. 3 mm. in advance of the lurgest is a slightly
more slender tooth.

The other jaw fragment is 25 mm. long and carries 6 teeth in a
distance of 18 1. The longest tooth ix 7 mm. long. Al the teeth
are serrated coarsely on their posterior and anterior horders.

The femur ax preserved is a slightly curved shaft with very
shghtly expanded ends. The ends are, however, incomplete. The
greatest length in a straight line i 135 mm., and along the front
curve is 5% . The proximal width is 32 mun., the distal width
30 mm., and the width at the narrowest part of the shaft is 235 nam.
The tibia is 17 mm. Jong, has a proximal width of 33 mm., and
a distal width of about 23 mn. The following give the measurements
of the metatarsus and pes.



Fuauna and Stratigraphy of the Stormberg Series. 377

Length prox. width distal width
Metatarsal | 40
Ist phalanx 23 14 10
claw 36 15
Metatarsal 11 56 17 1%
Ist phalanx 26 15
2nd phalanx 19 14 13
claw 29 12
Metatarsal II1 64 ? 16
1st phalanx 26 18 ?
2nd phalanx 2l 14 12
Jrd phalanx 16 11
claw 2| 10

The ischinm as preserved has a greatest length of 100 mm. Near
its junction with the pubis and ihum it has a width of 4> wm,,
while at its narrowest part the width was probably not more than
15 mm.

THECODONTOSAURUS DUBIUS s]. nov,

Two slabs of Cave Sandstone from Ladybrand, O.F.S., presented
to the South African Musewmn by Mr. van Niekerk contain the larger
part of the skeleton of a Thecodontoswurus which seems to he specific-
ally distinet from any yet described from South Africa. .\ slah and
counter stab from the Cave Sundstone of Rosendal, O.I.S.) now in
the Bloemfontein Musenm, which 1 was kindly permitted to examine,
contain remains of a somewhat smaller annnal apparently of the
same species,

As usual with the Cave Sandstone fossils the hones are bhadly
preserved, and it has only been possible to expose one side of the
type specinen. On the larger slab the dorsal and sacral vertebrae,
pelvis, and the hind limhs are seen in ventral aspect, while in
the smaller slab the caudal vertebrae are seen in lateral aspect
mostly as moulds. In the Bloemfontein specimen besides an imperfect
pelvis and hind  limb there is preserved a very fine series of 5%
-audal vertebrae.

In the type specimen I3 dorsal vertebrae are seen on the ventral
surface — all crushed and weathered.  The length of the posterior
vertebrae is 4% mm. each, and the breadth across the articular
surface is about 24 mm. Three sacral vertebrae arve displaved. The
length of each of the first two is 45 mm., and the maximum breadth
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of the centra 30 mn. They are stouter than, and not compressed
medially so much as, the dorsal vertebrae.

There are 20 caudal vertebrae preserved, having a total length of
710 wm., but the anterior caudals are not present. The anterior
centra of those preserved are almost as high as long, having a length
of 33 nmm. and a height of 30 mm.; posteriorly the centra hecowme
lower so that the 13th has a height of 13 mm. to a length of 30 mm.
Similarly the dorsal spines and the haemapophyses hecome shorter
posteriorly.  The 2nd haemapophysis preserved is 90 min. long, the
I5th 42 mm.

Doth ilia are preserved, but mcompletely.  The anterior spine s
missing, but the posterior spine of the left hone is long.  The height
of the upper horder above the end of the postacetabular process is
about 80w, The posterior spine was probably squarely truncate.

Both pubes ave present, lacking their distal ends. The shaft was
38 mm. broad and thin, The proximal end is broadened and the
pubic foramen is large and rounded. Both ixchia are present in
contact with each other and with the pubes; but they lack the distal
ends.  The proximal mesial parts of the bones are very thin. The
ischimmn passes very strongly backwards.

Both hind legs are preserved in a flexed condition, but the feet
are not in good condition.

The femora are only seen from the anterior side. The hone is
slightly S-shaped, bent wore proximally than distally.  The right hone
is 270 wm. long, the left 280 mm. The shaft of the larger bone
is 35 min. wide at it narrowest,  The distal end of the right femur
is 55 mm. hroad. The 4th trochanter is not visible on either hone.

The right tibia is almost entire. It is 260 . long as preserved,
but lacks the distal end. The proximal end is 70 mm. broad, with
a somewhat sharp inner anterior end.  The anterior face of the bone
is flattened just ahove the middle, but becomes rounded distally.
The shaft is 27 wmm. broad at its narvowest and 25 mm. thick.

The left fibula is 250 mmn. long, slightly bent, and slender, The
ends are only slightly expanded.

Of the metatarsals 4 are preserved on the left side, probably I-1V.
They are seen on their under surfaces. Their lengths, taken in
order, are 71, 102, 110 and 95 mus.

This form is thus seen to be slightly larger than Thecodontosaurus
browni.

Type. S. Af. Mus. Cat. No. 3712

Locality. Ladybrand, O.F.S.

Horizon. Cave Sandstone,
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GYPOSAURUS CAPENSIS Broom.

[1906. Biroom. Hortalotarsus skirtopodus. Trans. S. Afric. Phil.
Soc. XVI, 3, p. 201, PL IIL

1911.  Broom. Ann. S. Afvie. Mus. VII, 4. p. 293

The type consists of a partial skeleton in a block of sandstone,
in which the following portions are displayed: Eleven dorsal and six
caudal vertebrae, a few ribs and some abdominal ribs, part of the
right scapula, both ilia, the right pubis and ischium, the right femur
and fibula, tarsus and pes. The bones are only partly preserved,
and the ends are imperfectly ossified.

In his 1911 paper Broom placed the form in a new genus on the
following grounds. -“Among the chief characteristics of this new
genus the most noteworthy is the remarkable shape of the itium.
The iliac crest has a greater anterior extension than in any other
known carnivorous Dinosaur, and the preacetabular process is rela-
tively small.  The femur is relatively stout, and has the érochanter
quartus small and high up, and the trochanter major almostradimentary™.

The animal is of the same size as Thecodontosaurus skirtopodus.
The ungual phalanges of the foot seem to be shorter than in that
species, but the general proportions of the remainder of the foot are
very similar.

Type. Partial skeleton in sandstone. S. A. Mus. Cat. No. 990,

Locality. Ladybrand, O. F. S

Horizon. Cave Sandstone.

ARISTOSAURUS ERECTUS van Hoepen.
1920. van Hoepen. Ann. Transvaal Mus. VII, 2. p. 77, Plates IN-X.

The form is a small one, the tvpe consisting of the larger portion
of an animal exhibited on a slab and counter-slab of sandstone.

A portion of the left maxillary and left dentary is preserved.
The crowns of the teeth are hroad, flat, and have the edges serrated.
The number of dorsal vertebrae is probably 14, and possibly 15,
There ave certainly two sacral vertebrae, and possibly a third. Van
[loepen says of the tvpe “As appears from many loose sutural
connections, our animal 1s a young individual, and has not yet
reached the stage of life in which it possesses a true third sacral
vertebra.” The shoulder girdle is described as consisting of two
scapulae and two coracoids. The coracoid has a supracoracoid
foramnen, which is fairly large and close to the middle of the scapular
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horder. The proximal end of the humerus is very broad, its upper
border convex, Below the processus lateralis the lateral horder is
strongly concave.  The shaft of the bone is narrow. The ulna is
just over two-thirds the length of the humerus.

The spina posterior of the ilium is broad and truncated, the spina
anterior short.  The acetabulum 1s well in the anterior half of the
bone. The pubis has a regularly concave lateral border and a
straight medial border. The pubic plate is narrowest near its distal
end, but it is slightly broader at the extreme end. The appearance
of the pelvis has suggested to van Hoepen that there was a complete
longitudinal symphysis between the pubes and ischia of the two

sides of the antmal.

The femur is pronouncedly sigmoidal in lateral view; the fowrth
trochanter is in the upper halt of the bone. The tibia has a very
barge proximal end, and the tuberositas tibiae did not project very
far,  There 1s no thickening at the distal end of the bone. The
hind feet are entire in the tvpe. The fourth metatarsal is slightly
longer than metatarsal 1. Metatarsal 11T is more slender than
the latter.

Discussing the affinities of the tvpe van Hoepen savs: ,The nearest
relations of our form are nmongst the Plateosauridae and Anchisauridae.
and it is clear that it belongs to either one or the other. The
Plateosauridae wre all medinm sized to large Dinosaurs with fifteen
dorsal vertebrae, whereas our form is small and has most probably
fourteen dorsal vertebrae, agreeing in this respect with the Adwnchi-
sauridae.  There ts further agreement with the Awnchisauridae in the
relation of the lower armn to the humerns: rading and ulna are
longer than half the humerus, The length of tlte shaft of the humerus.
stands to the length of the whole humerus as 58: 93 or 062, This
relation brings our form in close proximity of Thecodontosaurus
antiquus.  Taking all these fuets into consideration it seems clear
that our form is an Anchisaurid.

Comparison with Anchisaurus shows that the dorsal vertebrae are
comparatively longer, and that the pubes of the two forms differ
areatly.  Massospondylus 1s a much larger form. The distal ends of
its ischia are coalesced, and each is more or less triangular in section.
In our form the distal ends of the ischia are flattened through
pressive, but it is difficnlt to accept that their section was originally
triangular.  Moreover, they are not coalesced. The relations of the
Hewm of Massospondylus carinatus arve different from those in our
form, for it is longer than the latter with regard to its shortest
height above the acetabulum. Relatively the dorsal vertebrae of our
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form are longer than those of Massospondylus carinatus. The relations
of the lengths of the metatarsals in Massospondylus havriesi is diffevent
from that in our form. In Massospondylus harriesi metatarsal 11 is
longer than metatarsal 1V, whereas in our form metatarsal 1 is
shorter than metatarsal IV,

In comparing with dmmosaurus and Gyposawrus 1 need only vefer
to the great difference in the ilea.

The only other genus of the family is Thecodontosaurus. Super-
ficially there is great resemblance between onr form and the known
species of Thecodontosaurus. A\ closer study, however, reveals remu-
kable differences.

A comparison of the ileuwmn of our form with, that of Thecodonto-
saurus antiqguus shows that in the latter the spina posterior is much
more produced.  The acetabuluin cuts deeper into the ileum of our
form, which resembles the Plateosauridae in thix vespect. The
highest point of the acetabular concavity is situated much nearer
towards the middle of the bone than in onr form, and this is another
point of resemblance with the Plateosauridae. 'The ilium of onr form
is manifestly different from that ol Thecodontosaurus cylindrodon, and
also in the direction of the Plateaswuridue.

The pubis of owr form differs considerably from that of Thecodonto-
saurus antiquus, as far as the latter ix known. In our form the
lateral edge of the pubis is regnlarly concave, whereus in Thecodonio-
saurus antiquus its upper end is sigmoidal.  There is also great
difference in the shape of the pubic foramina.  The shape of the
proximal end of the ischinm of Thecodontosaurus antiquus, as far as
preserved, is quite diflerent from that of our form, a difference
which ix best understood from a comparison of the figures.

Another difference hecomes conspicuous when the length of the
humerus is expressed in lengths of dorsal vertebrae. Taking one of
the hinder vertebrae v. Huene cane to the following results: In
Thecodontosaurus antiquus the humerus is about five times as long
as the vertebra, and in Thecodontosaurus skirtopodus about four and
a half times.  In our form the length of the eleventh dorsal vertebra
is 29 mm.  The length of the rvight hwmnerus is 93 mm.. which
means that the humeros is only 32 times as long as the vertehra.
Therefore, the humerus of onr formn is relatively much shorter than
that of Thecodontosaurus antiquus and of T. skirtopodus.

There is areat difference between the ischiwin of Thecodontosaurus
minor and that of our form.

The points of difference enumerated above show sufficiently that
our form does not belong to any of the known genera of the Anchi-
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sauridae. 1t, therefore, represents a new genus, for whicly 1 propose
the name Aristosanrus n. g. with the species Aristosaurus erectus n. sp.
Apristosaurus erectus is much mwore highly specialized than Thecodonto-
saurus, Auwmosauwrus, Anchisaurus and even than Massospondylus.
The build of the pelvis, and especially the position of the ischium,
shows adaptation to a usually bhipedal mode of locomotion. The same
may be concluded from the far forward position of the acetabular
concavity in the ileum. The position. of the trochanter quartus
seems to be very low down on the femur. Its upper end is 41 min.
from the proximal end of the hone. The length of the trochanter
is at Jeast 18 1mmn.  Therefore the lower end of the trochanter is
situated at more than HY min. from the proximal end of the bone,
which means very near to the middle of the femur. However, con-
clusions may not be drawn from this fact, because exact measure-
ments cannot be obtained.

The humerus is much shorter in relation to the body than in the
other Anchiscuridae. The unterior extremity is also relatively much
shorter in relation to the posterior one than in all other Anchisauridae
excepting Anchisauius solus. s in the Plateosawridae the tibia of
Aristosqurus 12 much longer than the lnuneruns,  This is also the
caxe in Anchisaurus solus. 1n the other Anchisouridae it is the reverse.
All this tends to show that Aristosaurus is an _Anchisaurid, highly
specialised in the direction of the Plateosauridae, and of the bipedal
mode of locomotion.”

Type. In the Transvaal Museum.

Locality. Rosendal, Senekal Dist., Orange Iree State.

Horizon. Bottomn of Cave Sandstone.

Although not specitically identifiable, thie two bones in the col-
lection of the Rhodesian Musewn, Bulawavo, which were sent ine
for inspection by the Director of the S. Rhodesia Geological Survey,
should be mentioned lere as they are of interest in being the only
known fossils from the Forest Sandstone of that region.

One bone, from Dingaan farm, Bubi District, is the distal end of
a left fibula, measuring 120 mm. in length as preserved. The
dimensions of the distal articular surface approximate to those of
Thecodontosaurus skirtopodus (Seeley), but the hone dillers from any
of the described fibulae of this family or of the Massospondylidae
or Plateosauridae in having a shaft subecircular in section, whereas
those of the described species are more oval in section.

The other iz a complete dorsal centruin from Waterfall farm,
Bubi district. 1t differs from that of Gyposaurus africanus (Broom)
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in that it is as high as broad, The length is 43 mm, and the lower
horder is moderately concave. The dimensions make it possible that
it belongs to the xame species as the other specimen.  The articular
surfaces tor the areh are beautitully displayed.  There is a tragment
of an arch showing a transverse process with a very concave under
surfuce and incomplete neck and candal vertebrae together with
fragments of ribs.

Fas. MASSOSPONDYLIDAE von Huenk.

1914 von Huene. Fossilinm Catalogus 1, 4, p. 13,
MASSOSPONDYLUS CARINATUS Owen.

1854  Owen. Cat. Foss. Rept. Mus. R. Coll. Surgeons, p. 97.

1890. Lydekker. Cat. Foss. Rept. Anphib. Brit. Mus, IV, . 246,

1895, Seeley.  Ann. Mag. Nat. Hist. (6) vol. 15, p. 102,

1906. von Huene. Geol. u. Pal. Abh. N.F. Bd. VI, hft. 2, p. 36
Pls. XTII-X V1.

1911. Broom. Ann. S, Afric. Mus. VIL 4, p. 291,

?

The following details of the type specimen are taken from von
Huene’s account, checked by examination of casts of the type which
are in the South African Musen.

The cervical vertehrae are elongate, with a keeled under surface
as in Plateosaurus.  The zygapophyses ave long anteriorly, and
posteriorly are elongate with oblique articnlar surfaces. The neural
spine s short, low, and thin.

The centrum of the Ist dorsal vertebra is characterised by the
extraordinarily high thin keel on the ventral surface. A few of the
other dorsal vertehrae are known. They are compressed in the
middle and the ventral side is rounded.

The anterior caudals are very short and high, and hroadly rounded
below. The later ones are provided with a keel helow and carry
posteriorly a ventral groove, which divides partially the face for the
articntation of the haemapophysiz.  The middle and hinder caudals
are longer, but do not reach the length of the cervicals.

The secapula is small and slender and is charvacterised by a high
alar process at the dixtal end on the upper side: the coracoidal half
of this process is thin and concave from without, as in Plateosaurus,
but more strongly so; the medial side of the process ix flat. The
distal end s broadened.

[n the humerus the proximal end is broad, the upper horder
obliquely bent down to the processus lateralis which is sharply ent
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off from the ridge, but is not bent so strongly forwards as in many
other Triassic Theropoda.  The caput humeri lies on the mediat angle
and is posteriorly  thickened: the highest part of the upper horder
is similarly thickened.  The distal end is broad and has its condyles
directed strongly forwards.

The first metacarpal is an extraordinarily compact broad short
bone.  The proximal surface is triangular.

The ilimn has a sharp but short anterior process: the spina
posterior is long and moderately broad. The upper surface is bent
inwards in the middie. The ridge above the acetabulum is not so
roof-like as in many other genera.  The crista interior on the inner
side of the posterior process is not verv prominent.

The middle and the distal end of the pubix is broadened and thin,
the lateral and distal edges being thickened.

The femur iz slender and lightly bent from front to back. The
tibia has its distal end compressed from front to back, while the
proximal end ix convex medially and has a large tuberosity laterally.
The anterior process is somewhat bluntly rounded. On each side
of the tubervosity the lateral edge is hollowed out.

Von Huene separates the genus from Plateosaurus on acconnt of
its Thecodontosaurus-like tibia.  The scapula, ilium, pubis, femur and
hand are more strongly built than in Zhecodontosaurus.

Type. lsolated bones in British Museun.

Locality.  Beaucherf, Harrismith, O.F.S.

Horizon. Red Beds.

MASSOSPONDYLUS HARRIEST Droom.
Text figs, 21-29.
1011, Broom. Ann. S Afrie. Mus. VI 40 p. 299, Plates XV-XVIL

1920, van Hoepen. Massopondylus browni. Ann. Transv. Mus. VI, 2
p. 118, Plates XVII-XXI1I.

In his original deseription Broom says =This Dinosaur resembles
Mussospondylus carinatius sufficiently closely to snggest the advisabihty
of placing it at least provisionally in the same genus,  The remains

sist of an 1mperfect humerus, a nearly perfect radius and ulna,
and a perfect manus, as well as portions of the femur and tibia,
and & nwmber of toe bones all of one individual, and the perfect

pes of another mdividual.”

Re-examination shows that the remains supposed to constitute the
first individual really contain two individuals.  The supposed femur
is in reality the distal half of a humerns, larger than that belonging
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to the complete fore-arm; and doubt is thus thrown upon the identity
of the tibia and bones of the hind foot with the forearm, although
all are marked with Mr. Walker’s collecting number “I”. - Certainly the
supposed femur is no part of the type animal, and must be considered
separately.

The pes described by Broom is admittedly part of another individual:
but comparizon of it with a few portions of a pes marked “I” and
found with the fore-limb renders it probable that it belongs to the
same species as the latter. 1 consider, however, the fore-limb as
the type of the species,

Comparison with M. carinatus is confined to examination of the
distal end of the hwmerus, the Ist. metacarpal, and the proximal end
of the tibia. Droomn has ficured the Ist. metacarpal, displaying its
aeneral similarity with that of M. carinatus, the inner distal condyle
of each being small compared with forms such as Gryponyr. The
distal end of the humerus is somewhat distorted, but the condyles
seem to bear a similar relation to one another to those of M. carinatus.

The tibia approximates more closely in size to that of M. carinatus
than does the fore-limb, and probably belongs to a larger individual,
possibly the same as that from which the larger humerus (described
as femur) helongs. The proximal end of the tibia is slightly tonger
and considerably thicker tn M. carinatus; the greater thickness being
mainly due to the more prominent development of the tuberosity on
the lateral face. The anterior process is similar in each. The
posterior border of the hone is more concave proximally in M. carinatus
than in M. harriesi.

The larger humerus consists of the distal portion from the condyles
to the lower end of the deltoid erest. In shape and general pro-
portions it corresponds closely with the humeras of the type fore-
limh, the distal end being crushed in the same direction as the type.
The width of the distal end as preserved is 14 mm. There is a
hroad shallow groove hetween the condyles on the posterior face,
and a deeper excavation on the anterior tace of the bone. lIts size
corresponds voughly to that of the humerus of M. carinatus.

The right pes has been fully described and figured by Broom. In
size it stands much closer to the fragmentary remains of M. carinatus
than does the fore-limb, and is thus of a larger idividual whiech
shows few features distinguishing it from M. carinatus.

Whilst collecting in the Herschel Division of the Cape Province
I was fortunate enough to obtamn from the hill overlooking the
Blikana Trading Store (and thus from an horizon in the upper third
of the Red Beds) an almost complete specimen of an animal which
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can most easily be referred to this species. The caudal region had
weathered off and was not obtained; but the remainder of the
skeleton was found lying articulated with the exception of the liead,
which was at a distance of about 3 feet from the front of. the neck.
The specnnen is one of the most complete known from the Stormberg
Beds aud has thus heen thought worthy of o fairly full description,
as it throws light upon the real position of these medinm-sized forms.
The specimen 1s in the collection of the South African Musenn —
Catalogue no. 5135,

Skull. The skull was Iving detached from the neck at a distance
of some 3 feet from it and was, unfortunately, shattered by a blow
from a pick before its presence was realised. It has been possible,

»._“\ Va

Fig. 22, Massospondylus harriesi, Br.
Restoration of a side view of skull (5135).
(The teeth are omitted from this restoration). X %.

however, to reconstruct several portions of it from the fragments
collected.

The basicranial region exhibits strong likenesses to that of' Theco-
dontosauius antiquus and is also fairly close to Sphenosuchus acutus.
The occipital condyle is rounded and intermediate in size between
that of Sphenosuchus and of Thecodontosaurus. 1t is formed almost
wholly of the basioccipital, the suture between that bone and the
exoceipital running as in Sphenosuchus.  Anterior to the condyle the
hone thins and then expands rapidly, its lower surface at the same
time curving strongly downwards to formn a long transverse basi-
occipital vidge. This ridge is not furnished with a median notch
like that of Sphenosuchus. Its upper surtace forms the floor of the
brain-case for some considerable distance; the suture with the
exoceipital being plainly seen on each side. The anterior portion
of the hone is furnished with a median medullary ridge.
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The suture between the basioccipital and basisphenoid is not
traceable, but I am inclined to believe that it runs along the trans-
verse ridge. [If this be so, the structure is different from that of
Sphenosuchus, where the sutwre runs along either side of the inter-
tympanic foramina which lie wholly in the basioccipital, and agrees
with that in Plateoscurus and Thecodontosaurus. The median ex-
cavation is smaller than in Sphenosuchus. The distance between the
hinder end of the hasisphenoid and the pterygoid apophyses of the
hone is  comparatively greater than in  Thecodontoswurus. These
apophyses are as in the Luropean genus. Seen from above the
anterior portions of the two apophyses meet superiorly to form a
crest in advance of the circular hole for the hypophysis cerebri
(pitnitary fossa). The basisphenoid is furnished laterally just behind
the root of the pterygoid apophysis with a deep groove corrvesponding
in position to the recessus basisphenoidei of Thecodontosaurus fignred
by von Huene. The bhottom of this pit is presumably pierced hy the
cavotid foramen opening into the pituitary pit. Superiorly the relation
of the basisphenoid with the bones of the side-wall of the hrain
case are obscure,

The foramen ovalis is only presented in section on the left side.
It occupies the same position as in Thecodontosaurus, perforating the
side-wall of the hrain behind the sella turcica.

The exoceipital is of the form seen in Thecodontosarus. s lower
border is grooved proximally, the groove running inwards and forwards
to the foramen lacerum for the exit of nerves IN-XL. Thix opens
into the hottom of the side-wall of the brain-case. Separated from
this foramen by a thin plate of bone s u larger opening, the foramen
jugulare for the passage of the VILIth nerve. Mesial to the internal
opening of this foramen is a shallow pit in the hrain case. The
opening for the XIIth nerve is only seen in vertical section passing
through the exoccipital above the level of the condyle.  Behind and
above the foramen lacernm the side wall of the brain is furnished
with two small foramina, presnmably venous,

The exoccipital articulates with the basioccipital below and the
supraoccipital above. It has a strong paroccipital process.

Save in details of relative sizes, this basicranium is similar to that
of  Thecodontosaurus, and diflers in certain features ore from
Sphenosuchus.

A portion of the right side of the skull and lower jaw is preserved,
attached to a part of the top of the skull. The snout is missing.

The orbit was large, its length as preserved being H% mm. Its
anterior border is formed by the pillar-like lachrymal which divides

25
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the orbit from the antorbital vacuity. The limits of the prefrontal
are doubtfl, but it seems to be a small bone wedged between the
lachryvinal and frontal and extending forwards over the antorbital
vacuity. ’

The frontal 1s a large bone meeting its neighbour in the middle
line to form with it the whole of the interorbital space. It forms
the whole of the upper border of the orbit and extends back to
form part of the border of the anterior temporal vacuity. The
postfrontal, if present, az a separate bone, is small and forms no
part in the formnation of the orbit although it may be part of the
anterior border of the npper temporal vacuity. There ix some doubt
as to its separate identity and I am inclined to consider it as fused
with the frontal as in Sphenosuchus.

The jugal forms the lower border of the orbit and meets the
fachrymal and maxilla anteriorty.  The maxilla, as preserved, carries
& or O fNattened teeth. The teeth are seen hetter, however, in the
lower jaw.

A length of 110 mm. of the lower jaw is present, the front missing.
Ivoin the post-articular process the npper border rises in a regnlar
high curve, concave at first and then convex. to a point below the
middle of the orbit, whence it passes downwards and forwards,
The lower border is almost straight. The teeth carried by the dentary
are variable in size, large and small teeth apparently alternating.
The teeth are flattened with the npper halves of the anterior and
posterior borders serrated, as i Thecodontosaurus. The largest tooth
seen iz 7 mm. long and 35 mm. broad. There are 7 serrations in
a distance of 4 mm. The cross-section of the tooth is an elongate oval.

Vertebrae. The cervical vertebrae arve somewhat crnshed and
imcomplete.  The later cervicals agree closely with those of Masso-
spondylus carinatus. The middle cervicals are very elongate, comypressed
in the middle, with a median ventral keel in the anterior half.  The
zygapophyvses are long with very obligne articular smrfaces. The
neural spine is thin, tow and long.  The transverse process is in the
formn of a long ridge at the level of the top of the centrum. The
whole hody of the hone ix slightly curved.  The most complete hone
cives the following measurements:

Length of centrum . . 5 5 105 mm.
leight of centrum . c . . 40 mm.
Greatest length . . . . 133 mm.
Max. height (probable) . - 5 85 inm.

ey

What is probably the last cervical hax a centrum 75 mmn. long
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and 4% mm. high. The centrum is strongly compressed laterally
and has a very sharp median ventral keel. The side of the centrum
is furnished with a prominent parapophysis placed just behind the
middle of the bone for the articulation with the rih. The anterior

Fig. 23, Massospondylus harriesi, Br.
Left scapula and coracoid (5135).
A. External view. B. Ventral view.

cervicals have very shallow and elongate centra and comparatively
massive processes.  They are, with the exception of what is probably
the first, very elongate; hut the preservation is not sufficiently good
to admit of full description. The anterior cervicals are very hird-like
in general appearance.
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Shoulder Girdle. Both scapulac are preserved, but are somewhat
incomplete at the distal end and each lacks the end of the supra-
coracoidal wing.  The proximal end is very similar to that of the
smaller scapula assigned by von Huene to Massospondylus carinatus.
The glenoid cavity is the same size, the posterior half of the articular
surface for the coracord slightly larger and the shaft of the bone a
little broader.  The distal end expands fairly considevably, bnt not
so much as in Sphenosuchus acutus.

The chief measurements are:

Probable greatest length . . . 280 mm.
Greatest width . ] . . . 104 mm.
Minnnum width of shaft . . . A0 .
Greatest thickness at articalation with

coracoid . . . SO m. (left) 43 mm. (right)

The left corvacoid is ahnost entive, the right one rvepresented )y
the posterior half,  The mner surface is concave, the outer slightly
convex except for a strong thickening in“the middle of the lower
portion of the bone. This thickening takes the form of a strong
short longitudinal swelling which vapidly subsides into the bone at
its npper and lower ends. This thickening is for the reception of
the coraco-brachialis muscle, according to von Huene. In front of
the coracoidal portion of the ¢lenoid cavity the bovder is concave
to the anterior ventral angle. The anterior horder is regularly covrved.
The left coracoid ix 135 mm. hroad, 80 mni. high, and has a maximnm
thickness at the scapular surface ot 30 mm.

Attachied to the upper portion of the anterior horder of the left
coracoid s o small picce of bone lying generally in a plane at right
angles to that of the coracoid and bent in a convex mauner when
viewed from in front. In collecting the shoulder girdle a number
of pieces of thin bone were found in situ in the vegion of the two
coracoids.  These have been fitted together as much as possible and
seem to give indisputable evidence of the presence of two eclavicles
and an interelavicle. These hones are too fragmentary to permit of
full description.  The largest fragment is a piece which I take to
be the interclavicle.  As preserved it 1s 86 mm. long. The bone is
a thin plate broadening somewhat posteriorly, and possibly anteriorly,
slightly convex from side to side ventrally save in the auterior portion
where there iz a prominent longitudinal swelling for the attachment
of nuscles, similar in form to that on the coracoids. The dorsal
surface is flat, so that the edges of the bone are thin. Lying at the
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anterior end of the dorsal surface is a fragment of a clavicle, which
here at its distal end is a thin plate of bone.

Humerus.  The left humerns is slightly larger than the right and
has the deltoid portion bent into the body of the hone slightly more
than the other. Both hwmeri are complete and are of the general
type seen in the Vienna specimen of Thecodontosaurus skirtopodus,
although the hottom of the deltoid crest is just below the middle of
the bone. The deltoid crest is sharply cut off from the lateral edge

Fig. 24, Massospondylus harriesi, Br.
Right humerus (5145).
A. Anterior view. B. Medial view. X 3

of the proximal portion by an abrupt change in the outline of the
bone; and the process ix but slightly bent from the general plane
of the upper half of the bone.

The outer edge of the proximal end is strongly thickened to form
a rounded knob about 35 mm. from the medial angle.

The medial edge of the bone forms a regular sweeping concave
curve from the capnt humeri to the mmner condyle. The distal end
is strongly broadened, and on the inner face there is a shallow
depression between the two condyles.  Anteriorly there is a medial
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ridge which bounds one side of a shallow hollow lying above the
inner condyle.  The outer condyle is slightly larger compared with
the inner than in the type of the species.

The chief measurements are:

Right humerus Left humerus

Greatest length . . . . 219 mm, 223 mm.
Breadth at distal end . . 7%, 78,
Width at narrowest part of shaft % %)
Width at top of deltoid crest . 30, 70,
Greatest width of proximal end 9% 37,
From lower end of deltoid crest

to furthest part of distal end 108 110,
Length of deltoid crest . . oo, H o,
Thickness of head . . 16, 17,
Max. thickness of proximal ond 7 ) (/R
Thickness at inner condyle . 5 R 2,
Thickness at outer condyle . 2% 26,

Radius.  Both radii are preserved, the left bone being crushed
proximally.  The right ix slightly shorter than the left, but each
has the sane general form.  The right radius is 132 mm. long, the
left 135 nun., each being considerably shorter than the ulna.

The proximal wrticutar =wrface ix saddle-shaped. Below it the
bone rapidly thins, so that the whole bone is a straight cylindrical
shaft with expanded ends. The anterior edge is provided with a
rounded ridge. At the distal end the posterior-medial face has two
knobs, presumably for muscle articulation, a larger medial one and
a smaller posterior one. At the proximal end the medial groove for
the insertion of the humero-radialis muscle is very prominent.

Breadth of proximal swrface . 5 36 mn.
Thickness of proximal surface . o 25,
Breadth of distal end . . - 32,
Thickness at distal end . . . 23,
Minimum width of shaft . o : 16

Ulna.  Both ulnae are preserved, but the left is somewhat im-
perfect.  The right gives the following measurements:

Greatest length. . 5 5 . 152 mm.
Width at proximal end . . . R o

Width at distal end . . . .

=~
<
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Width at narrowest part of shaft . 17 mm,
Thickness of proximal end 5 . 3,
Thickness of distal end . . . 20

The distal quarter of the hone is twisted to the left as in the
type. The bone is more elongate than that of Pluleosanrus quenstedti
and the proximal end is more expanded. The proximal half is
somewhat similar to that of Plateosaurus erlenbergensis, but the
articular surface slopes more strongly and the lateral angle lies
nearer the anterior point. The medial border of the proximal end
is concave and helow it the wurface of the bone is hollowed out.
The anterior horder of the bone is concave, the posterior border
straight except at the distal end, where it curves outwards and
slightly backwards.

Fig. 25. Massospondylus harriesi, Br.
Right ulna (6135). X &.

Hand. On the right side there are preserved the three carpale,
the 1st. metacarpal and the whole of the lIst. digit. Of the left
hand there are the Ist. and 2nd. carpale, all the metacarpals, and
the Ist. digit. In addition there is an isolated claw of the right hand.

The st. carpale articulates distally with the Ist. metacarpal and
the 2nd. carpale. 1t is an pregularly oval-shaped thin bone, with
a maximum length measured from the mediai end to the lateral end
of 39 mm. in the left hand and 36 mm. in the right. The thick-
ness between the dorsal and ventral edges 1s 25 mm. (2% mm. on
right stde). Between the proximal and distal surfaces the distance
is 18 mme (12 mm. on right).
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The 2nd carpale is a small bone, articulating proximally for most
of its length with the Ist carpale, distally with the 2nd metacarpal,
and medially with the 1st metacarpal. Its dorsal surface is small,
its palmar face rectangular with an areq of 23 mn. X 12 mm.
(18 x 13 on right). The distance between the dorsal and palmar
surfaces is 19 mm. (16 mm. right).

Fig. 26. Massospondylus harriesi, Br.
Left pubis (5135).
Ventral view. X .

The 1st metacarpal has a maximum length of 42 mm., a proximal
width of 33 mm., and a distal width of 35 mm. The proximal end
1= almost triangular in shape, the ulnar edge having a length of
25 mm.  In shape it compares closely with that of Massospondylus
carinaivs, but the distal articular surface is thicker than in the
larger form. Also the ulnar proximal edge of the dorsal surface is
pointed and not flattened as in M. ecarinatus.

The 2nd metacarpal has only the proximal half remaining. Its
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end is 20 mm. broad and 24 mm. thick. On the radial side it has
dorsal and pahnar knobs with a hollow between, and on the ulnar
side there is also a groove for muscle insertion. The dorsal side is
stightly hollowed, bnt the palmar side is flat.  The shaft of the bone
is slender and cirenlar.

The Srd wetacarpal is 53 mm. long, 29 mm. broad proximally,
and 21 mm. broad distally, and the thinnest part of the shaft has
a breadth of 13 mm. For the 4th aud 5th metacarpals the corres-
ponding measwrements are 42 mm,, 20 mm., 16 mm. and 9 mm.,
and 28, 18, 13, and 11 mun. respectively.

In the Ist digit the st phalanx is 37 mm. long. Its proximal
width is 31 mm., its distal width 23 mm. [t is so twisted that the
claw curves strongly inwards and but slightly downwards.  The claw
has a length as preserved of 63> mm., and when complete was
probably 75 nun. long. It is strongly curved and compressed dorso-
ventrally. The areatest breadth at the proximal end is 36 nun. and
the thickness, which is greatest on the radial concave side of the
claw, 24 wmm. There is a lage bony process on the radial side
at the proximal end for the insertion of the flexor tendon.

Pubis.  Both pubes are preserved, entire save for the ischial
articular surfaces.  The head of the right pubis iz somewhat distorted
and the bone has a maximum length of 270 w.  The maximum
length of the other bone is 285 mmn,  The breadth at the distal end
is about DO mm. and the thickness 23 mm.; but the breadth decreases
to 43 mm. and the thickness to 12 nun. in the middle of the bone.
The medial portion is very thin; the lateral border fairly sharply
ronnded. At a distance of 210 mmn. from the distal end the public
plate is turned abruptly downwards at right angles in its medial
portion while the lateral part, now forming the pubic neck, is curved
more gently upwards and outwards.  The subacetabular process is
50 mm. long and 30 mm. hroad. The pubic foramen ix large.

The pubis is seen to be longer thau was supposed hy von [Huene
for Massospondylus carinatus. The distal end is somewhat thicker
than in the Plateosauridae.

Femur. The femur fairly slender and slightly bent hackwards at
its distal end. The proximal end is bent strongly inwards, more so
than in M. carinatus. The trochanter minor is not defined, but the
trochanter major stands out as strong, somewhat curved, crest on
the anterior face of the bone. The chief measurements are:

Greatest length . . . . . 395 mm.
Width at head . . . . . 7

bal
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Thickness at head . . . . 32 mu.
Distance from head to top of trochanter

major 5 ¢ ] . 5 o,
Width at top of trochanter mujor )| -

Yig. 27, Massospondylus harriesi, Br.
Right femur (5135). X 3.
A. Anterior view. B. Medial view.

The 4th trochanter is a fairly short high thin crest on the posterior
face, lying well within the upper halt of the bone.
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Distance from head to top of troch-

anter 1V . . . . 88 mmni.
Distance from head to hottom troch-
anter 1V . . . . . 142

The distal end of the bone is bent backwards and swells considerably
to form the condyles. The lateral condyle is narrow and turns

. 28, Massospondylus harriesy, Br. (5135).
Right tibia lateral view.
» outline of proximal end
Left tibia outline of proximal end X }

ow e E

outwards, and from it a sharply rounded ridge runs up the hone a
distance of about 80 mm. The inner condyle is broader and less deep,
and stands higher than the lateral condyle. Between the two is a
narrow, deep groove, narrower than that of M. carinatus. The
articular surface is inclined at an angle of about 70° to the anterior
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slope of the hone. On the anterior face there iz a short median
depression above the condylex.

Maxtmum thickness at distal end . 79 mn.
Thickness of lateral condyle . : 20 .
Thickness of medial condyle . . 39 ..
Depth of lateral condyle . . . 75
Depth of medial condyle . . . 63,

Tibia. 'The right and left tibiae ave complete.  The proximal portion
of the right has been flattened laterally, so that the head is con-
siderably narrower than that of the left. The outline of the head
of the bone differs in the two. The right tibia has a concavity both
betore and behind the lateral tuberosity asin Massospondylus carinatus ;
the left tibia has the anterior concavity, but behind the tuberosity
the edge is regularly convex to the postertor point. It can thus be
seen that considerable care nust be taken in distingutshing forms
by such features as the shape of the tibial head, which is variable
even in an individual.

The general shape of the proximal end approximates closely to
that of M. carinatus and needs no detailed deseription.  As a whole
the bone is slender with the distal end but shightly expanded. The
anterior condyle lies above the posterior and looks both outwards
and downwards. The chief measurements are:

Right Left

Greatest length . . . 300 nim. 298 mun.
Length of proximal end . 100 87 .
Width of proximal end . a0, (17
Minimum width of shaft . D RA T
Minimum thickness of shaft 39, 23
Length  anterior  border,

distal end . . . 59 ., 6o .,
Length posterior border,

distal end- . : . 45, o,
Max. thickness, distal end 2, 37,

Fibula. The right fibula and most of the left are preserved. The
houe is slender, flattened lateratly. slightly expanded at the end and
almost straight. The inner face at the proximal end is hollowed out
with a well-marked sharp crest bounding it anteriorly. In the mid-
part of the bhone the medial face has a slight longitudinal ridge
anteriorly. At the distal end the anterior and posterior faces are
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flattened and the lateral edge iz broadly ronnded. The lateral side
has a strong longitudinal erest ranning for a short distance up from
the condyle. In rvear of it is a shallow groove, hounded posteriorly
by another chort prominent ridge. The distal articular surface is

convex.
B
Q
C
Fig. 20, Massospondylus harriesi, Br. (5135).
A. Tught fibula, lateral view.
B. Right astragalus. Frout view.
C. » » . Top view.
ATl X 1.
, Right Left
Total length of hone. . 290 mm, —
Length of proximal surface 48, A6 mm,
Width of proximal surface )7 30,
Mimimum width of shaft . 15 15
Length of distal surface . 49 AV
Width of distal surface . A 21,
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Hind Foot. The right hind foot was found in situ, while most of
the bones of the left foot were recovered from the talus below the site,

Astragalus. — The astragalus is preserved on hoth sides of the body.
The. maximum width from side to side is 72 mm. in the right bone
and 76 mn. in the left.  The maximum thickness in the medial half
is 43 mm. (left, 40 mm.) and the maximum height in that half 31 mn.
(feft, 30 mm.). The lateral portion shows a high flattened upper
portion for articulation with the anterior distal condyle of the tibia
and posteriorly a low elongate narrow surface.  Below the anterior
articular face the bone is undercut posteriorly. The lower anterior
angle is a short rounded prolongation, the posterior corner being
broadly rounded. The lateral face shows a small shallow concavity
for articulation with the calcanewn.

The thickness at the lateral end is 31 mm. (left, 27 mm.), the
height 37 mum. (left, 37 mm.), and the breadth of the anterior npper
surface 17 min.

The under surface is broadly convex with a faint wedian ridge
running from lett to right.

Caleanenwm. — A hone which I take to be the calcaneumn is preserved
in connection with the right foot. 1t is roughly triangular in outline,
with a small lateral protuberance. Its upper surface is concave. its
lower convex. lis greatest width is 36 mm. and its maximun thick-
ness 2] mm.

Tursalia. — The only other hone of the tarsus preserved is
tarsale ITI, which is found in both feet in articulation with the third
metatarsal.  In section it is triangular, and its upper surface slopes
from the back mwards and forwards so that it is thickest in its
posterior and lateral parts.  Its under surface is hollowed with a
short medial anterior peg to fit closely to the proximal surface of the
wetatarsal.  Tts anterior edge is 28 mm. long, its medial face 31 mm.,
and its other face 41 mun.  Its greatest thickness ix 20 wm.

The tollowing table gives the chief measurements of the metatarsals
and phalanges of the right foot. The 3rd. digit is missing ; it was
not preserved with the remainder of the animal, and was possibly
lost during life.

Length. Prox. breadth. Distal hreadth.

Metatarsal | 6 mm. 33 mu., 30 mm,
Digit 1. Ist phalanx 51 29 23
-
claw 79, W -
Metatarsal 11 128, —
A

Digit 2, 1st phalanx 48 36, 32
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Length. Prox. breadth. Distal breadth.

2nd phalanx 36 . 29 mm. 25 mnt.
claw 61 2%, —
Metatarsal 111. 142, 36, 33,
Metatarsal TV. 125, 47 28,
Digit 4. Ist phalanx 41 (- 26,
2nd phalanx 36 29 aQa .,
Srd phalanx 27 2r or |,
4th phalanx 23 20 1®
claw /' 18, —_
Metatarsal V. 67 TR —
Digit 5. Ist phalanx 17 — ., —_

Comparison of these with the type pes of Massospondylus harriesi
shows that the phalanges of the digits have ahnost indentical measnre-
ments in the two animals. The metatarsals in this animal have
diffevent lengths, however, those of M. harriesi being somewhat longer,
except i metatarsal 1.

The metatarsals show few distinguishing features.  The proximal
end of metatarsal 11 has the plantar edge considerably longer than
the dorsal. while the medial and lateral fiuces are both hollowed out
for articulation with the neighbouring bones,  Metatarsal I'looks almost
entively inwards.  Metatarsal IV is a much flattened hone, and its
distal e is slightly twisted inwards,  Metatarsal V thins vapidly at
its proximal end and {rom the lateral face, and hes almost entirely
hehind metatwrsal 1V, Tts distal half shows the usual pads for the
reception of tendons or muscles, especially on the plantiu surface.

Among the collection of the Durban Museum submitted to me is
an incomplete animal from Fontanie, Fourieshurg, O.F.S. (the type
locality) eonsisting of a right scapula, a right humerus, a teft coracoid,
a left tibula and digits 1, 2, 3, of a left pes. These closely correspond
with the type and must he placed within the species. The right
scapula has the ventral edge a little straighter than m the Blikana
specimen, being thus closer to the specimen deseribed by van Hoepen
as Massospondylus browni. 'The left libula has a maximum length of
abont 285 mm. and a proximal surface 43 mm. long, and 20 nun.
wide. The hone is flattened laterally, especially at the distal end.
Its inner face at the proximal end 1s concave, its outer face convex.
The proximal end is slightly more slender than in the Blikana specimen.
The digits of the left pes correspond very closely to the type in size.

It seems to me that van Hoepen is probably in error in ussigning
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the remains described by him from St. Fort, Bethlehem, O.F.S. to
Massospondylus browni. The only possible comparizon that can be
made iz hetween the femora. and it is apparent that, not only is the
proximal end of the type of M. browni (i.e. Thecodvntosaurus browni)
stouter than in van Hoepen's specimen but the trochanter guartus is
nearer the proxunal end. Moreover, the type isa considerably smaller
animal, and hax been assigned by von Huene, whose judgment cannot
lightly be set aside, to the genus Thecodontosaurus. There can be
no doubt that Dr. van Hoepen’s species helongs to the genus Masso-
spondylus, and the question arises whether it is a specimen of 3/,
harriesi to which it closely approximates in size.

Comparison can first he made with the alimost complete specimen
of M. harriesi from Blikana.  This shows that the humerus is almost
exactly the same shape, and very slightly smaller; the ulna diflers
i that the Cape specimen has a shghtly more slender shaft and has
a posterior prolongation at the proxtmal end, which may have been
worn oft in van Hoepen's specimen: the radius of the former has
a more slender shaft, swelling somewhat more abruptly at the ends:
the =capula and coracoid are vervy similar, save that the distal end
of the St. Fort specimen is apparently slightly narrower, thus
coming closer to the type; the femwr of the Blikana specinen is
more strongly bent in anterior view and straghter in lateral view
— but the St. Fort animal is consuderably erushed; the tibia and
fibula hoth show slight dilerences, and the bones of the feet are
slightly more slender and longer in the St Fort animal.

When compared with the tyvpe of M. harriesi, however. the differ-
ences i the foot are not so great; and in view of the fact that
van Hoepen’s spectmen in closer to the type than is the South
African Musewmn animal which 1 have veferved to M. harriesi, |
cannot vefrain from including it in the same species. Four speci-
mens of M. harriesi arve thus known — the type, the South African
Mnseum animal, the hones described by Dr. van Hoepen, and a
partial skeleton in the Durban Museum.  Of these. the fivst and last
are from the one loeality, the third front a closely-neighbouring area,
and the other from some distance away and « slightly lower hori-
zon. From them we can see the amount of mdividual varation
that may oceur within one spectes; and such variation should he
taken into acconnt when the identifieation of forms is under con-
sideration.

Type. Bones of fore limbs — S, A. Mus. Cat. No. 3394,

Locality,  Foutanie, Fourieshurg, O, F. 8,

Horizon. Top of Red Beds.
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MASSOSPONDYLUS SCHWARZI, Sp. NOV.

The bones upon which this species is founded were unearthed
by Professor Schwarz at Makomoreng, Monunt Fletcher, C. P, They
are in the collection of the South African Museum (Cat. No. 513%).

The species differs from M. harriesi and Aetonyr palustris in the
comparative size of the metatarsals. Taking the first metatarsal as
a standard, the second und third are longer in this form than in
the other species, in this respect the foot approximating most to
M. harriesi. In addition, the phalanges of the digits are relatively
longer than m the other forms, those ot the third digit being actually
as large as in M. harriesi which has a third metatarsal 20 mun. longer
than in this new form.

These diflerences seem sufficient to jnstify the provisional erection
of a new species for these remains: they certainly cannot he placed
in any described species until we know more coucerning the limits
of individual variation among these Dinosaurs. The distal end of the
tibia is somewhat more swoltlen than in 3. carinatus, but as the foot
bonse seemn to approximate more closely to Massospondylus than to
Aetony.r, 1 shall provisionally name the form Massospondylus schwarzi.

The following table gives the chief measurements of the bones of
the foot:

Greatest length. Proximal width. Distal width.

Metatarsal I 71 mm. 33 . 30 nim.
1st phalanx 41 27 23
claw imperfect i -

Metatarsal [I 118 mm. prob 25 SR
st phalanx 47 | 21— 27,
2nd phatanx 31 21 13,
claw perfect 15 —

Metatarsal TH 135 mm. 2 31,
st phalanx 47 |, 31, 22
2nd phalanx 34, W 20 ,,
Jrd phalanx 30 Bt 19,
claw tperfect 19 —

Associated with the foot are some portions of the leg and sacrnm
which are too imperfect for acenrate determination.

Type. Incomplete pes and distal end of tibia. S.A. Mus. Cat.
No. 5134,

Locality. Makomoreng, Mount Fletcher, C.P.

Horizon. Red DBeds.

26
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AETONYS PALUSTRIS Broom,
Text fig. 30.

1011, Broom. Ann. S, Afrie. Mus. VIL 2o 304 Pls, XV and XVIIL

The type consists of v few pmperfect dorsal vertebrae, a cood
scapula and coracoid, a cood humerns. a good radins and imperfect
nlna, the greater part of each manus, the upper end of one tibia,
and the almost complete right pes”.

A dittde extra deseription can be added to that given hy Broom.
There are portions of three cervical vertebrae attached to one another,
of which the middle one is almost complete.  The centrum has a
length of 70 mm. and u height at the articular snrface of about

Fig. 30. Actonyx palustris, Br.
Right Metatarsal. I. (Durban Mus).
Distal end, front view.

35 mm. The maximun height ot the bone is 68 nim. As in Mas-
sospondylus the centrnm 1z elongate and compressed with a conecave
ventral snrface: but the median ventral keel is not nearly so prominent
asoin the larger form. The neural spine s slichty higher than in
M. carinatus, bt is of the same type.  The zygapophyses, as far as
they can be seen, agree with those of Massospondylns.  The transverse
processes are small.

Several vertebrae from the posterior part of the tail are preserved,
seven of them i association, and others now isolated but forming.
according to Mr. Walker’s field numbers, a series of 8. The tormer
are more complete than the latter.

The length of the centrum in the tirst sevies diminishes from 25 mm,
to 23 mne. with the last having o length of 20 mm.  The maxinmm
height of the largest bone is 22 mn., and of the centrum 11 mm.
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Al ave slightly expanded at the ends, with the ventral surfaces
rounded.  They call for little comment, being of the type seen in
Sellosaiwrus fraasi, figured by von Huene, with the exception that the
zygapophyses stand somewhat higher from the centrum in Aefony.r.
The dorsal spine is very small.

In the other series the centra only are preserved, They vary in
length from 33 nun. to 26 mm.. and are thus anterior to those
already  described.  The vential surface of the centrnm is ronnded
but in its posterior half it is somewhat flattened with two short
incipient keels flanking the flattened portion.  These keels arise from
the small obligne ventral face of the hinder end, which carried a
sinall ehevron,

Type. Partial skeleton, SN Mus.  Cat. No. 2768

Locality.  Foutanie, Fourieshurg, O. .S,

Horizon. Top of the Red Beds, Stormberg Series.

There are in the Durban Museum collection several bones which
I aseribe to a large specimen ot this species. They are from Fou-
tanie, Fourieshurg, hat it is uncertain whether all belong to the
one animal although the probability lies in that direction. They
consist of metatarsuls I-IT1 of the right side, metatarsal I of the
lett side, the distal end of a fibula and the distal end of a tibia
the latter somewhat doubtfully assigned to this species,

The metatarsals of the right foot are approximately of equal
length with those of the tvpe Massospondylus harriesi; but they ave
more slender.  The Ist metatarsal differs from that of Massospondylus
in having a narrower proximal end, the medial upper edge being
more convex, and in the slope of the distal end being mnch more
oblique with the lateral portion of the articular surface very much
swollen.  The total length of the lett wetatarsal T is 82 .

The distal end of the (ibula diflers from that of M. harriesi in
having a more flattened shatt and less prominent ridges at the
distal end on the posterior face.

DroyicosauRUs GRACILIS v. Hoepen.
1920, van Hoepen. Ann. Transv. Mnos. VI 2, p. 103, Plso XTHT—XVIL
This 15 a form slightly larger than Messospondylus carinatus, hut

closely allied to Massospondylus and Aetonyr. The type consists of
fragments of humerns and radius, a fairly complete cervical vertebra,
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some caudal vertebrae, the pnbes, the ischia, a femur, a tibia, a (ibula
and some foot-hones.

Van Hoepen has pointed out certain differences hetween this and
previously deseribed forms. The outstanding featres seem to be
judging from the deseription und ficures given. the straightness of
the femur and the great height of the auterior end of the proximal
snrface of the tibia.  Frnrther. the lateral edge of the pubis isx much
straighter than in Massospondylus harriesi or in Grypony.r africanus,
the only known South Arican forms of similar size in which it is
satisfactorily preserved.

In connection with the original description and comparison of this
formn with  Massospondylus harriesi it showld he noted that the tibia
and “femwr” deseribed by Broom, upon which van Hoepen based
his comparisons, are probably not hones of the type at all, as pointed
out in my ve-description of M. harrviesi in the present paper. Never-
theless, the tibiae of the two forms do vary in shape, the head of
that of ). gracilis being wuch more inclined to the axis of the shaft
than that of M. harriesi.

Type. Partial skeleton in the Transvaal Musemn.

Locality,  Naauwpoort Nek, Dethlehem. Orange Free State.

Horizon. Red Beds.

I'an,  PLATEOSAURIDAE von HueNE.
PLATEOSATURUS STORMBERGENRIS Broom.
1915, Broom. Bull. Amer. Mus. Nat. Hist. XXV p. 162, figs. 48, 49.

A speeies of a large size, founded on a right femur, a right first
wetacarpal, portions of vertebrae and portions of the pnbes,

The first metacarpal is much longer than broad, %9 mm. long and
56 mm. wide distallv. The bone 1s more elongate than in Masso-
spondylus or Griypony.r.

The femur differs from that of P. ewllingworthi in its thinner
proximal end. its narrower distal end, and the slightly lower position
of the trochanter quartus. The medial distal condyle also appears
to be much stouter in . cullingworthi. It differs from Gryponyx in
that the trochanter quartus does not lie wholly in the upper half of
the shaft; but it is not so low down as in Fuskelesanrus or Melanorosaurus.

The pubis has a broad anterior plate.

Two phalangeal bones colleeted by Dr. b, R, Kannemeyer at Witkop,
Jamestown, C.P. — the type locality — and now in the South African
Musemn (Cat. No. 1875) probably belong to this species.  One has
a length of 55 mm., a proximal width of 32 mm., a proximal height
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of 28 mur. and a distal width of 305 mm. At the distal end the
medial portton of the articular surface is bigeer than the lateral.
The other bone. which is probably the first phalanx of the first digit
of the left foot. has an axis which curves outwards at the distal end.
The greatest length is 53 mm., the proximal width 33 mm., and the
maximum distal width 32 mmn. At the distal end the palmar surface
is much broader than the dorsal surface.

Type. In collection of American Musewn, New York. (Cat. No. 5605.)

Locality.  Witkop, near Jamestown, Aliwal North, C.P.

Horizon. DBase of Red Beds.

PLATEOSAURUS CULLINGWORTII, Sp. hov.
Text figs, 31—35.

At Kromme Spruit, Herschel, C. P. a number of fragments of
large Dinosaurian bones belonging to 3 or 4 individuals were found
weathered out down one of the slopes of a steep kopje formed of
the basal rocks of the Red Beds. At one point near the top of
the same kopje bones were found i sitn.  Exeavation revealed a

“pocket” of isolated bones belonging to two individuals — a larger
and a smaller — of apparently the same species. Some of the

weathered bones. including two femora. have also heen associated
with these vemnaius: the remainder belong obvionsly to an animal
of heavier build, having karge and heavy dorsal vertebrae and have
heen described as a species of Fuskelesauwrus.  The hones trom the
pocket, together with the two femora and one or two other bones
are considered to belong to a new species of Plateosaurus which [
have named in honour of Mr. C. W. Cullingworth to whose energy
some of the finds are due.

Although this form shows some diflerences from the more typical
members of the genus from Europe, especially in the greater length
of the humerns compared with that of the other bhones, it has not
been considered advisable to separate it generically from Plateosaurns.

Vertebrae. Cervical. Judging from the cuwrvature of the ventral
horder of the centrum. the ounly cervical vertebra preserved (S.AM.
Cat. No. 3345) iz probably the 3rd. or 4th. or possibly the 5Hth.
Taking a line at right angles to the end faces. the posterior ventral
point lies 34 mm. below the anterior ventral point. The total length
of the centrum is 157 nmn. Its ends are roughly cireular, the
anterior 57 mm. high, the posterior 61 mm. The posterior end is
more deeply concave than the anterior, and hoth have their ventral
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horders rounded off.  From the anterior end there runs a strong
ventral median keel which gradually dies away until it disappears
in the posterior third of the centrum.  The whole vertebra is com-
pressed in the middle.  The suall diapophysic lies on the upper
half of the eentrum. 40 mn. from the anterior border. Below and
anterior to it is a =small horizontal parapophysis.  Between the two
ix a fairly deep groove. The prezvgapophyses extend well in front
of the centrmm and have slightly convex facets. Seen from in front
thev form between them a wide V-shaped groove for the reception
of the preceding postzvgapophyses.  Their lower borders are hori-
zontal, =o that each process thickens rapidly laterally. The post-
zvgapophyses are slightly shorter than the anterior processes. The
facets ave slightly concave.  The whole process is strongly bnilt.
The neural spine is missing: but its base iz long and narrow, and
the spine wust have been low.

Dorsal.  An anterior dorsal centrmun (Cat. No. 3345a) has a length
of 102 1mm.: its ends are 80 mn. high and 70 mut. wide. In the
middle the hodyv is strongly constricted, having a width of only 2% imn,
The ventral border is concave and has a sharp longitudinal keel.
The ends are concave, equally so, and their ventral borders are
rounded off. The parapophysis for the capitulum of the ribis midway
along the body in its upper half, directly helow the transverse process.
The transverse process iz S0 min. long. placed above the middle of
the body. Its upper surface is flat and horizontal, and its distal end
i considerably thickened so that its articular surface 1s roughly
triangnlar with a width of 36 mn., looking downwards-and ontwards,
The anterior border of the process passes directly into the outer
border of the prezvgapophysis: its hinder border is proximally emar-
ginate. The width between the facets of the transverse proecesses is
HES mm. The prezygapophysis extends in front of the centru, and

is double the length of the postzygapophysis.  The general shape of

the processes is of the normal Plateosaurian type.

=

Two other dorsal centra ave preserved (Cat. No. 3356) having the
following measuvements:

Length . . . . 105 . THO mm.
Height of anterior end. 86, 9o,
Height of posterior end 78, &8 o
Width of anterior end. 68, 72,
Width of posterior end 63, 72,
Median width 20, S 7/
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Ciudal,  There are two imperfect candal vertebrae, both from the
mid-candal region. Oue is 67 mm. long. has the anterior end of the
centrum 52 mm. high and 43 mm. wide, the posterior end 50 mm,
high and %% . wide, and is considerably constricted in the middle
width a minimum width of 2% mm. The ends are somewhat concave
and the ventral horders of the ends are bevelled ofl, the unterior
more than the posterior. The unterior zygapophysis are small and
upwardly directed.  The tunsverse processes arise at the top of the
centrum and stand out horizontally.

In the other, the centram is 75 mm. long with its end 43 mm.
high and broad. [t is bhut little compressed and the ventral surface
is {lattened. The prezygapophyses are directed strongly upwards, while
the transverse processes are small and arise from hehind the middle
of the centrum. lu neither vertebra are the neural spines or the
postzygapohyses preserved.

Seapula.  (Cat. No. 3348.)  The proximal part of a left scapula is
present, lacking the glenoid cavity and the coracoidal articnlar surtace,
The greatest hreadth at the proximal end was probably 150 .
The inner face of the scapula is flat, curving strongly inwards
proximally: the outer face is lightly convex.  Above the glenoid
cavity the hone thins rapidly: the anterior border is unifornly thin
save for a shight thickening near the coracoid. The supracoraco-
scapular concavity is well-marked and large aud the deltoid crest
strongly developed. There is also preserved a fragment of the upper end
which shows that distally the bone was expanded as in Plateosaurus,
The narrowest part of the hone has a hreadih of 71 mm. and a
thickness of 2% mm.

Humerus. Two left limmeri arve preserved, one (Cat. No. 5342) of
a larger, and one (Cat. No. 3350) of a smaller individual.  The two
agree closely with one another in general characteristics, although
the smaller bone has been flattened =0 that the processus lateralis
is not so strongly bent as in the larger hone.

From within the bone is seen to be very slightly S—shaped. The
proximal part iz very hroud, the shaft thin, and the distal end
broad.  The proxiinal and distal articnlar surfaces are strongly
inclined to one another. The head of the humerus lies somewhat
within the middle line. The anterior edge of the proximal articular
surface 1s a regular curve: the posterior edge has two saddle-shaped
prominences die to thickenings ut the inner angle and at the caput
humeri.  This Jatter is at the extreme end of the bone. At the
outer side of the broad, concave bicipital fossa is the processus
lateralis, a strong crest lying parallel to the inner border of the
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upper half of the bone, and whose anterior surface is inclined to
the axis of the bone. the upper half pointing medially, the lower
end outwards.  The lower end of this crest at its junction with the
shaft Hes half-way down the hwmerus.

The distal end is broad, but the condyles are not greatly thickened,
the whole articular surface being much narrower in comparison

Fig. 31. Plateosaurus cullingworthi, Htn.
Humerus No. 3342, X 1.

with its length than i the European species of Plateosanrus or in
Pachysawrus.  Both condyles are somewhat thickened in front,
but practically not at all on the posterior face. On the anterior
surface there is a marked concavity above the condyles in the
nmedian line.

Thie following table gives the chief measurements of the two bones
and compares them with those of the humerus of Plateosaurus
reinigeri:
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No. 3342 No. 5350 P. reinigeri

Total length . . . 450 mm. 405 mm. 400 mm,
Length from lower end of
lateral process to distal

end of hone . . . 995 205 ,, 200
Length of luteral process 90 . 90 ,, 100
Thickness of lateral process SR 30, 2%
Distance between upper

end of luteral process and

mner angle of bone . 155 186, 180 ,,
Thickness of caput hwmeri 68 & o 5
Thickness of shaft . . 53, 43, 5
Breadth of shaft . . 63 53 ,, —
Breadth of distal end . 166 |, 157 ,, 140 |,
Thickness at median condyle 51 50 |, A8
Thickness at lateral condyle 59 o 59, 50
Thickness between condyles 32 28, 25

From the humerns of Gresslyosaures the bone differs in that its
proximal edge does not form such a high bow, its inner edge is
straighter in the proximal half, and the lateral process is much more
sharply bent over. The proximal edge is more curved than in the
other species of Plateosaurus or in Pachysaurus: and the distal end
is not provided with sharp longitudinal vidges as in Teratoscurus.

Radius. A left vadius (Cat. No. 3347) has its lower end turned
towards the ulna.  The npper part is (fattened and broadened, having
slight median  longitudinal grooves on hoth its medial and lateral
surfaces.  The proximal articular surface is saddle-shaped, concave
in front, convex behind. From the higher posterior angle of the
hone a strong crest passes downwards and curves outwards, ending
abruptly on the posterior part of the lateral surface 60 mm. down
the shaft. The proximal end is 83 mm. long and 43 mm. broad;
the distal end 60 wm long and 53 mm. broad. The narrowest part
of the shaft has a diameter of 35 mm. The distal end is trapezoid
i shape, and its posterior half is obliquely inclined upwards and
backwards.

Ulna. A left ulna (Cat. No. 3351) is compressed from side to side,
slightly bent with the medial face convex. The proximal end is bent
forwards and has an anteriorly directed prominent point. The hinder
portion of the proximal end is slightly higher than the anterior portion,
forming an incipient olecranon process. The lateral edge of the ar-
ticular surface is 108 mm. long and is slightly concave. From the
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median angte to the anterior point the length ix 83 nin., and to the
posterior corner 68 . At the broadened end of the shaft the
lateral sortace 1= concave, while below it is flut; the medial surtace
is convex. The distal end ig 70 . broad and 40 mm. thick, The
whole length of the hone is nearly 500 mm.  Tn general aspect the hone
approximates closely to that of Pluteoswirus except that the antertor
portion of the npper articular swface is longer and narrower,

Theve s also preserved the proximal end of another left ulna
somewhat swaller than the other. The median angle ix slightly more
forward, the distunces from it to the anterior and posterior points
being eqnal.

Ischivm. A right ischinm lacking the posterior end and the pubic
articulation. and the iliac articular portion and the distal end of a

Fig. 32. Plateosaurus cullingworthi, Htn.
Right iliam No. 2780. X 1.

left ischivm probubly belong to thix species. The whole length of
the bone was probably between 370 and 100 mni. The iliae articular
swreface is 135 . Tong and 85 mnn, broad.  [ts inner edge is straight,
its outer edge regnlarly convex. The groove on the hinder portion
of the bone is not very pronounced. [t begins 100 mm. helow the
proximal end.  The roken end of the stvle shows a triangular cross-
section, the yuedial face being 70 nnn. long and the width of the
bone 40 mun.  The unterior angle is more acnte than the lateral,
The distal end of the bone — us seen in the fragment of the left
side — is but slightly swollen.  The posterior horder curves slightly
forwards distally. At the extreme end the inner edge 1s 95 mm.
long and the bone isx 63 mm. thick.

Femer, Two right femora (Cat. Nos, 3602, 3603) have been huilt

up from fragments found weathered down the slopes.  One is larger
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than the other, hut the two are of closely similar shape and proportions.

The larger (3602) has a length of 600 mm. The breadth at the
proximal end. from the horder of the caput femoris to the lateral
border s 175 mm.  The proximal end is strongly rounded, and its
shape approximates closely to that of Plufeosaurus erlenbergensis. The
upper end of the bone is 85 mm. thick, but it is compressed hetween
the upper surface and the trochanter major. At the trochanter major

Fig. 33. Plateosaurus cullingworthi, Htn.
Right ischium. X 1.

it swells again, but not to such an extent as in Fuskelesaurus. The
shaft is shghtly S-shaped.

The ower end of the &th trochanter lies 305 mm. helow the top
of the bone, The trochanter is slightly curved. concave medially,
and lies neaver the medial than the lateral side of the hone. The
distal end is broadened and thickened.  The medial condyle ix consi-
devahly larger than the lateral,  Above the condyles on the hinder
face the intercondylar fossa is shallow and broad ; hetween the condyles

it is narrower and deeper. The medial condyle is a large rounded
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hoss.  The lateral condyle is equally high, but it is narrower, and
from it a well-marked fairly shavply rounded ridge passes on to the
hinder face of the bone. The anterior face of the bone is {lat in its
tower half.  The lower articular surface has a maximum width of
175 mm., and a height of 105 mu.

The femur differs from that of P. stormbergensis in the position of
the 4th trochanter and in the greater thickness of the caput femoris,

Tibia. The right tibia (Cat. No. 3341) is a complete hone, whose
total length 1s 240 mm. The proximal surface has a length of 175 mm.

Fig. 34, Plateosaurus cullingwortht, Htn.
vght femur (3602). X 4.

from the median condyle to the unterior point. and a maximum
breadth of 99 mm. The surface is higher on the inner border than
on the outer. At the distal end the anterior process stands at least
50 mm. higher than the narrower, prominent posterior malleolus.
The anterior border of the distal end ix 111 mm. long, the inner
border 83 mm., and the posterior border (parallel to the anterior)
76 mm. long.

This bone is shorter than the tibia of Gryponyr africanus, but is
much more robust.  The head is the same length but wider. The
distal end is very much stouter.
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Metatarsals. The second and third metatarsals of the right side
(Cat. No. 3343 and 3344 respectively) are preserved. The proximal
end of the second is quadrangular, having both its longer edges
concave, The larger axis of the parallelogram has alength of 92 mm.,
the shorter 53 mm. From the angles sharp ridges run down the
bone.  The length of the bone is 216 mm., while the distal end has
a greatest breadth of 69 mm.

Fig. 35. Plateosaurus cullingworthi, Hin.
Right tibia (3341). Outer view.

The length of the third metatarsal is 226 mm. The proximal
end is nawrrowly triangular, 89 mm. long and having a base of
52 mm. The distal end has a breadth of 66 mm,

A number of bones from the Red Beds just above the village of
Lady Grey, C. P., seem to belong to this species. They can be
correlated with the type by means of a left tibia, somewhat smaller
than that described, but of similar shape and relative proportions;
a right humerns, of the same size as No. 3350; the distal ends of
the two ischia; the distal end of the right and the proximal end of
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the left femnr, comparable in size with No. 3603: and part of the
left scapula.  In addition there is an ilium and part of a pubis,
together with vertebrae, ribs, and other fragments.

Ilium.  The greatest length of the right tinm is 325 mm.  Most
of the upper border is missing, bnt it was probably only slightly
curved.  The posterior process 1= truncated obliquely, its hinder
border measuring 65 mm. The anterior process is fairly long. its
lower bovder rounded, its upper border sharp and thin. The ace-
tabuliin 1g 165 mm. wide and 90 mm. high.  The supra-acetabular
crest 1g prominent around the anterior upper portion of the horder,

Fig. 36. Gryponyx africanus, Br.
Left pelvis of type.

A. Latero — ventral view.
B. TLateral view — ventral surface to right.

rounded on its outer and npper surfaces: but it dies away poste-
viorly.  The preacetabular process is 130 mun. long and 65 wnm.
broad on the medial face.

Pubis.  The larger portion of a right pubis is preserved. It lacks
the anterior edge, the distal end and the subacetabular portion.
The greatest length of the remainder is 360 mm. The posterior
border is strongly concave, so that the plate broadens considerably
distally.

Co-types. Portions of two animals in South African  Museum.
Catalogue nmnbers as in description.

Locality, Kromme Sprait, Herschel, C. P.

Horizon. Base of Red Deds.
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GRYPONYX AFRICANUS, Broom,
Text figs. 36-38.
1911, Broom. Awn. S, Afrie. Mus. VIL 4, p. 294 Pls. XIV-XYV,

In addition to the original description the following points may
he noted.

Vertebrae.  Two posterior dorsal vertehrae have heen developed.
The centra are each 75 nn. long: the anterior articular swrface of
the first s 55 . broad, the posterior surface of the second

"

A B
Fig. 37. Gryponyx africanus, Br.
Left femur of type.
A. Anterior view. B. Medial view.

63 i, hroad and 85 mo high. The middle portion of the cen-
trum has a minimum width of 28 mom. - The wmaximum height of
the vertehbra was 180 mwm. The dorsal spme 15 thin, long and
fuirly low. A\ figure is given herewith.

DPelvis.  The pelvis of the type iz erushed, and has been restored
and figured by Dr. Broom.

The two pubes forin a complete symphysis. They are seen in
the type from the veutral side. The greatest length of the left
pubis = 440 . The pubie neck has a minimum  width  of
58 mn., and is sitnated at a distance of 95 mm. {rom the articular
surface for the ilinm. Tts maximum thickness is not more than
20 mm. At the articndation with the ilium the pubis is 65 mm.
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broad. The pubic foramen is large, oval in shape, with a long
diameter of 49 mm. and a short diameter of 35 mm.

The pubic plate is long, comparatively narrow and thin — the
lateral border sharply ronnded and eoncave, the medial border thin
and straight. At the distal end the plate widens and thickens, so
that the distal surface is 70 mw. long and 40 mm. wide. At its
narrowest part the plate is 55 mm. wide.

Femur.  The right femur is markedly S-—shaped and strongly
howed, the anterior face being convex. The length is bhetween 535
mm. and 54 . The head of the hone is missing.  Above the
level of the trochanter major the outer edge curves regularly to the
proximal surface and is parallel to the inner edge. The top of the
trochanter major hes 100 . from the proximmal swface.  The
upper end of the fourth trochanter is 175 mm. from the proximal
end and the lower end about 260 wmm. so that the trochanter lies
wholly in the proximal half of the hone,

The distal end is 97 mm. broad.  The imer edge 1= 110 mm.
long, the outer edge 115 mm. The mner condyle is thicker than
the outer, and the sunleus between them is deep and narrow. The
ridge running from the outer condyle to the posterior face of the
bone is lenger and more prowinent than that from the inner
condyle.

Tibia.  Dr. van toepen has pointed out that the figure given by
Dr. Broom and designated “onter view of left tibia” is in reality an
iner view of the right tibia.

The proximal end of the tibia seems to be somewhat flattened
from side to side and its width was possibly somewhat greater than
the 71 mm. given by Broomn. The highest point of the bone lies
a little in advance of the anterior corner on the antero-medial
border. Instead of the medial border of the proximal end having
a regnlarly convex outline its middle portion is concave. as shown
in the figure. The lateral border has a pronounced concavity be-
tween the tuberositas tibiae and the lateral condyle. The anterior
half of the proximal surtace is concave; the posterior portion is
also concave, and the two concavities are separated by a saddle.
The medial bhorder is higher than the lateral. The shaft narrows
very rapidly below the articular surface and expands but slightly
distally, increasing only in width and not in thickness. Below the
proximal articular surface the lateral face is broadly grooved long-
itndinally, and separated from the posterior face by a rounded ridge
which carries a small boss of bone. The anterior proximal edge of
the bone i3 rugose.
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The shaft has a minumum width of 46 mm. and a minimum thick-
ness of Al mm.

The distal articular surface has a maximum width of 90 mm. and

A

Fig. 38. Gryponyx africanus, Br.
Right tibia of type.
Latero — posterior view.
Posterior view.

Outline of proximal end.

D. Outline of distal end.

oW

a maxinum thickness of 53 mm. The posterior edge is 70 mm.

long. The anterior condyle stands abont 45 mun. above the posterior
condyle, and its surface faces downwards and outwards.
between the condyles is narrow and fairly deep.

27

The sulcus
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Type. Pelvis and hind hmbs, right and Teft manus. and vertebrae.
(S.A. Mus. Cat. No. 3357, 3358, 3354.)
Locality. Foutanie, Fourieshurg, Orange Free State.

Horizon. 'Top of Red Beds,

GRYPONYX TRANSVAALENSIS, Broom.

1912, Broom. Trans. Geol. Soe. S, Afr. NIV, p. 820 PL X111, figs. 3. 4.
1920. van Hoepen. Ann. Transv. Mus. VIL 2. p. [02

This is a very imperfectly known species, the type consisting of
a claw phalanx and the distal end of a metatarsal,

The species is apparently about fowr-fifths the size of Gryponyz
africanns; according to Dr. Broom *it differs in bhaving a much less
developed tubercle for the flexor tendon which makes the flexor surface
fess curved and gives the whole claw a less hooked appearance”. Van
Hoepen, however, considers that —the greater part of the tuberositas
for the flexor tendon is broken away”. He further thinks that the
claw belongs, not to the right hand, but to the left: and that it differs
from his Massospondylus browni (i.e. M. harriesi) in that the proximal
end of the lateral side ridge lies relatively much higher with regard
to that of the medial side in G, transvaalensis.

Type. Clasv of manus and a metatarsal, in Transvaal Museum.

Locality.  Wiepe 1258, N. Transvaal.

Horizon. Bushveld Sandstone.

GRYPONYX TAYLORI NOV. Sp.
Text fig. 39.

The remains forming the type of this new form were discovered
in 1915 in the neighbourhood of Fourieshure. Orange Free State, in
an exposure near the top of the Red Beds. They consist of the
pelvie girdle and sacral vertebrae found in conjunction.

Vertebrae.  Three sacral vertebrae were found in situ between the
two sides of the pelvig, somewhat {lattened from side to side.  The
first centrmm iz not fused to the second.

The second and third vertebrae are of equal length, and each slightly
longer than the first.  The centra are higher than wide with concave
ends. The ventral border of the first is more excavate than those
of the other two: the centruin of the third is more excavate post-
eriorly on its lower border than anteriorly. The lower bLorder of
each is sharply rounded; but not keeled nor pointed. The first centimn
is 79 mm. long. the others each 8% mm. The posterior surface of
the third centrum is 82 mm. high.
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The second sacral rih is missing; but it is apparent that the base
of the third sacral rib is larger than the second, and the second than
the first. Distally the sacral ribs are fused to form one long surface
for the support of the ilimm. The base of the first lies on the anterior
part of the centrimm just below the neural arch and only covers a
small part of the body; that of the third occupies at least half of
the anterior half of the body and extends up to the strong transverse
process. Inferiorly the proximal part of this rib is strong and ronnded ;
superiorly it thins considerably and then widens out to meet the
under side of the fairly wide, horizontal, and hackwardly directed
transverse process. The anterior fuce of the rib is thus fairly strongly
concave, the posterior tace also being concave, but less so.  The first
rib is essentially of the same character, but is much smaller.

Of the zygapophyses only the prezygapophysis of the first vertebra
is well seen. It is strong with a flat upper surface facing somewhat
inwards.  The first postzygapophysis is closely fixed to the prezyga-
pophysis of the second vertebra. '

The nenral canal is high and narrow. The nearal spines are higher
than the eentra, thin, broader above than below, and slightly back-
wardly directed.

Tlium.  The left ilium lacks only the posterior process, which is
present in the type of the genus.

The anterior spine is short and sharp, its lower border rounded and
fairly thick, its wpper border sharp and thin. Its lower border is
straight. The preacetabular process is long and strong, widest at the
end. In cross-section it is triangular, the apex of the trmangle —
formed of an obtuse angle — being on the outer side of the hone.
The upper half of the process has a strong sharp ridge on its outer
edge, which ridge gradually becomes less pronounced as it continues
round the acetabular border until it disappears altogether just behind
the mid-point of the upper border of the acetabnlum.

The postacetabular process is short and broad, its inner surface
flat, its onter surface broadly rounded. The hinder borderis concave.

The body of the bone thins away rapidly above the acetabulinm,
and the upper border is bhent inwards hetween the anterior and
posterior spines.

The acetabulun is high and narrow. More than half of it is formed
by the ilium.

Ischivin.  The expanded proximal  portion of each ischivmn s
preserved. The surface for articulation with the pubis is long and
narrows below; both it and the iliac surface are thickened. The
hinder surface of the bone is thickened and carries a longitudinal
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median groove which dies out about 50 mm. below the posterior
upper border of the bone. The anterior border is thin.

Lubis. The left pubis is a long hone with an expanded proximal
portion and a thickened distal end.  The middle portion is slender,
with a rounded and thickened anterior border having no longitudinal

Fig. 39. Gryponyx taylori, Htn.
Left side of pelvis. X 3.

groove, and thinning posteriorly.  The posterior border is missing,
but the bone seems to be narrower than in Seeley fienre of Masso-
o o
spondylus.  The pubic foramen is large and oval in shape.
The chief measurements of the pelvis arve as follows:

Width of acetabular opening . 0 . 101 mm.
Length of preacetabular process . . 140,
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Greatest wudth of preacetabular process . 71 mm.
Width of postacetabular process . g 56,
Length of anterior spine . . o . 63,
Length of iliac surface of ischium . . 79,
Length of izchio-pubic suture . . L1060,
Length of pubis . . ] 0 . 432
Length of iline surface of pubis . . 80,
Thickness of distal end of pubis . . % o

[n size this pelvis is almost identical with that of the type of
Gryponyx africanus, but it differs in the possession of a nuch larger
anterior iliac spine and in the diflevent slope of thie upper iliac border,
agreeing therein both with Massospondylus and Plateosaurus.

In his discussion of Massospondylus in **Die Dinosaurier der Euro-
peaischen Triasformation™ von Huene lavs emphasis on the fact that
the distal portion of the pubis is short and thick, thus differing from
all Plateosaurs.  In this speciinen, however, thie pubis is long and
slender distally as in Gryponyz and, thervefore, the form cannot be
placed i the Massospondylidae. Tu spite of the difference in the
shape of the anterior spine of the ilimn 1 am inclined to place it in
the genus Gryponyr, naming it after Mr. H. M. Tavlor, while
collecting with whowmn 1 discovered the remains,

Type. Pelvic girdle and sacral vertebrae. S, Afr. Mus. Cat. No. 3153,

Locality.  Fouriesburg. O, IS,

Horizon. Top of Red Deds,

EUSKELESAURUS BrowNI, Huxley.

1866. Huxley. Quart. Journ. Geol. Soe. XXIII, p. 1.

1894. Seeley. Ann. Mag. Nat. tist. Ser. 6, Vol. XTIV, p. 317,

1906. von Huene. Geol. und Palacont. Abh. N.F. Bd. VIII, Hft 2,
p. 123.

1911. Broom. Ann. S. A. Mus. VII, 4. p. 292

The tvpe specimens of this species are in the British Museum and
in the Museum d’histoire naturelle in Paris.  They consist of frag-
mentary vertebrae, femur, tibia and fibula, and pubis. The fraginentary
nature of these remains renders comparison with other specimens
unsatisfactory for specific identity. The type bones lLave heen fully
described and discussed by von Huene, who arrives at the following
conclusions.

Luskelesanrus browni is not only larger than most other Plateosaurs
but there are certain characters which, on the one hand, distinetly
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separates it fromn the other genera. and on the other hand brings it
very close to them. The shortness of candal vertebrae, especially
the posterior ones, does not oceur to sueh a degree in other Plateosaurs,
likewise the shortness and compression of the phualanges of the foot
and consequently also of the metatarsals.  The greatest similarity is
with  Gresstyosawrus.  The fourth trochanter lies in the lower half
of the femur as in Gresslyosaurus, certainly rather lower than in that
genns: hut the whole femur is, in proportion to the enormous vertebral
column in its central part, conspicuously shovter than in Gresslyosuurus
aud the other Plateosauurs. The tibia 1z extremely strong at the
proximal end. The dorsal vertebral centrinmn ix higher than in other
Plateosaurs,  The third sacval centrnm is pointed below. The troch-
anter najor of the femur is larger than in other Plateosaurs.

Type. In British Museum,

Locality.  “Stormberg”. C.P. Almost certainly from the Kraai River.

Horizon. Base of Red Beds

[SUSKELESAURUS CaPENsIS (Lyvdekker).

1889, Lydekker. Orinosaurus capensis Geol. Mag. Ser. i, vol. VI
p. 093,
190G, von Huene.  Geol. und Palaeont. Abh.

Mo UG

o Bd. VI Hft. 2,

Thix ix known ouly from the proximal end of a tibia and a sinall
portion of a femur. It is larger than the type species. The form
of the proximal end of the tibia is characteristic, and it is possible
that the species is generically distinet from £, browni.  Too little is
known of it, however, to warrant such a separation being made. and
none of the hones in the South Afiican Musenm collection can be
assigned to the species,

EUSKELESAURUS AFRICANUS Sp. 1OV,
Text figs. 40-41.

From Kromune Spruit come a ntmber of large bones found weathered
down the slope of the kopje that vielded Plateosaurus cullingworthi.
Of these. a number of vertehrae, two attached ischia, and some ilia
are the most completely preserved.  There arve also portions of tibiae
and of o femnr which are. however, not sufficiently complete to
adimit of satistactory comparison with those of Fuskelesaurus. The
animals represented hy these hones must have heen somewhat simaller
than £, browni and | have therefore decided to keep them in the
already-established genus and to designate them as FEuskelesaurus
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africanus . sp. The type is in the South African Museum (Cat.
No. 2608).

Sacral vertebrae. 'T'wo fused sacral vertebrae are preserved, lucking
the sacral ribs and the neural spines. They are probably the st
and 2nd sacrals,

g Kl AR R DS s
Fig. 40. Euskelesaurus africanus, Htn.
Ischia. Posterior view. X i.

The anterior centrumn has a length of 140 wmm.: its front end is
flat and has a height of 120 mm. and o breadth of 130 mm. The
sides of the body are swollen and the ventral surface is broadly
rounded -— not so much <o as in the succeeding centrum,  The sacral
rib is represented only by a section across its junction with the body.
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This is elongate with a convex anterior edge and a concave posterior
edge, while the upper edge is nearly straight and lies just helow the
level of the zyeapophysis.  The prezygapophysis is shortand its upper
swrface is concave, looking inwards and upwards.

Fig. 41. Euskelesqurus africanus, Htn.
Left ischium, lateral view. X 1.

The succeeding centrum had a length of 145 mm. Its posterior
face was 130 mm. high and 140 mm. broad. Its ventral smface
was very hroadly rounded and without any trace of median keel.
The sacral rib itself is lacking, but it must have been very large
and strong, larger than that of the first sacral. Its base is on the
centrum extending over the greater part of the side of the body from
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the front to the back and from the transverse process down to within
35 mne of the ventral surface.  The upper surface of the transverse
process is flat and horizontal, the process passing outwards and back-
wards.  The posterior zygapophysis is short: its under swrface is
concave facing outwards and downwards. The base of thie neural
spine is 100 mm. long and not more than 25 mm. wide. The width
between the tips of the transverse processes was probably 290 mm.

Ischivm. Both ischia are present, lacking only the subacetabular
expansions.

The greatest length of the bone is 570 mm. Ventrally the two
hones were probably in contact throughout their length: dorsally
the distal ends have a straight contact for 250 mun. and then diverge
gradually. Just above the point of contact on the posterior side the
shaft has a breadth of 50 min.; at the distal end it hroadens out to
100 mm. The shaft is flat posteriorly, while its onter and anterior
borders are concave. The most characteristic feature of the hone is
the very pronounced thickening at the distal end — a thickening
greater than that seen in any other known Plateosaur. Whereas at
its narrowest the bone has a thickness of only 40 mm., just above
the distal end it swells to a thickness of 140 mm. and a breadth of
100 mm.

The distance between the inner sides of the proximal ends of the two
bones is 140 nun. The medial face of the proximal portion is concave,
the lateral face convex. The greatest breadth across the iliac articular
surface is 110 mm. The groove on the hinder face of the bone is
about 150 mm. long and is well-marked.

Type. Sacral vertebrae, ischia. (S. Af. Mus. Cat. No. 3608.)

Locality. Kromme Spruit, Herschel, C. P.

Horizon. Base of Red Beds.

GIGANTOSCELUS MOLENGRAAFFI, van Hoepen.

1916. van Hoepen. VYerhand. Geol.-Mijn. Genoot. Ned. en Kolonien.
Geol. Serie I1I, p. 107, text fig. 3.

Founded on the distal end of a right femur. The bone is some-
what larger than that of Fuskelesaurus, but is relatively thicker and
has a narvower suleus between the two distal condyles. The chief
interest of the specimen lies in the fact that it is of a type that occurs
apparently only near the base of the Red Beds in the Cape Province.

Type. Distal end of a femur in the Transvaal Museum.

Locality.  Haakdoornbult, 344. Waterberg Dist., Transvaal.

Horizon. Bushveld Sandstone.
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EveNeMESAURUS ForTis, v. Hoepen.

1920. van Hoepen. Ann. Transv. Mus. VII, 2. p. 93, Pls. XL
XII, XIIt fig. 1.

The type of this form consists of the proximal half of a fewur,
a complete tibia, a proximal portion of a pubis, portions of dorsal
and candal vertebrae and some fragnients, of a large form.

In addition to the comparizons made in the original description,
the followimg may be added. The tibia approximates in size to that
ot Melanorosuurus readi, but the proximal end appears to he thicker
(although in M. readi it is somewhat incomplete). Further, the
proximal end slopes down to the shaft more gradually in E. fortis
than in M. readi, and the shaft ix more slender in the latter form.
The dilferences. however, are not verv acnte and may well be merely
specitic.  Until forther comparisons are possible. however, there can
he mo great harm done in retaining sepurate generic names for the
two forms. The femora, as far as they can be compared. seem
different.  The proximal end ix hroader in M. readi, owing to the
fact that the lateral horder does not pass so abruptly into the proximal
border in E. fortis. In the latter. too, the fourth trochanter seems
to occupy a slightly more medial position.  In the former character,
FEucnemesaurus occupies an intermediate position between Plateosaurus
and Melanorosurus. :

From  Plateosaurus cullingworthi the tibia of Eucnemesaurus differs
markedly i general shape, the shaft of the former heing much more
slender i its niddle portion; the avticular surfaces are also of
different shape.

Type. 1In the Transvaal Museum.

Locality.  Zonderhout. near Slabherts, O. IS,

Horizon. Red Beds (probably about half way up.)

MELANOROSAURUS, gen. Nov.

This genux is characterised by the following features: Vertebrae
lichter and smaller than those of Gresslyosaurus and Euskelesaurus
when compared with the length and size of the femur: humerns
with lateral process sharply bent over. proximal edge forming a
nmoderately high how, less marked than in Gresslyosawrus; femnur
with straight shaft. whose lateral border forms approximately a right
angle with the proximal surface at the npper. outer corner, and with
lower end of fowrth trochanter helow the middle of the femur: distal
end of tibia broader in front than behind.
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MELANOROSAURUS READI Sp. Nov.
Text figs. 42-47.

The bones forming the type of this species were found on the
northern slope of the mountain Thaba Nyama (“Black Mountain”),
lying between Josana’s Hoek and Josaua’s Nek in the district of
Herschel in the Cape Province. They were lyving isolated and em-
bedded in a soft red mudstone below a sandstone band not far
above the base of the Red Beds. The bones consist of a tibia, a
fibula, part of the pelvis. come vertebrae and metatarsals, together
with a femur lying partly embedded in the overlying sandstone and
the proximal half of a humerus found weathered down the slope.
They are in the collection of the South African Musenm (Cat. Nos.
3449, 3450). 1 can collate these remains with no hitherto-known
species, and have much pleasure in namning them after Mr. B. Read,
former Principal of the Bensonvale Training School, of whose kind-
ness, display of interest, and hospitality 1 have a lively recollection.

Another individual (S. A, M. Cat. No. 3532) belonging, apparently,
to the same species — but somewhat smaller than the type — is
represented by some bones excavated below the Rooi Nek; between
Kromme Spruit and Majuba Nek, Ilerschel, from an horizon about
oue-third the wayv up the Red Beds. These remains include a
scapula and a complete humerus, and thus add to the knowledge of
the form.

Vertebrae. With the type several isolated vertebral centra were
obtained. The centra are all considerably longer than high. Their
end surfaces are oval in shape with the larger axis vertical. One —
probably a posterior cervical — has a sharp ventral surface, keeled
at either end. The dorsals are rounded below; all the vertebrae
are lightly built compared with those of Gresslyosuurus. 'The length
of a dorsal centrum is 110 ., the height of its anterior surface
95 mm.: while the width at the middle of the centrum is 45 mm.
The ventral surface of the boue is not acutely concave.

Scapula.  Nmong the bones from Rooi Nek an almost complete
scapula iz preserved. The bone has been flattened, so that its origi-
nal curvature is lost.  The upper end is somewhat expanded and is
thinner than the proximal end. The anterior border is thin. Proxi-
mally the posterior border is rounded and comparatively thick, but
distally it is thin. The glenoid cavity is not deep, but it is broad
and fairly high. The articular surface for the coracoid is very
broad. The greatest length of the bone is 450 mm. The width at
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the distal end is 175 mm., and that at the narrowest part of the
shaft is 75 man,

Humerns.  The Root Nek specimen contains an almost complete
richt Lumerus.  lts proximal edge forins a somewhat higher bow
than ig seen in the incomplete bone of the type from Thaba "Nyama;
but this latter shows signs of having been somewhat abraded hefore
its final entombment. Nevertheless, the proximal end is not so
strongly arched as in Gresslyosaurus, and the distal end diflers con-

Fig. 42, Melanorosaurus readi, Htn.
Right humerus inner view (3532). X %

siderably from that genus.  The lower end of the lateral process
hes nearly half-way down the boue.

The distal and proximal articular surfaces are inclined to one
another at an angle of about 45°.

The distal end has been somewhat [lattened, but it is hroad and
thin. The lateral condyle is considerably smaller than the wmedial,
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and there is a well-marked broad depression between them on the
anterior face. The posterior surface of the distal end is almost flat,
the lateral condyle being somewhat thickened.

The hone is 500 mm. long. The distance from the lower end of
the lateral process to the distal end of the bone is 260 mm, The
shaft is 55 mm. thick and 67 nun. broad.  The distal end is 155 mm.
broad, the thickness at the lateral condyle is 65 mm., and at the
medial condyle 63 mm.

Radius.  The left radius presents no features of unusual interest.
It is slightly shorter than the ulna, having a length of 280 nun.
The proximal and distal ends are each 89 mm. wide, while the shaft
at its narrowest is A3 mm. wide.

There is also preserved a right radius, somewhat smaller than the

Fig. 43. Melanorosaurus read:i, Htn.
Right_ulna of type. X 3.

corresponding hone of the other side. Tt is 250 mm. long. The
proximal end is [lattened, while the distal end is thicker and stronger,
In both bones the proximal articular surface is concave in front and
convex hehind ax in Plateosaurns and other forms.

Ulna. The right ulna is complete, heing 300 wm. long.  The
proximal end is expanded and has a triangular articnlar surtace, of
which the anterior and posterior ungles are sharper than the lateral
angle.  The anterior point s directed forwards, the posterior one
backwards and ontwards.  The posterior half of the surface is strongly
convex in its middle portion, being raised considerably above the
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anterior half of the swrface. There is thus a strong boss forming
an incipient olecranon process. The maximum length of the proximal
surface 1 120 mm., its maxnnum width 60 mm.

The posterior border of the bone is bent in an S-shaped curve,
the anterior border being regnlarly convex. 1In the former feature
the bone differs considerably from that of Plateosaurus erlenbergensis
which has a straight posterior horder.  The thinnest part of the shaft
occurs about 10 em. from the distal end, where 1t has an oval cross-
sectton whose diameters are 35 mm. and 45 mm. The distal end
15 95 mm. broad.

i, In the Thaba "Nyvama specimen one ilinn is complete, In
the Roor Nek specnnen one ilinm is complete and the other admost
so. The shape of theilinm isost hike that of Massospondylus carinatus.

Fig. 44 Melanorosaurus readi, Htn.
Right ilium of type. < 1.

The upper edge is fairly straight and the anterior spine is not so
long as in Gresslyosaurs.  The acetabulum is bounded in its npper
anterior gquadrant by a sharp ridge which dies away towards the
end of the preacetabular process. The postacetabular process is short;
its posterior border is straight. except at the lower corner, where it
is provided with a hook-hke projection. The posterior ihae spine is
short and high.  The body of the bone is shghtly bowed mwards.

The height ot the bone from the hottom ot the postacetabular process
to the npper edge is 275 mn.: the greatest length is 415 mm.  The
width of the acetabuhmnm ig 210 mm., its height 120 mm.

Pubis.  An incomplete pubis is preserved, which shows that the
anterior portion is a broad, flattened plate.
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Fenr. This bone was in doubtful association with the other remains,
and may possibly belong to another form. It is short compared with
the length of the humeras; shorter than in Gresslyosaurus. It agrees
with  Gresslyosaurus and Euskeles«urus in that the lower end of the
4th trochanter is below the middle of the bone. In outer view the
bone is straight and is considerably expanded distally.  The width of
the distal end at the lateral condyle is greater than that at the medial
condyle: the groove hetween the two condyles is hroad and fairly
shallow.

The length of the femur is 620 mm., the breadth at the proximal
end 170 mmn.  The lower eud of the 4th trochanter is 350 nn,

Fig. 45. Melanorosaurus readr, Hin.
Right femur. X ;.

below the top of the bone. The minimum width of the shaft is
95 mm., its minimon thickness 73 mm.  The width of the distal
end is 175 mn.; the thickuness at the lateral condyle 115 mm., aud
at the medial condyle 80 mun.

This hone, when compared with the tibia. is shorter than in other
members of the Plateosauridae. In  Ruskelesaurus, however, where
the femur is short and stout, the tibia is not known: hut itis possible
that the two bones in that genus bear somewhat the same relation
to one another as in this form. 1t is in the size of the vertebrae
that the two forms differ so markedly.

Tibia. The tibia is a assive hone 43 cm. long with a large
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proximal end, a straight shaft, and a broadened distal end. The
tibtal tuberosity is weathered away to a certain extent, but must
have been prominent. The proximal articular surface has a greatest
length of 195 mm., and a greatest width probably of about 100 1.
The inner border does not stand wmuch higher than the outer. The
iner  border is convex with a shallow concavity at the niddle,
Between the tibial tuberosity and the anterior and posterior ends of

Fig. 46. Melanorosaurus readi, Htn.
Left tibia, outer view. X 1.

the surface there is, in each case, a shallow concavity. The anterior
portion of the surface is higher than the posterior, and is not excess-
ively prolonged, but is bluutly rounded.

Just below the middle of the bone, where it is most slender. the
shaft has an antero-posterior dianmeter of 80 nn., and a lateral disneter
of 60 . The anterior surface ix provided with a sharp keel in
its Tower half which passes doswn to the auterior condyle. The post-
erior surface is rounded. the outer and inner surfaces flattened.

At the distal end the anterior border has a length of 130 mm.
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meastved along the lower horder and stands about 40 vun. ahove the
posterior horder, which is 90 mm. long. The mner border is strongly
rounded with a length approximately equal to that of the hinder horder.

Fibulu. The left f(ibuka is preserved entive, although the hone
surface is somewhat shattered. [ts greatest length is 477 mm. The
proximal end is expanded, its imner surface slightly concave. its onter
surface convex, The greatest hreadth of the proximal end is 140 mm.,
while it is hut 4% mm. thick.  The anterior border of this end is
thin and sharply rounded. while posteriorly the bone is thicker. The
upper edge is higher behind than in front.

The shaft is flat on the ner side and strongly rounded Jaterally.
It has a diamneter of 50 mm.

Fig. 47, Melanorosaurus readi, Htn.
Metatarsal 1I. Front view. X 1.

The distal end is shghtly swollen in an antero-posterior direction.
The lower surface is 85 min, long and 53 mm. broad, convex on the
imner side and obliguely flattened laterally.  The anterior face of the
distal end is broadly rvounded, while the posterior face has a sharp
ridge on its inner side, stoping away to the outer face as o flat surface.

Metatarsal.  One of the metatarsals is preserved, probably the Srd.
[t is astraight bone having a length of 200 mn. The proximal articular
srface s triangular, the antertor angle being shightly obtuse. The
surface is 80 mm. broad, and has a maximum thickness of 40 mm.
At its thimmest part the shaft is 4% . broad and 26 mn. thick.
The distal articular surface is 62 mm. broad.  Distally, the anterior
surtace of the hone is very flat, while posteriorly it is shightly concave
with a shallow wide median groove just above the articnlar surface.

Type. Incomplete skeleton. S\ Mns. Cat. Nos. 3449, 3450,

Locality.  Thaba *Nyama, near DBensonvale, Herschel, C.P.

Horizon. Near base of Red Beds.

28
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OrDER ORNITHISCHIA Seelev.
GERANOSAURUS ATAVUS DBroom.

Ot Broom. Aun. S0 Af. Muso VI 40 p. 306, PLOXVIL (g, 24

o

“The collection of bones consists of badly crushed fragiments of a
skull with the antertor part of lower jaw fuirly well preserved, some
slender hirdlike hind-limb bones. and a number of very imperfect
vertebrae,  The vertelrae seem too large to have belonged to the
skull, and there heing thus some doubt about the bones heing those
of one animal 1 think 1t better to describe the jaw-bones alone and
to make them the type.

As preserved, the lower jaw has the left dentary fuairly complete
with a considerable portion of the right and the predentary nearly
perfect.

The predentary has its upper suwrface displayed, which is coneave.
It is 12 mm. long and the same in width.  The outer and anterior
edges are sharp and doubtless formed a horny heak.

The dentary as preserved measures 75 mm. in length, and there
i probably but little missing from the posterior end. The anterior
half hears 9 teeth which have rounded roots in sockets. The teeth
in the fragment of maxilla have flat chisel-shaped crowns with the
outer face feebly ridged. Probahly those of the mandible were shmilar
in this respect.  The most remarkable thing about the dentition is
that the most anterior of the teeth is kuger than the others, and
may be Jooked upon as a canine. The total length of the series is
35 . Most of the teeth have a dizuneter of between 3 and 4 mm.,
but the anterior tooth has a diameter of 5 mn.”
ssoctated with the Jower juw, on another small slaly of stone 1s

4

the tmpertect mould of a tibia. tibula and some of the bones of the
foot which bhear nearly the same relation to the size of the jaw as
does the tibia to jaw in Nanosawrus. 1t seems probable, therefore,
that they are of the same gpecies as the type jaw.

The tibia is long and slender, apparently agreeing with that of
Nanoseurus in that it is compressed proximally with a somewhat
trimmgnlar cross-section, while its distal end is inore ronnded i section.
The proximal end is nearly all preserved. The anterior portion of
the wrticndar surface is higher than the posterior part and is cons-
iderably narrower, the tuberositas tibiae being well defined.  The
lateral process is ronnded and xtrong. The shaft is slender: the
distal end s only preserved in the form of a mould of the lateral
surfuce. The total length is 14 mm.; the length of the proximal
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articular snrface was about 25 mn. ; the shaft atits narrowest probably
had a width of not much more than 10 mmm.

The fibule lies on the outer side of the tibia and closely appressed
to it, crossing it at a low angle. It was apparently shorter than the
tibia and very slender, being widened at its proximal end.

Part of the pes is preserved, consisting of a small tarsal bone and
the most of one digit, probably the second. The metatarsal is
19 mm. long posteriorty and L% inm. long anteriorly, the distal sur-
fuce being inclined to the axis of the tibial shaft. The whole axis
of the digit is inclined to that of the tibia, so that the animal
appears to lave been digitigrade.  The first phalanx s short, its
proximal end broader than the anterior end; the second phalanx is
I8 mm. long. The claw 1s incomplete, but was long and compara-
tively slender.

Type. Incomplete lower jaw — S, Afr. Mus, Cat. No. 1871,

Locality.  Top of Barkly Pass; Elliot, C. P.

Horizon. Cave Sandstone (base of).
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PART 1L

STRATIGRAPHY
MoLTENO BEDS.

The general featwres of the Molteno Beds are descvibed by Rogers
and du Toit in “The Geology of Cape Colony” as follows:

“The Molteno Beds are first met with at a point a little to the
east of Steynshurg and form the higher-lying ground in the Division
of Molteno; they extend along the fort of the Stormbergen into
Hersehel, the Orange River Colony, and Basutoland, and along the
hase of the Drakensbhergen through East Grigualand into Natal.

The formation consists of sandstones. shales and mudstones, the
softer beds being much like those of the leca and Deaufort. grey.
greenish or bluish in colour. hut without the calcareous concretions
so abundant in the lower groups.

Fossil plants are in places abundant, but seemn if anything to be
more plentiful in the lower half of the Molteno Beds: silicified wood
s common in some of the sandstones.

The sandstones of the Molteno heds are guite unlike any that
occur i the lower groups of the Karroo system. In general appea-
rance and in the character of the surface to which they give rise,
they resemble the Table Mountain Sandstone more closely than any
other i the Colony, but they are coarser in grain and much looser
in texture.  In most localities the quartz grains arve coated with a
later deposit of quartz with more or less perfect crystalline faces
which reffect light well, =0 that the vock sparkles in the sunhght.
To such varieties the term “glittering sandstone” has been appro-
priately given.

Grains of felspar are abundant in these sandstones, sometimes in
such quantity that the rock can almost he termed an arkose.  The
foose texture of the Molteno sandstone has allowed the felspar to
weather considerably, and the dull white grains of weathered fel-
gpar are always conspicuous constituents of the sandstones; more
especially in the finer grained varieties.  Rounded or spherical nodu-
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les, lollowed out in the centre when the hard outer shell has heen
broken throngh, are quite a characteristic feature of the Molteno
sandstones.  The nodulex are formed by the oxidation of pyrites and
the deposition of some of the resnlting iron compounds in a spheri-
cal zone about the lumps of decomposed sulphide.  The hard shell
ix thus due to the addition of the hydrated wron oxides to the
cententing material usnally present.

The lowest of the coarse glittering sandstones has heen termed
the “Indwe Sandstone”, and forns a reliable bench-mark from
which the horizons of the different coal onterops can he defined.

The finer grained varieties of sandstone . ... are of a vellowish
grey or eream colonr and furnish o good building stone.

The coarse gritty sandstones occasionally become conglomeratie.
the pebbles consisting principally of vein-quartz and of quartzite,

A peculiar feature is the ocenrrence in the Molteno sandstones of
smooth rounded or oval pebbles usnally a few inches across but
oceasionally runging np to houlders a couple of feet in diameter,
They are, as a rule, scattered irregularly throngh the sandstones,
but in the Molteno Division they are particularly abundant along a
certain horizon and form a bed of conglomerate a few feet in
thickness.  The pebbles are sonietiines found resting upon a coal
seam and partly imibedded in the hase of the sundstone overlying
the coal. The pebbles are almost entively of white or brownish,
sometimes glassy, quartzites like those of the Witteberg or Table
Mountain series.  They are most abundant to the south-west of the
Stormbergen.  Some  of these pebbles show pitting externally due
to the formation of cubes of pvrites a layer of which occurs just
helow the surface.

In the Molteno Beds there are mumerous ounterops of coal, but
the workable seams are restricted to three well-defined horizons.
The lowest one is that of the Indwe seam: to this helong the coals
at Indwe, Cala and that near Engeobo.  The second is about eighty
feet higher and is known as the Guba seam. 'The uppermost is the
horizon of the Molteno seam, 300 ft. above the Indwe seam.

The Javers of coal seldom exceed twelve inches in thickness (in
the Guba se:in there is one about 25 inches thick), bnt as several
usually oceur alternating with thin bands of black shale it is pos-
sible to extract fiom three to four feet of coal in mining operations.

On all three horizons these composite seams appear to occupy i
nimber of detached areas, in between which the coal is either
replaced by shale or else is entively absent. In most cases this is
due to non-deposition of carhonaceous material, but sometimes to
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erosion of the matter deposited, contemnporaneous erosion, a pleno-
menon which is seen in thousands of cases throughout the Karroo
beds. At Indwe the upper layvers of coal and shale are in places
missing, and the surface thus denuded is overlain hy massive sand-
stone with pebbles at its hase.

The coals of the Molteno beds are usually laminated and contain
very thin streaks of shale; thev are coals which where formed very
probably at a considerable distance from the spot where the plants
erew. and the alternation of thin layvers of coal and silt evidently
points to the vegetable matter having heen deposited over the floor
of the basin in the same manner as the silt.”

In addition. it is well to give a few details with regard to the
stratigraphy in the various Divisions in which the beds have been
studied.

Glen Grey, Queenstown & Wodehouse Divisions. In this area the
Molteno Beds are essentially arenaceous in character more o than in
the country to the north.  The Indwe Sundstone forms the nost
iiportant subdivision, and sometimes the second thick sandstone from
the bhase, the Gubenxa Saudstone, ean be identified. There is a
ceneral thickening of the beds towards the south and south-east, as
i evidenced hy the faet that the thickness of the strata below the
Indwe Sandstone iz 150-250 feet in Aliwal North, 4H0-500 feet at
Sterkstroom and  Indwe, 700 feet at Cala, and 1000 feet at Lady
Frere.

The Tudwe coal-semin is composed of a nummber of hands of coal
and shale, which are constant in character thronghout the Indwe
mining area.  The upper lavers were in certain spots removed by
contemporaneous erosion.  The “wash-outs” must have been formed,
according to Du Toit, by stremns or cirents of water flowing over
the seam of coal und shale while they were in a soft incoherent state.
The sandstone underlving the coal undulates; and thin lavers of coal
and shale were spread over the surface and perpetnated the irregularities
beneath them. Erosion was most vigorous in the original gentle
tronghs of the seam. and thus the top coals i these troughs are
no Jdonger present, their place being taken by sandstone and grits.

In the Northern portion of Wodehiouse near the top of the Beds
ix a hard fine-grained white sandstone with a few Thinnfeldia frounds,
A similar bed is found at the same horizon in Elliot.

Aliwal North & Herselel. The thickness”of the Molteno Beds in
these Divisions ix probably about 1000 feet, The Indwe Sandstone
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ties about 200 feet above the npper limit of the Burghersdorp Beds
and forms a very prominent horizon, showing the same characters
as in the south. The Indwe Coal is not present, except that it is
represented in places by o hard black carbonaceous sandstone with
thin streaks of coal. The Cala and Gubenxa coals are represented
by 8 feet of mixed coal and shale. These lie 300 feet above the
Indwe Coal.

The upper heds are very similar thronghout and consists of coarse-
grained  pebbly sandstone; usnally finer in texture than is the case
forther south at Indwe in the Transkei.  Higher up are fine-grained
sandstones with shales and mudstones, sometimes reddish in colour,
followed by =oft pinkish felspathic grits.

© CAVE SAHODSTONE - SEEN
/- ON THABA'NCHU MOUNTAIN

RED & BLUE

SANDSTONES

= & SHALES ON SLOPES OF
THABA'NCHUS HILLS
ABOUT TWEESPRUIT

AT COARSE GRITTY SANDSTONE
LUE & GREY SHALES & MUDSTONES WITH OCC COALY SEAMS
YELLOW FINE GRAINEQ SANOSTONE

=" = “RED & BLUE SHALES & MUDSTONES
F= vrrer & }

ABoUT 300

MALTENO BEDS {

MIoDLE
BEAUFORT BEOS

SEEN IN CUTTING ON RWY. JUST
E. OF THABA'NCHU STN.

THIN SANOSTONES & 4 BLUE & GREEN SHALES & MUDSTONES

SEVERAL THOUSAND FEET THICK
BETWEEN THABA'NCHU
& BLOEMFONTEIN

Fig. 48. Section in Thaba’ Nchu Distriet, O.F.S.

Orange Free State. Little detailed work hasx been done on the
Stormbeyre Beds which lie o the Eastern 1ree State hetween the
Orange River and Harvismith, It iz certain that the Molteno Beds
are absent at the latter plice where the Red Beds rest unconform-
ably on the Upper Beaufort Beds: and there is probably a gradual
thinning out of the formation northwards fromm the Orange River,
similar to that which has been traced by Du Toit in Natal. At
Thaba’ Nchu the beds are about 300 feet thick: the lower two-thirds,
according to a section supphied by the hrigation Departinent, consists
of blue and grey shales and mudstones with occasional coaly seams,
the upper third of coarse gritty sandstone. At Verkijkersherg, S.\W.
of Memel, in the extreme north-east of the Orange Free State, the
Molteno Beds are also absent.

Transkei. In the Transker the maximmun thickness varies from
1800 feet in the south of the area to 1400 feet in the north. The
Beds are essentially arenaceous. They consist of thick layers of coarse
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pebbly  felspathic sandstone separated by Dluish and  grey softer
weathering, fine-grained sandstones. mwuodstone, and shale. The sand-
stone contains a good deal of felspar, fragments of which are trequently
1/, in. i diameter, while the grains of quartz frequently exhibit partial
restoration of the crvstal faces, giving rige to “glittering sandstones”.
Small pebbles of vein-quartz are abundant in certain layers. Sporadic
pebbles of granite, graphic grunite, and white fine-grained quartzite
oceury more commonly near the hase of the series and frequently
Just ahove, or even resting on, a coul seuun,

The Indwe Sandstone and Gubenxa sundstone wre well represented.
The top of the series here is a more than usually coarse pebbly sandstone.

Griqualand Fost. Du Toit has described the Molteno Beds in this
area from the Divisions of Maclear, Mount Iletcher, Qummbu, and
Mount Frere.  The beds bear a close relation to those in the Transkei.
I no place are they more than 1800 feet thick and are essentially
arenaceous.  Iron pyrites s found in drregular lavers in the sand-
stones in a few localities.

Du Toit describes the heds as having the following characteristics,
“The sandstones contain a good deal of felspar, nsually rather de-
composed.  The pieces of felspur may, in cases, attain a diameter of
half an ineh, while in a railway cutting, abont a mile sonth of Ugie
Station. small pebbles of granite and graphic granite were ohserved
in addition.  The grains of quartz frequently show partial restoration
of the erystal faces; and the light reflected from these facets gives
the rock a spavkling appearance in the sunlight s ience the appropriate
nanie of “clittering sandstone” given to them. Small pebbles of white
or blne-black quartz up to an inch or thereabout in length are most
characteristic of these sandstones, and some portions are so pehbly
in character that they can almost be termed conglomerates.”

Further to the north-east, in Mount Currie on the Natal Border.
the thickness has diminished to about 1100 feet, even to 950 feet
just over the border. The lavers of coarse pebbly sandstone are thimner
and spaced clozer together than m Maclear. “Otherwise the formation
ix the same, e, comrse-graimed pebbly sandstones and grits — usually
false-hedded and sometimes conglomeratic and crowded with smooth
water-worn quartz pebbles — rather felspathic and puassing into grey
finer-grained types: most of the sandstone sparkles or “ghtters” in
sunlicht owing to the reflection of lght from the faces of quartz
crystals”. The pebbles in the Indwe Sandstone range from a few
inches up to a foot i length, At one place there is a ferruginons
conglomerate full of quartzite pebbles.  Below the Indwe Sandstone
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bluish gcreen and grev mudstones and  thin fine-grained  felspathic
sundstones oceur, The hicher horizons of the Series consist of grits
and pebbly sandstones, alternating with blue, grey and hudl mudstones
and shales,

Nutal.  Along the eastern slopes of the Drakensherg ranges du Toit
has traced the Stormberg Servies from the Cape Border to Van Reenen’s
Pass and Harvisinith, At Matikuln Hill at the head of the Bushmuans
River in the Division of Fstecourt he has measured a thickness of
140 feet of Molteno Beds consisting almost entively of grits. At the
hase the heds are false-hedded with terrnginouns nodules: at the t.()ll
they consist of white coarse gritz: and there are few thin shaly heds.

At Beznidenhout’s Pass on the Orange IFree State — Natal horder
the Molteno Beds are absent: and they are similarly absent on the
Platherg near Hwrvismith.

Rep DBEDS.

Ellistt. The Red Beds reach their maximum thickness in the
neighbourhood of the Barkly DPass where they are about 1600 feet
thick. The sandstones are fine-crained and rvegularly  distributed,
Bands up to 30 feet i thickness ave common and are usnally red
or purple in colomr when mnweathered.  Conglomerate heds as a rule
are absent: but in one or two localities beds of sandstone contain
abundant white quartzite and gquartz pebbles. The shales and mud-
stones which form the bulk of the Red Beds are red. purple, green
or white, and occasionally violet in colour. It is noticed that the
thicker sandstoue bands very often lie upon eroded surfaces of the
softer beds,

Wodelouse. The hase of the Red Beds contains eoarse “‘glittering
sandstones” like those of the underlying Molteno Beds. The thick-
ness in the district is very vartable. Just north of Indwe there ave
1500 feet of sediments: hot 12 miles to the west the thickness
diminishes to 650 ft.  Farther to the south it is again increased.
Again, between Dordrecht and Jamestown the thickness is generally
650 feet, while to the north-east in the lower Wasehbank it is
900 ft, to 1000 feet.

The lower portion consists of hauks of rather coarse-grained gritty
sandstone (pale yellow or bluish in colonr) with interhedded yellow
and buft mudstones and thin purplish red sandstones, shales, and clays,
The sandstone beds wre thicker, coarser, and closer together than
in Ellot,
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The upper 400 ft. or so are brillintly coloured shales and sand-
stones, Caleareons rocks are frequent, oceurring usually as treegular
podules and conceretions in mudstones,

Aliwal North. The thickness measured at Kraai River Poort is
000 feet, while to the north on the Herschel-Alwal Bonndary and
at Lady Grey it has fallen to 60O feet. The general features are
similar to those fonnd further sonth. At the hase of the beds a thiek
vellow sandstone separates the Molteno Beds from the overlying
prple and red shales and mudstones. The suceession ix well displayved
at Lady Grey, where Kynaston noted that the sandstones appear to
hecome finer-grained as one ascended in the series. Oceasional layers
of  ecaleareous  coneretions oceur, which sometimes coutain bone-

fragments.

sarkly East. Ouly the top portion of the Red Beds ix seen in
this mountainous district. The beds have a general dip to the Sonth,
whilst to the vorth in Herschel, they dip in the opposite direction.
D Toit noted the presence of much silicitied wood on the farm
Glencoe, the tree stems heing ol considerable size.

Herseliel. The Red Beds are well displayed along the north side
of the Wittehergen.  The thickuess at Palmiet Foutein (near the
Basutoland Bordery and between Kromme Spruit and Majuba Nek is
at least Q00 feet.

At the base are ved and purple mudstones. weathering to heht
hine. which have vielded @ number of large Dinosawr bones. At the
summit. at Duleie’s Nek, is a bed of limestone.  Between, the strata
are made up of very hrillant red shales and clays with prominent
red and oceasionatly huff sandstones. The sandstone hand whieh ocenrs
at abont one-third the way up the succession as seen at Josana’s
Hoek appemrs to be persistent and will probably prove a useful
“hench-mark™ for palacontological purposes.

Pebbles are very ancommon in the sandstones.  During two fairly
extensive collecting expeditions which examined most of the outerops
in the distict only two veddish small semi-ronnded pebbles of quartzite
were seell,

FFossil wood is found in certain localities. oceurring in the thin
sandstones Sowre of the trunks are large  One section 9 feet long
now in the Sonth African Museum has a diameter of over 2 feet.
[t was found near the base of the fornation at Kromme Sproit lying
in u thin sandstone at a low angle to the hedding planes.  Other
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speciitens of similar und even greater diameter were obtained — also
from near the base of the beds — at Blikana.

Orange Free Stute. The Red Beds are well exposed on the eastern
horder of this province, being especially well seen between Thaba
"Neha and Modderpoort, aronnd Ficksbure, and between Fourieshurg
and Harrismith, Fossils have been collected at Fouriesburg, but no
details of the Beds are available.  Red eolour predominates. but at
Ficksburg the base of the formation consists of very thick grits —
which, however, may prove to be a local excessive development of
the Molteno Beds.

The Red Beds are exposed on the sides of the Thaba *Nehn hills

Cave Sandslona

_White mediumm grained Sandslone
. ':,.Hea/ and greencsh shales, mudslones and sofc while griits
“_ -Red %o pu r/r//'&A sgft/d.ymbiz_k grits Red Beds

o ~~-Red and pucrple’ shales
~~-HMard gritty sandsfone
300' - -~ - Upper Beaufort Bed's

Micldle Bcau/on“ Beds

Fig. 49. Verkijkersberg. S.W. of Memel, O.F.S.

about Tweespruit.  They are about 450 ft. thick and are predominantly
argillaceous, consisting of red and blue shales with at least one prom-
tuent sandstone band.

Du Toit has studied the section shown by the Platherg, near
Harrismith and he has kindly sent me details of this nnpublished
stidy. At the base of the mountain are red and purple shales with
medinm-grained sandstones; representatives of the Beaufort Beds —
a shightly lower horizon of which has vielded a Middle Beanfort fauna
on the Harrismith Commonage. Lying above these are 200 feet of
strata which he assigns to the Red Beds, there being thus an unconformity
between the Beaufort Beds and the Red Beds, the Molteno Beds heing
absent. At the base of the Red Beds is a thin but gritty sandstone.
This 1s followed in succession by over 100 feet of =oft purple shales,
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A massive fine-grained sandstone with thin soft bands, and at the
top arve ved and purple shales. 1t mnst he pointed out that the un-
conformity ix not evideneed by any apparent discontinnity in sneeession,
nor 1s there anv difference in dip between the two formations.
Farther north. at Verkijkersherg, S.W. of Memel, the thickness of
the Red Beds has fallen to 160 feet, The red clavs of the Upper
Beanfoit Beds are succeeded by a hard gritty sandstone, often guartzose
at the base and this in twn by a fine-grained sandstone. Then
folloavs @ series of red to purplish soft felspathic grits, vred and greenish
shales and mudstones and soft white and red grits. The top of the
formation ix formed of white medinm-grained sindstones. The basal
sandstone is variable in thickness and rests sharply on red mudstone:

s = =~ CoVummnar Dolerile

- = ~Cave Sandslsne

Red Beds

-Joke purple shales
— = Sandsline . Thir but grilty
~ " Red and fircrfple shales

% T Medivrn-grained Sandslone Beau./orf /

Fig. 50, E.8.I. corner of the Platberg, larrismith, O.F .8,

portions of it. especially at or near the hase, are (quartzose orits and
show falze-hedding dipping in a South-Westerly direction.

Midway hetween Harvismith and Memel, on Tandjes Berg, the Red
Beds are intermediate in thickness,

Transkei, In the Transkei the thickness is wniformly 1200 feet,
The sandstones ave gritty at the hase of the series, oceasionally carryimg
isolated houlders of quartzite: hicher up they become finer-grained
and vellow. The softer mudstones and =sandstones and shales are
of brilliant red, purple, and blue tints, weathering pale.  Many of
the so-called “hufl” sandstones owe their colour to weathering, being
red on a freshly-fractured face,

Griqualand East.  In Maclear and the Divisions hordering it to the
North and East the thickness of the Red Beds diminishes from Sonth
to North. having a maximum of 1200 feet.  Dun Toit has described
a section showing the full suecession shown in the ascent from
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Pot River to Tent Kop in Mactear. This shows predominating purple
and red shales, mudstones and soft sandstones often of remarkably
brithiant colouring — which bleach on exposure. Coarse grits and
oceasionally pebbly sandstone ocenr at the hase, and not uncornmonly
there are found boulders of quartzite like those of the Molteno Beds.
The most prominent sandstones are nsnally white in colour, and in
places contain nodules of iron pyrites or marcasite.  Many of the
sandstones when fresh are red: they are commonly full of porons
patches which represent spots originally vich in calcareons material.
Clay-pellet conglomerates are not uncomnon at the base of certain
sandstones. Fossil wood is occasionally seen. Vertebrate fossilsare scarce.

In Mount Currie the thickness is only 400 feet. The heds, as else-

%— - - - Basal¢

“\ - Grlzone
______ Cave Sandslone

2\~ - ~Massive medium grained S.p with grit at base

S~ ~While and dark red. S.S, wit red mudstones

_talse-bedded, with ferr noclules
} Upper Beaufort Beds

Ihg. 51. Hlatikulu Hill, near Table Mountain, Natal

where, consist of several hands of fairly fine-grained sandstone alter-
nating with blne, red, and porple mudstones and soft sandstones.
Natal. At Hlatikalu Tl the Red Beds have a thickness of 430 feet
resting on the Molteno Beds.  Shales overlie the top white coarse
grit of the Molteno Beds, and contain one or two gritty bands. They
are succeeded by white and dawrk red. sandstone with ved, purple and
blne mudstones and soft sandstones: these by dark purple nmdstones.
Then contes a massive medinin-grained sandstone with grit at the
hase, and between it and the Cave Sandstone are reddish shales.
I'urther north, at Beznidenhout’s Pass on the OIS, hovder the
thickness has dimimished to 400 ft.  The formation rests directly on
purple mudstones of the Upper Beanfort Beds and has at its base a
bed of gritty and pebbly sandstone whick, in its lower portion has
quartz-pebbles np to 'y an inch i dimneter as well as pellets of shale
and some sandstone fiagments.  The mass of the Red Beds is inade

- Dark purple mudslone Red Beds

Molteno Beds



’
So0

i
=
o]

cAnnals of the South African Musewm.

up of an alternating series of sandstones, whicli get (iner-grained
towards the top. and purple mudstones.  The sandstones are white
and the two uppermost bands contain flattened pellets of pale hlue-
areen shale.

The junction between the Upper Beaufort Beds and Red Beds appears
to be an unconformable one, but is without angular discordance,

CAVE SANDSTONE.

Elliott. The Cave Saudstone here iz aonassive vellowish (ine-grained
felspathic saudstone of vemarkable uniformity of texture. It ix slightly
stratified  at its base, and sometimes more so at its swmmit: hut
lamination is usually absent.  Sowne sections show falze-bedding ou

T Ae=ecee Cave 5an:{sfém-¢

_ - Whitsk f:’ntgrm'ncd Sandsline
- - S Purple muclsline and red gri#y Sandsfore
= o - AAbish mediwm-grainal Sandslfine
_Whilish gritly p-s.
- 7. Red and purple mudslones
V- - - Grity and /916[»1:/ S.s.

Red Beds.

= S = = Purple rmucds/lones Upper Beaxfort Bec

Fig. 52. Bezuidenhout’s Pass, O.F.8. border.

an exteusive scale. Wheun fresh, the vock is pinkish or veddish in tinge.

It maximum thickness, as displayved at the Darkly Pass, is 800 feet.
Oceasionally  the saundstone ix replaced over short distances by thin
vellow sandstones and purple mudstones: similarly in Matatiele it ix
replaced locally by red clay, often mottled with green or alternating
with light Dlue elay, At the top, the rock is sometimes interbedded
with lavas and ash.

Barkly Eost, Wodehouse, Aliwal and Herschel. In these districts the
vock ix a fine-grained sandstone, usually pale vellow in colour, hut
vavied by white, bufl, pink, and blue. [t is generally unbedded. hut
in places its upper portion is laminated.  False-bedding is not uu-
common, and 1s sometinies extensive.

In places the sandstone is split up by layers of ash aund basaltic
lava. The thickness ix very variable. ranging from 150 feet to 800 ft.
Du Toit, in his Report on these Divisions, compares the Cave Sand-
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stone with the massive white Jurassic sandstone from  the Grand
Carion region of Arizona.

Under the inicroscope the rock 1z very uniform in texture, chiefly
made up of grains of clear quartz only slightly ronnded.  Angular
fragments of orthoclase and microctine ocenr. as well as plagioclase.
small grains of zircon, epidote, and sometimes tonrmaline.

At Siberia, in Wodehouse, a shale-hand near the hase of the
formation has yielded a fragmentary fish, many specimens of Lepidirus,
numerous Cyzicus and Ostracods, and szeveral forms of insect. 1In
other places silicitied wood 1= not uncommnon.

Structurally, the sandstone iz seen to he eroded and fanlted hetore
the main outpourings of the lava.

At Lady Grev, Aliwal North Division, where the Cave Sandstone
is very well seen, the lower hed of sandstone is approximately 80 feet
thick and is underlain by a few feet of soft reddish sandy shales.
This bed is without sign of beddimg planes. but exhibits well-marked
vertical jointing.  Above it is 400 ft. of sandstone clearly exhibiting
a rude stratification in its upper portion and noticeable false-hedding
at more than one horizon.

Orange Free Stute.  Along the western horder of the Drakensherg
mass the Cave Sundstone constantly appears ahove the Red Beds.
On Thaba’Nehu mountain it varies in thickness from 150 feet to
250 feet.  Its thickness at Harrismith is 250 feet, where it isoverlain
by colummar dolerite, and at Verkijjkersherg H00 feet.  Its features
are constant, a creamy or white massive sandstone forming the main
body of the rock. At Fouriesburg the base of the formation s red
and purple passing into white, so that 1t is nnpossible o draw a
lithological distinction hetween the Cave Sandstone and the top of
the Red Beds. From this level have come the types of Gryponyr
africanus and Massospondylus Tiarriesi as well as other lightlyv-built
forms. A shale-band in the Cave Sandstone of Thurrismith yielded
Cyzicus draperi in various stages of growth.

Transkei. At the extreme North-east of the district the formation
has a thickness of 800 feet: but a few miles away it thins to H0 feet.
There is here an interrnption of deposition cansed by voleanic out-
bursts. At Tent Kop the Cave Sandstone is altogether absent, the
lavas resting directly upon the Red Beds. These ashes dip beneath
the Cave Sandstone of the neighbouring areas.

Lithologically the Cave Sandstone is uniform thronghout the area

white to ereamn in colour, sometimes deep pink or red towards the
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base. Tt is alinost invariably fine-graimed and is composed of grains
of (uartz-sub-rounded to angular in outline — with grains of felspar
and mica and small crvstals of zivcon, garnet, and rntile.

Griqualand Eust. The thickness in this area is very variable. In
the North-East, near the Natal horder, it has a maximum thickness
of 800 feet, while westwards it thins in one place to H0 feet. In
the Tsitsana Reserve its thickness ix 300 feet vet at places near hy
falls to 100 feet. This variubility is due in part to the ontpouring
of lavas before the ¢lose of the formation of the sandstone — in
places sandstone is found intercalated with Tava-flows,

The sandstone is generally uniformly white to creamy i colour
oceasionally heing pink or red especially towards the hase. The basal
portion ix well-hedded and at a few places rests unconformably on
the Red Beds. The hase frequently exhibits false-bedding.

Natal, Nt Hlattknlu 1H1 the Cave Nandstone ix 190 feet thick,
and at the top has a gritty zone overlain by busalt.

According to Chwehill (1898) the thickness varies in the streteh
between the head of the Buslunan’s River and Mont aux Sources
from 200 feet to 600 feet, while ut the sonth end of Thaba’Mhlope
it is 800 feet thick. The rvock there is compact, hard and aritey,
nsnally creain o white i colonr, but sometimes light red, and
occasionally carries a “few round, hard sandstone nodules; often cont-
aining a little pyrites”. At the hase of the formation is a 6- 10 ft.
thick bed of a rather friable, light-coloured marly sandstone resting
on a H— 15 ft. thick bed of nodular sandstone.  This may be taken
as the base of the Cave Nandstone as it rests on a “deep, pink,
earthy layer”.

Transvaal.

The Stormberg Seriex in the Transvaal iz preserved as a number
of ontliers; forming the Bushveld Series. of which the most important
occur on the Springbok Flats, the Komati Poort Coaltield, in the
area North of the Zoutpansherg, and in the Linpopo Valley.  The
features of the series in each of the areas will he briefly outlined.

Springbok Flats,  Mellor in 1905 gave an account of the sandstones
of Buiskop and the Springhok Flats, which are overlain by the
Bushveld Amyvadaloid.  Ile stated that the sandstones of the Springhok
Flats are universally rather fine in grain :uud uniform in texture,
ravely, if ever, gritty, and contain no conglomerates or pebblewashes
except, possibly, at the extreme base. They are peculiarly muassive
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and homogeneous and only rarvely show traces of bedding planes, and
then only at wide intervals,

The colonr varies from deep rved to
almost pure white or cream.

The red sandstone is usually hard and
quartzitic; where weathered and soft, it loses its red colour and
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Iig. 53. Sketch-map of Transvaal to show distribution of Bushveld Series.

becomes vellowish or white. The sandstone is distinguished by well-
marked vertical jointing.

West of Naboomspruit Station the sandstone rests directly on granite,
but elsewhere upon the Coal-Measure Grits.

It has a thickness there
of about 30 feet.

Itz npper portion is massive, hut towards the base
it shows frequent traces of stratification, and the lowest beds consist
of distinet bands of sandstones alternating with coarse gritty and
20
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conglomeratic beds which are composed of debris and fragments of
granite.  In places the fine-grained sandstones he directly on the
granite without intervening conglomerates,

At Slypsteen Drift the sundstones are even in texture, fine-grained
and often massive: some beds show a tendency to lamination and
are at times false-bedded.  Wm. Anderson, in a paper published
1912, described the occurrence of fossiliferous beds “exposed in the
water-channel of the Cowmpies River, in the vicinity of the store at
Stypstee Drift, Springbok Flats, Waterberg Distriet”. “Stypstee Drift”
is presumably a nisprint, and should read “Slypsteen brift”. Regarding
this occurrence Anderson writes “As this ix the only postion in which
[ observed outerops of these fossiliferons sedimentary heds; I have
no evidence as to their probable lateral extent or distribution, becanse
the country to the north-east. west and south-west chiefly consists
of extensive areas of alluvial deposits, through which occasional out-
crops of Recent ealcareons rocks are not nucommon . . .. To the
westward of Stypstee Drift, under the alluvials of the Springhok Flats,
these fossiliferous sedimentury beds probably heconme associated with
the wnygdaloidal basalts, which form a portion of the Upper Karroo
Series, and are well developed in the western and south-western
portion of the Flats. It is, however, probable that this occmrence
of fossiliferous Upper Karroo beds is not continnons with those of
the west, hut has been formed in an isolated hasin.  Similar, probably
contemporaneons, sandstones and shales ocenr at the foothills of the
western it of the Springbok Flats, the sandstones occasionally
attaining a considerable individnal thickness, as at Buiskop, to the
north of Warmbaths, where the rock has heen extensively quarried
for building purposes.”  According to Anderson, the bedsat Slypsteen
Drift rest unconformably on the Red Granite of the Bushveld. In
the main section the lower exposed strata consist of practically
horizontal exceedingly fine-grained, light grey, argillaceous shales.

L]

The sandstones above are markedly false-bedded and much jomted
vertically.  “In all cases the fossil bones ocenr as the nuclei of
ferraginous nodules and not in a free state i the sediments. They
oceur more frequently in the nodules from the sandstones, but are
more fragmentary than are those trom the shale nodules,  On all
the exposed outerops these beds do not show the shightest evidences
of deposition under violent climatie conditions, atlthongh the presence
of frequent bone fragments in the ferrnginous nodules, which have
evidently been much worn by attrition before they were deposited
in the sediments; would rather incline one to the idea that there
must have been around this lake-basin areas in which considerable
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erosion took place, in producing the material for these sedinentary
beds. 1t 15, however, difficult to explain why the eroded bones should
find a place i these (uetly deposited sediments, while the rock
products of the same erosion are not present either as conglomerates
or as isolated pebbles or boukders”™.  Anderson saw no sign of plant
gated
around the bones which varied in size from an inch to three feet

remains; he pointed ont that the ferrngimons material segre

i length.  He considered that the bone-hearing nodnles were con-
fined to wore or less distinet horizons on which the individonals are
fairly plentiful.  Large bhones and sinall hones are mixed together
indiscriminately — the two chief horizons heing one wnongst the
lower shales and the other some distance higher.

Dr. Broom. who examined these remaing, could not be certain of
their specific identity. e considered it not improbable that they
were all representative of one species, pointing out their resemblance
to Gressly saurus and thenr possible identity with Fuskelesaurus browni
or Kuskelesaurus capensis.

Neither Mellor nor Kynaston recorded determinable fossils, but
in a bore hole at Lidlow 2355 speciinens of Cyzicus (= Estheria) (?)
were found in sandstone. Van Hoepen has deseribed also a new genus
of Theropodd — Gigantoseelus — from bones in the Transvaal Musemn
which came from Haakdoornbult 344 in the district of Waterherg to
the west of Pienaars River Station.

Komati Poort .drea. The DBushveld Sandstone of the Komati Poort
coalfield was described by Kynaston in 1906, In that area, line-grained
sandstones with distinetive features lie between the Coal Measnres
and the amyvgdaloidal basalts.

The sandstones are usually without signs of stratification.  They
are very [ine-grained. even-textnred throughont, soft, pale grevish or
vellowish, sometimes pinkish in colour, sometimes mottled with darker
spots. At one outerop numerous spherical coneretions up to 9 in.
i diameter were seen, consisting of a hard shell around a softer
interior.

Towards the hase, the series hecomes calcareous, and is often erowded
with irregular lnmps or nodules of finely crystalline limestone.  DBelow
this occeur thin-bedded, soft, dark-red and greenish sandy shales and
marls, the red colonr predominating. The total thickness of the
series is 300 feet. No organic remains have yet been discovered in
the beds.

Northern Transvaal and Valley of the Limpopo. Mellor, in 1908,
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described the geology of the N.W. Zoutpansherg District in a Memoir
of the Transvaal Geological Survey. He found that the Bushveld
Sandstone series ix especialiy conspicuous along the Limpopo Valley
in the neighbourhood of Rhodes™ Drift, from which point it extends
east and west for many miles. forming promninent ridges rising 200
to 300 feet above the river. The sandstones vary in colowr from red
to vellowish white, are f(ine-grained, even in texture and sharp to
the tonch. They are usually extreniely massive and frequently re-
presented by a single bed from 30 ft. o 50 ft. in thickness without
divisional planes.  Occasionally, however, false-bedding on a very
large scale traversing the full thickness of the rock and dipping at
augles as high as 20 degrees is brought out by weathering.

Below the upper and harder portion of the massive sandstone and
grading npwards into them there is alimost invariably found about
1520 ft. of sandy or marly mudstones, usnally light green to purplish
in colour, which contain nunerous concretionary masses of limestone,
varying from an inch to 2 or 3 feet in diameter.  This lower marly
portion of the sandstones usually weathers out into caves, Downwards
the marly rock passes mito red or purple sandy shales and soft sand-
stones, caleareous in places, and frequently mottled with hght ereen
patehes. The average thickness of thix lower series is about 200 feet.

“Where the sandstones form very prominent ridges and kopjes they
are frequently found to have been much hardened by secondary
silica, usually deposited along the nmnerous joint planes.  In some
cases the joint planes and fractures are so numerous that the whole
rock becomes a breceia.”

Dinosaur remains have heen discovered in these beds. On the
farin Wiepe 1258, Mr. Bowker found a number of hones which
were described by Broom as Gryponyx transvaalensis.

In the west of the Waterberg Division of the Transvaal Bushveld
Sandstones occur in the area between the Limpopo and its tributary
thie Pongola and apparently extend a little way across the river into
the Bechuanaland Protectorate.  According to information supplied
by Dr. du Toit the sandstone rests on Coal Measures which thew-
selves e unconformably on Waterberg Beds or the Old Granite;
and  Nelson’s Kop is capped with a volecanic flow. The Nelson’s
Kop sandstone — more fully deseribed later — is an approximation
to the Forest Sandstone type. :

Dr. du Toit has recently presented to the South African Museum
a few bones which he obtained from the beds at Slypsteen Drift
on the Limpopo. They are, unfortunately, nirecognisable specifically,
consisting of isolated  phalunges and a portion of a caudal vertebra.
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Their size, however, is comparable with that of similar bones of
Plateosairus or one of the larger genera of South African Theropoda.

Southern Rhodesia.

Molyneux (Quart. Jowrn. Geol. Soc. 1903, LIX, p. 274) gave the
first provisional classification of the Upper Karroo rocks of Southern
Rhodesia,  He suggested the following: —

“Thaba Sinduna Series 200 ft. Sandstones and voleanie rocks of
Thaba ’Sinduna and Shiloh.

FForest Sandstones . . 1000 ft.  Fine sandstones of the forvest-
country, with sandy elay.  Tra-
vertine on the surface.  Bubi,
Gwampa and Sikonyvanla hasalts.
Conglomerate baseient near the
Djombi River.

Escirpment Grits. . . 400 ft. Coarse ved sandstones, with sub-
angular pebbles, as seen i the
great escarpwent which  stret-
ches from the Mafungabusi Moun-
tains to near Wankie,”

Macgregor (in litt) says (hat the beds classed here as Forest
Sandstone are largely Kalahari, and  thevefore of more recent age
than the Stormberg.

In an account of the geology of the region round Wankie, Light-
foot (191%) found 100 feet of Forest Sandstones — whose top was
not seen — lving on 300 ft. of the Escarpment Grits.  The “Forest
Sandstone” of this area ix said by Macgregor to be equal to his
Nyvamandhlove Sandstone.  Lightfoot conjectured a break at the hase
of hix so-called Forest Sandstone and. iff Macgregor he correct, this
break would probably correspond in time to the formation of the
Forest Sandstone of the DBulawayo arvea.
~Macgregor (1916) deseribed the Forest Sandstone of the typical
area North of Bulawayo. e divides the sediments into fonr groups;

4. Nyamandhlovu sandstones intercalated in basalts.
3. White sandstone.

2. Red marls.

1. Basal beds, resting on okl schists ete.

Manfe (1919) deseribed briefly the Upper Kwrroo Rocks of the
Amanxele 1ills in the Bembesi basin north of Bulawayo. There
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hufl-coloured sandstone liex unconformably on a floor of granite and
coreenstone schists.

The latest paper by Molyneux (1919) described the succession in
the Pasipas area N. of DBulawayo. IHe divides the sediments as

follows: —

Sandstone . . . . 1O ft.
30-100 ft.

S}iasalt P (U §
Arid chmate . . ?

Nyamandhlovn Basalt . . . .

group Lava flows and

Aeolian sands . Transition =andstone 40 ft.

Upper division . [Fine, pulvernlent

sandstone, interst-
itial elay., . . . 70 ft.
! Middle division . Marlsand sandstones 30 ft.

. Forest Fine caleareous sand-

Sandstone Lower division . stone with calerete.
Limestone . . . 110 ft.

Basal beds. . . dartially sorted ar-

kose . . . . . 10 ft.

In petrological featnres. the Escarpment Grits consist throughout of
a “‘coarse grey grit. containing banks of pebbles, which are often as
large as eges. It is not hedded very regularly, false bedding heing
common, and the rock usnally breaks along a pebbly bed. The pebhbles
are all well rounded. and ave mostly of quartz, but granite and gneiss
pebbles ocenr occasionally.  The rock is well jointed, and the joint
faces are nsually coated with a dark brown ferruginons skin.” (Lighttoot)

The Forest Sandstone of the tvpical area shows the following
features, The Basal Beds are conglomerates containing a large per-
centage of caleinm carbonate, and are typically white in colour.
Besides containing derived pebbles, siliceous concretions are very
plentiful.  The nunder surface of the beds is verv irregnlar and in
places the hollows are filled with a fine red warly sandstone lying
beneath the conglomerates.  In a specimen kindly sent me by
Mr. Macgregor a small piece of bone was detected. This is the only
fossil =0 far rvecorded from this conglomerate. The Red Marls have
a maximum thickness of % feet. Thev are pinkish red to chocolate
brown in colour, laminated. and very friable. Hitherto they have not
heen found to contain fossils. The White Sundstone follows the Ited
Marls. Tt is a massive white rock composed of angular grains of sand
cemented in an opaline matrix. No bedding planes occur except just
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above the marls, where there is evidence of a minor unconformity
showing contemporaneous erosion. In one place strong current bedding
indicating currents from the south is to be seen. In another place an
exposed surface is ripple-marked and apparently sun-cracked. Cal-
careous concretions and nodules are common. The upper part of the
hed is usually dead-white, but it is sometimes stained pale pink.
Fossils have only been found at two places. These were vertebrae
and portions of a fibula of a small Dinosaur, belonging probably to
either Thecodontosaurus or Gyposaurus. The Nyamandhlovu Sandstone
is intercalated with sheets of basalt which overlie the preceding bed
unconformably. The sandstone is false-bedded, of a deep-red to pale
chocolate colour, and generally coarse-grained. It is well laminated
and cleaves into broad flags. The grains of the sandstone ave well
rounded and of fairly uniform size. (Macgregor.)

The Forest Sandstones of the Wankie area, as described by Light-
foot, are much finer-grained than the Escarpment Grits, and contain
pebbles only rarely.  The sandstone is of a deep red colour and is
very much false-hedded, forming flagey bands. It vests on the ls-
carpuient Grits in irregular patches, some of which wre large. and
these when viewed from a distance appear to be outliers. In thin
section the rock elosely resembles the slides made from the stone at
Pasipas, near Bulawayo.

The rocks of the Pusipas area were described by Molvneunx. lle
describes the sandstone as made up almost entively of quartz grains
of a common size of 02 mm. in diameter, a few reaching 0-7 to [ nim.
The rock is generally soft and easily excavated and. unless indurated
by the process of silicification or protected by the sheets of overlying
hasalt, disintegrates vapidly.  The normal rock is composed of line
erains of quartz joined by interstitial felspathic clay in the upper
division and by carbonate of lime in certain lower beds. The basal
heds generally represent the weathered state of the rocks of the Ar-
chaean complex: at other places there is a variable amount of sorting
by the action of moving water (storm water). The lower division of
Molynenx consists of unbhedded deposits either with calcareous cement
or lenticular beds of Hwmestone, the deposits being mainly sandstones
oceasionally with calcareons balls and nodules, with a thin layer of
pale brown or pink marl.  The middle division consists of colonred
marl interbedded with sandstones. The upper division is characterised
by the non-calcareous nature of its intevstitial clay.

Meunell (1904) says that the sandstone of Thaba ’Sinduna seen
under the microscope shows sand grains that ave often heautifully
vounded and include fragments of perfectly fresh felspar (microline
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ete.)  which indicates that it is largely of windworn material.
A section made from a rock kindly supplied by Mr. Macgregor
shows distinetly two sizes of grains

a large rounded grain of dia-
meter about U5 mm.. and a somewhat polvgonal, smaller grain which
is also rounded, of about 01 mm. diameter. The latter make up the
bulk of the rock, which is froin Esipongweni; about 20 miles N, of
Julawayo and about 30 feet below the first basatt. The larger grains
are nearly all quartz. The smaller grains consist partly of fresh
felspar, mainly microcline.  Some of the quartz grains show strain
shadows under crossed Nicols. There are occasional small grains of
apatite and what is possibly towrmaline. The appearance of the grains
is closely similar to those of the present-day Kalahari sand, save that
there 1% no ferruginous coating.

Molvnenx has pointed out that towards the top of the Forest
Sandstone the beds contain inereasing quantities of coarser rounded
grains mixed with the others. As the Transition Sandstone is reached
the grains are =till coarser and dark grey in colour and are all well
rounded, cohering together by oxide of iron.

Apart from the fragmentary Dinosaurs mentioned, the only Storm-
berg fossits found in S. Rhodesia are plant remains which have re-
cently been discovered hy Mr. Muacgregor and have heen sent to
Professor Seward for determimation.- I am indebted to Mr. Macgregor
for a preliminary note on this occurrence (in hitt.).  He writes ““I had
the fortune to obtain some fossils trom the lower deposits (at Soma-
bula).  There are forms vesembling Thinnfeldia and Phyllotheca so |
take thewm to be Stormberg provisionally. 1 believe the whole deposit
except a surface implementiferous 1ubble to be Karroo, but there
are two tyvpes very distinct at Willoughby though interbedded at
other places. The older deposits are red and pink mnudstones and
micaceous sandstones with white fossiliferous sandstones occeurring as
lenticles, and gravel with very well rounded pebbles at the base.
The newer deposits cut channels through the older sometimes into the
granite beneath. Thev are essentially coarse ill-consolidated arkoses
with inbedded gravels. The chief point is that the base of the deposits
resembles the hase of the Forest Sandstone and the upper beds re-
semble the Escarpment Grits.  There is nothing at all like the swhite
Forest Sandstone.  The fossils were at the bottom”. Macgregor cons-
iders the Escarpment Grits to be probably of the same age as the
Somabuly gravels as they have the same highly ronnded guartz and
quartzite pebbles.

Finally, Molyneux has seen white sandstone swith basalt on top
overlying Escarpment Grits in the Mafungabusi district, 60 mile N.NOW.
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of Somabula. I this white sandstone is Forest Sandstone, then the
succession of the heds seems clear. The Escarpment Grits (with a
white sandstone carvying Thinnfeldia below them in the Somabula
arca) are followed by the Forest Sandstone (seen at Mafungabusi),
which is white in its fower part and red above, and this passes up
by progressively coarser sandstones of more and more rounded grain
through the Transition Sandstone into the Nyamandhlovu Sandstone.
Where the Escarpment Grits are absent, as in the district north of
Bulawayo, the base of the Forest Sandstone is a conglomerate
followed by a Red Marl. If; on the other hand, the sandstone of
Mafungabusi represents the top of the Forest Sandstone or the Trans-
ition Sandstone, then the Escarpment Grits of the Wankie area would
seem to equal. in part at least, the Forest Sandstone of the type
area.  In any case, the correlation with the Stormbergs of the Cape
seems elear.  Thinnfeldiu 1s characteristically a Molteno plant, although
it occurs sporadically in the Red Deds: and the Dinosaurian remains
are closely comparable with those from the top of the Red Beds or
the Cave Sandstone.  The lithologieal changes are ualso comparable
with those seen in the Cape.  Coarse pebbly sandstones typically give
place to finer-grained sandstones with a local intermediate develop-
ment of red marls: and the climatic changes are in the same direction
as those m the south of the continent, althongh at any given time
conditions seent to have heen more arid in the north than in the south.

Writing of the Forest Sandstone Molyneux says “The rocks of the
cgroup show none of the usual planes of bedding of aqueons deposits,
but are thick deposits of sand grains of uniform size without any
sorting of coarser naterial . . . The Dbasal beds are made up of
debris resulting from the weathering of granite in situ ov which may
have been partially sorted into different sizes by storin waters, and
m this manner the deeper hollows of the Archacan landscape were
levelled np. Iromn this stage onward there is evidence of climate of
inereasing aridity.  The angular shape of the smaller grains in the
vock shows that there has, in the lower division especially. heen little
abrasion or rounding i transport. The deposits are no doubt due to
windsg that carried dust and partieles from a very dry area. To do
this atinospheric movewments need not have heen different from those
of to-day . . . The calerete that occurs in the lowest beds of the
FForest Sundstone points to a climate of semi-aridity, but as time went
on desert conditions approached and there seems to have been pro-
gressive dessication of the whole country. The marls probably re-
sulted from the deposition of fine material through the drying up of
standing water — not a lacustrine condition in the manner of lakes
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connected with silt-hearing streams, but after the type still known
in Afiiea as that of promiscuous pans or “vloers” described by du
Toit.  During the stage of the upper division aridity inecreased: there
was not sulficient oisture to segregate the lime, but the vegetation
that existed was still of sufficient growth to prevent the accumulation
of dunes.  But complete desert conditions were not long delayed, for
during the transition period the wind-borne debris was sorted by
wind rvolling into sand dunes.  The Nyamandhlovu epoch must have
heen one of complete desolation.  Voleanism manifested itself m the
flow of the sheets of basalt of great extent. Dust continued to fall
and would bhe absorhed in the moving lava, but directly that flow
ceased in any locahty and the surface hardened the wind resumed
its work of sorting and rolling, with the consequent formation of the

’

interbedded sandstones.” It is worthy of note that the ‘“current-
bedding” of the Nyamandhlovu sandstones is paralleled by similar
phenomena in the upper portion of the Cave Sandstone, especially
when it is interbedded with lTava flows.

Munfe has shown that in places where the Iforest Sandstone lies
on granite and greenstone schist floors, the rock apparently fills up
valleys in the old pre-Karreo tloors; being in part banked up agamst
the sides of those valleys,

Belgian Congo.

The hasin of the Congo forms a gigantic depression which is formed
of tilted and folded sedimentary rocks and schists of Palaeozoic and
Pre-Cambrian age rvesting upon Archaean granites and gneiss. At
the bhottorn of this hollow is a series of continental formations which
vest unconformably upon the older vocks. These lie, in the main,
horizontally or dip at feeble angles. They have been grouped by
Prof. Jules Cornet into

3. Lubilache Beds (“Lubilash” of some authors)
2. Lualaba Beds
. Kunduhingu Beds.

[,

The Kundulungn Beds are considered by Cornet to be of ““Permo-
Carhoniferous” age: bhut the other two groups are thought by the
same author to be the equivalents of the Upper Karroo Deds of
Sonth Afriea, and it 1s these which must be considerved here.

Ball and Shaler (1910) describe the whole series above the Kun-
dulungu as the Lubilache Series with a vertical thickness greater
than 1500 feet, while in the Kasai region their Lubilache rests on
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old rocks without the intervention of the Kundulungu series, and
las o thickness of fully 700 ft. near Luebo and of 800 ft. on Lonani
with a dip towards the centre of the basin, Mathien hints that

Balt and Shaler mway be correct in surmnising that the Lualaba and

% Luinlach Beds.
T
| Lualala Beds.

Kundelurga D

s

Anceent Jolded rocks

Fig. 54. Sketch-map of Belgian Congo to show distribution of Karroo System
(from Revue Zool. Afric.).

Lubilache Beds may possibly be only phases of the ane series,
Passau, Hornewan and others agree, however. with Cornet in sepa-
rating the two series; and Passan has shown that Cornet separated
the Lualaba from the Lubiliche by means of a distinet carbonaceous
shaley  zone below the sandstone of the latter. These carbonaceous
shales occur over a wide area. e.g. at Stanley Falls, the Lomani

r0°
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Valley, at Lusuna and Losamho along 5" Lat., and also in the ecast
in Kasai.

Lualaba Beds. The Lnalaba Beds have been described by Cornet
as conststing of clavs, grits, sandstones; lmestones with little coher-
ence and often oolitie, ete., and ]1.1\'0 heen shown to cover a large
area in the Congo Basin,

Studt in 1913 gave the following as an ideal complete section of
the Lualaba DBeds:

12, Mottled clays & mudstones — black. white and red . 100 ft.
. Coarse red micaccons & felspathic gritty, pebbly sand-
stones ... 0 0 L L oo oo o

10, Greyish ealeareous shales & thin aragonite bands . . 10 ft,
9. Black shales with pyvitic couals, & coarse felspathic grits 140 ft.
3. Light grey caleareous false-hedded & banded sandy shales 80 ft.
7. Pyritic black shales and gritty sandstones . . .o ft
6. Light grey calcareous banded & fluted sandy \lmles . 60 ft,
5. Red pebbly sandstones, grits & conglomerates  with

intercalated beds of hrown shale . . . . . . . 160 ft.
b Light pink to grev sandstones & shales. . . . . 80 (.
3. Paritie black shales & coals with intervening fel\]mt]m

arits. .. . . . 5 120 ft.

2. Light red to \ullu\\' mmhllm “ldll)(‘ll \.unhluxw\ N ~h.|l<'s 20 ft.
1. Grey caleareons breceia. . . . . . . . . . . . 80t

Studt’s bed no. 12 is nwot the carbonaceous shale mentioned by
Passan, and it is possible that his beds 160, 11 and 12 may belong
to the Lubilache series.

Passan ina paper on the beds in the area north of the Kasai
along the Ulindi and Elila subdivides the succession as follows: —

s . Banded arenaceous shales  with mdeterminate

Lubilache plants.
. Clayey handed shales wlth nodules and pebbles,
3. Black elay shales — graphitie, carbonaceons and
micaceous with plant fragments.
2. Clayey shales with pebbles,
Lualaba

1. Soft greenish clayey sandstones  passing  into
conglomerate with very Large ineclusions gener-
ally of subjacent rocks,

Ie statex that the Lualaba has a more restricted ocewrrence than

the Lubilache, on account of the overlap of the latter on the former.
Hitherto. the Lualaba Beds have vielded only a few fossils — fizh
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remains and Entomostraca — which have been briefly described by

Leriche.

At Kilindi, at the junction of the Lualaba and Lindi rivers, fish
remains were found in a soft, whitish argillaceous-calcareous sandstone
which lies horizontally — the “middle calcareous shale zone” of Passau.
This zone may correspond with hed 8 of Studt’s classilication. Leriche
deseribed the remains as Peltopleurus niaeseni.

From white limestones at Kindu on the Lualaba two forms de-
seribed as Pholidophorus corneti and Lepidotus (?) sp. by Leriche were
obtained. In the latest paper on the Palaeontology of the Congo (1920)
Dr. Leriche describes a large number of fragmentary fish remains
under the name of Lepidotus congolensis, a species already described
by Tussakof on material from the Congo basin.  These remains are
from calcareous clay from near the base of the Lualaba Beds in the
vicinity of Stantevville. He also describes a single scale attributed
to Colobodus from just north of Ponthierville.  Cornet also mentions
the discovery of fish debris in bitwiminous shale in the neighbourhood
of Ponthierville.

Intomostraca are common in some localities, e.g. at points on the
railway between Stanleyville and Ponthierville, almost covering the
surface of the layers on which they are found. Leriche examined
them, and described a Phyllopod Estheriella lualabensis Leriche, und
an ostracod Dareinula globosa var. stricta R. Jones. This Jatter variety
occurs in the Rhaetic of Scotland and Leriche considers the Congo
specimens to be indistinguishable from the Scoteh form.  The samne
form also occurs at Songa, 43 km. below Ponthierville. in bituminous
shales; on the banks of the Oviatoku (a tributary of the Lnalaha)
in beds full of the ostracod Metacypris passaui Leriche; at Bamanga,
14 kin. below Ponthierville; and at Kindu in clear limestones,  From
a study of these forms Leriche concluded that the Luoalaba Beds were
of Upper Triassic age. Cornet, on mnon-palaeontological grounds,
correlated them with the Beaufort Beds of the Karroo System, con-
sidering, however, that the Lualaba Beds were a complex whole, in
which one should be able to distingnish several zones,

Messrs, Ball and Shaler obtained fossils from several localities in
the series (which they described under the name of the “Lubilache”)
viz., Indeterminable plants from shale at Niangwe, 200 ft. above the
base of the series: ostracods of the genera Cypris, Cundona and pos-
sible other Cypridae, a valve of Estheria, and fragmentary fish-remains
from limey shales 10 miles helow Stanleyville and 150 (?) ft. above
the base of the series; and a possible Estheria valve from soft sand-
stones at Sangula at the confluence of the Buschinmai and Sankuru
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rivers.  (Of the organic nature of the last, Cornet is doubtful; and
Leriche places the locality in the Lubilash formnation).  Ulricl, from
an examination of these fossils savs “The bed from which the fossils
were procured is Mesozoic and Jura-Triassic. rather than later.”
Ulrich further states that if the fossils indicate anything concerning
the climate it would be that 1t was relatively moist and cool, and
that the water in which they svere deposited was either fresh or
brackish.

Lubilache Beds. Studt describes these beds as being “reddish to
white friahle sandstones and conglomerates containing numerous hands
of concretions so penetrated by secondary silica as to have the ap-
pearance of pebbles or boulders of granular quartzite, {lint. or jasper,
while agate; onyx, and chalcedony are also common. The conglome-
rates “often countain black pyritic shale pebbles””  Ball and Shaler
also emphasise that “as a rule massive bedding predominates in the
sandstones, as does a reddish colour: graytsh and white Dheds are,
however, not uncommon”. DPassau censiders the thickness of the
sandstone to bhe from 300-400 metres.  In the Lubilash Beds at
Kitari, a red shale has yielded numerous carapaces of a Phyllopod
assigned by Leriche to Estheria sp. The same hed hLas also been
said to vield ostracods “recalling Darwinile globosa”, a variety of
which is described from the Lualaba Beds. The Fstheria is said to
be sharply defined from Estheriella of the Lualaba Deds by the ab-
sence of radial ribs. The red shale in which the specimens were
found occurs as a thin band in the thick sandstones of the Lubilash.

Correlation of the Lualaba and Lubilash Beds with South African
zones is diflicalt on account of the paucity of the fossil remains fron
the Congo. Of the fish from the Lualaba the only genus found in
South  Afriea is Pholidophorus which has been described from the
Burghersdorp Beds (Upper Beaufort). Lepidotus is a Semionotid;
Semionotus is a Cave Sandstone form. Colobodus is a Trias-Rhaetic
genus.  The phyllopod Estheriella lualabensis is apparently close to
Estheria greyi from the Middle Beaufort Beds of Cradock. It seems
possible, therefore, that part at least of the Lualaba Beds may be
the equivalent of the Middle and Upper Beaufort Beds of the Union.

The lithological nature of the Lubilache Beds suggests instantly
correlation with the Stormberg Beds. Cornet first suggested this cor-
respondence, and Maufe and Molyneux hoth see resemblances hetween
the Lualaba Beds and the Forest Sandstone group of Southern Rhodesia.
Maufe writes, in criticism of Studt’s later view that the Lubilache
was of Waterberg age, “The author’s description of the Lubilash Beds
of Katanga might well be a description of the forest sandstones of
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Southern Rhodesia’; while Molyneux says ¢l agree that the Lubilash
series much resemble (in petrological features) the escarpment grit
and forest sandstones. Thus it must be that the Lubilash are my
escarpment-forest series, and of Upper Karroo age. The ¢halcedonic
segregations, agates, and other sihifications;, and the friable nature of
his fine sandstones are remarkably akin to features of the forest
sandstones of Mafungabusi Mountains, where there is no doubt that
they overlie the coal measures.” As has been shown, the Forest
Sandstone s almost certainly the equivalent of the Cave Sandxtone.
More palaeontological evidence is, however, greatly desirable, as simil-
arity of petrological features merely means similarity of conditions
of deposition and need not of necessity imply similarity of age. The
Listheria sp. described by Leriche seems to have a fairly close resem-
blance to the Cave Sandstone form from the beds at Siberia C.P.;
and their ocenrrence in a thin shaley hand in massive sandstones is
certainly significant when ecompared with the mode of occurrence of
the latter.

Most writers on the geology of the Belgian Congo follow Cornet’s
original idea of the lacustrine origin of the Lualaba and Lubilache
series.  [for example, Ball and Shaler picture their “Lubilache series”
as having been formed in a lake which was probably subsiding in
the middle, with low land to the west, north and south but hilly
ground to the east — the hills possibly rising to a height of 2000 feet.
Between these latter ran vallevs, some deep enough and narrow enough
to be worthy of the name of “fiords”.  No where was the lake deep.
Cross-hedding was common, as well as abrupt changes from sandstone
to shale. There was deep disintegration of the rocks of the shore-line
dne to weathering. Cornet, however, writing in 1910 remarked with
regard to the “Luc Lubilachien” that his views had undergone modi-
fication since 1893, The conception of Lake Lubilache was a simple
one and provisionally admissible at that time. But the Lubilacle
series, which is far from being limited to the stretch of the actual
basin of the Congo, is much more complex than was at first supposed.
It is possibly i part of lacustrine origin; but dunes and aeolian
sediments generally play an important role in it.  The *“‘gres poly-
morphes”, whiclh are so characteristic of the system are certainly
desert formations. Passarge follows Cornet in considering the Lubi-
lache Beds as the products of a desert climate.
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GENERAL CONSIDERATIONS,
CAPE-ORANGE FREE STATE-NATAL AREA.

Molteno Beds. Tlie chief features nupon which stress must he laid
in considering the Molteno Beds of this area are ax follows:

The formation dies out to the North, thinning from 2000 feet at
its most southerly outcrop to 140 feet along the northern Natal-
Basutoland border and disappearing altogether at Harrismith; so that
its greatest North-South extent 1s just over 200 miles, an average
diminution of 10 feet per mile. How much further sonth it once
extended we cannot tell: the supposed ocenrrence of Molteno heds
at the top of the Great Winterberg, on the Fort Beaufort-Tarka
Divisional boundary has been disproved by a recent investigation
undertaken by the author. bBut that they extended well south of
their present outcrop is shewn hy the occurrence on the coast near
Port St. John’s of a down-faulted patch at least 1600 feet m thickness.

The beds consist of sandstones, shales and mndstones which are gray,
greenish or bluish in colour. and lack any promiuent caleareons con-
cretions or bands.  In the south there ix a great preponderance of
arenaceous beds; bhut towards the north the argillaceous deposits play
a more important, thongh still rather subsidhary part: it must be
noted that in Natal also the shales are inconspicunous. The sandstones
are coarse in grain, loose textured, and contain abundant felspar.
In the south they are coarser than in the north.  The sandstones
occasionally contain nodules formed hy the oxidation, and suhzequent
Lydration in the outer layers, of iron pyrites. Occasional conglomerates
occur, containing irregular boulders and pebbles which sometimes
rest on coal-seams partly imbedded in overlying sandstones.  Such
pebbles are most abundaut to the south-west.

The workable coal seams all occur in the lower portion. The coals
are in thin lavers alternating with thin black shales.  They ocenpy
detached areas, their absence from some areas being partly explicable
by non-deposition and partly by contemporaneous erosion.

The only fossils are plants, which seem more abundant in the
lower half of the formation. Animal remains have not vet been
definitely identified, although Dunn has recorded the presence of hones
at Molteno.

These features all point to deposition under deltaic conditions,
either those of a true delta or of an aerial delta.

Barvell has pointed ont that the determination of ancient true
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delta deposits from the study of the strata requires the demonstra-
tion of evidence that both subaerial and subaqueous sediments were
deposited — the subaerial on the landward side of the strand-line
and the subaqueons on the seaward (either marine or epicontinental)
side. There can be no doubt that during the deposition of the Mol-
teno Beds the land which furnished the rock-waste lay to the south
and possibly in part to the east of the present outerop; and, if a true
delta had existed. subagueous deposits would be expected towards the
north. It would seem, however, as if the greater part of the features
of the beds can be explained better by premising mevely terrestrial
conditions. At any rate, it can be said that terrestrial conditions
will explain the features without calling in the aid of any large body
of water.

Consider the features of aerial deltas in which purely terrestrial
deposits are being laid down. Such features vary according to the
nature of the climate, whether it be constantly rainy, intermittently
rainy, semi-arid, or arid. The late Joseph Barrell worked ont the
criteria for each type. and to hina we owe the following general survey.

In constantly rainy climates the deposits ou piedmont slopes hrought
down by rivers and floods carry a large amount of humus and forest
growth.  The soil and subsoil are continually wet and drainage carries
away the soluble elements.  Thus deposits will contain little or no
iron, magnesia, lime, potassimn or =oda aud. on the other hand, will
be rich in carbon.  They will, on acconnt of the diminished evapor-
ation and constant saturation, be white, black. or gray in colour.
Coal-seams will be abundant, moisture bheing necessary for their
tormation.  Barrell savs *‘It may be coneluded that the broad as-
soctation of carbon with sediments which are thoroughly decomposed
and leached throngliout is the mark of continvously rainy climates
which are tropic or at least warin temperate; with sediments which
are unperfectly decomposed and incompletely leached the mark of
more or less continuously rainy climates which are in addition cool
or cold.”

When the chmate is interinittently rainy much of the humus in the
soil 18 yellow or red, and the clays are shghtly ealcareous. When
yellow or brown flood-plain deposits are buried and lithified the up-
stream portions will be found somewhat more arenaceous, varying
from red to brown sandstones and usnally including red. green and
occasionally black shales. Over the terminal land portions of the
deposit, the sandstones should be finer-grained and the quantity of
shales mcrease, becoming more gray, green and black. Thick wide-
spreading coal beds are impossible: but in oecasional swampy areas

30
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coaly shales will enclose and preserve the vegetation that grew in
the swamps. Elsewhere vegetable growth, being alternately wet and
dry, =oon decays and is destroyved; casts of leaves and trunks in the
lighter-coloured shales and sandstones being the only evidence that
remains.

Inder conditions of semi-aridity, the thorough seasonal oxidation
of nearly all deposits except those made in permanent pools, lakes
ete. results m the marked donminunce of deep-red and brown shales
and sandstones, a moderate amount of variegated shales and a few
coutaining carbon. Lime will exist disseminated in noticeable amount
through both shales and sandstones, and may occasionally give rise
to markedly nodular or solid caleareous strata. T'he microscope should
show @ noticeable amount of felspar in the finer portions of the rock,
as well as wica.  »The most marked chemical distinetion of sub-arid
flood-plain deposits trom those of truly arid regions is found in the
small quantity of evaporation deposits of caleimm carbonate, gypsum,
and salt, but especially of the two latter. Lime may be quite abundant,
as shown by the kankar of the Indo-Gangetic plain, its nmportance
depending largely upon the quantity in solution in the river water”.
In river deposits of semiarid climates casts of logs are most likely
to be preserved in the sands deposited 1 the neighbourhood of stream
channels.  Away from these chaunels wetting and oxidation would
tend to destroy the logs.

In the flood-plain deposits of erid climates fluvial. pruvial and aeohan
formations are all of wide occurrence. The most distinctive structures
are: (1) the presence of wud-cracks filled with aeolian sands, the
mud-flakes betng usually polygonal plates upturned at the edges (cf.
mud-flats of Orange Liver, at Kheis, as deseribed by Dr. A, W. Rogers);
(2) interbedding of fluvial and aeolian sands; (3) the presence of
scattered and facetted pebbles.

It can be readily seen that the features shown by the Molteno
Beds are interiediate in character between those postulated for flood-
plain deposits faid down in constantly rainy climates on the one hand
and mtermittently rainy climates on the other. The southern more
arenaceous facies represents the upstream portions; the northern the
downstreamn terminal beds. Du Toit has shewn that the thinning
northwards to the Natal border is due to actnal thinning of the
various members;, while north of that some of the members (the
upper) are missing.  This is what would be expected from the sup-
position of a land to the south contributing rock-waste which was
fald down in the form of a fan at the foot of the mountains, the
amount of material becoming less as time progressed. The absence
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of red sediments and calcarcous sediments precludes the possibility
of any arid or very dry intervals.

The abundance of felspar in the sandstones proves that decomposition
was not very complete, and argues a somewhat cool climate with
discontinuons rainfall.  The presence of boulders and pebbles can be
explained by ocecasional torrential downpours following on periods
of comparative quiescence in which vegetation wax able to flourish.

It is possible that part of the lower Molteno Beds at least are
formed of material that was accumulated on the fand surfaces during
Upper Beaufort times.  Duoring the comparatively cold periods of the
Beaufort faily deep disintegration of the rock-surfaces to the south
took place, resulting i the formation of a mass of undecownposed
felspar, quartz and other grains which, on the incoming of Molteno
conditions accompanied by earth-movement, fornied the inaterial
which built up the foundations of the Molteno DBeds hy transport
northwards.

The natwre of the coal-seams and of the fossil plants associated
therewith is of cousiderable interest.  The conclusion expressed by
LRogers and du Toit as to the formation of the seamns requires some
modification.  In the first plice the often perfect preservation of the
plants, which are mainly delicate and firagile fronds of ferns and
fernallies, precludes the possibility of their having been transported
far from their place of growth hy river-torvents.  There is little or
no maceration shown by the fossils, except occasionally in the sand-
stones, and 1t is more reasonable to suppose that the plints were
buried near to the swamps in which they grew and flourished,

Such swamps occupied discontinuous aveas in the region; for, al-
though contemporancouns erosion is the explanation of the lack of
coal seains i certain parts, their absence in others is most likely due
to an original absence of swampy ground. Such discontinuity iu
swamp conditions ix a feature of ood-plains i an intermittently
rainy chimate rather than in continvously rainy regions. [t is just
possible that the conditions were nearly the same as those described
by Davis from Turkestan where there is an alternation of inundations
and drought.  During the former, and following it, vegetation temp-
orarily springs up, withers, and gives place to desert conditions until
the next flood. Such alternation would possibly result in thin coal
seams intercalated in thin sandstones or shales; but conditions of too
great dryness would not be favomable to the formation and preser-
vation of plant fossils.

Ited Beds. The most striking featuwre of the Red Beds is the colon-
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ration of the sandstones, shales and mudstones which is predominantly
red or reddish-purple.  Even those sandstones which appear pale in
the field prove, when freshly fractured, to have a decided red colour:
and frequently, as along the northern face of the Wittebergen near
the village of Herschel, and at Lady Grev, the mudstones are bril-
liantly crimson.  In the llerschel division and in Aliwal North. the
clays near the hase are frequently blne or even grev: hut only the
few feet or so lying directly above the Molteno Beds show this
characteristic; they soon give place to typically red deposits.

The climatic significance ot red is a subject which has engaged
the attention of several workers, especially in America, where the
development of the Permo-Carboniferons Red Beds and the Triassic
Red Beds has stimulated research. Barrell, discussing the subject
in 1908, considered that red colours of sediments are dne to oxidation
at the time of origin of the sediments; ferric oxide being a component
part of the aecnmulating deposits. e pointed out that in moist
climates, heat and exposie all tended to the production of red soils,
but that red was also a featire of some deserts. e conchuded that
the chiet condition for the formation of red shales und sandstones is
merely the alternation of seasons of warmth and dryness with seasons
of flood, by means of which hydration = accomplished.  This supple-
ments decomposition at the source of the rock-waste and thuat which
takes place in transportation in rivers. Wetting, drying and oxidation
decompose the original iron minerals and renove all traces of carbon.
Red shales and sandstones may thus originate in rainy, sub-arid or
arid climates without any elose relation to temperature, and typically
as fluvial and pluvial deposits upon land: but the origin of such rocks
1s most favonred by elimates which are hot and alternately wet and dry.

The same anthor in 1913 pointed out that redness in rocks is no
criterion for the the separation of humid from arid c¢linates, althongh
red beds are frequently the accompaniments of aridity.

oW Tomlinson, in 1906, dealt with the conditions of origin of
the Red DBeds of Western U.S.AL He states “Where alternations of
light- and dark-red strata oceur, the nore deeply coloured heds are
i most cases of tiner grain than the others. The occwrrence of
coarse-grained massive buft sandstones in a series of maroon or cho-
colate shales has been noted by many writers. This association holds
true in many other Red Beds besides the group here nnder con-
sideration.  Thwaites reportx it as an ahnost unfailing relation in the
Lake Superior sandstone series of Northern Wisconsin., and Geikie
mentions its existence in the Triassic New Red Sandstone of Gt. Britain”.
Frther, “the colour of prevailing red strata in the Red Beds series
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1= due to the presence of ferrie oxide. A grev or green colour sig-
nifies a low proportion of ferrie oxide, and usually a preponderance
of ferrous over ferric componnds”.  Tomlinson considers the theorvies
which propose vespectively that the iron has subsequently been in-
troduced into the sediments from igneons magmas, and that it is due
to subsequent deposition from meteoric water; neither of these theories
has much evidence in its favour.  Wherever intrusions have aftected
Red Beds, thew effect tends to be, not to heighten, but to destroy
the red colour; while the more impervions strata are usnally vedder
than the more pervious. The American beds, according to the same
author, owe their colouration to the presence of ferric oxide which
was transported as such and deposited almost wholly ax a mechanical
sediment, chiefly as a coating to sand-grains; but bevond saving that
the manguration and cessation of red bed sedimentation was probably
connected closely with climatic and topographic changes involved in
the orogenic listory of the continent no definite stateinent as to
climate 1s made.

Case has also considered in detail the tformation of the Permo-
Carhoniferons Red Beds of Texas, and shows there ix nothing in them
to oppose the most generally accepted hypothesis that the red colour
owes itz presence to the mature weathering of iron-hearing rocks in
a fairly homid vegion. with alternations of relative drought and humi-
dity.  The clays of Texus have u solidity and density which would
not be preseut if the colonration were due to oxidation and dehy-
dration of the wwon subseqnent to its deposition.

Again, in his atest work (1919) he savs that flood-plain deposits
of arid regions are nurked by the presence of hichly oxidised or
carbonated minerals with a lack of hvdrous oxides or sulphides. This
1s largely due to the normally low water-table, which permits the
penetration of air deeply into the soil, and the exposure of the animal
constituents to oxidation or carbonation.  Also, the lack of vegetation
on an arid flat means a lack of carbon.  The conunon result is the
prevalence of a red colour. the presence of gvpsum associated with
the remains of terrestrial antmals, and a lack of plant remains.

There ix thus a conszensus of opinion with regard to the theory
that the ron oxide, which gives the red colour, 1s due to the de-
composition and oxidation of ron-hearing mmerals and that 1t was
deposited in the red strata mechanically in its oxidised condition: but
its presence aloune iz not suffictent to make any pronouncenient as to
whether the climate was hnid ov arid.  If the red is not associated
with blue or grey or black, then the probability inclines towards the
arid climate or, more nearly, the semi-arid.
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Attention might be drawn here to the red sandy soil of Bechiuana-
land as described by Rogers (1906).  The sand is often of a deep
red colour. almost like brickdust, but on approaching an area in which
calcareons tufa predominates the colowr is =eldom so intense. An
examination of the material under the microscope shows that the
grains arve more or less rounded, especially those of quartz, and vary
in diameter from a quarter to 1 mm. in diameter. The red colour
is due to a coating of oxide of iron, which isx removed by boiling
with HCL. The great bulk of the material is composed of quartz
grains, which show trains of inclusions and cavities.  Plagioclase is
not uncommon, and is present in the form of cleavage flakes, with
the angles xomewhat worn.  Chaleedony and agate are rather rare;
zivcon and magnetite are abundant, while epidote is a common con-
stituent.  The composition of the sand shows that it has not been
derived from the disintegration of the rocks of the district alone,
The felspar and inagnetite have been contributed by the disintegration
of doleritex. 1t ix probable that the quartz grains have been brought
down from the Transvaal and the Orange Free State, Cape and
Basutoland by the Vaal, Harts and Orange Rivers. The sand depo-
sited along river-hanks will he blown over the conntry by the pre-
vailing N.WL wind,  The decomposition of the diabase and dolerite
and of pyrites in shalex yield compounds of iron which can be taken
tuto solution and deposited as oxide in the cracks and cleavages of
the sand grains and around the grains themselves.

In the Red Beds of the Stormberg Series we find that save for
occasional blue clays and whitish sandstones at the base, the varions
members are all red in eolour.  Carbonates occur, sometimes freely,
ax nodules, and in places form beds of Ihnestone.

In the Maclear division, for example, the sandstone is commonly
full of porons patches or =mall hollows representing spots originally
vich in calearesus nmaterial, with here and there limestone nodules,
Gypsiun and salt are absent a feature which distinguishes the beds
from the Wichita Series of Texas.  Conglomerates ave rarve, such as

do occur being generally at the base of the formation.

At the base of the sandstone layers, however, hands of clay-pellet-
conglomerate are not uncommon. Such bands indicate a certain
amount of uncontormity, the clay-pellets being formed by the rolling
and rounding of the possibly dessicated npper layers of partly con-
solidated mudstone which lie beneath the sandstones. That the mnd
was dried by exposure before successive sediments were laid upon
it ix indicated by the occwrrence of layers showing sun-cracks (ef
examples in the South African Museum from Fourieshurg, 0.F.S.):
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while du Toit has collected and recorded mudstones from the Red
Beds carrying worm-tracks, and the South African Mnseum possesses
examples of large Dinosaur tracks from Morija, Basutoland.

There is a pronounced tendency for the sandstones to hecome finer
in grain towards the top of the series. The anthor found in Herschel.
near the head of Bamboes Spruit, a loeal development near the top
of the Red Beds of a rock which has the appearance of heing an
ancient silerete or surtuce (uartzite; and from a slightly Tower hori-
zon a slightly reddish quartzite pebble was obtained, about an inch
long, wich looked like a “dreikanter” whose edges had heen some-

what ronnded. Save for oceasional silicified logs fossil plants are all
but ahsent (Thinnfeldia and Schizoneura occur =paringly each having
been found hitherto at one locality only): and the fauna is entirely
a land one. Here it might he remarked that Tomlinson states “No
actual remnants of organic matier are reported to have heen found
in red strata” — the tendency of organic matter i to twrn red into
green, It is not known whether this statement still holds good for
America; but in the Red Beds of the Stormberg Series all the fossil
reptiles, with the exception of some large bhones from the hase. have
come from red clays and (ine-grained soft felspathic red sandstones.
In most cases the hones are found disarticnlated : hut at Blikana in
Herschel, to mention one instance, a complete articulated skeleton
of the smallish form Massospondylus harriesi was found Iving on its
side in red strata.  The red muds especially are occasionally spotted,
sontewhat sparsely, with green: and hones from Fourieshure, O. 1708
are surrounded by a thin layer of greenish rock: hut there can be
no doubt the green colour ix due to subsequent reduction of the
iron oxide by the agency of animal nuatter after deposition.,

Moody (Quart. Journ. Geol. Soc. 1905). discussing the variegation

in colour of the Keuper Marls in England, considers — mainly on
chemical grounds — that “the variegation of marls is not to he

explained by the assumption that bleaching of the red rock has
occurred through reduction of ferrie oxide and the loss of iron”; and
he considers that the even distribution of ferric oxide in the” English
Triassic rocks is probably due to the action of chalybeate waters
permeating the whole of the sandstone and part of the overlying
marls.  However, the intense colouring of the mudstones as well as
the sandstones of the Red Beds of the Stormberg Seiies and the
oceasional association of green with fossil hones renders this theory
a somewhat improbable one to acconnt for the colouration in
South Africa.

Microscopic study of the finer-grained sandstomes shows that the
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sand-grains are not of the “millet-seed” type, hut ure sub-angular
in outline with their edges and corners shehtly rounded.  They are
uniform in size: and the ferric oxide acts as a cemnenting naterial
coating the zrains. Mica is commmonly present.

All these features agree clogely with those postulated by Barrell
for flood-plain deposits in a semi-urid climate; the basal portion of
the Red Beds thus forming a link with the Molteno Beds — the
climate gradually changing from an intermittently rainy to a semi-
arid one. the aridity increasing as time went on.

A consideration of the horizontal and vertical distribution of the
animal remains is of somne mterest.  The base of the Red Beds has
vielded fossils chiefly in the district of Herschel.  They are all large,
lieavy-limbed  forms such as Enskelesawrus browni and  Plateosaurus
cullingworthi while « little higher in the same area are stull lge
forms such as Melaworosaurus readi.  As far as we are aware, nho
siall, Hghtlv-huilt forms have been found at the hase of the forma-
tion.  As one ascends the forms become smaller and apparently
much morve agile.  Massospondylus ocenrs from abont half-way up
to near the top. both in Hersehel and in the north at Fourieshurge.
At the latter place it iz associated with the somewhat larger but
still Tight-limbed  Gryponyr africanus and a small - Thecodontosanrus.
The southern end of the mass las vielded little from the base of
the Red Beds hut laree hones have been noted by du Toit in Elliot
and  Maclear: the small Thecodontosaurus winor is from the upper
half, ax are the extraordinary Cyvnodonts Zritheledon and Lycorhinus,
while the supposed Predentate Geranosaurus is from the summit of the
formation.  Erythrochampsa ix from the very top also. and is another
very hghtlv-built small form. characterised by an armonred hack.

Two features display themselves in this survey. The first is that
the animal type became progressively more agile: the other that the
majority of the fossils come from the centre and northern half of
the present exposures, This latter feature may he disproved by sub-
sequent finds: the sonthern portion of the area has not been searched
to any dppreciable extent: and the outerops are frequently grass-
covered and in had econdition for fossil-hnnting.  There can he no
doubt, however, that the first ix of some mportance; and it gives
assistance to the argnment for a climate which gradnally becane
more arid.  As conditions becanie more rigorous. there would have
heen given an impetns towards agility and the ability to travel
longer distances, in search of sustenance: and it ix significant that
deserticolons aninals of to-day are long-limbed in structure.

It seems probable that the various anmimals did not hive far from
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their place of entombment. Although complete skeletons are not
common — one articulated skeleton only from the Red Beds ix known
to the writer — the majority of the described forms are known
from a number of associated hones. some of which are frequently
found still articulated.  lsolated hones are rare. and few show signs
of rolling or long transportation. At the hase of the Beds, remains
of several kuge animals were fonnd together in bluish clay near
Kromme Spruit, Herschel — apparently swamp-lovers whose remains
were washed by nioving waters into some quiet swampy spot: a
supposition whose probubility is increased by the discovery near hy
of a large silicitied log. In general, the bones of wn incomplete
skeleton of a single animal ocenr together in one spot — a fact
which would he diffienlt of explanation if transportion over a long
distance he postulated.

Cave Sandstone. \We have seen that the Cave Sandstone is a
massive fine-grained rock of varyving thickness with hedding planes
hut feebly developed. and that in the hasal portion only. The rock
is generally white or cream-coloured. but often it ix pink or red
and at its base is sometimes colonred as deeply ax the uuderlying
Red Beds. Athough the massive portion of the tormation ix unbedded
1t is often traversed hy vertical joints,

The following deseription by du Toit of a specimen of the Cuave
Sandstone from Rocky Dell, Mactear, C. P, may he taken as typical
of the hulk of the formation. (see Geol. Comm. Rept. 1910, . 88),

“The rock is composed of grains from 05 to 08 mm. across of
quartz and felspar, the former predominating,  They vary in outline
from sub-rounded to angular and are sometimes elongated splinters
with sharp edges.  Some of the quartz grains arve quite clear, others

contain needles of rutile and dusty inclusions.  The felspar consi
of orthoclase and plagioclase. either fresh or clouded — and kaoli-
nised: ierocline is absent  There are flakes of somewhat altered
biotite mica, muscovite mica, and a good deal of secondary
white mica (sericite) in the felspar, around quartz grains. and some-
times within the qunartz itzelf. A characteristic feature of the Cave
Sandstone is the presence of grains of zircon and in the slide there
are . number of worn ervstals of this mineral, together with some
colourless garnet, and some grains of rutile.  The groundmass of the
rock is fairly abundant, cloudy and dusty and prohahly for the most
part kaolin: in places it has a pinkish colour corresponding to the
pink motting of the sandstone in the hand specimen”. **Another
section from the smwmmit of the THankomo Mountain, Mount Fletcher,
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shows nearly similar features, hut microcline felspar is present in
addition and the rock contains somewhat more mica”.

Two main views have been put forward as to the mode of origin
of the Cave Sandstone.  We will consider first that of Professor Schwarz
as developed in a paper in the Trans. S, Afr. Phil. Soe. Vol XVI
(1905) p. 30.

Schiwarz considers that the Cave Sandstone is a tufl, blown out of
the volcanic vents which opened the period of Drakensberg voleanic
activity, a portion ol which still, in some cases, remains in the throats
of the vents.  “If” he savs “the Cave Sandstone was formed hefore
the production of the material in the pipe, then the latter ought to
be made up of portions of all the vocks which the vent traverses,
but we find that this is not the case, and that the material in the
pipe is identical with that of the Cave Sandstone. The Cave Sand-
stone, however, contains 8350, of Ni0,, with grains of qnartz,
microcline, plagiockase, zircon, rutile. tourmaline, chlorite, garnet and

epidote, while the lavas of the Drakensherg — some of which flowed
out of the pipes — are basic in composition™. Therefore, says Schwarz

in effect, the pipes must have tapped deep-seated rocks such as the
eranites and erystalline schists — outerops of which occur in Natal —
and the triturated aterial from them forms the Cave Sandstone.
The author of this theory does not helieve that the Cave Sandstone
was formed by ordinary deundation from land-surfaces, as no land
surface. of a requisite nature was near enough at hand. He agrees
that the Molteno Beds are the detritus of a granitic region. presum-
ably of the southern prolongation of the Madugascar ridge: but argues
that the break in the deposition of the Molteno Beds marked the
disappearance of the source of the supply. In conclusion he states
“In the Cave Sandstone we have many peculiar features that conld
he explained by the supposition that it flowed from the crater mouths
ax o mud. It is hard otherwise to account for the immense thickness
of the embedded mass: it is hard to expluin the sudden change of
great thicknesses of the white rock to a red clavey material: and
still ore mysterious is the pzeudo-bedding that one can see at
N'quatsha’s Nek, where the stratification 1s just such as would he
produced had the whole heen stirred round in a gigantic pot like a
pudding”.

The same author, in his “Causal Geology” (1910) speaks of the
Cave Sandstone as a “non-voleanic tufl”: and in ~South African
Geology” (1912) says the Cave Sandstone” consists of rounded grains
of quartz and felspar which have heen corroded on the surface and
euveloped with minute scales of tale; thus the ordinary aspect of a
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sandstone is entirely masked and the rock has the appearance of chalk.
The sandstone is not an ordinary sediment for the line coating of tale
seales would have heen soon rubbed ofl the sand grains it they had
been dragged along the sea floor by currents, and the coating could
not have formed after the sandstone was consolidated . ... The non-
voleanic material torn from the granite walls of the chimneys woukld
issue as fine sand, and the corrosive action of the hot gases in the
vent wonld acconnt for the alteration of the grains on their surtaces”.

The features shown by the Cave Sandstone, when considered with
the other members of the Stormberg Series; do not seem to call for
any such wmode of origin as is outlined here, It seems that the
presence of Cave Sandstone infilling some of the pipes led mainly to
the formation of the theory. Du Toit has studied a peculiar pipe
of this nature and has published the following description,

THNULE TRIG. STRTION
8§32

Fig. 55. Diagrammatic section through Voleanic Neck of Thule — after du Toit.
Length about 4 miles.

“A very interesting ocenrrence in view of the iuformation which
it yields upon the conditions of deposition of the Cave Sandstone,
is the large volecanic neck on the farm Thule (Grigualand East).
almost on the crest of the Drakenshergen. It is nearly a mile across
with somewhat irregular ontline, and occupies a hollow hemned in
by Cave Sandstone, while several narrow ravines have trenched the
area and laid bare good sections. The peculiar feature in this neck
is that the Molteno Beds and Red Beds are lving quite undisturbed
right to the very edge of the pipe, hut the Cave Saudstone. on the
other hand, commences to show an inward dip at a distance from
the margin of the latter, varving from about a guarter of a mile
on its eastern side to well over a mile on its west side. The sheet
of sandstone curves downward over the denuded edges of the Red
Beds, and in places possesses dips of as much as 407, passing below
dark greenish  agglomerate at the extreme south-west end, hut
appearing to abnt against the voleanic infilhing at other points.

The material within the pipe consists of medium-grained agglo-
merate with fragments of Dbasalt and mnygdaloid of various kinds,



478 Annals of the South African Museum.

hut the hulk of the stull is of sedimentary origin, and in places it
passes into a pale yellowish-green sandy rock with few foreign
fragments, some of this passing by degrees into Cave Sundstone.
Fragments of Cave Sundstone and red and purple shales and sand-
stone are present, blocks of basalt np to 6 feet across and lumps of
Molteno grit as much as 7 ft. in length.

The history of the pipe must have been somewhat ax follows: —
At the close of the period of deposition of the Red Beds a small
voleano came into action on this spot and gradually enlarged its
bonndaries, portions of the margin (composed of Red Beds) slipping
down at intervals into the vent. Then the Cave Sandstone con-
menced to be formed and was deposited at an angle over the denuded
hollow encireling the agglomerate neck.,  Sediment would hecome
mingled with the fragmental material within the pipe. while oceasional
voleanie explosions would account for the ashy streaks and patches
in the Cave Sandstone at several points close to and outside the
pipe.  On the south-west margin the fragmental matter most probably
represents an indipping pateh of stratified ash overlying the sundstone”,

This ocenrrence 1= hy no means an isoluted one: and the matter
will be furthered discussed fater in the section.

The other difficulties which stood in the way of Professor Schwarz’s
acceptance of the Cave Sandstone as a prodoet of ordinary denn-
dation seenn to dizappear if we consider that the climate underwent
a further approach to aridity, and that from the onzet of Molteno
times there was a gradnal secular c¢limatic change in one direction
throughont the formation of the deposits of the Stormbery Series.

We have seen that the hase of the Cave Sandstone iz generally
red and often bedded — thix indicating a continuance of the tlood-
plain deposits of the semi-arid Red Beds time. The massive portion
of the Cave Sandstone has, however, as du Toit (1918) has pointed
out, practically all the featwres of an aeolian deposit such as the
Pleistocene loess of the Northern Hemisphiere.

In its typical form the loess of Asia and Enrope is a fine-grained
deposit, consisting of minnte particles of hydrated silicate of alumina.
quartz. felspar, mtea, and other minerals, more or less cemented by
calcium carbonate. the segregation of which gives rise to concretions.
It is also often impregnated with alkaline salts, and nearly always
stained yvelow with ferruginous matter.  Its homogeneity of comnpo-
sition and structine contrasts it with all water-deposits. There is an
almost complete uhsence of any stratification, and the particles of
mica i it are uniformly distributed withont orientation. A charac-
tevistic: feature is its well-marked vertical jointing. 1ts fossils consist
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almost entirely of land animals, distributed evenly throughout its mass.
Great numbers of bones of mammals occur locally — mostly belonging
to forms abonnding on steppes and grassy plains.

The consolidation of snuch o deposit would very conceivably result
m such a rock as the Cave Sandstone. The grains in loess, like
those of thie Cave Sandstone, are not rounded as those of desert sands,
but are described as “angular or sub-angnlar”.  One striking difle-
rence, however, is in the much greater abundance of hydrated silicate
of alumina in the loess as compared with the Cave Sandstone : another
in the nmnber of tubules “marking the site of the roots of countless
generations of plants”: and a third in the absence of land-shells in
the Cave Sandstone.

Taking nto account its varions peculiarities, von Richthofen con-
cluded that the loess of China is the product of aeolian influences
acting during periods of long duration and under different conditions
of climate, of which thnee are distinguished in North China: (1) an
erosion period, i which the surface of the country was sculptured
by erosion and denudation into the ficure it still retains beneath the
covering of loess; (2) a Steppe period, in which the conditions of the
saline steppes of Central Asia were extended over the whole of Northern
China; (3) a loess period, now existing, in which the former Steppe-
districts become converted into Loess-districts by the gradual accu-
mulation of dust at the surface. the dust being held in place by the
growth of vegetation. This theory of the formation of the loess can
be accepted for Northern China: but it does not fit exactly all the
requirements of Cave Sandstone formation.

In the first place there is the difference m composition hetween
the two rocks. The Cave Sandstone is felspathic: hut the felspar is
but little decomposed and there is no such alteration product as
hydrated silicate of almmina in any large quantity. Sand grains play
the predominant part in the formation of the deposit.  The chemical
nature of the sandstone and the comparative angularity of its frag-
ments indicate fairly arid weathering ot the original land from which
the material was derived. In this, there are not true “loess-conditions”,

Secondly, there 1s no indication in the Cave Sandstone of the little
tubes representing former grass-roots, nor any sign of extensive vege-
tation.

Silicified trunks of trees have been recorded from various localities
in the Cave Sandstone, as for instance at Morija and Masitisi in Basuto-
land; hnt most of the occurrences, together with the doubtful ocenr-
rence of coaly material near Behnore, Barkly East, seem to be in the
upper, somethnes faminated portion of the deposit.
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This may also be looked upon as as mark of aridityv. Richithofen
considered vegetation necessary for holding in place the dust of which
the loess is formed: but this is only =0 when the area of depositon
is itself subject to comstant winds, It the dust is deposited as s
result of the slackening of the force of the wind which carried it,
then vegetation is not a necessary adjunct: and the lack of vegetahle
remains argues conditions adverse to their growth.

The third dillerence 1s the ahzence of land-shells in the Cave
Sandstone.  Most terrestrial mollusca require moisture for their de-
velopment and maintenance; and, although their absence from a
land deposit ix a piece of purely negative evidence, it lends additio-
nal weight to the theory of aridity when so many other facts point
in the same direction.

In spite of these minor discrepancies, however, the “loess” seems
to he the nearest among recent deposits to which we can liken the
Cave Sandstone. It is of interest to note that near the base are
highly irregular calcareons concretions similar to the -loess-dolls”
ficured by Wright.

The occurrence of mammalian bones in the loess is paralleled by
that of reptilian remains in the Cave Sandstone. AN the forms
hitherto discovered are light-limbed probably ecursorial forms —
(fyposwurus, Thecodontosairus and the like, together with Notochampsa.
As has been shown. this latter was erroneously supposed to be a
Crocodile, bhut is in reality a light-limhed long-snouted armoured
Pseudosuchian.  There is nothing of the water-loving, marsh-living
type in this assemblage: they are all very conceivably the inhabi-
tants of an arid or semiarid clime, adapted for comparatively rapid
transit from place to place. In no case has a complete skeleton
been found: but, on the other hand, 1solated hones are rare and
the usnal occurrence is in the form of articulated portions of a ske-
leton. Tt should he noted that, in the case of Notochumpsa, the
skeleton is nearly complete, even some of the fragile bones of the
fingers and toes being preserved. llad the conditions heen moist, it
is improbable that such would have heen preserved in a sandstone-
water percolating through the porous sediment would have rapidly
dissolved the bones which have been preserved, as we believe, by
the rapid accumulation of a dry wind-horne coarse siliceous dust.

That the climate was not absolutely arid is shown by I) the fact
that the deposit is in no sense a “desert-sandstone” in the Cape —
O.F. 8. area. and 2) the very rare local developments of greenish
and bluish shales containing a water-fauna.  Of these, the best-
known is the shale-band in the Cave Sandstone at Siberia in the
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Wodehouse Division. llere is a 20 feet zone of finelv-bedded hlue
and green shale containing abundant fossils among which have heen
recognised one lmperfect tish, several examples of insects and nu-
merous examples of a small Ostracod, a Cyzicus in various stages of
growth, and of an Apus-like Phyllopod, Lepidurus. The erustacean
part of this fauna is all of a semi-arid facies, capable of living in
damyp or even dry mud for many months of the year even as they
or their near relations do in the Karroo to-day. Fish are also found
in what is supposed to he Cave Sandstone near Fickshurg, O. F. S,
from which place slabs have heen quarried with numerous specimens
of Semionotits capensis on each, the occurrence seeming to indicate,
from the fish point of view, a sudden catastrophic dessication of
their living quarters.

Further, the Rev. 5. S. Dornan has recorded that many fossil
fish occur in the Cave Sandstone at Masttisi, Basutoland, as well as
silicified trunks of trees,

It is of interest here to consider a little more closely the physical
conditions of deposition, other than climate, of the Cave Sandstone
in the Cape-0O. IS, area.

Although in places there is a gradual transition from the Red
Beds to the Cave Sandstone indicating absolute continuity of depo-
sition from one to the other especially in the North, in other places
there is undoubted unconformity so that, while in some parts of the
area deposition was going on, in other parts erosion was being
effected at a greater rate than deposition.

As an extreme iustance of this we may cite the fact that at
Glenelg in the Maclear District the Cave Sandstone rests divectly on
pebbly grits of the Molteno Beds — the Red Beds having entirely
disappeared. Here it does not seem certain whether the Red Beds
were eroded subsequent to the deposition of the main mass of the
formation and before the deposition of the Cave Sandstone; by means
of a strong scouring ageney, or whether the absence of' Red Beds is
to be explained by a continuous ‘‘contemporaneous erosion”.

We have already referred to the unconformity which oceurs in
the neighbourhood of the ancient volcano at Thule. At Tent Kop,
in the Maclear district, a bed of volcanic ash rests on the Red Beds
and underlies the Cave Sandstone; while other examples might be
cited showing that volcanic activity began, at any rate in the South,
before the deposition of the Cave Sandstone.

At Tent Kop the sandstone overlying the Ash bed is full of small
angular inclusions of indurated sandstoue and shale,

That volcanic activity was rife during the formation of the Cave
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Sandstone is evidenced hy many examples, especially in the south
of the region and towards the top of the formation. In Maelear
two beds of sandstone are intercalated i the lavas. It is interest-
ing, too. to note that the ash here contains fragments of Molteno
Sandstone up to 5 feet across, and a tew blocks of pre-Karroo guart-
zite,  These have evidently heen torn off from below and thrown
out by volecanoes in the neighhourhood.

Further north, in Barkly East and the neighbouring distriets. in
a few places the Cave Sandstone is entirely absent, the volcanic
flows resting directly on the Red Beds. In the Barkly Kast Division
the formation is split up by munerons beds of lava and ash. hoth of
which are sharply defined from the sandstone. At Siberia in Wode-
honse, three bands of sandstone are intercalated in the lavas. At
the head of Bamboes Spruit in Ierschel there are four such bands.
Near the large Belore voleano in Barkly East the Cave Sandstone
contains numerons massex of vesicnlar lava up to four feet across,
the lower sarfuces of which consist of pipe minyedaloid.  Du Toit
has described a section near Burkly East Township showing pinkish
sandstone resting on a bed of ashi and abutting at one end against
a sheet of doleritic lava: in the sandstone are embedded rounded
masszex of altered doleritic lava. At Watertall in the Darkly Division
there is a section showing alternation of voleanic and =edimentary
material, both the =andstonex and the lavas having a lenticular
character: there are pipe-umygdaloids at the base of some of the
lava-flows and ronnded portions of lava in the beds of sandstone.

[t is jmportant to notice that iu all the occurrences cited in the
last paragraph the intercalation of sandstone and volcanies oceurs
above the main mass of the Cave Sandstone; also that the sandstone
in this npper portion of the formation is nsually well laminated.
This fact, coupled with the occnrrence of pipe amygdales in the lavas
where these rest on the sandstone, seems to show that the conditions
of deposition of the sandstone were somewhat different fiom those
of the main mwass and were somewhat moister and less arid.  How-
ever that may be, it is apparent that the Cave Sandstone was not
deposited uninterruptedly : in places the deposition was hindered by
outhursts of ashes and of lavas from the many volcanoes of the area.
Du Toit remarks “While the Cave Sandstone accmmnulated treely in
the north and was followed by lava flows, the ejection of ash in the
south was so considerable that full development ot the sandstone was
prevented in that region, and it was only at a slightly later period
that lavas commenced to be erupted there”.

The large Modderfontein voleano in Aliwal North came into existence
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while the Cave Sandstone was being laid down, for in an outlier of
(Cave Sandstone near by the rock is full of small fragments of shale
and sandstone that were blown out from the voleano.

Very little, or no, work has yet been done upon the area north of
the Orange River. but it is probable that the Cave Sandstone there
will be but little affected by volcanic flows — the volecanoes seemingly
having come into heing progressively from sonth to north in point
of time.

The work of du Toit in the south and centre of the area has shown
that, presumably in connection with the outhreak of voleanic activity,
there was a certain amount of faulting and folding which has affected
the sedimments but not the overlying lava flows.

In Maclear, the dips of the Cave Sandstone show that folding took
place during, and probably also somewhat previons to its deposition
and that they had ceased by the time that the area became flooded
with lavas.  There are local disturbances of both the Red Beds and
the Cave Sandstone, but the overlying lavas are undisturbed. A certain
amonnt of subsidence caused the formation; too, of local hiollows which
were filled with ash.

At Siberia, in Wodehouse, fanlting on a small scale aflects the Red
Beds and Cave Sandstone, but not the voleanies.  In the Barkly East
Division the main bed of Cave Sandstone and the ash-hed are allected

hy small folds, producing domes and basins in the strata, and ae-
cording to du Toit — there is clear evidence of a great zone of suh-

sidence formed during the eruption of the eavhier lavas. A generalised
section along the Kraai River shows the Red Beds and the main-
hody of Cave Sandstone with the ash-bed bent into an asymmetrical
undutating trough, while the lavas with the thin intercalated sand-
stone bheds lie horizontally and undisturbed except in the cast.

It is of interest briefly to consider the probable changes which took
place during Stormberg times in the land area from which these
sediments were derived.

That a land wass lay to the south and probably partly to the east
of the present area ocenpied by the Stormberg beds cannot be donbted.
1ow far to the south it lay we canuot say: but the occurrence of a
fair thickness of Molteno Beds near Port St. John's indicates the
presence of a land-mass to the south of the present continent. Of
its petrological characters little can be said. The constituent minerals
of the Stormberg sandstones indicate derivation from granitic or
granitoid rocks in part. The lithological character of the original
rock from which sediments are derived is always, however, a matter

31
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mainly of speculation unless the sediment is near thie region of erosion
and other conditions are favourable for preserving the mineral con-
stituents of the original rock or rocks in an nnaltered condition.
Chief interest centres around the prohable physiographic changes of
the parent land-mass.

A general swrvey of the Stormberg sediments reveals a sudden in-
terruption of deposit of shales and fine-graimed =andstones which took
place throughout Upper Beaufort times and the displacement of that
tyvpe of sediment by a series of grits, coarse-grained sandstones, con-
glomerate hands, and somewhat bregular large lenses of shales (some-
times coaly).  This type was followed hy a series of sandstones,
reddish in colour and becoming progressively finer-grained, inter-
hedded with red clays: and that hy the fine-grained Cave Sandstone.
This suceession can be profitably contrasted with that of the Siwaliks
of the Himalayas as described by Medlicott and  Blanford (1879).
They say “Sandstone immensely preponderates in the snh-Himalayan
deposits, and 12 of a very persistent tvpe from end to end of the
region and from top to hottom of the series. Its commonest form
s, of u elear pepper and salt arey, sharp and line in grain, ge-
nerally soft, and in very assive beds. The whole Middle aud Lower
Siwaliks are formed of this rock, with occasional thick beds of red
clay and very vare thin. discontinuous hands and nodnles of earthy
lhestone, the sandstone itself’ heing sometimes calcareons and thus
cewnented into hard nodular masses. In the Upper Siwaliks conglo-
merates prevail largely: they are often made up of the coarsest shingle,
precisely like that in the hedsof the great Himmalayan torvents ... The
mountain torrents are now in many cases engaged in laying down
great banks of shingle at the margin of the plains. just like the
Siwalik conglomerates: and the thick sondstones and sandy clavs of
the Tertiary <eries are of just the same type of form and composition
as the actual deposits of the great rivers.” They conclude that the
Siwaliks  were laid down as a fluviatile outwash from the rising
Himalayas.

We see here that the succession in the Siwaliks is the exact op-
posite of that shewn by the Stormberg Beds —- at least to the top
of the Red Deds. In the Siwaliks fine-grained sandstones and red
clays give place to coarse-grained sandstones; conglomerates and coarse
shingle-heds.  If Medlicott and Blanford are correct in assigning the
NSiwaliks to flnviatile deposition from a rising mountain mass, then
it may be presumed that the Stormberg Beds are possibly sediments
derived from a land-mass slowly tessening in altitude.

This presumption is further huttressed by certain theoretical con-

i3



Fauna and Stratigraphy of the Stormberg Series. 485

siderations which have heen fully set out by Barrell (1908) and which
will be briefly noticed here.

In youthful topographic stages rock-breaking dominates over rock-
decay; in topographic old age the reverse is normally true. In arid
climates; however, and to a lesser extent in cold elimates, where chemical
action plays a less important part than in humid and wet climates,
there is dominance of disintegration over decomposition even in to-
pographic maturity or old age. Again, in the youthtul stages of to-
pography the waste is carried away from the higher ground as soon
as disintegration frees it from the rocks; m artd and subarid elimates
by the streams arising from torrential rams, and is deposited in inland
hasing or on predmont stopes. Under arud and subarid conditions this
waste i3 coarser, less decomposed and has less trie clay than sin-
Harly situated waste of more plavial elimes,  lven in matnrity, the
mountains of arid regions retain  their nakedness; rouglmess and
stertlity and give rise to disintegrated waste rather than decomposed
material.  As, however, the difference i altitnde hetween the parent
mass aid the sediments formed from it diminishes; <o will the trans-
porting power of the torrents lessen, and the sediments will tend to
hecome finer in grain — the larger fragments of disintegrated natter
being wnmoved by the slower and less powerful streams,

In the old age of arid regions wind erosion bhecomes increasingly
more important than water erosion. so that the products of erosion
in old-age, when the desert surface is approximately flat, are chiefly
wind-horne loess and dune-sand.

A mmmber of instances might be cited of present-dav regions in
which one or more of these stages i3 seen; it iz enongh to quote
the Eastern Persian area described by Huntington, the aerial deltas
arising from the decaying high-lands of Avizona, and the sand-filled
valleys and “island mountaing” of Namagualand in Sonth  Africa.
It would seem that the evidence aflforded hy the nature of the sedi-
ments, coupled with these theoretical considerations and present-day
examples, tends to point to the couclusion that the lund-mass from
which the Stormberg sediments were derived, suddenly rejuvenated
at the end of Beaufort times, was i process of planation during
the deposition of the beds until the intense voleanic activity put an
end to sedimention in the area.

On the other hand, there 1s little or no direct evidence of local
or regional earth-movement such as wonld have caused sudden reju-
venation at the end of Beaufort times: and the sudden onset of the
conglomeratic and coarse type of sedimentation which characterises
the Molteno Beds may have been due to more intense precipitation
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of moisture resulting in torrential downpours and a consequent 1msh
of swollen streams at certain seasons, Kven if that be a partial
explanation of the plienomenon, it is certain that the land to the
south must have had a marked elevation ahove that upon which the
sediments were deposited.  No intensity of rain-tall wonld cause
pebbles and coarse sand to be washed from one area on to another
at approximately the same level ; i other words, subaerial conglo-
merates are not features of wellmatnred or senescent stream-deposits.

Transvaal Area.

The correlation of the various onthiers of the Dushveld Nandstone
with one another and with the Stormberg Series of the Cape has
heen based mainly upon petrological gronnds and upon the fact that
they underlie the winygdaloidal lavas. It hax been supposed that
they are bhut remnants of a once exteusive mass: hut, however that may
be, it is certain that thev were laid down npon an uneven surface.

In the Springbok Flats area. north of Pretoria, the series is hent
into a double hasin, and rests either directly on the Rled Granite or
upon liighly inclined and =ometimes much Ivoken and fanlted sedi-
ments of the Waterberg Systemn.  The hasal beds of the Bushveld
Series hiere are frequently compozed of debris and  fragments of
granite, felspar. and quartz with interstitial - partly - decomposed
felspathic material — derived from the Granite — and occasionally
of large rounded quartzite pebbles. probably from the \Waterherg
Conglomerate,  These coarse heds are coulined to the edge of the
Series.  Above them are in general, layers of red marl or shale:
and they are followed by the true Bushveld sandstone. In the west
and south of the area. however, the red marl overlies the so-called
“Coal-Measure Grits”.

In the Komati Poort urea the beds dip to the east, sometimes at
an angle of 10 degrees: and this dip has been held to account for
the oceurrence of the series at a level xo much below that of the
Springhok Flats.  Here the “‘Bushveld Sandstone” lies, apparently
conformably, upon the =*Coal Measure Series” — which lie themselves
upon the older Granites, schists, and altered sediments of the Swazi-
land  Svstem in the following order: — DPale, hard. often coarse
felspathic grits, often massive with pebbly bands, at the base, fol-
lowed by sandy micaceous shales. carbonaceous shales, grits and
sandstones,  Between these latter and the fine-grained sandstone
yellow shales oceur at one or two points.  The upper portion of the
Coal-Measure Series carries (Hlossopteris,

Garrard has traced this series in a north-south belt through eastern



Fauna and Stratigraphy of the Stormberg Series. 487

Swaziland to within 25 miles or so of the Zululand coal-field. In the
fatter (St. Lueia field) the coal-hearing beds are separated from the
Basalts by horizontal heds of calcareons sandstone. At Nomkele the
coal 1s considered by dn Toit to be of Beanfort age, overlain by red
and purple shales which he thinks are Middle or Upper Beaufort.

In the N. W. Zoutpansherg the DBushveld Sandstone rests either
on the old gneisses and schists or upon a variable thickness of Coal
Measures anderlain in places by Glactal Conglomerate.

The palaecontological evidence seems to bearr out the correlation
of the Zoutpunsherg and Springbok Flats members with the Red
Beds and Cave Sandstone of the Cape Province area.  Two (uestions
remain to be settled definitaly — 1. Is the f{ine-grained sandstone
of the Komati Poort area really Bushveld Saudstone? 2. [s there
any Transvaal representative of the Molteno Beds? Kyvnaston has
already covered most of the gronnd. but the questions can be briefly
discnssed,

1. The only recorded fossil from the Nomati Poort area is Glos-
sopteris sp. from below the fine-grained sandstone.  llere, in the
southern extension of the helt i Swaziland, and in Zululand upper
coal-seams  occur near the top of the “Coal-Meaxires”,  In the
St. Lucia coal-field the following plants have been found: — Glossop-
teris browniana var. indica, (/. browniana vav. angustifulio, G, damudica,
G.retifera, G.acuta, G.spatule-cordata, Phyllotheca sp. and Taeniopteris
spathalatwn.  This flora was held to he an Ecca one by Etheridge
jum.: but there xeems little donbt that the assemblage iz, ux a whole,
typically Lower Beaufort. These heds are. however. separated by a
wide belt from the amyvedaloidal lavas at Somkele, a belt which is
not vet at all known., 1 the coal-bearing beds at Komati Poort are
the equivalent of those at St. Lncia then two possibilities avise: —
(1) that the fine-grained sandstone at Kowati Poort is trne Bushveld
Sandstone and  les unconformably on the Beanfort Beds — just as
the Red Beds lie unconformably on the Beanfort Beds in the N. E.
Free State: or (b) that the fine-grained sandstone is itself of Upper
Beaufort age. The general nature of the sandstone, its mode of
weathering. its non-variability over a large district. and the known
unconformity at Harrismith and in the neighbomrhood lend strong
support to the former alternative. The matter awaits further treat-
ment based upon more detailed field work: but it ix important to
note that the similarity of the sandstones in the dillerent areas points
to formation under similar climatic conditions; and these conditions
do not seem to have ocenrred in the southern area nntil the onset
of Red Beds times.
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2. This question has heen partly answered above. In the Cape
the Molteno Beds are a local phase corresponding to a certain type
of climate and certain geographical conditions which enabled coarse
pebble-beds, finer sandstones; and carbonaceous shales to accumulate
in a huge subaerial delta over a plain situated at the foot of an
npraised land mass to the south. In the High Veld of the Transvaal
there is no corresponding mass of sediment. During the deposition of
the Beaunfort Beds i the south of the Union, the Transvaal area was
subjected to erosion and denundation (deposition only taking place

within certain hasins), the sagging of the geosyncline in the soutl
possibly being compensated hy a rising of the northern area. This
period of erosion, however, came to an end at some point during
Stormberg thmes: and in some of the basins formed on the unequal

tand surface debris acenmulated, to be soon covered by thin shales

and the Bushveld sandstone.  There ix evidence to show that warping
and sagging took place in the region north of Pretoria during Karroo
and post-Karroo times, which would aceount for the overlaps round
the margins of such hasins as have heen preserved. The basins, in
fact. owe their preservation to the sagging which took place. In
spite ol minor diflerences visible in specimens from different places
the Bushveld Sandstone iz of so uniforin a character that it is
reasonable to suppose that the patehes that remain are but relics of
a once more widelv-spread layer that stretched up into Southern
Rhodesia. Like the Cave Sundstone it was subaerial and probably
mainly aeolian: and once the hasins were filled up by the driven
and blown sand, the material spread ont to cover a larger and
Luger surface.  We cannot estimate its maximum extent, nor con-
jecture what peaks of okler rock stood up above the sandy levels,
We shall note later that there seems to be a lateral change from

L)

a line-grained “loess-like” deposit to a somewhat coarser, rounded
desert-sandstone.  In this area the hasal conglomerates may be the
equivalent of the Molteno Beds — they are eqnally the result of the
action of torrential rains able to produce temporarily streams strong
enough to carry fair-sized pebbles: while in the hasal part of the
reddish clays north-west of Pienaars River Station the occurrence of
a very thick compound seam of coal lends colour to this suggestion.

The climatic conditions which gave rise to the Red Beds of the
Cape were shorthived in the Transvaal; and the climate rapidly
changed to one comparable with that reigning in Cave Sandstone
times further south: the onset of such conditions was possibly ear-
fier i the north than in the south. Ax a general conclusion, the
further north one goes from the Cape area the greater is the evi-
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dence of aridity furnished by the Bushveld and Forest Sandstones;
and it is of interest liere to examine the .evidence afforded hy a
microscopic examination of the rocks from the various localities.

The closest approximation to the true Cave Sandstone is possibly
allorded by the fine-grained sandstone from Komatipoort.  This was
desceribed by Kynaston as follows: —  The rock “shows numerous
small quartz grains, of a generally uniform size, and on the whole
angular and  sub-angular rather than rounded, embedded in an
exceedingly fine-grained matrix, in which individual grains are bar-
ely distinguishable.  Grains of plagioclase felspar may occasionally
he noted..... The microscopic characters agree very closely with
those of the fine sandstoues from the Springhok Flats, the propor-
tion of matrix to individual quartz grains being somewhat higher in
the latter.”

The Buiskop sandstone is of fairly fine grain, and there ave very
few grains which are coarser than the general texture of the rock.
A considerable amount of ferrnginous cementing material is present
in the red varieties; and the grains of ¢uartz, although not splintery,
ave polygonal in outline with rounded corners. The ved variety is
very similar to the sandstones of the Red Beds.

A specimen of sandstone from Nelson’s Kop, in the west of the
Waterberg District near the Limpopo and Pongola Rivers. contains
two types of quartz grains — a larger and a smaller. The larger
grains are less prevalent than the other; they are rounded without
any trace of angularity und they vary in size from a grain having
diameters of 03 numn. and 022 mun. to one with diameters of -6
mm. and 0% mm.  The smaller grains, of a diameter of 015 mm.
and under, are not so obviously rounded. hut none of them ave
splintery, although thin sections are somewat polvgonal.  Most of
the grains are coated with a thin reddish-brown layer of iron oxide,
while there are scattered grains of the same material.  Felspar is
much less common than in the Forest Sundstone. The whole sec-
tion is reminiscent of that figured by Molynenx as a typical section
of the Nyamandhlovu Sandstone. For the smnple I am indebted
to Dr. du Toit, who also supplied me with a piece of Bushveld
Sandstone from Castle Kopjes, on the main rvoad from Louis Tri-
chardt to Messina,

The Castle Kopjes rock is light in colour and consists of equidi-
mensional grains of quartz with a very oceasional grain of plagio-
clase. The grains are fairly well rounded, smaller than those of the
Nelson’s Kop stone and similar in size to those of Buiskop.

Reviewing the features of these Transvaal specimens, it would
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appear that, in general, they are intermediate between the true
Cave Sandstone of the South and the Forest Sandstone and Nya-
mandhlovu Sandstone of Rhodesta — the more southerly outerops
partaking more of the nature of the former, the westerly and nor-
therly ones more of the character of the Rhodesian rocks.  Thus we
can picture the loess-like formation of the south giving plice gra-
dually to the true desert sands of the north, the fragments of the
Transvaal deposits which now remain to us representing the tran-
sition stage hetween the two types and shewing an intermingling of
the fine-grained angular fragments from the south with the rounded
desert sands of the north.

Age of the Storuiberg Seiies.

Until tairly recently the age of the Stormberg Series was accepted
as ranging from Rhaetic to Lower Jurassic: within the last few
vears, however, there has been a tendeney to throw hack the age
along the time-scale and to consider the Cave Sandstone as no later
than Rhaetic.

The evidence in favour of the older view was mainly two-fold,
based on the natwre of the plants of the Molteno Beds and that of
Notochanipsa from the Cave Sandstone.  The latter was thought by
Broom to he a true erocodile allied to Pelagosanrus; and as croco-
diles dish not appear until the Jurassic in other parts of the world
the Cave Sandstone was deemed Jinassic. The Molteno plants were
considered by Seward to be of Rhaetic age: and the Series was thus
spaced between those limits,

Detailed examination of the evidence leads, however, rather to the
acceptance of the later view. In the first place the Rhaetic age
assigned  to the Molteno plant forms ix hased upon what is by no
means clear evidence and i view of recent discoveries the conclu-
sion may need considerable revision.  Dr. dn Toit is studying a large
amount of material mainly collected by himself, and althongh his
results are not ready for publication he has permitted me to say
that the undoubted association of Glossopteris, Chivopteris, Plerophyl-
L, Callipteridivn and appavently Rhercorylon with the typical Mol-
teno genera Baiera, Thinnfeldia, and  Taeniopteris give a very pro-
nounced Keuper appearance to the flora.

The vertebrates which it should be remembered come from still
higher horizons, when studied in detail, ulso bear a Triassic aspect.

The three Cynodont forms are specialised relics from the Upper
Beanfort Beds. These latter, which underlie the Molteno Beds, have
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vielded the Stereospondvls  Cupitosaurus and  Trematosanrus, {orms
which wre found in the Bunter (L. Triassic) of Germany.

Among the Archosaunria the crucial Notockampsa istedana has heen
shown to he not crocodilian but & Thecodont lving apparently he-
tween _detosaurus and the Crocodiha.  The former ocenrs in the
Keuper of Germany, the latter tirst appear in the Lower Jurassic;
this would denote a Rhaetic age for the Cave Sandstone which has
yielded the intermediate forn.

Erythrochampsa from the Red Beds has a crocodilian pelvis: but
too little is known of the forni to he certain of its aftinities, and it
has thus no bearing on the discussion.  Sphenosuchus from the Red
Beds is a Psendosnchian of somewhat specialised form. It is pro-
hably somewhat later than Actescurus (Keuper). although it shonld
be noted that the highly specialised Sehleromochlus 15 found in the
Lettenkolile (Upper Muschelkalk) of Scotland.

hu Kurope, Thecodontosazrus vanges from the Lower Muschelkalk
to the Middle Keuper: the larcer Gresslyosaurus and Plateosairus
ocenr in the Upper Keuper and Rhaetic.  In Sonth Africa the order
of appearance is veversed.  The lavger Fuskelesaurus and Plateosaurus
are lower Red Bed forms while the highter-limbed Theeodont siwurus,
Massospondylus, Gyposanrus and the like occwnr in the Upper Red
Beds und Cave Saiudstone,  Massospondylus hax heen shown to have
retained a primitive form of shoulder-girdle: and it scems probahle
that these light-limbed animals niigrated to the Stormberg region
ouly when conditions hecume sufficiently arid for them in the soutl.
In spite of the slight differences hetween the detailed succession of
the Saurischia in the Furopean and South African regions there is
no doubt us to the general similavity of the fauna; and since none
of the FEuropean genera survived bevond the Rhaetic additional
weight is lent to the theory that the Stormberg Seriex is not later
than Rhaetic.

The occurrence of Geranosaurus is paralleled by that of the Pre-
dentate  Nanosawrus in the Rhaetic of North Awmerica; white the
Cave Sandstone fish Sewmionotus occwrs in the Keuper of Europe.

Finally, the generat aridity which. as we have seen, prevailed
increasingly  through Stormberg times is a  characteristic  of the
Triassic epoch: and in the absence of any evidence to support the
theory of the Jurassic age of part of the Series we must conclude
that Stornberg sedimentation began in Middle Triassic time and
ended in the Rhaetic.

Professor Schwarz considers that the Stormberg Beds should be
divorced entirely from the Karroo System and that, if they are not
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sufficiently important to warrant their promotion to a system of
their own, theyv should be grouped with the Uitenhage Systen.
His reasons for this view, as stated in Proc. Geol. Soc. S, Afriea
1919, are open to question. “The most important of all faunal
changes. the passage of the vertebrate remains from reptilian to
mammalian” s not vet proved to be a feature of the Stormberg
Beds; the fauna is a reptilian one, with members of the Beaufort
Theriodontia still hving; the Dmosaurs are, as we have seen, Triassic
and not Jurassic nor Cretaceous forms: and Glossopteris is still a
feature of the Molteno Beds.

Important evidence hearing on the age of the sediments has
recently heen forthcoming from South America.  The heds of Karroo
age in the State of Parana. Brazil. show the following succession: —

6. Eruptivas da Serra Geral. . . . . . . . . 0600 metres,
5. Arvenito de Botueati. . . . . . . . . . . 200
4 Serie Rio Rasto . . . . . . . . . . . . 100
Calcareo Rocinha . . . B o
3. Serie Passa Dois 7 Grupo Estrada Nova . . . b0
( Grupo Iraty . . . . . . 70
2. Serie Tubarao. . . . . . . . . . . . . IO
I. Serie ltarare . . . .o P (L

The Itavare Series is glacial. and its upper portion contains a marine
fauna of Lamellibranchs and Gasteropods.

The Tubmrao Series contains a Glossopteris flora.

The Iraty Group contains the reptiles Mesosaurus and Stereosterniom.

The Rio Rasto group has vielded the reptiles Scaphony.r fischeri and
Erythrosuchas sp. and is presnmably approximately equivalent to our
Upper Beaufort Beds. Recently Holdhaus (1918) has described from
the same Series the lanellibranchs Solenomorpha similis, S. intermedia.
S, altissima, S. deflera, and Sanguinolites elongatus — an assemblage
which bas led him to class the heds definitely as Permian.

The Botucati sandstone, sandwiched as it ix between the beds con-
taining Erythrosuchus and the thick voleanic outpourings which, like
those of the Stormberg, made an end of sedimentation, can but cor-
respond to the Stormmberg sediments of South Africa.  Following as
it does conformahly upon strata now classed as Permian there can
be little doubt that it is not later than Triassic in age — a result
i accordance with that now obtained from owr consideration of the
South African deposits.
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