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Prare X
Fluidal granite at water fall NE of Lung Yen Tung.

Fig. 1.

Showing aplitic and more basic streaks, also fluidal folding (upper
left, and lower right corner), as well as flexure in upper part. Phot. K.
Krejci, 22 May, 1g30.

Fig. 2.

Fluidal folding designed by the biotite scales. See also oblique
fault passing through middle part of picture. Size in both figures
shown by hammer. Phot. K. Krejci, 22 May, 1930.






Prate IX.

Fig. 1.

Red Bed conglomerate of Hu Tou Kang (Tiger Head) 102.3 m,
in NW part of map. Compare fig. 1 in text. Dip towards SE,
looking NE. In left back ground Lao-Ya-Kang Plateau around 100
meters, of Red Bed sandstone, in NW corner of map. Phot. Arn.

Heim, April, 1930.
Fig. 2,

Red Bed sandstone with crossbedding, top of Lao-ya-kang. Phot.
Lee-Chéng-San, 1930.






Prate VIIL

Fig. 1.

Pai Yiin Shan (= Peyiinshan) seen from water tank tower of
Canton-Tungshan, looking north. In foreground artificial terraces
with rice and taro, all on Red Beds; in back ground granite with
quartzite, deeply weathered. The highest visible point is 364 m.
Phot. Arn. Heim, December 1929, late evening.

Fig. 2.

East side of Pai Yiin Shan (= Peyiinshan) 2 km N of Sha Ho,
showing characteristic landscape of deeply weathered fluidal granite,
in which are dug the numerous tombs; in foreground rice fields.
Looking towards N. Phot. Arn. Heim, April 22, 1929.






Prare VIL

Normal contact of quartzite (Permo-Triassic) with Red Beds,
S side of Shou Kou Ling.

Fig. 1.
Showing the details, with the ice-axe fixed in the Red Bed clay

parallel to its stratification. Dip of Red Bed clay 35°, of underlying
quartzite 45—50° to SW. Phot. Arn. Heim, 18 May, 1930.

Fig. 2.

Same place from farther distance, showing the subrecent rustred
surface soil with quartzite fragments on the top of the basal Red Bed
clay. Phot. Arn. Heim, 18 May, 1930.






Prare VI

Fig. 1.

Weathering and erosion of massive granite after deforestation.
University site, ENE of Canton, looking towards west, in opposite
direction as PL. I, fig. 2. All on this figure down to the deepest
crevices is completely decomposed granite. Phot. Arn. Heim, May,

1930.

Fig. 2.

Quartzite breceia of lower Shuikou series, on hill 67,8 m, NW
part of map, looking towards N. Much disturbed and faulted region.
In middle-back ground the pond which is situated on the fractured
anticline of Shih Kang. Phot. Arn. Heim, May 25, 1929.






Prate V. .

Fig. 1.
Hsiaoping shale, hill SW of Hsiao Ping station. Best place for
collecting lower mesozoic plants in the black sandy slate. Phot. Arn.
Heim, 12 April, 1930.

Fig. 2.
Ditto, showing efflorescence of yellowish crystals of alum, with
the discoverer of the fossiliferous locality, Mr. Lee Chéng-San. Phot.
Arn. Heim, 12 April, 1930.






Prate IV.

Fig. 1.
Conglomeratic Red Bed sandstone, 3 km NE of Huang Pu
{= Wampoa) N side of Pear] River, showing 45° dip to N 55° W.
Geol. excursion with students, phot. Arn. Heim, 2 March, 1930.

Fig. 2,

Lower basin of waterfall of Lin Fo Shd, 5 km ENE of Lung Yen
Tung 17 km NE of Canton, showing the best exposures of fluidal
granite. Phot. Arn. Heim, May, 1930.






Prate 1IL
Fig. 1.

Contact of fluidal granmite rich in biotite, with massive granite.
Quarry 3 km S of Hwang Téng, 25 km ENE of Canton. Nearly
natural size. The black grains and flakes are biotite. Coll. and
Phot. Arn. Heim, 1929.

Fig. 2.

Weathering and erosion of the coarse massive granite after
deforestation. University—site, 10 km ENE of Canton. See ravines
cut out deeply on hill in back ground. Phot. Arn. Heim, May, 1930.
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Prare 1L

Photograph of Relief made by the Military Topographic Survey
of Canton, showing the position of Canton, the low hills of peneplained
Red Beds E, S and NW of the city, and the higher hills with Pai Yiin
Shan (Peyiinshan) on the N side of Canton Valley. The rivers
appear as if their beds were emptied.
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Prate L
Fig. 1.

Panoramic view of Pai Yiin Shan (= Peyiinshan) seen from
North. (Standpoint near top of Wu Lai Ling, 210 m).

Points = quartzite {Permo-Triassic), 4+ -+ = dyke of quartz-
porphyry to granite, all the rest without signature is fluidal granite:
The reader is advised to paint the empty spaces with a purple pencil,

-in order to obtain an easier reading. - - - - - - = trails of forestry
service. Elevations in meters above sea level.

Fig. 2.

Section through Pai Yiin Shan (= Peyunshan), ata right angle to
Fig. 1, f = fluidal granite, m = massive granite, m” = granite to
quartz-porphyry, q = quartzite, rc = Red Bed conglomerate, r = Red
bed clay shale and sandstone.
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(29 )

trace a special trend of Alpine Folds. Probably, the main trend is
SW-NE as in older time.

The Alpine Movement of Canton of such intensity was a surprise
to the writers. For ever the idea of exclusively old mountain making
in South China is to be abandoned.

Exactly the same principles of tectonical structure we have en-
countered again on the Island of Hainan.

By the Alpine Movement, a new phase of erosion was initiated.
'The Red Beds were peneplained by extensive river erosion. Then, the
entire coastal region of South China was subsided, and the peneplain
was lowered neatly to sea level.

The terraces of Huang Pu district seem to be relics of general
higher valley bottoms. But whether they have been caused by
femporary rising, or if they are simply relics of valley bottoms formed
at their actual height, we could not determine. An extensive special
study would be necessary to clear up the latest phases of the geological
history of Canton.




( #8)

In a great thickness, the Red Beds have filled up the old, partly
synclinal valleys. They seem to be a continental deposit of 2 warm
semi-arid climate similar to that of sub-recent time. ‘The coarse clastic
elements in some places derived directly from the surroundings, as is
seen for instance at Huang Pu, where the Red Bed conglomerate at the
contact with the fluidal granite is especially rich in pebbles of this same
fluidal granite.

It is a peculiar fact however that NE of Canton, the very first
deposit of the Red Beds is not the quartzite-breccia, but a very fine
semiplastic clay.

At the end of Cretacic or in early Tertiary time occurred the second
orogenic movement, by which the Red Beds throughout Canton and
Hong Kong havebeen tilted and folded.  Thisis the dlpine Movement.

In regard to the importance of the Alpine Movement compared
with the Yenshan Movement, we have carefully measured all good
outcrops. '

As shown in Fig, s, the dip of the basal Red Bed conglomerate of
Huang Pu is as much as 70-80° towards N.  Three kilometers further
NE, the dip has diminished- but is still 45° (Pl 1V, Fig. 1).

On the railway N of Canton we have found a dip of 60-70° towards
N 25° E over abut 100 meters across the strata. Such dips cannot
be explained by local movement along supposed faults. ‘They are
simply the result of korizontal compression.

Dips of 20-30° are common all over the Red Beds. Nearly flat
and undisturbed Red Beds may be represented by the valley hills south
of the Hong Kong Railway, and are also found in the form of a plateau
in the NW corner of our map of Canton.

From these observations and in regard to the deep weathering of
the older formations we may conclude that thé actual relief is chiefly
caused by the Alpine Movement. 'The directions of the Red Bed folds
on account of the great unconformity with the older formations are
so irregular and diversed, that the study of Canton does not allow to
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Fracments oF Georocicar History

The geological history of Canton begins with the Permian.

The great thickness of the Shiiikou Series with quartzite breccias,
conglomerates and a great amount of red clay shales without traces of
fossils, suggests a warm and semi-arid climate similar to that of the
younger Red Beds.

The Hsiaoping Series gives a clearer evidence. The red clay shales
are rapidly diminishing in importance, while a big series follows with
black carbonaceous shales containing older mesozoic land plants and
unimportant coal seams. Instead of conglomerates and sandstones,
the upper part of the thick Hsiaoping series seems to be made chiefly
of soft clays. The accumulation must have occurred in a quiet
continental basin.

After the deposition of the Hsiaoping Series followed the firsz
orogenic removement, accompanied and followed by fuidal and
massive granitic intrusions.  Both, this folding and the intrusion, scem
to be younger than Hsiaoping and are certainly older than Red Beds.

According to our results at Hong Kong' the most probable time

is the younger Jurassic, which corresponds about to Yenshan Movement
A of W. H. Wong?

The result of this first orogenic movement is seen in the deposition
of the Red Beds with their basal breccias and their conglomerates which
contain all kinds of pebbles from the older formations, especially of
quartzite and granite. It is further demonstrated by the general
unconformity of the Red Beds with the older formations.

"The whole character of the Red Beds of Canton and Hong Kong
is so similar to that of the famous Red Beds of Szechuan with their
luwer Cretacic fresh water fauna at the basis, that until contrary proves
the writers regard the Red Beds of Canton also as Cretacic.

1Heim, Arnold, Hongkong, Annual Report Gcologlcal Survey of Kwangtung and
Kwangsl, 1929.
2Wong, W. H., The Mosozoic orogenic Movement of E. China, B. G. S. China, 1929.
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part (Figs. 11 and 12) wedges of fluidal granite are found; other parts
are swimming within the massive granite.

We suppose that a big granitic batholith, of which the massive
granite is the true representative, intruded into the folding or folded
Permotriassic sediments. 'The argillaceous parts of the latter became
dissolved, making a chemical change (shown in the forming of much
biotite) of the marginal and roof zones of the batholith. By this
dissolution and cooling these zones lost much of their liquidity, so that
the signs of fluidal movement were preserved in the solidifying magma.
The hotter and more liquid magma of the interior found the easiest
means of intrusion near to the marginal zone, and formed the belt
shown in Fig. 11 with small intrusions on both sides of it. By this
process, the massive granite separated the marginal zone from the roof,
which now forms the interior zone of fluidal granite. By this
magmatic movement, the roof became wedged into the massive granite.
The contact between the two granites is an igneous contact, as shown
by the many intrusions along the contacts, and by the fact that the
texture of the fluidal granite is not quite conform to the contact: it
seems that the laminae usually are dipping steeper. Nevertheless, both
granites seem to be of little difference inage. Thus the fluidal granite is
regarded as a marginal facies of the massive granite.

‘The veins and dykes are younger than the granites. The youngest
are the #itrabasic veins found in the middle of some aplites near to the
northern margin of the map and outside of it. The main strike of
the dykes is in general roughly WE, but in the detail the strikes may
differ from this direction (Fig. 11). There is certainly no geometric
joint systemn represented by these dykes. Very often it seems that
the dykes, or dyke zones, are broader on the top of the hills than on
the foot, or that they even completely pinch out downwards. This
would point to the conclusion that an upheaval of the batholith, with
extension on the top, was the cause of the original joints.

The dykes in many places are crossing the limit between the
fluidal and massive granite. Both rocks, therefore, must already at this
time have formed a solid body.
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MEecHANISM OF IGNEOUS INTRUSION.

The big granite complex in the eastern part of the map has the
shape of a Batholith. It probably is only superficially divided into a
northern and southern part, by a syncline of Red Beds. Within the
batholith we distinguish three zones (Fig. 11).

1. Marginal Zone—This zone is beautifully exposed on Pai Yiin
Shan. Vertical and horizontal intrusions of fluidal granite, with
fragments of quartzite characterize this zone. Intrusions of massive
granite or quartz porphyry are found locally only. :

2. Massive Granite~—~The next zone is the massive granite which
NE of Pai Yiin Shan underlies the fluidal granite of the marginal
zone. Elsewhere the contact seems to be steep.  Near the contact with
the fluidal granite, the massive granite often contains biotite in large
quantities, and takes up the petrological and perhaps even the textural
character of the fluidal granite.
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Fig. 12. Contact of fluidal and massive granite of Niu Ton Shan, NE border of map.

3. The Fluidal Granite of the interior contains, within the
map and its immediately adjoining regions, no inclusions of sediments
or other fragments of foreign rocks, except intrusions of massive granite
near the contact. ‘This limit in some parts is intensely curved (Fig. 11,
eastern part) and shows a fluidal arrangement. The contacts are
usually not vertical. ‘The angle of dip, determined after the outcrop
of the contact as observed on different points, is around 40-50 degrees.
On the top of the small intruding body of massive granite in the eastern
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Fig, 11. Sketch map of the northern part of the Batholith of Canton. After removal of
quaternary deposits.
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In looking at the sections and views, it might be thought that these
repetitions are caused by thrust sheets of gneiss. This view however
is in disregard with the numerous places of intrusion and contact
metamorphism,

‘We thus must consider Pai Yiin Shan as formed by an intrusion
of fluidal granite which passed beiween the quartzites and digested
most of the argillaceous beds of the siratigraphic series, which at the
same time the first tectonical movement was initiated.

YounceER TECTONICAL STRUCTURES.
The Border of the Plain NE of Canton.

‘This is the only region where the normal contact of the Red Beds
on their substratum is found for a long distance. This contact is
already indicated by the topography (see photo of relief, PL. II). Itis
the limit between the lower hills of the Red Beds (below 50 meters)
with those of the quartzite (above 50 meters).

Only on Shou Kou Ling at Sha Ho the exact contact is opened
(PL. VII). The quartzite dips 45° towards SW and S, while the
Red Beds dip 10-20° less towards the wide Synclinal Red Bed Valley
of Canton River.

"This zone of normal contact follows a line from E to W, then
makes a beach at Sha Ho and towards N, and follows the foot hills
of Pai Yiin Shan towards the Five-story Pagoda and the Sunyatsen
Monument in the shape of a wide arch.

This arch is the border of the Red Bed Syncline, to which
corresponds the great valley of the Canton River below Canton, while
the city itself from SE to NW seems to be traversed by a secondary
Red Bed anticline (see dips on map).
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2. Folds with granitic intrusions.

The main region of this type is Pai Yiin Shan. Lithologically and
tectonically it is the most extraordinary mountain, and one which
presented the greatest dificulty for mapping, especially on account of
the difficulty in distinguishing the weathered fluidal granite from
sedimentary rocks. Although Pai Yiin Shan has been worked by us
over and over again, some places still are left doubtful.

The first appearance of Pai Yiin Shan is that of a gentle syncline,
the main quartzite of the rock-temple Yiin Yén Szit (2 3 %) going
around the culminating region in the shape of a collar. (Pl 1, Fig. 2).
But the “strata” above and below have been recognized as fluidal granite.
The quartzites are disconnected, and swimming in fluidal granite.

A closer study showed that even the apparently uniform and flat
lying quartzite of the Yiin Y&n Szii and N of it, of about 70 m thickness
is twice interbedded with fluidal granite (Fig. 10). In the scale of
1:50,000 these different layers cannot be separated.

The highest point of Pai Yiin cxw
Shan, called Mo Sing Ling, 382 F Yoygia Y
m, is made of quartzite, which i
is underlain by fluidal granite,
below which immediately follows
a second quartzite of 10-15 meters
thickness, resting on relatively
fresh fluidal granite, rich inbiotite pig. 1o, Derail of Yin Yen Ssb, E side of
and with eyes of quartz and Pai Yiin Shan. f=fluidal granite; ¢=
fel dspar. The laminae of these quartzite (Permo-Triassic).
intermediate fluidal granites correspond frequently with the strati-
fication of the quartzites, deceiving us of a normal stratigraphic
succession.  (PL I).

The same phenomenon is repeated in a larger scale on the ridge
of Chi Ma Sou and Niu Kuei Lan on the N side of Mo Sing Ling,
where gently eastward dipping sedimentary quartzite sheets are
interbedded with fluidal granite (PL I).
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Older Structures.
We can distinguish:
1. Folds without granitic intrusions.

To these belong the ranges of hills which are cut obliquely by the
northern branches of the Canton River.

Although only local folds have been directly observed, it seems
that this region west of Pai Yiin Shan, of 10 km width, is formed of
a large fold, with an anticline and a syndline (Fig. 7).

The anticline passes near Shih Kang and will be called Shihkang
Anticline. The NW wing dips 50-60° towards NW and is chiefly
formed of quartzitic breccia. In the center is found a pond, on the
SE side of which, peculiarly, vertical red clay shale is found with a
NW strike, thus perpendicular to the strike of the fold. This seems
to be caused by local faults with contortion. Great detail complication
with faulting also occurs at the SW end of Shihkang anticline at the
village Ta Hung Ma (& #% ).

Possibly, the apex of the anticline is faulted all along. Red clay
chales are found on both sides of the anticlinal valley, but of much less
thickness on the NW limb. The SE limb is more regular, and
shows dips of 60-70° towards SE. 'The breccias are missing.

With Hsiaoping Series, local disturbances again prevail and make
it impossible to determine the major structure. At the town of Hsiao
Ping, the strata are much contorted.

Judging from the dips of strata and from the outcrops of black
clay shale which are found in two main zones, it seems that the
Hisiaoping Series forms a big syncline from SW to NE, passing at
Fo Ling Shih, with the clays in the central part. (Fig. 1).

Another region which for about 17 km seems to be undisturbed
by granitic intrusion is found on the south of the map. It seems to
belong to the northern limb of an anticline, with an average dip of
20-30°.
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It is a medium-grained rock containing small phenocrysts of quartz and
feldspar (orthoclase and a small quantity of plagioclase), but the dark
minerals cannot be determined by naked eye. Its colour is light violet.
The two small hills stand alone in the rice field. Therefore, the
relation to the Red Beds and older formations, as well as to the granites
cannot be determined. In regard to our experience in Hong Kong
this eruptive rock might be of tertiary age.

'TECTONICAL STRUCTURE.
General Features.

Two tectonical disturbances are sharply divided:—

1. An older, concerning the Shiiikou and Hsiaoping Series
including the granites, which has not affected the Red Beds.

2. A younger, which has affected even the Red Beds.

‘The tectonical structure of the Red Beds in some regions is distinctly
the effect of continuation of the earlier tectonical movement. In other
regions, the tilting of the Red Beds appears to be entirely different, and
the older and younger folds are in disharmony.

Harmonial structures are found chiefly on the north side of Hong
Kong Railway, where the basal Red Beds, as a whole, dip in the same
direction as the underlying old quartzites, although with a 10-20°
more gentle angle.  (PL VI, Figs. 1 and 2).

NE of Canton City, the strike of the Red Beds is at a right angle
to the hills of granite and quartzite, which project from Pai Yiin Shan
towards SW until the new Sunyatsen Monument. A similar dis-
harmony is found again N of the city.

In the NW of the map 1:50,000, the strike of the Red Beds
approximately coincides again with that of the Shiilkou Ranges,
although the dip does not cotrespond with the older nucleus,
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Pegmatite veins and quartz veins frequently pass into each other:
The pegmatite consists to a great deal of quartz, while the other minerals
always are in minor quantity. The orthoclase sometimes forms
beautiful crystals up to some centimeters in length. The muscovite
occurs in big pure aggregates of small crystals (up to 1 em. in diameter)
or in small aggregates of big crystals (up to 6 cm. in diameter). In
weathering, a sandy soil with much quartz, and always some muscovite,
is formed. The quariz veins are nearly exclusively formed by white
quartz. Big boulders, arranged in lines, mark the outcrop. The
weathered soil consists of quartz crystals. In some places, as especially
on Hung Tou Ling (¥ ¥ % ) 66.5 m., poor magnetite ore and traces
of bismuth-ockre are found in such a quariz vein. Cubic holes in the
quartz are partly filled by spongy magnetite.

The dykes figured in the map are mostly composite; a large body
of the country rock is crossed by numerous veins. In the weathered
soil this zone always is recognisable by its richness in quartz crystals.
The resistency of the quartz causes the formation of crests and ridges,
while pure quartz veins often stand out in the form of walls or reefs.

In the fluidal granite often aplizic intrusions or veins, of a thickness
up to some centimeters, are observed. On joints in the fluidal granite,
pyrite is found. Near the northern margin of the map, N of the
waterfall near Shui Sheng Hsia (7k # F) in the mid of aplite veins,
very thin veins of an #ltrabasic rock occur. In the creek and on the
path, big boulders of the same rock are found, which suggest an outcrop
in the vicinity. Prof. W. Credner showed us an accumulation of such
blocks in the creek N of Ch’u Shui Lung (it 7 ##), which suggests
an outcrop there. The outcrop itself, however, could not be observed.
This dark gray green rock often contains some inclusions of pyrriotite.

Rhyolise.

In Canton the rhyolite is only found near the village of Wu Fung
Tsun (£ B #), 3 km SE of Canton city. ‘The hills of Chén Shan
(B tr) and Hu Lu Kang (% 3 W) are formed by rhyolite. It was
poured out from the underground, and dips about 30° towards NE.
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Throughout the world, the massive granite weathers to an argilla-
ceous quartz-sand in which remain round blocks of fresh rock. From
these, the granite is blasted out for building constructions (Canton and
Hong Kong).

Beautifual groups of such boulders are found on the Huo Lu Shan
(k 1 h) about 700 m W of point 324.1 m (the “tottering stone”
or “Wackelstein,” which however, is safely supported on two places
and therefore not moving); and on the Ta Ling (& &) 297.1 m,
just east of the map. At the University-site, 20 km ENE of Canton,
the weathered granite is washed out in deep furrows.

The massive granite usually can be distinguished already at long
distance with the telescope. Where black round blocks are found, they
must belong to the massive granite. If the blocks are angular, they
belong to the fluid granite.

Dykes of Quartz, Quariz Porphyry and Pegmatite.

"The quariz porphyry is a medium grained rock, containing quartz,
feldspar and muscovite. No absolutely fresh rock has been found in
the dykes. 'The weathered rock contains mostly grains of quartz and
muscovite in a green argillaceous groundmass. Often only the quartz
is left, and, if weathering is more complete, the green colour disappears.
Then it is impossible to distinguish the quartz porphyry from the
other veins. Therefore all veins in the map are reproduced by the
same sign, It is however certain that some of the quartz porphyry
veins retain their petrologic character over long distances, as for example
the southern vein on Huo Lu Shan; while others seem to pass into
pegmatite or quartz, '

On the NW slope of Pai Yiin Shan summit, a dyke of 50-100
meters thickness cuts nearly vertically across the fluidal granite
(Plate I, + in Fig. 1). It is made of white quartz porphyry
passing into fine-grained granite with reddish orthoclase and some
biotite. It is traversed by two superposed trails of the forestry
service.
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Fig. 8. Quartzite (small points) swimming in fluidal granite. North side of Pai Yiin
Shan.

Massive Granize.

Massive granite is found in a great Batholithic mass of intrusion,
as well as in the form of dykes.

A pretty small vein is exposed at the upper end of Fenzel Road on
the N side of Pai Yiin Shan, just below Chi Ma Sou of Fig. 8.

. 'This granite is of medium grain 12
mm) and holocrystalline without showing A &
finer grain at the contacts (Fig. 9). EY

In the central part of the big body
of massive granite NE of Canton, the
feldspars reach the size of several centi-
meters. ‘They are chiefly white to pink, in
single crystals or in twins of orthoclase of

the Karlsbad law.

Little mica is present in the interior _Fenze/Road g
of the granite complex, whlle at Fhe S 7
boundaries, it is frequently rich in biotite,
probably from digestion of argillaceous
sediments.

Fig. 9. Granite dyke in
quartzite, Pai Yiin Shan—N.

Fortunately, the weathering of the massive granite usually is
distinctly different from the fluidal granite.
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. Also the chemical composition is of the type of a granite. 'The
following analyses have been made by Mr. C. M. Histieh, Chemist of
the Geological Survey of Kwangtung and Kwangsi, from samples
gathered in a quarry at Hwang Tong, 25 km ENE of Canton.

“ Gneiss ” Massive granite

Loss on ignition 1.050 1.200
Silica SiO, 62.200 62.400
Alumins, Algo,, 12.675 ; 13.850
Ferric oxide Fe,0, 7.885 ; 4.482
Ferrous oxide, FeO 5.071 : 1.652
Lime, Ca0 3.875 ; 2.820
Magnesia MgO 0.825 | 0.634
Potassinm oxide K,O 3.890 i 3.200
Sodium oxide Na,0 8.412 i 8.498

100.383 J 100.236

‘These two analyses correspond to the photograph Pl. II1, Fig. 1.
The following varieties of fluidal granite have been encountered.

(a) "Fluidal granite of white to pink feldspar (white orthoclase
with plagioclase), quartz, and much biotite. The best place to study
this normal type is the waterfall NE of Lung Yén Tung (PL III
Fig. 15 IV, Fig. 2; X, Fig. 1, 2).

(8) Fluidal granite with muscovite (bleached biotite?) or
without mica, sometimes with fine needles of hornblende. This type
was especially found on the west of Pai Yiin Shan. In the weathered
condition it is almost indistinguishable from an arkose sandstone.

In regard to texture, there is a great variety. In some places, the
texture is massive for a short distance (north side of Pai Yiin Shan).
Usually, the texture is that of an ortho- or paragneiss, frequently with
eyes of feldspar and quartz, and with white and dark bands. Beautiful
fluidal folding and flexuring are frequent. They are of the same
macroscopic appearance as the mechanical deformations of true gneiss
nade in great depths, where high temperature and enormous pressure
are causing a plasticity similar to a semi-fluid magma,
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forms. On the contact with the massive granite, veins of the latter
often form a network, in which pieces of fluidal granite are swimming,
as for example on Wu Shih Shan ( B 1) 242.1 m.

The reasons for regarding the gneiss-like rock as an intrusive
granite are the following':—

(1) Small and big sheets and blocks of quartzite are swimming
in “gneiss” or are “interbedded” with it.  (Fig. 6).
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Fig. 6. Blocks of quartzitic sandstone (1) swimming in fluidal granite (2) Deeply
weathered outcrop on road, east of Pai Yiin Shan.

(2) Sedimentary quarfzite in some places (Pai Yiin Shan) was
found intruded by this “ gneiss.”  (Fig. 7).

(3) The Sandstones and B - . , w
quartz1tcs on contact with the
“gneiss” usually show distinct
contact metamorphism  (recry-
stallized sandstone, clayslate im-
pregnated with hornblende and
haematite at Wu Lai Ling).

F% " zocm A. #1930
(4) The microscopic struc- Fig. 7. Detail of “gneiss I%cnc?}:lratl(tigmf Ii;m
. vein into quartzllc orth side o a1

ture is the same as that of @y, Shan, auxof PLL.

granite. 'The biotite is distributed

in more or less parallel flakes without showing mechanical

deformation.

* Arnold Heim, Three textural types of grapite in Southcrn China, National Research
Institute of Geology, Shanghai, Contributions, No. 1, and

Arnold Heim, The Structure of sacred Ommhau, Szechuan, Bull, Geol, Soc, China,
Vol. IX, No. 1.
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. 'The tectonical position, several hundred meters above and between
* the guartzite, however, pointed to the question, if this “gneiss” might
be an intrusive body of fluidal granite.

- Purther observations have decidedly proved this conception, and
even all of the former “pinkish sandstone with mica,” which is inter-
bedded with the quartzites of Pai Yiin Shan, had to be changed into
weathered fluidal granite.

Fluidal Granite.

The fluidal granite is the most interesting rock of Canton. It is
found in wide extension, at least 30 km to NE and as much from
S to N. But neither the southern nor the northern limit have been
determined. '

In the northern region, several low mountain ranges are exclusively
formed of flnidal granite.

The fluidal granite of the “marginal zone” (Fig. 12) is more
deeply weathered than the massive granite, and is transformed into a
purple to violet argillaceous mica sand, which only after long
experience can be distinguished from weathered sediments. The
biotite seems to be bleached out by weathering, and appears with the
aspect of muscovite. In the marginal region of the granitic mass, the
fluidal granite forms the lowest hills without leaving any bigger blocks
at the surface. In the interior, however, the fluidal granite seems to be
more resistant against weathering than the massive granite. The
highest hills, Ta Hsii Chang (xiF i) 4005 m, and Fung Huang
Shan (B &, 1l1) 382.2 m, are in this region. Nearest comes Pai Yiin
Shan, 382.0 m, with its resistent quartzite on the top. ‘The highest
hill in the massive granite is the Fluo Lu Shan (s 4 i) with only
324.1m. ‘Thelimitbetween the internal fluidal granite and the massive
granite, therefore, is often shown by an orographic step or even by a
pass or valley; it also seems that the contact zone is weathering more
casily than either the massive or the fluidal granite by themselves. In
the interior mountain region the fluidal granite often forms large smooth
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into the rice fields. In some bends of the creeks in the northern
mountainous region recent deposits are found of light-grey to whitish
plastic clays, interbedded with yellow to brown sands. In all recent
deposits, except such, where red sediments are redeposited without
longer transport, the lack of red colour is remarkable.

Lateriticor lateriteJike red soils are scattered throughout the region.
Especially the fluidal granite of the “marginal zone” shows rich red to
violet colours in its weathering products, while the weathering of the
massive granite furnishes more brick-to cinnabar-red soils, and the
quartzite decays into more yellowish soils. The Red Beds, on the
other hand, usually retain their purple.

In many places a brown surface soil overlies the lateritic or red-
coloured soil. Where a trail is cut out in red soil, as north of the hill
of Shou Kou Ling, bands of different shades within the red soil are
observed which are more steeply inclined than the surface, and thus
crop out at an angle to the surface. All these observations seem to
suggest that the red soils have been formed in past time and that to-day
no more red soils are formed.

~ Our knowledge of quaternary deposits is extremely poor, and
only could be furthered by drilling.

Rests of older quaternary time, besides the deep rock residues from
weathering, ate left in the shape of erosion terraces. Such we found
SW of Huang Pu. Two terraces could be followed, a lower one
of 22-23 meters, and a higher one of 42-43 meters elevation above
sea-level.

Ieneous Rocks.

At the beginning of our field work, only the common massive
granite was known. The writer (A. L), on his first excursion guided
by Professor Fenzel on Pai Yiin Shan was much surprised to find a
“Gpeiss,” first in blocks and then also in situ. Indeed, on the north
side of the summit, the rock appeared to be a tiue biotite gneiss. Even
“gneiss” with eyes of quartz and feldspar was encountered,



(2)

HWEEAR W
Flagpole

% N
, Watermarte  Pear{ River
70 - 20° :7='/'a/l H

Fig. 5. Contact of Red Bed Conglomerate with fluidal granite at Huang Pu, 14 km
ESE of Canton City. F=Fluidal Granite, deeply weathered; s=inclusions of
reddish sandstone; R==Red Bed Conglomerate,

Red Bed Sandstone.

Besides the sandstone which everywhere is interbedded with the
clays, marls, and conglomerates, a region is to be mentioned where
sandstones are dominating in the landscape. This is the platean in
the NW corner of our map, formed of about 50 metexs of gray, white
and pink coarse sandstone with crossbedding, but of nearly horizontal
stratification (Pl IX). Partly it is an arkose. It also contains few
pebbles of quartz and quartz porphyry. The top of the sandstone is
covered with true laterite (W. Credner). At the base is exposed
red clay.

Quaternary Deposits and Terraces.

Remarkably little has been deposited or is left from quaternary
time. Although the uncoloured “Valley Bottoms” cover the largest
area of the map, the volume seems to be unimportant on account of the
little thickness.

On the map, the fan deposits on the east-side of Pai Yiin Shan are
specially indicated. They are made of an accumulation of angular
rocks from the adjoining slope, especially of quartzite, up to one cubic
meter, and form a terrace about 10 meters above the adjoining ravines.
They seem to be of younger diluvial age.

On the creek of Sha Ho, in some places sand has been accumulated.
Along the Canton river, brown recent mud only is found, which extends.
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reach the size of a head, and are angular, with rounded edges, or
completely rounded. The dip is 55-70° towards N 20-25° E.

Region West of Canton.

The most prominent outcrop is presented by the Tiger Head
(= Hu Tou Kang) 102.3 m at the village Hsiang Kang. This whole
rock is formed of conglomerate, of 100-200 meters thickness. The dip
is from 10 to 30° to SE. With the coarse conglomerate is inter-
bedded conglomeratic pinkish sandstone. ‘The pebbles up to the size
of a head are formed of hard glassy quartzite, reddish to white and
gray quartzitic sandstone and quartz porphyry (?). One kilometer
SW of the Tiger Head, also rare pebbles of Permian limestone were
gathered.

Region South of Canton River.

Already from long distance a row of black hills (highest 62 meters)
of a NW-SW extension are visible, covered with pine trees (Hua
Kang). They are situated 7 km SE of Canton city. The whole Red
Bed region therefrom to Huang Pu is conglomeratic.

The pine tree hills are formed of hard compact breccious conglo-
merate or conglomeratic sandstone with partly rounded inclusions of
chiefly quartzite, with red sandstone (Permo-Mesozoic) and massive
granite, The thickness, according to the dip of 25-30° towards NE,
is at least 500 meters.

This conglomerate seems to be hardened and so completely
cemented with argillaceous sand and clay that there is little chance to
obtain from it large quantities of water by deep boring.

In the edstern prolongation is found the Red Bed Conglomerate
of Huang Pu, which is on direct contact with fluidal granite and contains
not only quartzite, but also inclusions of massive and fluidal granite, of
up to 20 and 30 centimeters. These pebbles of fluidal granite are
exactly corresponding with the fluidal granite, upon which they have
been deposited (Fig. 5). One pebble even showed pretty fluidal
folding. :



of the basal clay. 'The breccia -

(b) se¢ms to come in direct
contact with the quartzite (q}.

This breccia (b) is of great
thickness, apparently 30-50

meters, and at the base is com-

posed of coarse angular frag-
ments of quartzite with little
matrix. Even in the upper
part Blocks of several cubic
meters are enclosed. It seems
that the basal breccia passes into
the Red Bed conglomerate, the
dip of which could not be

measured.

Red Bed Conglomerates.
. Three regions of conglo-
meratic facies can be distin-
guished.

'_Rég;'an‘N orth’ of Canton. o
On.the railway north of the -

city, a hill of Red Bed Conglo-
merates has been cut out, show-
ing continuous exposures over
about 100 meters. ‘There, the
coarse conglomerate layers have

a thickness of 1 ‘to several-

meters each, and are bedded
with numerous repetitions in
purple clay shale. ‘The inclu-
sions, chiefly of quartzite and
red sandstone of the older series
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NE of the city. ‘The best outcrops are found in the deep ravine on
the SW side of Shou Kou Ling (elevation 141.2 m) east of Sha Ho.

{Fig. 3).

LR
Shoukouling
NE Road ";"‘ Qu!n-j Rb.:ﬁd SwW

00 ] 200m A, 1930

Fig. 3. Section across Shou Kou Ling, 5§ km NE of Canton. g=quartzite (Permo-

Triassic); c=Red clay, basis of Red Beds; b=Breccia with quartzite fragments; sd=
gray to reddish sandstone; s=Surface debris; f=fluidal granite; m=massive granite.

The lowest strata of Red Beds are made of pink clay beds with
greenish white bands, of which about 3 meters are exposed. The basal
quartzite dips 45° to SW, while the red clay dips 10° less. At the
very base, however, the clay is conformable to the quartzite. (Pl VII).
"This shows that the clay has been deposited on a slightly inclined bottom
of 10-15°, while the erection after the deposition of the Red Beds
was 35°.

Above the basal clay, without an exposure of the contact, follows
an irregular breccia formed chiefly of angular fragments of quartzite,
cemented with sandy red clay. 'The thickness may be about 20 meters,
and the dip is 20-25° towards SW.

" In one place, above the breccia, is seen a concretionary sandstone,
without visible stratification.

All these basal subdivisions of Red Beds are covered with a rusty
brown crust of surface breccia of 5-10 meters.  (PL VII),

Anothet place to study the basis of the Red Beds is Chi Lung Kang
96.7 meters, in the eastern prolongation of the same tectonical zone.
(Fig. 4). :

At this hill (upon which is considered to be built the future
ohservatory of Astronomy of Sunyatsen University), no outcrop is seen
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that on the § side of Tolo Channel, in which:also traces of land plants
and coal have been found. But more likdly, the Hsiaoping shales are
related to the black shales found by Dr"'ﬁemky on Ping-Chan Island
of Mirs Bay. They have been thought to be Permian, but now would
seem rather to be Triassic. 'The gray clay division of Hsiaoping then
might reach into the Jurassic,

These are only preliminary considerations.

Red Beds.

Throughout the region, the true Red Beds lie #nconformably upon
the older strata or upon the granites. 'The strike may be even at a right
angle to the older formations although no fault is present.

The Red Beds ate known throughout Eastern Asia from Mongolia
to Siam and are frequently considered as Tertiary, although usually
without fossil evidence. In regard to the similarity with the Red Basin
of Szechuan, the author (A.H.) considers the Red Beds as Cretacic, until
the contrary can be proved.

No trace of fossils was found in the region of the map of Canton.

The Red Beds are deposited in big depressions between the older
mountain ranges. The characteristic rocks are red clay shales,
frequently calcareous (marls), red to grey sandstones, hard conglo-
merates and breccias with an argillaceous matrix. No porous, water
storing conglomerates with sandy matrix have been found. The red
colour is distinctly purple; no brick-red beds similar to the uppermost
subdivision in Szechuan (Kiating Series) have been encountered.

Basal Red Beds.

The basal Red Beds with normal position upon the older
formation only occur on the northern border of the plain, 5-10 km

1 Arnold Heim, ‘T'seliutsin, Special Publication of the Geological Sucvey of Kwang-
tung and Kwangsi No. VI, 1930, and Arnold Heim, the structure of sacred Omc:shan,
tin of the Geplogical Seciety of China, Vol. IX, No. 1, 1930
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ironstone (“Toneisenstein™) occur within the carbonaceous shales.
Also efflorescences of yellow crystals of Alum are found. Freguently
diggings on coal have been encountered in the region of Hsiao Ping,
butnone of the brilliant black coal streaks seem to be worth exploitation.
Associated with gray sandstones and quartzites of Hsiao Ping are also
red clay shales and red micaceous sandstones.

On the trail on the N side of the town of Hsiao Ping, a much
contorted, folded and fractured succession is exposed of micaceous
arkose sandstone (almost undistinguishable from the weathered fluidal
granite of Pai Yiin Shan), manyfold inter-bedded with black shale.
The sandstones have a thickness up to 25 meters each, but are intimately
related to the carbonaceous shales by lithological passages.

Another and probably again higher complex is exposed in a
weathered condition along the motor road N of Canton, where chiefly
gray to violet more or less plastic clays.are exposed over a long distance.

(Kao Ling 2-3 km SE of Hsiao Ping station). Also layers of bright
ochre have been noted.

We first considered the question if these clays belong to the Red
Bed Formation. In mapping, it was found that they are tectonically
independent from the true Red Beds, and seem to pass into the Hsiao
Ping Series. Also traces of plants have been found. ‘The exact limit
towards the Red Beds, on the N side of Canton, could not be dcterrmned
on account of lack of outcrops.

The thickness of the Hsiaoping Series cannot be determined. It
apparently forms a syncline on the W side of Pai Yiin Shan, with the
axis directed from SW toNE. The lower part with black shales around
Hsiaoping is at least several hundred meters thick, and the upper part
may be over 1000 meters, ~

The question arises if the Hsiaoping series is younger or older
than the Tolo Channel Formation (Liassic) of Hong Kong. At
Canton, the characteristic quartzite-conglomerate of Tolo Crest'
has not been found. 'The black shale, it is true, reminds to some extent

1 Arnold Heim, Hongkong, Annual Report of Geological Survey of K. and K., 1929,
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Hstaoping Series.

The limit with the Shiiikou series has been taken below the black
shales which are the characteristic sediments of the Hsiaoping Series.
In the lower part are found gray quartzites like those of the underlying
series.  Although of minor importance, they are usually the only rocks
which, on account of their resistance to weathering, are exposed at the
surface.

'The best exposure of the black carbonaceous clay-shales and sandy
slates is found on the hill 2 km SW of Hsiaoping station. (Phot.
PL V). There, the lower black shales are much contorted and folded,
but form a homogeneous body of at least 50 meters thickness. While
dark gray to black inside, the colour of weathering is bleached to
purplish, brown-madder or chocolate.

Plant fossils are abundant and can be easily collected in the debris
of the slopes. We thank Professor Dr. Chang Hsichih for the pre-
liminary determination of the following genera:

L. Taeniopteris sp. (?)

2. Podozamites lanceolatus (L. & H.)
3. Prerophyllum sp. (¢)

4. Asplenium whitbyense (?) Heer.

These are distinctly mesozoic types. Being apparently no break
from the Shiiikou to the Hsiaoping Series, it scems that the sedimen-
tation has been continuous from the Permian into the Mesozoic. The
favoured transgression of the Mesozoic upon the Paleozoic thus is to be
cancelled for Canton. The carbonacecous shales, in which also
frequently are found unimportant coal seams, compared with the
marine Permian limestone, would point to a regression.

The stratification on account of tectonical disturbance, is so
irregular and the outcrops are so isolated, that unfortunately.no complete
succession can be established. Frequently layers and concretions of
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breccias again with fantastic rocks
(PL VI, Fig. 2) but also contorted
and fractured layers of conglo-
merates containing quartzite pebbles
and white tuff-like sandstone.

Such tuff-like strata also were
encountered at Lon Tan, 3-4 km
WSW of Huang Pu.

The SE limb of the anticline of
Shih Kang presents a more regular
stratification of the series which
apparently overlies the breccias and
conglomerates. It is made to 80%
of red, grey and yellow, more or less
sandy clay shales, interhedded with
layers of 1-10 m each of more or
less quartzitic gray sandstone. The
thickness of this upper part of
Shitikou Series is estimated to about
2500-3000 tmeters.

On Wu Lai Ling, the pyramid
255 m, north of Pai Yiin Shan,
a sedimentary series ovetlies the
fiuidal granite; these sediments may
also belong to the Shilikou Series.
They begin with quartzitic sand-
stone which contains minute
quartzite pebbles, and are further
characterized by bluish gray, slightly
metamorphic clay shales. (Fig. 2).

The typical Shilikou Series is
represented again in the southern
part of our map, with quartzites
and red shales.

No traces of fossils are known.

E

Wuleiling
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C.5.Lee /230

fluidal granite, m=massive granite, g

Scction of Wu Lai Ling, N. of Pai Yiin Shan. £

gravel sandstone, sh=gray shale,

quartzitic sandstone.

k3

Fig. 2.



(a) Shitikou Series, after
the type locality of Shiii Kou
(¢ 1) on the River branch
8 km NW of Canton.

(5) Hsiaoping  Series,
after the type locality of
Hsiao Ping (/ 3) the rail-
way station 10 km N of
Canton. (Fig. 1).

Shiitkou Series.

This series is best deve.
loped NW of Canton,
where it forms several rows
of hills of 2 SW-NE strike.

In the lower part, red clay
shales are found, interbedded
with sandstone and gray
quartzite. In small out
crops, these red clay shales
cannot be distinguished from
those of the younger Red
Beds.

On the NW limb of the
fractured anticline of Shih
Kang follow thick bodies of
light gray quartzite-breccia.
They form the highest hill
of the region, Chan Chih
Kang 151 meters, with a dip
of 50-60° towards NW.,

The lower hill to the south
bordering the river at Ta Pu
Kang not only shows these
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STRATIGRAPHY

The Old Formations in General.
According to Fong Kin Lan and Chang Hui Je' “the whole range
of Pai Yiin Shan is made of shales and sandstones dipping generally
toward the north-west.”

We also, at the beginning of our field work, considered Pai Yiin
Shan as formed of a thick series of quartzites and argillaceous sandstones
with mica, of probably Upper Permian age.

More and more, we found out that the pinkish to violet “sandstone”
is nothing else than deeply weathered fluidal granite. Thus, there
is not much more left of sediments on Pai Yiin Shan than the quartzite,
and our former name of Pai Yiin Shan Formation must be abandoned.

On the other hand, the description of the “Huangkangling”
Coal-bearing series as described by Fong and Chang from the Shaokuan
Region on the North River does not sufficiently correspond with the
older formations of Canton.

No trace of the Permian Limestone (Shaokuan-Limestone) has

" been found in the mapped area, except in pebbles of the Red Bed

Conglomerate. It first appears below the coal bearing sandstone series

at Chiin T’ien station and Tshek Nai, some 35 km NNW of Canton.

We thus consider the older formations of Canton to be younger than
the Shaokuan Limestone,

On the other hand, the plants discovered. in the black shale of
Hsiao Ping by Mr. Lee Chéng San, as determined by Professor Dr.
Chang Hsichih, prove that the older formations are not confined to the
Permian, but also comprise the lower Mesozoic.

We have tried to subdivide the older formations of Canton.
Although with hesitation of introducing further new names we propose
the following terms:—

* First Annual Report, Geological Survey of K. and K., p. 66, 1928,
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however, we have sought in vain alluvial deposits with gravels good for
boring on water. Everywhere, the Red Beds seem to come close to the
surface. In numerous places in the plain south and east of the city,
these Red Beds are found immediately below the surface soil or mud.
The whole city of Canton is erected on levelled Red Beds. It seems
that the quaternary or tertiary peneplain has subsided just to about
sealevel, with the higher hills of the Red Beds only overtopping
the plain. Thus, the Red Beds cover a much larger surface than
coloured on the Geological map.

Above the plain with its irrigated rice fields two morphological
steps can be distinguished from the far distance, especially in looking
down from a hill (Fluang Pu) or from an aeroplane (Pl. II).

1. The low hills formed of Red Beds, which rarely rise as high
as 50 meters above the plain except in the NW corner of our map,
where they reach as much as 117 meters.

2. ‘'The hills and mountains formed of the older formations with
quartzite as the most resisting element to weathering, and of granite.

South of Canton and of the Canton River branch (== Pearl River)
only isolated hills are found, while north of it, in the corner between
the North- and the East-River, the mountains of granite with quartzite
rise 350-400 meters above the plain.

The best known of them is the Pai Yiin Shan or White Cloud
Mountain (= Pakwanshan in Cantonese), which rises on the north
side of the city of Canton to 382 meters. None of these mountains
show very characteristic forms in relation to the tectonical structure.
‘The chief cause is the deep weathering, especially of the Fluidal granite,
which caused rounded forms. Only the quartzites in some places are
forming sharp contours. All these mountains are deforested, and it is
only a few years ago that, organized by Professor M. Fenzel, systematic
reforestation has been commenced. About 10 square kilometers on
the northern side of Pai Yiin Shan are planted now with the native
pine (Pinus massoni).
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By Arnorp Heim, K. Kreyer-Grar, anp Lee CHENG-SaN.

GsocrapaIcAL PosrTion.

Canton, with about 1 million inhabitants, the third largest city of
China, is situated in the northern part of the great flood plain of
Chu Chiang. On account of the general subsidence of the coastal
region in quaternary time, no delta projecting towards the sea has
been formed. Notwithstanding the actual growth of the sand and
mud deposits south of Boca Tigris, the rivers are opened towards the
Pacific Ocean in the form of ap estuary, with a width, between Hong
Kong and Macao, of 25-30 kilometers.

The great plain is flooded by three rivers: the Hsi Chiang (West
River), the third largest river of China; the Pei Chiang (North River)
and the Tung Chiang (East River), the waters of which join the Pei
Chiang arms E. of Canton.

Looking on a modern map as for instance the beautiful map of
“ Hong Kong and Canton” 1:250,000, issued by the Geographical
Section, General Staff, London, 1927, or looking down from an
aeroplane, the network of the river arms connected by thousands of
canals appears to form an alluvial plain, from which are rising the
drowned hills and mountains.  For the nearer surroundings of Canton,

! Arnold Heim, Fragmentary Obsecrvations in the Region of Hongkong, compared

with Canton, Annual Report of the Geological Survey of Kwangiung and Kwangsi,
Vol. 2. Part 3, 1920.



PREFACE.

‘The original mapping in the field was chiefly based on the map
1:25,000 with 10 m contour lines (12 sheets), issued by the Military
Topographic Survey of Kwangtung, Canton. This map, some
mountainous regions excepted, has proved to be of excellent service
and of remarkable accuracy. For the difficult region of Pai Yiin Shan
{White Cloud Mountain) N. of Canton, the recent map 1:10,000 of
the Military Topographic Survey was used asa basis. The present map
is a reduction from these two larger originals.

The field work was commenced by the undersigned in March 1929.
On account of civil war, it soon became interrupted, and in the winter
1920~30 it again had to be stopped. 'The undersigned having had only
the week end free from lecturing, the greatest part of the field work
had to be done by Mr. Lee Chéng-San, the excellent geologist of the
Geological Survey of Kwangtung and Kwangsi. Since March 1930,
Dr. K. Krejci, Professor of Paleontology, Sunyatsen University, has
joined us as a collaborator. 'We owe him specially the geology of the
north-eastern part of the map, with the great igneous complex.

The text, written in a hurry before the departure of our Szechuan-
Tibet Expedition, is our mutual work. We thank Mr. Chutingoo,
vice-director of the Geological Survey of Kwangtung and Kwangsi,
for the supervision of the printing of the map and of the text during
our absence.

Azrnorp Heim
Canton, May 1930
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