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Part 1.—THE ENIgMAS OF CHINESE TIBET AND PREVIOUS LITERATURE.

1. The mountainous highlands of south-western China, Chinese Tibet and north-
eastern Burma, consist of a high platform which projects southward from the Tibetan
tableland. That platform lies along the foundations of the ancient Indo-Malayan
mountains and athwart the eastern end of the Himalaya. It appears, on examination
of a map, to have caused the eastern continuation of the Alpine-Himalayan Systems
to have been diverted southward as the Burma and Malay Arcs. Further to the north-
east the tableland of east central Asia ends abruptly above the lowlands of eastern
China. Its eastern front forms the Great Khingan Mountains, which have been regarded
by the late Prince KroPOTKIN (1904, p. 333) as the continuation of the Himalaya.
This view of the eastern prolongation of the Himalaya into central China has been
also adopted by ArcHIBALD LiTTLE (1905, map opposite p. 19, and p. 209). The whole
geography of south-western China and the adjacent lands is dominated by the inter-
action of mountain movements belonging to two far-distant periods. The older moun-
tains, the Indo-Malayan, belong to the Hercynian group of earth movements, which
happened toward the end of the Paleozoic Era. The younger mountain system, the
Himalayan, is Kainozoic, and though its uplifts happened at intervals from Upper
Eocene to Pliocene, its movements culminated in the Middle Kainozoic, and were
probably most important in the Oligocene and Miocene. The mountain plan of south-
eastern Asia has been considered as a combination of the mountain lines of Eurasia,
which trend from W. and E., with the border chains of the Pacific, which cross at high
angles the eastern end of the Asiatic mountains.

The history of the Indian Ocean is incomplete, until it be known what was happening
on its north-eastern side synchronous with the movements which made the rift-valleys
of East Africa. Chinese Tibet is one of the critical areas for the solution of these
problems, for it is opposite the eastern end of the Himalaya. This country has also
attracted attention from the parallelism of the three great rivers which cross it.

The geographical relations of the mountains of Chinese Tibet and Yunnan were
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the more difficult of determination owing to the contradictory interpretations that had
been given of their structure. VoN Loczy (1893, p. 759) regarded the plateau of central
and southern Yunnan, which he compared to the Dinaric Alps, as intensely folded, as
it had been jammed against older blocks to the south. This view was developed by
DEPRAT (e.g. 1912, pp. 256, 315-6) and adopted by Cocain Brown (1920, p. 59); on
the other hand voN RicHTHOFEN (1900, pp. 899, 916, 919) described the plateau of
northern Yunnan as a horst, and its curved southern border, his “ Yunnan Bogen ”
(the Yunnan Arc of DEPRAT), as the steps from the horst down to the southern
lowlands.

Chinese Tibet is a land of many geographical enigmas, to which the answers depend
on the geological structure of the country. We were therefore glad of the opportunity,
aided by a grant from the Trustees of the Percy Sladen Memorial, to visit a part of
Chinese Tibet which offered to throw special light on the geographical, geological and
biological problems of south-eastern Asia.

2. Previous Work.—-The foundation of the geology of this area was laid by Lupwie
voN Loczy, the former head of the Geological Institute of Hungary, who accompanied
GrAF BfiLa voN SzfcHENYI in his expedition across western China from 1877 to 1880.
Von Loczy’s work (1897 and 1899) showed the structure of the belt of country along
his route from Ta-chien-lu westward to Ba-tang, thence S.S.E. to the Upper Yangtze,
across it and the mountains east of it to Ta-li-fu, and thence westward to the Irawadi
at Bhamo. Vox Loczy prepared a most valuable geological map of the whole of this
route and instructive geological sections across most parts of it.

The second main contribution is by Mr. J. Cocain BRowN (1913-23 and 1920), who,
on behalf of the Geological Survey of India, surveyed the country from Bhamo eastward
to Yunnan-fu and also prepared a general memoir on the mineral resources of Yunnan.
Between the Burmese frontier on the west and the belt of which the geology was deter-
mined by voN Loczy on the east, and to the north of the belt surveyed by him and
CocaiN BrownN, lay an area of which the geology was unknown. Important information
on some adjacent areas has been contributed by LEGENDRE (1916) for the country from
Ta-chien-lu south to Yunnan-fu ; by DEpraT (1912, &c.) for south-eastern Yunnan in
connection with his well-known monographs on Tongking ; and by Mr. MURRAY STUART
(1919) in north-eastern Burma, of which, however, his observations to the north-east
of Bhamo have not yet been published.

Valuable information on the country to the south of the area visited has been given
by various workers in the Shan States and especially in the important memoir by La
ToucHE (1913). Recent mining operations in the country north of the Shan States
and north of Teng-yueh have yielded important information which has been recorded
by M. H. LovEMAN (1919) and A. M. THoM respectively. In the area to the west of
voN Loozy’s route, north of the Bhamo-Ta-li-fu road and east of the Burmese frontier,
the only geological information known to us consisted of occasional records of rocks by
various travellers. The late ABRE DEscoDINS (1876) collected Carboniferous fossils and
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described the red sandstones of the salt basin at Ya-ka-lo, near Ba-tang; his further
results were incorporated in the memoir by von Loczy. Mr. KinepoNn WaARD (1913,
&c.) has shown the former extension of the glaciers, has described the formation of the
river valleys, recorded rocks from various localities within the area, and made a
collection of rocks from Mi-li, east of the Yangtze.

The primary contribution to the topography of the area was by GILL, who traversed
much the same route as von Loczy. General H. R. Davies’ (1909) volume on Yunnan
and his map, which was compiled from the work of himself, Colonel RYDER, General Sir
C. C. Man1FoLD, and others, are the main authorities for the geography and cartography
of the province. Subsequently M. Bacor (1909 and 1912), the distinguished French
Tibetan scholar and traveller, has described many new routes across the country.
Mr. GEoRGE ForRrEST (1908), in addition to his invaluable contributions to the flora of
the area, has described part of the valley of the Salween, which he explored in his joint
expedition with the late . LirroN. Dr. HanpEL-MAZETTI (1919, 1921) has contri-
buted an important map, based upon five years’ work from 1914 to 1919, during which
he made extensive collections ; his memoir contains important contributions to the
glacial geology of the country. Mr. Oriver CoarLes (1919) and Mr. Eric TEIcHMAN
(1922), both of the Consular Service, have contributed to the geography, especially of
the down country of Tibet, to the north of von Loczy’s route. Colonel F. M. BAaLEY
(1912), in his daring journey from Ba-tang to Assam in 1911, in addition to his
topographic discoveries, showed that the area he traversed was mainly composed of
Archean rocks.

The object of our expedition was to cross the geologically unknown areas along such
lines as would appear to throw most light on the mountain structure of Chinese Tibet
and on the development of its existing physiography. As our work was geologically
a Teconnaissance survey, our observations may prove of most use if they are so stated
that they can be linked on to the new routes that may be geologically surveyed. Hence
it appears desirable to record briefly the observations made along our route and then
summarise the general results as regards the stratigraphy, paleontology, glacial geology,
petrology, and physiography. The conditions under which the observations were made
are described in a narrative of the expedition published by the authors, 1923—3.

We are much indebted to Dr. GerTrRUDE L. Erres and Dr. F. R. C. ReEp for
appendices on the Graptolites and on the Mollusca and Brachiopoda collected ; also
to Mr. R. B. Newtoxn, Dr. F. A. Batagr, Dr. W. D. Lang, Dr. STaNLEY SMITH, and
Mr. W. N. Epwarps for examining some of the other fossils. To Dr. G. W. TYRRELL
our thanks are due for frequent help and advice as to the rocks, and to Miss ETHEL
CurriE for the drawings in Plate 8. Weare also deeply indebted to Mr. E. A. REEVES,
of the Royal Geographical Society, who kindly calculated the heights of our boiling-
point stations and superintended the drawing of our map of the route (cf. Plate 7).

Arrangements for the journey were greatly aided by the kind advice of Mr. CogaIn
Brown, Mr. V. K. TiNg, then Director of the Geological Survey of China, and



GEOLOGY AND PHYSICAL GEOGRAPHY OF CHINESE TIBET, ETC. 175

Mr. KinepoN WarD. During the journey we received generous hospitality and help
from Mr. H. P. Hewirr, District Commissioner of Bhamo ; Mr. O. CoaLEs, the Consul
at Teng-yueh ; Mr.J. H. W. HoustoN, Imperial Commissioner at Teng-yueh ; Rev. P.
Kraver and Mr. G. ForrEsT at Li-kiang ; Rev. A. G. LEWER at Wei-si ; Péres OuvRARD,
GENESTIER and ANDRE of the French Mission to Tibet ; M. G. PERONNE at A-tun-tze;
and Mr. W. N. FErGUSSON.

ParT I1.—GRoLOGICAL STRUCTURE OF THE COUNTRY TRAVERSED.

§ 1. Bhamo to Yung-chang-fu. (See Map, Plate 7.)

The first section of our journey was across the mountainous borderland along the
Burmese-Chinese frontier. The section from Bhamo on the Irawadi to the Chinese
Treaty Port of Teng-yueh, 90 miles beyond the frontier, is well known as it has been
described by Mr. CogeiN BrownN (1913). We passed most of the way south of his
route—the historic Ambassadors’ Road on the northern bank of the Taping River.
We went by a new road south of that river. The geological conditions along both roads
are essentially similar. The country consists of a broad belt of gneiss, schist and
granite, including some limestones. Upon this foundation rest lavas of Kainozoic
age near Teng-yueh, and some deep basins contain Upper Kainozoic clays and brown
coals. It has been suggested that some of the granite in the basal series is much
younger than was thought, and is in part Upper Paleozoic in age, as some limestones
of that age are enclosed in the foundation. We had to hasten across this area, and could
only examine the rocks close beside the track; we saw nothing to throw doubt on
Mr. CoceIiN BRowN’s conclusions as to the pre-Cambrian age of the granites.

As the strike of the rocks is significant as to the mountain structures we recorded it
at intervals. We first observed it 18 miles from Bhamo, where it is 60° in a coarsely
grained porphyritic gneiss. At 23 miles, just before the bungalow at Kuli-kha, in a
similar rock, the strike is 40°, and it is the same at 24 and 28 miles, at the latter of
which the dip is 80° S.E. From 28 to 30 miles, strikes were observed of 60° and 67° in
rocks, some of which resemble the gray Lewisian gneisses of Scotland, and some, by
the regular banding, the Moine gneiss. At 30 miles, above a fort in a horseshoe bend
of the Taping River, muscovite-gneiss is succeeded by a crystalline limestone. From
the village of Pa-chiao-chai at 46 miles, to the frontier at 51 miles, the common rock is
a crystalline limestone with green silicates and bands of pegmatite. Coarse gneiss
reappears and near the 54th mile-post is represented by a rock resembling a rhyolite
by its well-marked fluxion; but a microscopic section showed that this structure is
due to flow during brecciation.

Between 56 and 57 miles the gneiss strikes 60°, and after crossing the Kan-ai basin this
strike recurs in the gorge of the Nam-ti River leading to the Nan-tien basin. Near the
stepped ascent in this gorge is a schistose quartzite, including varieties similar to those
of the Scottish Highland quartzite.
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The foliation of the gneissin this part of the Taping valley is, therefore, on the average
about N.E. to S.W. and E.N.E. to W.S.W., instead of from N. to 8., which is the pre-
dominant trend in Indo-China. The limestones are very well shown on the southern
road, as between miles 48 and 50 and near the 30th mile-post. They are holocrystalline
and contain streaks blackened by graphite, green bands due to forsterite, and a pyroxene,
which Dr. Tyrrell has kindly determined as a colourless diopside of the variety mala-
colite. These limestones appear to us to correspond with those of the Kozoic or
oldest of the pre-Paleozoic divisions. The occurrence of granitic intrusions of Upper
Paleozoic age along this belt had appeared to us probable ; but we saw no evidence on
the route traversed to support that supposition.

The Kainozoic volcanic rocks near Teng-yueh, as Mr. CoeaiN BRown (1913-1, pp. 188
199) has shown, belong to two distinct series. The older lavas have been steeply
tilted and greatly denuded ; their high dips suggest their pre-Miocene, and possibly
pre-Oligocene age, for they were earlier than the last epoch of mountain disturbance in
this area. The later lava flows are obviously Pleistocene ; there appears to be no record
or tradition of volcanic activity at Teng-yueh ; the last eruptions may be earlier than
those of Mt. Popa in Burma, which continued into historic times.

East of Teng-yueh the foundation of gneiss reappears on the platean, covered
at intervals by remnants of the earlier lavas. East of the Shweli River the gneisses
disappear beneath the green schists, quartzites, phyllites, and slates of the Kao-liang
geries. The prevalent dip in these rocks is eastward, and it is often gentle, as eg.,
5°, 12°, and 15° in the cherty siliceous schist at Hsiao-pien-ho on the summit of the
Shweli-Salween divide ; in places the dip is vertical or even iaverted. The strike 18
generally between N.W. to S.E. and N.N.W. to 3.8.E. In the descent of the eastern
slope of the divide toward the Salween the strikes noted varied from 5° W. of N. to N.E.
by E. The rocks include dykes of pegmatite (with muscovite mica one and a half inches
in diameter), green schists, and phyllites, and in the upper part of the series near the
Salween occur quartzite, slate, and some thin bands of crystalline limestone. On the
floor of the Salween valley are the relics of a thick deposit of red sands. They now
extend from 2200 feet at the level of the Salween to the height of 3500 feet up the
flanks of the valley, and they form the conspicuous red hills on its floor. These residual
hills are due to an increase in the power of the Salween, which enabled it to wash away
most of the sheet of red sands.

The Shweli valley appears to have been determined by 4 fault line, for the western
front of the range which forms the Shweli-Salween divide, has the aspect of a weathered
fault scarp. The Salween basin, on the other hand, has been probably determined in
the main by erosion of the soft slates and limestones of the upper part of the Kao-liang
Series. The high cliff at the eastern end of the Salween Bridge consists of a white dolo-
mitic and brecciated limestone, which forms the southern part of the hills between the
Salween and a river to the east that flows from Ta-pan-ching past Taio-cho-shui.

Around the latter village are beds of limestone breccia composed mainly of fragments



GEOLOGY AND PHYSICAL GEOGRAPHY OF CHINESE TIBET, ETC. 177

of the Kao-liang limestones. Of the age of this breccia we obtained no conclusive
information. Similar breccias have doubtless been formed in the country at various
times ; bub the breccia at Taio-cho-shui may be part of the sheet which occurs five miles
to the N. around the village of Ta-pan-ching, where it underlies the red shales. If so,
both outcrops of limestone breccia are pre-Devonian and belong to the Kao-liang Series.

The gorge of the Ta-pan-ching River presents a very instructive section, of which the
facts recorded in our note books during our hasty traverse of the gorge indicate the
following incomplete sequence. The rocks have been thrown into a series of folds and
have also been traversed by faults, and in one place by a small thrust-plane. The
‘predominant strike of the rocks is from 330° to 340°, so that the grain of this block of
hills, of which the western front here trends N. and 8., is cut across obliquely by the
Salween valley ; heace the Salween valley, like that of the Shweli, is bounded on the
E. by a dissected fault scarp. After leaving Taio-cho-shui the Kao-liang limestones
and limestone breccia extend up the valley for a short distance; at the bridge by
which the road crosses to the eastern bank of the river they have disappeared beneath
buff to gray sandstones, which are seen at intervals in the ascent of the gorge.

The sandstones are succeeded by black shales with an interbedded bluish limestone
with irregular calcite veins. In the second outcrop of this limestone we saw some
obscure fossils on the face of a slab of limestone; the specimens collected are
indeterminable. Above the limestone-black shale series occur red shales. In the
lower part of the gorge the red shales are cut through by a vertical diabase dyke.
Above the point where we observed the fossils is another outcrop of diabase, but we did
not see the junction ; a large sheet of diabase caps the hill on the western side of the
valley at Ta-pan-ching village, and there are extensive outcrops of diabase on the
northern front of this range near the market town of Fang-ma-chang. This diabase
overlying the shales at Ta-pan-ching and that seen at the level of 3400 feet on the track
are doubtless both intrusive.

Faults of two types were seen in the gorge. Nearly two miles south of Ta-pan-ching
the red shales on the right bank are faulted against the sandstones, and a little farther
up the valley some vertical red shales are cut off below by black shales, owing to a
nearly horizontal fault in which the heave of the overlying beds is to the south. At
Ta-pan-ching a beautiful limestone breccia reappears on the floor of the valley and
forms the lower part of the western wall, where it underlies the red shales. The fossils
found here are indeterminable, but the microscopic character of the limestone indicates
that the series is Carboniferous.

From Ta-pan-ching the track rises northward to the pass (altitude 4600 feet) leading
to Fang-ma-chang and the valley of Pu-piao. To the N. of Ta-pan-ching the hills
on both sides consist largely of diabase. The exposures on the track are of a brown
sandstone which is veined in places ; this rock is followed by purple shale, which appears
to be the lower part of the red shale series, as further N. it is followed by blue and
white sandstones which dip S. The same rocks are found on the beds of the streams
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from both sides of the valley. The pass is on diabase, beneath which, to the N., the
upper limestone reappears, and it is still dipping S.

Below the limestone are shales with limestones containing crinoid stems and cal-
careous concretions. East of Fang-ma-chang the ground rises to exposures of diabase,
which is vesicular and probably eruptive. The south-western side of the Pu-piao valley
has the aspect of a fault-scarp trending from N.W. to S.E. Distant views suggest
that this fault is cut off to the W. by the major fault along the eastern side of the
Salween trough.

The lower part of the southern side of the valley between Fang-ma-chang and Pu-piao
consists of shales interbedded with the blue, gray-weathering, white-veined Minchia
limestone. Above this series lies a thick, earthy limestone which is pale gray to cream
coloured, is not interbedded with red shales, has a gentler dip, and contains very few
calcite veins. The base of this limestone, at the level of 5000 feet, yielded some well-
preserved crinoid stems and a fossil coral. Though we saw no definite junction, the
upper cream-coloured limestone probably rests unconformably on the veined limestone
series.

The Pu-piao basin ends to the S.E. at some gravel hills, which have the aspect of
a moraine, though they were clearly not formed by ice. The north-eastern bank of
the Pu-piao valley rises steeply to a limestone plateau. The lower part of the slope
E. of the town of Pu-piao is an inlier of steeply tilted Ordovician beds, which were
discovered by von Loczy (1899, p. 767) and have been carefully investigated by CoceIin
BrowN (1916, pp. 232-8). The upper part of these Lower Paleozoic beds is a pink marl,
which at the height of about 6400 feet is covered unconformably by a massive limestone
which weathers into karst-like forms. We found no fossils in it, and its slight dip, which
is to the 8., shows that it is unconformable to the Ordovician. The bed is thicker and
the rock of different characters from the veined Minchia limestone, and it is doubtless
younger. (Good sections are shown along the bank of the valley of Leng-shui-ching :
the strike there is N. and 8., and the dip W., the normal dip having been resumed after
the disturbance along the Pu-piao basin. East of Leng-shui-ching the track rises again
on to the undulating plateau of yellow shales and calcareous shales which dip W. The
country descends gently to the N.E. with sections showing buff sandstones and irregular
shales, interbedded with a limestone which is much like that of some of the cement
stones of the Scottish Lower Carboniferous. The beds dip to the W.

This series ends at a deep valley through which the road descends to the Yung-chang
basin at the village of A-shih-wo. Below the cement stone is a series of sandy shales
and two beds of limestone which contain Carboniferous fossils, including Fenestella,
simple corals, plates of Melonites, large crinoid stems, with a crinoid crown like Amphora-
crinus, and various brachiopods. Near A-shih-wo this series rests on more steeply
dipping red shales, interbedded at 5600 feet with a band of the veined limestone and a
sheet of diabase. Red shales again outcrop at the base of the series just above the
village (altitude 5500 feet).
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From A-shih-wo to the city of Yung-chang-fu the road crosses alluvial plains which
end to the N.W. at the foot of a steep hill front in which are exposures of red shales and
sandstones ; these beds rise to the N. until near the city of Yung-chang they form
most of the lower part of the slopes.

The plateau between Pu-piao and A-shih-wo may be regarded as capped by Carboni-
ferous rocks of a cement-stone type, overlying fossiliferous, thin-bedded Carboniferous
limestones, which at A-shih-wo rest unconformably upon the red shales, sandstones,
and diabase.

§ 2. Yung-chang-fu to Yun-lung.

The main road into southern China from Yung-chang-fu crosses alluvial plains that
end to the N.W. at the plateau-front, in which are seen exposures of the red rocks of
the lower part of the Carboniferous. At Pan-kiao we turned northward into
mountainous country between the Salween and the Mekong, which was geologically
quite unknown. We continued through irrigated rice-fields to the village of Sha-pa-kai
at the foot of the hills, which we entered along the valley of a small stream. From this
valley a low pass led to a deep basin, which. is drained through an outlet on the western
side to the head stream of the main river of Yung-chang. This basin was clearly once
part of the valley of the stream above Sha-pa-kai, which has been beheaded by the
western outlet. The rocks along the outlet valley and the larger stream to the W.,
which rises near Lan-tien-pa, consist of reddish shale, that become yellowish when
weathered, of veined blue limestone that often occurs in thin bands, banded cherts,
black shales, and basalt or diabase. The ridge to the N. of the outlet valley consists
mainly of banded limestones, in beds from 1 to 2 feet thick and dipping 12° W. ; they
are accompanied by a sheet of diabase which has been in places altered to laterite. 'The
banded cherty limestone is also exposed just N.W. of Lan-tien-pa, a village near the
head of the Yung-chang River, on the divide between the Salween and the Mekong.
The divide is formed by a series of low drift hills deposited across a long N. to 8. valley,
in which the Yung-chang River once rose farther to the N. Some of the Salween
drainage has here been captured by the Mekong.

The strike of the rocks in this district is in general from N. to S., with a dip to the
W. The strike trends 30° with a dip of 70° westward along the pass just N. of Sha-pa-
kai; it is about 10° in the banded limestone and cherts N. of the new outlet from the
basin of Sha-pa-kai; a little further N. the strike is altered to a direction of nearly
E. and W. South of Lan-tien-pa the bedded limestones strike to W.N.W. with a
dip of 15° to S.8.W.; and just N. of that village they strike W.S.W. and dip S.S.E.
A little further N. they still strike to W.S.W. Further N. of Lan-tien-pa the strike
again becomes nearly meridional, as its direction is to 10° E. of N., and its dip
steeply to the K., and later on the dip is 45° W. Further N., E. of the valley of A-shih-
chai, the strikes vary from 20° to 30° E. of N.

The country rises to the W. to the high Salween-Mekong divide, which a little to the
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N. appears rough and broken and doubtless consists of gneiss; from this part of the
range a series of rugged spurs pass off to the N.N.E., while the trend of the main range
is meridional. Hence the trend of the range is not determined by the grain of its
rocks.

The drainage from the A-shih-chai basin is through a deep gorge which turns
eastward to reach the Mekong. We descended into this gorge from the Lolo hamlet
of Cheng-mu-pa. At the beginning of the descent occurs a hard rectangular jointed
shale formed of thin bands alternately black and white ; the strike is N.E. with a dip
of 15° 8.E., but this dip increases in a few yards to 30°. Our search for fossils on the
southern side of the valley was fruitless. On the floor of the valley (at 6060 ft.),
300 ft. lower, the strike of the shales is 10° W. of N., with a steep variable dip to the
W. The lower part of the northern bank of this gorge consists of a buff shale of which
the joint blocks when unweathered are blue-hearted—and contain graptolites which
show that the valley cuts through an inlier of the Ordovician. The graptolites have
been determined by Dr. Elles (Appendix II) as Climacograptus scharenbergi, Larw.,
C. bicornis (HALL), Cryptograptus tricornis (CARR.), and Amplexograptus perexcavatus
(Lapw.); she refers them to the zone at the junction of the Lower and Middle
Ordovician. Above the graptolite beds at 6500 ft. are green shales which pass up at
6600 ft. to thin-bedded black and white shales, like those seen immediately N. of
Cheng-mu-pa. A hundred feet higher is a black shale with a strike to W.N.W. and dip
N.; it yielded an obscure graptolite which Dr. Elles has determined as Climacograptus
sp. These Ordovician beds are covered by a band of tuff, above which, at the village
of Lao-wu (6900 ft.) is an outcrop of earthy limestone. N. of Lao-wu the red and buft
weathering shales are exposed on the edge of the plateau. From there we looked down
into the valley of the Mekong at a conspicuous back bend, which represents, on a
small scale, the N.-shaped bends of the Ya-lung and the Yangtze, which occur along the
same line farther to the N.E. The back bend of the Mekong is in line with the
Ho-wan valley, and they both lie along a change in the strike; the beds trend to
W.N.W. and dip 33° to the N.N.E. In the upper part of the descent to the Ho-wan
valley we crossed an earthy limestone with an imperfect Orthoceras. The lower part
of the steep descent to the Ho-wan bridge (5000 ft.) is over weathered shales with
a strike to H. by S. Beside the bridge is an outcrop of limestone, which is nearly
vertical and strikes to N. by W. The valley is littered with large boulders of coarse
gneiss and schist, which have clearly been brought down by a tributary to the Ho-wan
from the rugged hills along the Mekong-Salween divide.

The Ho-wan valley trends generally W.N.W. in line with the back bend of the Mekong.
West of the village the rocks include hard green and black shales with rectangular
jointing. Some of them are silicified and quartzitic. The strike is from N. to 20°
W. of N. with steep dips as, e.g., 70° eastward. We found no fossils in these beds, but
they agree so closely lithologically with the unfossiliferous upper part of the Ordovician
beds S. of Lao-wu that they may be regarded as an extension of those rocks. Along
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the valley there are many large boulders of gneiss and schist which have come from
the hills to the W. and W.S.W. Below the village of La-shi-pa we crossed limestones,
including oolitic bands, striking to the W.N.W. and dipping N.

Beyond La-shi-pa the Ho-wan valley continues towards a deep gap in the Salween-
Mekong divide, which, with the Ho-wan valley and the back bend of the Mekong, are
probably due to erosion along a fracture across the main grain of the country.

At La-shi-pa we turned N. up a tributary valley and reached the village of Ma-un-
shan, where the limestone strikes W.N.W. with a dip of 60° N.N.E. About a mile
from the village, following a stream from the N.W., Eozoic rocks rise from beneath the
shales ; the first of these rocks seen was a white crystalline limestone, follawed by
coarsely crystalline schistose quartzite, purple mica schist, schistose pebbly quartzite,
a paragneiss with a strike to N.N.W., and coarse-grained felspathic and hornblendic-
gneiss. These rocks continued to the village of Chung-tang, where they include
a varied series of porphyritic gneisses, granulites containing granite veins, epidotic
gneiss, and rocks altered by pneumatolytic action into bands of kaolin containing large
radial groups of tourmaline.

The special industry of this village is smelting a brown heematite, which is mined
an hour and half’s distance from the village. The ore, we were told, comes from rock
similar to that at the village. From Chung-tang (6600 ft.) a steep path climbs to the
ridge along the western side of the Mekong gorge. The rocks seen in the ascent are
biotite-gneiss and coarsely porphyritic gneiss and schist ; they strike W.S.W. or W.N.W.,
or N.W., and dip. S. or are vertical. At the summit (9500 ft.) the strike alters to N.N.W.
On the higher part of the range occurs much chloritic schist with some bands of
pegmatite associated with kaolin and schorl rock.

The summit commands an impressive view up the deep trough of the Mekong. The
main trend of the valley and the strike of the rocks are to N.N.W. A series of spurs
project N.N.E. from the western wall of the valley and the streams between them flow
in a direction opposite to that of the Mekong and they join the river like barbs. The
direction of these spurs may be due to denudation along the strike of the beds in the
lower part of the valley wall.

Just below the summit the schists strike to N. 67° W. and dip 60° W. The upper
part of the wall includes blue schists, quartz-schists, and a strongly banded Moine-like
gneiss. At 7800 ft. the well-banded gneiss strikes to N.N.W. At 7000 ft. white banded
gneiss, which is invaded by veins of granite, contains large black inclusions, and resembles
the rock at about 30 miles from Bhamo in the Taping gorge. At the level of 6400 ft.
the road enters a stupendous V-shaped gorge cut through green evenly banded schist,
with a strike to 30° N.E. by N. and dip of 70° N.W. by W. This schist is interbedded
with a compact quartzitic schist, some of which is gneissose.

The river is at the level of 4200 ft. It flows through a V-shaped gorge about 3000 ft.
deep, which has been cut into the floor of a broad high-level comparatively shallow
valley, the floor of which is marked by the gently sloping shoulders of the spurs. The
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dip of the rocks on both sides of the valley is in opposite directions, so that the valley
lies along the axis of an anticline.

The characteristic rock for some distance up the valley from Lu-chang is a blue flaggy
schist with large patches of chlorite ; some varieties are phyllitic and even slaty.

Three miles N. of Lu-chang the chloritic schist strikes to N.N.W. and dips to W.S.W.
The river has cut an even channel through these rocks, the only rapids occurring where
boulders have been thrown into the river by recent landslips.

Near Chiu-chou the valley widens, for the slates are soft. Tributaries from the W.
have brought in large boulders of gneiss, slate, and of chocolate and purple sandstones
like those associated with the Minchia limestone.

On the floor of this basin lie sheets of red sands similar to those near the Salween
bridge. Their thickness is about 1500 ft. Huge talus banks constantly encroach on
the river so that its bed is contracted and littered with boulders. Its passage through
the bagin is therefore rough as compared with its course through the gorge near
Lu-chang.

At Fei-lung-chiao the most northerly foot bridge on the Mekong crosses the river
to a cliff of wash, containing boulders of slate, green schist, gneiss, granite, &c. From
the bridge a track goes northward along the eastern bank for half a mile over slate and
chloritic' schist, which strike N. and S. The rocks are in places seamed with quartz
veins. The green chloritic schists form the steep eastern wall of the valley. They are
succeeded on the plateau to the E. at the level of about 6700 ft. by a varied red rock
series, which is seen in a long gentle ascent through the village of Sha-chow to the
summit of the pass (8900 ft.) that leads to Yun-lung. This red series includes sandstones,
shales, and some cement-stones. The series begins with yellowish-limestone, false-
bedded purple sandstone, and chocolate brown shales, which are sometimes slaty. At a
somewhat higher level are a band of black shale and a white micaceous quartzitic sand-
stone. Near the village of Sha-chow (6900 ft.) occur purple slates, cement-stones, and
calcareous sandstones; at 8500 ft. is a coarse red grit; at 8700 ft. nodular jointed
shales ; at 8900 ft. brown shales strike E. and W., whereas during most of the ascent
the strike is approximately meridional. The descent to Yun-lung is over cement-
stones, false-bedded red sandstones, and red shales, with strikes varying from N. to
N.N.E. At 7400 ft. massive purple sandstones dip W.; below them is a yellow cal-
careous quartzite, and at 7000 ft. hard jointed sandstone and shale dipping to the W.
A large assortment of boulders lies at the mouth of a tributary from the N. at 7000 ft.
and it shows that this stream flows over rocks of the same red series. At 5900 ft.
calcareous red shales strike to 12° and dip 75° and 80° W. by N.

§ 3. Up the Lo-ma Ho to Lan-ping.

Yun-lung (5200 ft.) was one of the leading centres of the salt mining industry of
western Yunnan. It has been visited and its geology described by Mr. Coaain BrowN ;
so after reaching it we followed for six miles a route which was geologically. known.
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The views across the Yun-lung basin from the pass had shown us that it consists of a
wide peneplane, at the level of about 7500 ft., which had been dissected by a network
of deep gorges. The rocks are all of a red series, chiefly shales and sandstones with some
calcareous beds. ‘They are unfossiliferous, but (see p. 224) are assigned to the Upper
Permian and the Lower Trias. We therefore observed with interest the high dip of
these beds, which are occasionally inverted. Their steep dip is well shown in the hill
to the S. of Yun-lung bridge, at the entrance to the gorge by which the river continues
its course to the Mekong. ~Across the northern part of the Yun-lung basin a band of
red sandhills rises 600 ft. above the floor. The river, the Lo-ma Ho, enters the Yun-
lung basin from the N. through a deep gorge, excavated along a fault, from which
discharges a hot spring, recorded by Mr. Coeain BrowN (1920, p. 170).

Further evidence of this fault is seen beside Yun-lung. On the western side of the
town the rocks dip 15° W., while on the eastern side the strike is to E.S.E. and the dips
are steep both to N.N.E. and S.S.W. Faults are shown on the track through the gorge
by fault breccias trending N.N.W. Toward the southern end of the gorge the beds
are folded and the strike is generally from N.N.W. to N.W. by N. ; it suddenly changes
to N.E. by E. with a dip of 50° S.E. by 8. Just S. of the covered bridge in the gorge
the beds strike to S.E. by E. and dip 8.W. by 8., while N. of it the strike is to N.E. by
N. with a dip of 35° N.-W. by W.

The rocks include hard greenish sandstones with a siliceous cement, breccia of red
shale fragments, quartz conglomerate with the pebbles faceted by wind action, marls
like those of the English Trias, and a freestone strikingly like that of the St. Bees
sandstone of the English Lower Trias. In the northern part of the gorge the cliffs on
the eastern bank are capped by buff or yellowish sandstone.

At Shih-men-ching the main route turns to the E., but we continued northward into
unknown country along the valley of the Lo-ma Ho. We there traversed the red sand-
stone series, with bands of gritty and white quartzite, and red and green mottled shales
much like the Permian gypseous series at Whitehaven. On the western border of the
series the sandstone was especially apt: to be hard and micaceous. The strikes observed,
proceeding N. from Shih-men-ching, were to the N.E. with dip 70° N.W. ; strike N.,
dip 30° W. ; strike N., dip 20° W. ; strike N.E., dip 32° N.W. ; strike E., dip S. ; strike
E.N.E., dip 70° 8. ; about 5 miles N. of Shih-men-ching the dip was N. ; and thereabout
the trend of some ridges to the E.8.E. appears due to their development along that
strike.

Opposite the village of Tung-tien indirect evidence of the Lo-ma Ho fault is supplied
by two groups of sinter terraces. The water in the basins was cold, but the sinter was
probably deposited by former hot springs. The beds on the path beside the terraces
strike N.E. and dip 65° S.E. Above Tung-tien the valley contracts to a gorge and we
climbed over a spur to Chien-tsow, ““ the place of the bamboo aqueduct.” The ascent
to the pass (7500 ft.) is over yellow and red sandstones ; they at first strike N.E. and dip
N.W.; then strike N.N.W. and dip 50° W.8.W. ; farther on they strike N.W. and dip
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N.E. In places the beds are sharply folded on axes trending N., the beds on either side
dipping to 50° or 60°. Near the summit of the pass mercury is worked on a small scale ;
this deposit probably indicates the occurrence here of former hot springs. The beds
at the pass are nodular red shales. On the descent to Chien-tsow these shales strike
N.W. and dip N.E. Chien-tsow is on the Sze-ting Ho, a tributary to the Lo-ma Ho,
in a broad valley containing large areas of cultivated ground. The rocks on the whole
strike generally about N.N.W. but varying to N.N.E. and dipping either E. or W. An
escarpment of red shales on the western bank of the stream at the southern end has the
normal meridional strike ; but at the northern end the strike suddenly changes to W.
with dip S.

About five miles N. of Chien-tsow the strike is to N.N.E. and the dip W.N.W. Still
farther N. some ripple-marked sandstones strike N.N.W. and dip 50° W.S.W. Brown
shales and chocolate marls at the village of Sze-ting-kai strike N.E. by N. and dip
S.E. by E. Looking thence to the divide on the eastern side of the Mekong the rocks
in a high peak a little S. of W. dip 8. and strike approximately E. to W. ; farther N.
along this range the dip is to the N. The rocks E. of Sze-ting-kai consist of brown sandy
shale with quartz pebbles and strike N. About two miles E. of the village are two groups
of sinter basins due to extinct hot springs. They probably indicate a transverse K.
to W. fault ; and a notch in the Mekong divide on the same line may mark the continua-
tion of this fault. Bast of Sze-ting-kai a pass at the level of 9200 ft., in a ridge of hard
white gritty quartzite with a meridional strike, leads to a dissected plateau traversed by
long ridges trending from N. to S. At the eastern foot of the pass, a mile away, we were
surprised to see large heaps of slag and ruined mining works at the village of Pey-yun-
chang. The waste heaps at the mine contain malachite and azurite. 'We were informed
that the mine had been worked for silver, and that an unsuccessful effort to re-open it
had been made about ten years previously.

At Pey-yun-chang the red rocks are indurated and fractured, and the ore deposits
have been probably formed along the fault indicated by the sinter terraces near Sze-
ting-kai or along a parallel fault. The plateau consists largely of a light red well-bedded
freestone, strikingly similar to that of the St. Bees sandstone of the English Lower Trias.
It is interbedded with red shales and in places with chocolate marls also similar to the
British Trias. The red freestone is quarried into arches for tombs and into large slabs.

North-east of the mine the strike resumes its meridional direction and the beds dip E.
The route descends over red flaggy sandstone through forest to a deep valley, tributary
to the Lo-ma Ho. Shales with green calcareous nodules and cement-stones strike to
E.N.E. and dip S. This change in strike is doubtless due to faults, of which there is
abundant evidence. A large slicken-sided surface is due to a fault which strikes 30° W.
of N. with a dip of 35° E., while the beds strike 20° W. of N. and dip 50° E. In the
lower part of this valley red shales and ripple-marked sandstones with carbonaceous
fragments dip S. Ascending the Lo-ma Ho the most conspicuous rocks are red sand-
stones and conglomerate which dip E. Above the sharp bend of the river at Shuan-
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tan-chang, it flows southward through a deep straight gorge cut through greenish sand-
stones, quartz conglomerate, a false-bedded dark brown sandstone and breccia; the
top of the cliff is formed of hard quartzitic grit. The dip at Shuan-tan-chang is E.
The gorge is crossed by a fault with a down-throw to the S.E. and the beds beside it dip
40° N. The gorgeis due to the undercutting of the quartzitic grit, which, while it resisted,
upheld a large lake in a basin to the N. The beds along the valley dip E., N.E., and at
places N. Quartz conglomerate, sandstone, and shale at the head of the gorge strike
W. and dip N. At a mile farther on, near the hamlet of Shih-ten-chuan, the strike
varies from N. to N.N.W. with dip E. The valley there widens out to a broad basin in
which stands the town of Lan-ping (or Pei-ti-ping of LiTToN’s map ; 1903, map No. 4)
on the route from Ying-pan-kai on the Mekong to Kien-chwan-chow. About two miles
S. of Lan-ping a hill of cherty limestone with caves and many calcite veins rises from
beneath the red rock series, and a striking change in physiography shows that Lan-ping
is near the northern margin of the red sandstone basin. A salt mine occurs one day’s
journey to the S.W. and numerous salt deposits are worked to the E. and S. of the
route from Lan-ping to Kien-chwan-chow. A brachiopod seen in the cherty limestones
suggested their Carboniferous age.

§ 4. Lan-ping to Li-kiang-fe.

Some cherty limestones occur N.W. of Lan-ping, where they dip 45° N. To the N.E.
of the town the Yelu Shan rises approximately to 13,000 ft.; its summit consists of
bedded limestones dipping to the N. The Minchia limestone (¢f. p. 220) outcrops at
lower levels E. of Lan-ping ; it is steeply inclined ; it is black when fresh and weathers
gray ; it includes seams of breccia and innumerable calcite veins; it strikes E. and
generally dips N.  On the lower ground it is covered unconformably by red shales which
dip W. or N. Ascending the track to the E. the Minchia limestone strikes 20° S. of E.
and dips 60° N.; it disappears at about 9400 feet beneath red and buff shales which
also dip N. From tbe village of Chung-weh-tun or Tang-wei the bedded limestones of
Yelu Shan are seen to strike N.E. by N. and dip N.W. by W. Farther E. crushed red
shales strike N.N.W. and dip 50° E.N.E. The track rises over red shales and flaggy
red sandstones which are sometimes indurated and of a slaty aspect. They strike to
N.N.E. and are vertical in places. Large slicken-sided surfaces mark the position of
strong faults. In most of this area the red sandstone series is approximately meridional
with a dip in one place 70° E. and in another 30° W. A band of limestone pebbles in
the red shales may be a basal conglomerate marking an unconformity with the limestones
to the N. From the pass at 12,180 feet the track descends over the red sandstone
geries with in places hard green shales, as on the descent to a picturesque basin on one
of the headstreams of the Yang-pi. The rocks to the N.E. of this basin are well-bedded,
like those of Yelu Shan, and have a prevalent dip to the N.-W., and looking back to the
Yelu Shan range and the plateau W. of the basin, the prevalent apparent dip is to the N.
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The floor of this basin is composed of alluvium with hillocks of tufa ; in the northern
part rises a steep-sided island-like limestone hill. The basin is closed to the S. by a long
spur in which the apparent dip is about 30° W. The river which drains this basin flows
along its eastern edge and on its bed at Kho-li-tsun are large boulders of porphyritic
rhyolite and hard bedded grits.

South of Kho-li-tsun the river enters a gorge which must have been cut when the basin
was occupied by a lake. The sandstone on the N. front of the gorge contains fossil leaves
and plant impressions, which Mr. Edwards, however, reports to be indeterminable. The
gorge is cut mainly through a torrential boulder wash, containing boulders of tuff and
diabase. At Chang-wei the track turns E.N.E. up a sinuous ravine, the banks of which
show good sections in limestone, limestone breccia, decomposed shale, and sandstones.
About two miles from Chang-wei the track passes a cave in which the rocks strike N.
and dip W., and show complex contortions in which the bedding has been inverted, the
lower side having been underthrust to the E. Near by a flaggy limestone with numerous
calcite veins resembles the Minchia limestone. The strike is predominantly N.W. and
the dip S.W. About five miles from Chang-wei is a village of iron workers, who smelt a
carbonate ore from the hills. A mile farther E. the limestones strike N. by W. and dip
70° E. After another mile the track turns S.E. up a tributary, and a mile along it is an
intrusion of porphyry belonging to the series containing enstatite-granite-porphyry (163),*
followed in the steep ascent to 9500 feet by a voleanic series of green and variegated tufls.
The volcanic beds continue to the pass; there an augite-quartz-syenite-porphyry and
ash are interstratified with red nodular clays, which strike N.N.W. and N. by W. and
dip eastward. Plant impressions occur here in sandstone interstratified with red and
green shales. Beside the pass (at 9600 feet) occur cornstone and a sandstone
which forms a high boss to the N. The cornstone is interbedded with conglomerate,
purple sandstone and red sandstone, which are succeeded at about 9400 feet on the descent
by blue and pink Carboniferous limestones ; they are unveined and contain crinoid stems,
fragmeats of brachiopods and bryozoa, and a foraminifer which Mr. R. B. Newton has
determined as Fusulina. At 8900 feet, lower down in the forest, we again reached the
Permo-Triassic red sandstones with a limestone conglomerate, which indicates the uncon-
formity of the red rocks on the Carboniferous limestones. Hast of the village of Shiu-
tze-ping is a synclinal in red shales and sandstones ; its axis lies E.—~W. Theu a sudden
change in strike from N. by W., with the dip 80° W., to a strike of E. to W., with the beds
almost vertical, marks another fault. A little farther down the valley the N. to S,
strike is resumed with eastward dip. Sections are scarcer ; a completely decomposed
igneous rock extends along the track for a quarter of a mile ;- one specimen was found
sufficiently fresh for identification, and is a decomposed mica-trap. Thence to Yang-tsen
the only exposures noted were of nodular red shales with a strike to the E.N.E. and a dip
to N.N.W. The beds are folded and the N. dips are the steeper. The river at Yang-

* The numbers refer to the field catalogue of the specimens in the Hunterian Museum, Glasgow.



GEOLOGY AND PHYSICAL GEOGRAPHY OF CHINESE TIBET, ETC. 187

tsen must discharge 8. into the Yang-pi, and not, as shown on the current maps, through
the Hsi-ma Ho to the Yangtze. We left the Yang-tsen river near its bend to the S. and
crossed two passes over thin limestones interbedded with grit, and with igneous rocks,
including rhyolite with well-marked fluxion, porphyritic diorite and mica-trap. This
igneous series continued till the rocks were covered by the drifts on the western flank
of the basin of Kien-chwan-chow.

The Kien-chwan basin is about six miles wide and is bounded on both sides by roughly
parallel hill fronts, both of which have been deeply incised by tributary valleys. The
general straightness of course of the hill fronts and the absence of outliers suggest
that both walls are dissected fault scarps, and that the valley was formed as a rift-valley.
The foot of the hill slopes is often buried by vast fans of gravel with large boulders. A
lake lies in the south-eastern part of the basin and is marked on General Davies’ map
as draining to the Yang-pi (Genschow’s map, 1905, suggests otherwise). We were
too far from the southern outlet of this basin to see whether an outlet from the lake
passes south-westward to the Yang-pi. The large temple at Chiao-san-tun, three miles
S. of Kien-chwan, stands on some tufa terraces deposited by former hot springs.

We there reached a route which had been traversed by Loczy, so that its geology had
already been described. He maps a band of the older limestone along the floor of the
valley, and the tufa at the temple may be derived from it, for near by is a calciphyre
with green silicates. In the eastern wall of the valley the beds dip 60° S. ; some of them
are purple and some have the brilliant pink to red tints often shown in this area by
decomposed diabase. On the western wall of the valley the prevalent dip is W.

Near Kien-chwan-chow the road crosses alluvium ; but the boulders on the stream
beds show that the hills to the W. include tuff and a purplish augite-syenite-porphyry
(174) with sanidines up to an inch in length. North of Kien-chwan-chow the blue
calcite-veined Minchia limestone outcrops L. of the southern Pagoda hill, about three
miles N. of the town. The boulders in the stream there included the Minchia lime-
stone, basalt, chert and pink quartzite, while the hills on the eastern wall of the valley
belong to the red sandstone series dipping to the N.W. At its northern end the Kien-
chwan basin bifurcates. We followed the western branch over low hills which rise
above the alluvium ; they consist of red freestone followed by a decomposed basic
volcanic ash and tuff. These beds are traversed by a decomposed basalt dyke. On
descent northward to the eastern margin of a wide alluvial basin the Minchia limestone
outcrops with a strike N.W. and dip S.E., and is interstratified with beds of volcanic
ash. A stream bed on the descent from the village N. of the Pagoda hill exposed
vesicular andesine-basalt, augite-syenite-porphyry, and altered vesicular basalt con-
taining prehnite and natrolite. A cleft hill, passed to the K. of the track, proved to be
an outcrop of Minchia limestone, which also forms elongated ridges, and with the rocks
striking N. and 8. Approaching Chun-ho the limestones dip N. and the ridges trend
E.and W. At Chun-ho crushed and distorted shales strike 25° W. of N. and dip S. of W.
Just 8. of Chun-ho is a melanocratic olivine-gabbro (181). North of Chun-ho, at the
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eastern wall of the valley, the bouldersin the streams consist of porphyry, amygdaloidal
basalt with quartz-filled vesicles, and veined cherty Minchia limestone. The basalt was
in one place a pipe amygdaloid. The rocks seen n situ were mainly decomposed diabase
and buff, red and brown sandstones. Kuan-shan (7700 ft.) stands in a wind-gap
where the valley begins its descent northward to the Yangtze, and a lake lies on the
summit of the pass.

Thence we turned E. to climb on to the plateau, up a wall of white massive unfossili-
ferous limestone, at the foot of which veined Minchia limestone is interbedded with
brown sandstone. At 8600 ft. the thick limestone, which probably belongs to the
Kao-liang Series, is brecciated and faulted, and is interbedded with shales. At 9500 ft.
we reached the edge of a limestone down, of which the highest ridge crossed was at
9800 ft. This down country presented a striking change from the valley to the W.
as its topography is clearly old ; its gentle, rounded hills, low ridges, and broad shallow
valleys represented an old surface with a mature relief. Its features were obviously
developed before the formation of the deep valley from the Yangtze to Kien-chwan-chow.
The rocks exposed on the western part of the downs belong to the Kao-liang Series, and in
the limestone are deep swallow holes. The track descended northward to a basin of
internal drainage and the lake of La-shi-pa. This basin is bounded to the L. by
a basalt and spilite ridge, which rises to two high peaks—Ma-an Shan or Horse Saddle
mountain, W. of Li-kiang, and the still higher An-tan-ndii. Later views of these
mountains showed that they are probably both volcanic necks. The western foot of
this ridge consists of basalt, andesine-basalt, and spilite, in some of which natrolite
and prehnite have developed ; the stream beds are in places strewn also with porphyritic
albite-thyolite and with houlders of gabbro. A low pass at the height of 8300 ft.
crosses the ridge between the basins of La-shi-pa and Li-kiang. The southern side of
the pass is a volcanic neck composed of limburgite tuff and agglomerate with dykes of
limburgite ; these rocks rest, N. of the track, on the Minchia limestone. The limestone
close to the junction is strongly slicken-sided, but clear sections on the eastern slope
show that the volcanic rocks were deposited on an irregular surface of the limestone.
A tongue of basalt projects into the limestone ; and the lowest bed of tuffs contains
some altered nodules of a coral which is probably Pleurodictyum. This limburgite is
probably Kainozoic in age.

From this pass to Li-kiang-fu the road crosses an alluvial plain with occasional
exposures of a limestone breccia of uncertain age. The alluvial plain is of the form of
the letter H and discharges from its S.E. arm to the Yangtze.

The town of Li-kiang-fu (8000 ft.) stands on the southern slopes of the range between
the two northern arms of the basin. The town is paved with a beautiful limestone
conglomerate, which at once roused interest as, in addition to pebbles of the widely
spread Minchia limestone, it contained a cream-coloured limestone, which we had not
seen i situ, and being unveined was obviously younger than the Minchia limestone.
This cream-coloured limestone forms the range N. of the town which ends to the S.
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near the Temple of the Black Dragon. Its dip is obscure owing to the difficulty of
distinguishing the bedding from the joints. The rock contains nodular masses of coral,
some of which are 4 ft. thick and 6 ft. in diameter. Their arrangement and other
features indicate that the strike is N.E., and the general dip is S.E., and is in places
as steep as 60°. Steep dips to the N. were also observed. The only fossil found of any
value as evidence of age is the coral, which is determined (Appendix III) as Thecosmilia
fenestrata, (REuss), a Triassic species. The range farther N. is of igneous rocks, and
probably yielded the specimens of porphyritic albite-trachyte found in the stream bed
near the Black Dragon Temple.

The conglomerate used for paving the town is quarried at the southern end of this
range ; the age of this rock is uncertain as we found no fossils in it. It is younger
than the limestones of the Black Dragon Range, and also later than the Himalayan
movements. It is probably early Pliocene.

From Li-kiang we made a hasty visit to Mr. GEorGE IForrEST at the village of
Nguluke, or Shueh-shan-tsuen, at the eastern foot of the snow-capped range, which in
fair weather is the most striking feature in the view from Li-kiang. The route crosses
an alluvial plain, and the geological interest is in the view of the hills bounding the
north-western quarter of the Li-kiang basin. The southern part of the peak of Yulung
Shan, the Li-kiang Snow Range, consists of basalts, resting upon the Minchia limestone.
Farther N., at the foot of this range and at the northern end of the Black Dragon Range,
are broad areas of a dark gray to black flaggy limestone. Some boulders collected in
the moraine, which appear to belong to this well-bedded limestone, contain the Devonian
coral Idiostroma. The base of the range at the southern end consists of the Minchia
limestone, and its overlying oligoclase basalt, and the northern end of the Idiostroma
limestone. Above this foundation rises a high peak of cream-coloured limestone, in
boulders of which, near Mr. Forrest’s house, we found some crinoid stems, broken shell
fragments, and a minute fragment of a coral indistinguishable from the Stromatomorpha,
of which we obtained good specimens in the Triassic limestones near Pei-ma Shan.
This fragment and the resemblance of the limestone to that near the Black Dragon
Temple indicate that this massive limestone is of Triassic age.

The scenery resembles that of the dolomites of the Tyrol. The steep tilting and iso-
clinal folding of this Triassic limestone is therefore significant, as it is necessarily
post-Hercynian. On the southern wall of the valley leading up to the main eastern
glacier of the Li-kiang peak, Mr. Josepn Rocx kindly guided us to a great overfold
in the limestone due to pressure from the W.

We did not delay to examine the geology of the mountain, as it had been examined by
Mzr. ForrEsT, Mr. Rock, and Dr. HANDEL-MAZZETTI.

§ 5. By the Yangtze to Wei-s.

To the S.W. of the La-shi-pa basin the road to Tibet passes through the village of
Chi-tsuan tsun. The first rock exposed where the road ascends the hills is a decom-
posed sandy shale, of which some bands had the brilliant tints of decomposed diabase.

2 D2
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We were therefore not surprised soon to reach weathered diabase and diabase conglo-
merate. A ravine leads up to the limestone plateau and discloses an instructive section ;
at the lower end is a conglomerate with many fragments of igneous rocks, including
porphyritic andesite and pebbles of an older conglomerate. A large slicken-sided
surface in it marks a fault. The conglomerate is interbedded with red and purplish
sandstone which is traversed by a thick spilitic dyke. Higher up the ravine green and
red shales strike a little W. of N. and dip 60° W. They are succeeded by buft tuffs
and tuffaceous sandstone, yellow sandstone and chocolate-coloured shale. At the
upper end of the ravine these rocks are covered by the Minchia limestone.

This rock was in turn overlain by a thick bed of buff slate which also dips W. The
plateau is the northern continuation of that crossed between Chun-ho and La-shi-pa,
and also consists in the main of the limestones of the Kao-liang Series. Lines of large
swallow holes mark underground stream channels. The soil is a bright red clay residual
from dissolved limestone. The rocks observed were a hard buff shale and limestone ;
the dips seen along the track were generally to the W., but the beds are probably repeated
by fold or fault, or the thickness of the series would be enormous. Onthe western edge
of the downs, at 8800 feet, the dip is 60° W. In the descent to the W. the track passes
at 8300 feet a ridge of creamy white limestone with calcite veins an inch in thickness,
and this rock is associated with a limestone breccia similar to that of the Kao-liang
Series at Taio-cho-shui. At the height of 7400 feet a slaty shale and sandstone occur
in thin beds, from half an inch to an inch in thickness ; their strike is to N.N.I8. and
the dip 50° K.S.E.; then follow a limestone breccia and undulating shales and lime-
stones with the dip often to the K. These rocks are probably weathered slates and
quartzites belonging to the Kao-liang Series. The strike suddenly changed to N.W.--S.E.
with a dip to the N.E., and after crossing some brown sandstones and an outcrop of
crushed schist dipping E., we found at 7400 feet a Stromatopora limestone containing
pebbles of veined limestone, and also a few simple corals which we had no time to
extract. This limestone extends down the hill side for 1000 feet to the hamlet of
Lan-shueh-ko, at about 6400 feet.

There a limestone (belonging to the Kao-liang Series), containing large quartz veins,
outcrops from beneath the Stromatopora limestone, and is well exposed on the stream
bed and western bank of the Lan-shueh-ko valley. This limestone is succeeded west-
ward on the southern bank of the Yangtze by a chloritic schist with a strike to N. by W.
and a dip of 70° E. by N. The chloritic schist is interbedded with quartzite and purple
slate with many quartz veins. The metamorphic rocks extend westward from the
Lan-shueh-ko stream to beyond the great bend of the Yangtze at Shih-ku. The predo-
minant rock is a granular chloritic schist, and the field aspect of one variety suggests
that it had been a vesicular lava. This schist passes into black micaceous phyllite
and is interbedded with a saccharoidal limestone, of which some layers are massive and
others well stratified. The limestone is sometimes dark in colour owing to flakes of
biotite and is interbedded with black biotite-schist. The strike of the rocks is meridional



GEOLOGY AND PHYSICAL GEOGRAPHY OF CHINESE TIBET, ETC. 191

and the prevalent dip is steeply to the K. Iast of Shih-ku a torrent fan contains
boulders of limestone, hard blue quartzite, and granite. To the W. of this valley a
thick mass of white crystalline limestone dips to the W. and is exposed in some marble
crags undercut by the swirling Yangtze. The strike there is to the N.N.E. and the
dip 75° W. At Shih-ku (6200 feet) green chloritic schists are interbedded with
limestones.

At Shih-ku the Yangtze turns from its long straight south course from the N.N.W.
from Tibet and begins its extraordinarily sinuous course eastward across western
China. After this great bend the river continues the course of its tributary the Hsi-ma
Ho, which appears to be along a powerful fault trending W.S.W. ; for looking up the
valley of the Hsi-ma Ho, a limestone bar in the conspicuous isolated hill W. of Shih-ku
has a moderate dip to the N. in the base of the hill, whereas near the summit it is steeply
tilted (fig. 1). The eastward extension of the Hsi-ma Ho fault along the reach of the

F16. 1.—Great bend of Yangtze Kiang at Shih-ku, looking up valley of Hsi-ma Ho to the
fault by the hill W. of Shih-ku.

Yangtze below Shih-ku explains some {ractures seen in the cliffis N. of the river. At
the end of this reach the Yangtze, by another sharp bend, turns at a right angle north-
ward and flows along the axis of an anticlinal.

North of the Hsi-ma Ho bridge at Shih-ku cliffs of limestone and biotite schist are
traversed by faults; the upper bed is a massive limestone, below which is a craggy
limestone containing caves; still lower is a well-bedded limestone overlying a blue
saccharoidal holocrystalline limestone. On the eastern bank of the Yangtze a long spur,
which descends to the Yangtze at the bend, has a synclinal structure with a fault along
the axis. Ascending the Yangtze valley from Shih-ku the sections at first are in
crystalline limestones interbedded with biotite schist. ~As the craggy limestone seen
high on the hillside N. of the Hsi-ma Ho bridge reaches the river level about two miles
up-stream the dip is northward, but the predominant strike along the valley is N.N.W.
parallel to the river; the dip on the western bank is to the W. and is sometimes as
high as 70°, while the exposures seen on the eastern bank mostly dip E. On the eastern
wall of the valley the most conspicuous rock is a thick brown bed, which, from its
resemblance to the material on the western bank, is doubtless a weathered biotite schist
interstratified with crystalline limestone. A mile N. of Mu-chu-tai the bed of a river
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from the W. is littered with hornblende-granodiorite-porphyry, syenite-porphyry,
diabase, rhyolite (256), sericite-schist, and quartzite.

The rocks seen N. of Shih-ku lithologically agree with the Upper Eozoic or Ta-li series
and the Mu-chu-tai river bed showed no material from any other formation. Lhe
spurs on both sides of the valley afforded clear evidence of folding and faulting. North
of Mu-chu-tai the river flows at the eastern end of a high spur crossed by a syncline ;
in the high bluff of limestone above the river the strike varies from 355°, with a dip of
70° W., to 10° with a dip of 75° W. ; while in the opposite spur on the eastern bank of
the Yangtze the dip is to the . An anticline occurs in this limestone beside a temple
on the western bank. Later views to the N. showed again the westward dip of the beds
on the western bank and eastward dip on the eastern bank.

At Su-chai the bed of a tributary contains boulders of contorted green schist and
chloritic schist with crystals of magnetite (240) ; and at the northern end of the same
village is an altered trachyte-tuft (241), but neither limestone nor granite. On the eastern
bank a peak S.Ii. of Taliya shows a reversed overfold.

From opposite Akola or Gad-sze downstream to the limestone gorge the eastern bank
of the valley for four miles is apparently along a fault, owing to the straightness of the
line marking the abrupt truncation of the four spurs, their faceted ends, and absence ot
outliers. From Akola, looking northward, a broad syncline and small secondary fold
occur K. of the river and parallel to it. The Yangtze lies along the axis of an anticline
as the dip on the western bank is westerly. The stream bed S. of the village of Gad-sze
(27° 4’ N.) yielded evidence of a change in the composition of the range to the W., as
the bed of a tributary contained abundant red sandstones, pebbles of probably the
Minchia limestone, granite, hornstone, and the Kao-liang crystalline limestone. At
Gad-sze the rocks exposed wn situ belong to the green schists; the strike has been
altered to W.N.W., apparently by a fault as the rocks are seamed with abundant quartz
veins. The normal strike is still to N.N.W. with a dip which, for the western bank, is
exceptional in direction, as it is 60° K.N.E.

From Gad-sze up the Yangtze valley to Chi-tien the rocks seen in sitw belong to the
green schist and crystalline limestone series. The hills to the W. include, in addition
to these rocks, some mica schist, and a gneiss, like albite-gneiss, schistose quartzite,
like some of that in the Scottish Dalradians, various igneous rocks, including biotite-
granite, pegmatite, syenite-porphyry, uralitised gabbro, and granite full of xenoliths ;
also hornstone and baked epidotic grits from igneous contacts ; and quartzite, purple
sandstone, occasional pebbles of red sandstone, and a purple grit resembling the British
Torridonian sandstone. A stream bed 8. of Wu-cha yielded hornblende-quartz-syenite,
hornblendic-granite-porphyry, quartz-diorite, and a muscovite schist with garnets
(252), while opposite Wu-cha the stream from the W. had brought down syenite-por-
phyry (249). The exposures near the river are in the green-schist series and we saw
no certain specimens of the Minchia limestone or its associated black slate, though high
on the eastern plateau a bed of limestone with a low dip lies apparently unconformably
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on the crystalline limestone and biotite-schists. It may be the Minchia limestone, but
its identity is doubtful, as it was not, so far as we could see, associated with red rocks,
and no specimens of the Minchia limestone were found in the neighbouring gravels.
1t is therefore more likely to be an outlier of the Kao-liang limestone.

This part of the Yangtze valley is a faulted anticline. The fault is indicated by the
section near Chli-ho-lin, where the western bank of the river consists of green chloritic
schists dipping steeply to the W., while at the same level on the eastern bank crystalline
limestone and biotite schist (which on the western bank occur at higher levels) dip
eastward. Further N., near Wu-lu-tin, banded biotite-limestone occurs at the same
level on both banks, and on both the dip is away from the river. East of the Yangtze
anticline a syncline forms the summit of the mountain E. of Si-kic. This structure is
also seen to the N. of Chi-tien ; the prevalent dip is W. on the western side of the
Yangtze and E. near the river on the eastern side, with a large synclinal forming peaks
to the K. of the river.

The general strike N. of Gad-sze is to the N.N.W. until it bends to N.-W. by W. to W,
by N. and dip 8., near Wu-ho, and to W.S.W. with dip 30° S.8.E. near the Pa-lo Ho.

Von Loczy, who had travelled down the eastern bank of the Yangtze, had repre-
sented it as a valley formed in places along an anticline. This conclusion we found
fully supported by the evidence. We were therefore anxious to examine the parallel
part of the Mekong valley, as we expected to see the Yangtze farther N. during our
return journey.

From Chi-tien the road across the Mekong-Yangtze divide to Wei-si follows up the
Chi-tien River on a course to W.S.W. On the southern side of the lower part of the
valley the crystalline limestones dip 40° W. Farther up, the folds trend W. until they
are bent abruptly to N.Ii. At the village of Be-ta, mica schists, in which the foliation
strikes to 30° W. of N. and dips S.W., and there are many faults, appear from beneath
the Kao-liang Series. Above Be-ta, mica schists of a crushed flaser type dip W. At
Lu-lu-wa, the next village, phyllitic schist with many quartz-veins and some flaggy
limestone strike N.W. and dip 8.W. This calcareous phyllitic stage is succeeded by
crumpled quartz-mica schist, and as the valley narrows to a ravine the river bed is
littered with igneous rocks (257), including biotite-granodiorite-porphyry, hornblende-
granodiorite and boulders of schistose-quartzite and garnetiferous mica schist. The
schists in situ there dip 40° S.W. The path climbs steeply to a level track at 7500 ft.,
after which it rises gently to the floor of an older valley at the height of 7800 ft. The
strike gradually returned to the widespread N.N.W. trend with a dip to the W.S.W.
The quartz veins in the garnetiferous mica schist have been broken and the fragments
separated by crushed schist. At the height of 8000 ft. the path turns S.8.W. up a side
valley ; the schists in it strike to 15° W. of N. and dip W.  After passing the village
of Tai-sing-tang, with a strike of 20°, we crossed hard bands of dark blue schist in a
white mica schist with some garnetiferous schist and syenite (261). About five miles
up this branch valley the rock is of a hard Moine-like gneiss, with a strike N.N.W. and
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dip W.S.W. ; the river flows through a narrow ravine, above which we suddenly emerged
on to the basin of Li-tien. Tts eastern wall trends to N. by W. and cuts across the grain
as the dip is NN\W. On the floor of this basin the most conspicuous rocks are hiotite-
quartz-diorite-porphyry, rhyolite, epidotised trachyte or trachyte-tuff, and felsite (264).
The village of Li-tien, at the height of 9000 ft., is situated on decomposed outcrops of
the eruptive rocks.

The diorite-porphyry and granite are better preserved at 9400 ft. on the ascent of
the Li-ti-ping Pass; a coarse porphyry was seen at 9600 ft. ; at 10,200 ft., porphyry
with a purple base ; a thick belt of banded hornstone at 10,700 ft. ; at 11,000 ft., schists
with a strike a little to the E. of N.; at 11,250 ft., buff medium-grained felspar porphyry ;
more hornstone is followed by an outcrop of a massive green epidote-schist, similar to
a rock that we had occasionally seen in the tributaries to the Yangtze. At 11,400 ft.,
pink and gray porphyry are followed by a bed of limestone which is interstratified with
red and buft shales with a strike to 5° E. of N. These rocks agree lithologically with
those of the Minchia Series. The top of the Li-ti-ping Pass at 11,600 ft. consists of a
ridge of porphyry. The descent westward is over decomposed igneous rocks with
occasional outcrops of flaggy limestone, bluish gray felsite, an altered porphyritic spilite
(270) and dolerite (281). The track rises to a ridge W. of Siao-li-ti-ping at 11,400 ft.,
where the rock is a blue quartz-syenite-porphyry (272) associated at 11,500 ft. with
chert and hornfels (2741). The porphyry series provided most of the outcrops, but
at 11,000 ft. we reached a phyllite with many quartz veins. Its strike is to N.N.E.
with a dip of 30° to W.N.W. From 10,800 ft. a long spur descends to S.W. by W.
towards Wei-si. The upper part consists of slate with a strike to N.N.W. and a steep
dip to the E. On the lower part of this spur, at 8750 ft., rhyolite is intrusive into black
slate or phyllite ; at 8400 ft. this black slate occurs along the floor of the valley leading
westward to Wei-si, and intrusive into it are rhyolite, felsite (276), and a rock composed
of chalcedonic spherulites. This series continued till we reached the Ying-an River
at Wei-si, where the bridge is built of Minchia limestone ; abundance of this rock was
seen, but not in situ, on the lower slopes of the western bank rising up to Wei-si.

The Wei-si or Ying-an River is a tributary to the Mekong, but flows to the N.N.W.
Its valley is separated from the Mekong by a high ridge with a steep eastern scarp.
This ridge consists of coarse gneiss and schists like those of the Taping. Most of the
floor of the Wei-si basin consists of confluent series of delta fans which have been de-
posited at the foot of the scarp. Looking northward, numerous parallel spurs project
into the valley from the eastern plateau; the dip in the spurs seen to the N. from
Wei-si is to the L., whereas in the hills E. of Wei-si the prevalent dips are N. or 8. from
an upfold with an axis trending approximately Ii. and W.

The general evidence observed during the traverse from Chi-tien to Wei-si may be
summarised as follows : the rocks of the Ta-li series, seen along the Yangtze Kiang, rest
upon schists and gneisses, upon which, in the hills K. of Wei-si, lie remnants of the
Minchia Series ; this series has been intruded by various porphyries and some felsite.
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We saw no direct evidence of the intrusion of the granite into the Minchia Series, bub
only into the older schists and gneiss; but that the granite also is post-Minchia is
probable from the evidence seen farther to the N.

§ 6. The Ying-an River to the Mekong.

Amongst other evidence of great changes in the river system of this region is the fact
that many of the tributaries flow northward, in the direction opposite to that of the
river which they join. Thus, the Ying-an River rises near a windgap S.8.K. of Wei-si,
flows past that town and reaches the Mekong after a northward flow in a direct line of
25 miles. At Wei-si a broad valley separates the high gneiss range to the W. and the
hills formed of the Minchia Series and igneous rocks near the Li-ti-ping.

The Ying-an Rivera little N. of Wei-si flows past a bluff on the eastern bank of Minchia
limestone and buff shales which dip to the W. These beds are much disturbed and have
been altered by the intrusion of rhyolite (285, 286). The shales and sandstones are also
disturbed by some movement which is probably a fault along the Wei-si valley. Farther
N. the Minchia limestone and its shales strike N. hy W. and have resumed the eastward
dip which is usual on the eastern bank of the valley. At Si-ku-fu, three miles from Wei-si,
occur purple sandstone, purple grit, quartz-conglomerate, and altered Minchia lime-
stone ; and on a stream bed are boulders of biotite-granite (291), granodiorite-porphyry
(290a), and quartz-dolerite (292a). The spur beyond Si-ku-fu consists of slate, shale,
and a sandstone which has been disturbed, for it contains many quartz veins; the
beds are either vertical or have a steep easterly dip. In the next spur, sandstones and
shales dip steeply W. and the track passes over an exposure of a black shale containing
ironstone nodules and slicken-sided surfaces lustrous with graphite. This shale is
probably a down-faulted Carboniferous bed ; for N. of this outcrop are buff sandstone
and purple shale, and a conglomerate which is nearly versical and contains pebbles of
Minchia limestone, so that it is later than the Minchia Series.

At Ku-tsung the Minchia limestone is interbedded with red shale, red freestone, green
cornstone, and purple sandstone with a dip of 60° K. The general character of the
rocks in this part of the Ying-an Valley is strikingly like that of the Old Red Sandstone
of South Wales. Some of the quartz pebbles in the conglomerates, as at Ka-ka-tang, are
faceted by wind action. The gneiss ridge of Wei-si sinks beneath these red beds. They
continue for some distance farther N., the chief variation being the occurrence of boulders
of rhyolite with porphyritic quartz in the stream beds, and the extensive development
of chocolate shales associated with buff sandstone and quartz conglomerate ; the preva-
lent dip is to the W. Some of the sandstones are seamed with gash veins of quartz
along fractures. At O-shia, red sandstone and gray grits with patches of manganese
dioxide and iron oxide strike N. A quicksilver mine is reported half a day’s journey to
the W. North of O-shia, red and buff sandstone with some black shales are interbedded
with a band of Minchia limestone 200 ft. in thickness. Five miles down the valley
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from O-shia the strike of the chocolate shales changes to E.S.E. with dip to N.; about
a mile farther on the strike is to S.Ii. with dip N.E.
About three miles from Ka-ka-tang the Ying-an sharply bends W. against a cliff

of hard black jointed slate and an earthy black limestone with a strike to W.N.W.
and dip S.8.W., varying to strike N.W. and dip S.W., and later to strike to W. and dip
N. We did not find any fossils in the slate, the lithological resemblance of which is to
the Ordovician. On the north-western margin of this outcrop the slates strike K. by
8., dip 70°8S. by W., and disappear under fallen boulders of the Minchia limestone.
These boulders mark the reappearance of the cornstone and red sandstone series.
Opposite the village of Shia-fang we found iu the bed of a stream pebbles of kersantite
(299), of yellow sandstone with casts of indeterniinable fossils, and of Minchia limestone.
Below this point the Ying-an bends suddenly W. and flows through a romantic canyon
to the Mekong ; before the junction of the last tributary to the Ying-an the rocks on
the river bank are very contorted red and green slate. Red and white sandstone,
Minchia limestone, and rhyolite (300, 301) were found on the river bed. Continuing
W.S.W. through the gorge the prevalent dip is to the W. ; the eastern end of the gorge is
in purple sandstone ; then follows gray to pink quartzite, which is traversed by fault
breccias resting ou a strong fault, with a hummocky fault-plane ; the fault is normal and
has its downthrow to the W. ; the strike of the faultis 18° W. of N. Toward the western
end of the gorge the rocks consist of black and green slates with a dip of 70° W., and a bar
of Minchia limestone.

Here the Ying-an, with its clear greenish water, enters the Mekong, of which the water,
at the time of our visit, was of a deep Indian red colour.

§ 7. The Mekong Valley from the Ying-an to Tze-ku.

North of the confluence with the Ying-an the Mekong valley has been cut through
gray shales and purple sandstones interbedded with the Minchia limestone, which on
the eastern bank of the river strikes N. and dips E. On the western bank the dip is
apparently S.W. ; the valley is situated along an anticline which the difference in the
direction of dips on both sides shows to have been faulted along its axis. At Pu-chi-
hsien the slates strike W.N.W. and dip 25° N.; at Bad-chi, the next village to the N.,
black and chocolate-coloured slates strike to N.I&. by N. and dip 15° S.E. by K.; but
as a little farther N. the dip is steeply N. a secondary anticline crosses the valley. Half
an hour’s march N. of Bad-chi the S.E. dip was resumed ; we searched for fossils in some
black slates, but without success. At Lo-chang on the western bank the dip i1s W.;
at Lo-chi-ku on the eastern bank the dip is E. ; the valley is therefore along an anticline ;
the recent age of the lower part of the valley is shown by the occurrence of a high water-
fall close to the river on the eastern bank. North of Siao-wei-si is an outcrop of chloritic
schist covered by a litter of purple and chocolate slates, black slate, and Minchia
limestone.
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These chloritic schists disappear in less than two miles to the N. at Pa-lung-tan under
a rough craggy sandstone ; thence on to Chu-ta (Ohuta of the Indian Survey map,
sheet China 92M) purple slate and false-bedded buff sandstone dip W. and S.W. Large
boulders of contorted quartz-chlorite schist in a stream bed at Chu-ta show that the
Kao-liang schists occur in the hills to the K. North of that village the Mekong makes
two right-angled bends near Ai-wa ; it flows from W. to . at the foot of cliffs, which
at the eastern part consist of black and green slates which strike 15° W. of N. and dip
80° [5. At the base of the slates is a chloritic breccia composed of débris from the
underlying chloritic schists, which contain large surfaces of chlorite and dip from 70°
to 80° W. The slates rest on the schists discordantly. A conical hill on the western
bank appears to consist of schists with a high dip to the N., suggesting that, as at Siao-
wei-si, the chloritic schists have been brought to the surface by an upfold on an E. to
W. line. North of the Ai-wa bend the sandstones and shales of the Minchia Series
reappear. One strike observed was to 4° K. of N. with the beds either vertical or dipping
from 70° to 80° Ii. and showing evidence of great disturbance. They are traversed by
an overthrust fault about two and a half miles S. of Ta-chiao. Just S. of Ta-chiao a
tributary comes in from the Ii. and near the confluence indurated slates and quartzites
strike 4° K. of N. and are traversed by a jointing like a second cleavage. This disturbance,
however, is local, and as at Ta-chiao the slates and sandstones dip 15° E. Around the
basin of Kang-pa occur cracked and veined purple sandstones and liver-coloured
quartzite, like that common in the Knglish Triassic conglomerates. A little S. of Cha-
wa-tsun a breccia of chloritic schist indicates the proximity of the schists. Gypsum
1s mined in the hills to the K., but according to the headman of the village it is not
associated with salt, of which none is known in this district. The local salt supply is
brought from Ya-ka-lo, 100 miles to the N. We made frequent enquiries as to the
occurrence of salt, as the best available clue as to whether any Permo-Triassic beds might
be included amongst the red rocks of this area. In a wall at Sha-wa-tsun we were
cheered by finding a fossiliferous gray unveined limestone ; we found this rock in situ
at the height of 6500 ft., where it is associated with a typical veined Minchia limestone ;
some bands in the unveined limestone contain crinoid stems, fragments of bryozoa,
corals and shells. These rocks strike from 20° to 80° and dip about 70° to E.S. 1. Close
to the fossiliferous limestone are conglomerate, purple green black and buff slates of
the variety usually associated with the Minchia limestone. The probability is that this
fossiliferous limestone is Carboniferous and that it was deposited upon and enfolded
with the Minchia Series.

The Mekong here emerges from a gorge in which it narrows to the most terrific rapid
which we saw along its course. This gorge has been cut through conglomerate and
black slate, which dip from 60° to 70° W. on both banks ; the anticlinal axis of the
Mekong and a high-level valley along it lie a short distance to the E. The gorge now
occupied by the Mekong is obviously quite young, and is probably due to the diversion
of the river from its former course along the anticline by the disturbances which
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upraised the chloritic schists. The river has cut out a fresh course along the relatively
soft black slates. Above this gorge the river has a wide eastward bend through a broad
basin, which is continuous with the high-level valley along the anticline axis. The
beds on the eastern side of this basin dip 70° K., so that the river is again along the
anticlinal axis. The purple slates have been crushed and veined, and a tributary from
the K. contains boulders of chloritic schist and cobbles of granite, rhyolite with flow
structure (311), hornstone, and altered rocks of the Minchia Series. On the northern
bank of this river the purple and green slates, which are vertical, strike 2° W. of N.
At the village of Kuna, a mile farther N., similar rocks occur on a stream bed with
abundant hornstone, granite, and porphyry, which show that the rugged hills to the
E. of that village and above Yei-chih consist largely of igneous rocks, and especially of
felspar-porphyry.

Along the Yangtze N. of Yei-chih black and purple shales and purple grits dip to
the S. The Minchia limestone is one of the commonest rocks in the bed of a tributary
two miles N. of Yei-chih ; farther N. the porphyry becomes scarcer, and the bulk of the
material on the stream beds consists of black slate, quartz breccia, and Minchia lime-
stone. An intrusion of porphyry occurs a mile farther N. on a bend+of the Mekong,
and is associated with black slate which has been shattered and cemented by numerous
quartz-veins ; the Minchia limestone is altered and the black slates contorted. After
crossing chocolate sandstones and slates striking 25° K. of N., and dipping 30° W.N.W.,
for more than two miles, we reached the village of A-wa, near which is granodiorite
porphyry (316) with felspars an inch in length, and banded rhyolite. On the river
bed are boulders of contorted schist like some of the Highland albite schists (315).
A cliff of purple slate is traversed by a series of horizontal faults which dip K., while the
rocks strike to 5° W. of N.  Thence on to the village of I-li the rocks are greatly disturbed.
Quartz-veins in the slate and sandstone have been broken into eyes ; some of the local
folds trend W. and E. Near I-li is another outcrop of the coarse granodiorite-porphyry
(318), and that it is intrusive is indicated by boulders of hornstone, due to the alteration
of the sandstone. Above I-li is a high peak of porphyry, while the pebbles of slate and
hornstone in the stream from the K. are so small that they must have been derived
from far upstream. Horizontal faults were noticed against To-pa-ko, and on the floor
of the Mekong valley are high alluvial terraces. After rounding the bluff of Minchia
limestone and of crushed green slate and vertical sandstone and conglomerate we
reached the village of Pu-ti, where the Mekong has been forced into a horseshoe-bend
by the resistance of the conglomerate. This rock contains muscovite-gneiss, quartzite,
chert, black limestone, green schists, and various igneous rocks ; but apparently none
of the porphyry so conspicuous in this part of the Mekong valley. The conglomerate,
therefore, probably belongs to the lower part of the Devonian Series, and the local
porphyry was probably intruded either later in the Devonian or Carboniferous.

In the day’s march to Pu-ti we had been impressed with the increasing intensity of
the disturbances in the rocks. Above Pu-ti the river makes a series of right-angled
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bends while the valley contracts to gorges, which are deeper and are separated by
basins that are smaller than those farther S. The Minchia Series continues and it
includes occasional igneous rocks which have contributed the comparatively scarce
igneous pebbles to the tributary streams. The absence of hornstone is further evidence
of the decrease in the igneous rocks. The sudden bends in the course of the Mekong
appear due to disturbances by which the normal meridional strike is suddenly altered
to about W.N.W. to E.S.E., or even closer to an E. to W. trend. A little N. of Pu-ti
crushed porphyry with green slates strike to W.N.W. and dip S.S.W. Farther on the
slates contain many quartz veins, are vertical and are often crushed, and they are in
places sub-schistose. At Pu-ti the slate is phyllitic and the Minchia limestone crushed.
At Nan-tao the chocolate slates are seamed with calcite veins and the rocks are near the
centre of a crushed anticline. The Nan-tao basin is small; above and below it the
course of the Mekong is very sinuous and the profiles of the opposite spurs overlap
repeatedly. North of Nan-tao the black slates and Minchia limestone on the eastern
bank of the Mekong both dip W. from 60° to 70°. At Lo-ta the river emerges from a
gorge which in the lower part is across the strike of the rocks, which is there generally
to 10° W. of N., and owing to the folding the dips are both to W. and E. Calcareous
grits, enclosing lenticular masses of limestone, contain numerous stems and some
arms of crinoids, which Dr. Bather reports as indeterminable, and shell fragments.
One band contains a foraminifer, which Mr. R. B. Newton has identified as Neosch-
wagerina. These limestones are therefore of Carboniferous age. The limestones are
unveined, often fissile, and fine-grained, and pass to sandy flags; they are therefore
different in aspect from the Minchia limestone. The gorge is in places so narrow that
the track passes above the river on a wooden platform fastened to the limestone cliff.
In the gorge the river makes a right-angled bend from the N. and there flows along the
strike of a series of quartzites, green grits, quartzitic sandstone, black, chocolate-
coloured and green slates, purple grits and thin-bedded limestone. The black slates
are in places interbedded with thin layers of quartzite. The strike varies only a few
degrees from N.; the prevalent dip is to the E., though the beds are often almost
vertical. Some of the conglomerates contain pebbles of limestone with crinoid stems,
which are probably fragments of the Minchia limestone. North of the gorge at
Tseh-im-po, which is in the almost vertical quartzitic series, the river makes another
bend to Tze-ku along rocks striking to 20° E.S.E. and dipping 70° to N.N.E. ; these
rocks are traversed by a nearly horizontal fault with a dip to the N., and due apparently
to a thrust from the N. Above Tze-ku the river bank is strewn with boulders of coarse-
grained purple porphyry and rhyolite (389B), which marks the beginning of another
extensive development of igneous rocks.

§ 8. From the Mekong to Pehalo across the Salween-Mekong Divide.

As we had now marched for 60 miles along the eastern banks of the Ying-an and
Mekong we were anxious to reconnoitre the country farther W. We therefore crossed
the Mekong by the rope bridge at Tsed-rong, and owing to the kindness of Pére Ouvrard,
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who engaged three porters for us, we began a hasty excursion across the Mekong-Salween
divide. The river bank at Tsed-rong (6550 ft.) consists of a pink and black porphyry.
This rock extends up the hillside till, at 6800 ft., we reached black slate striking N. to S.
Green grits, purple grits and slate succeeded at 7000 ft., and purple breccia at 7200 f.
Porphyritic spilite (334) followed by red and green shales extend to 8400 ft. ; green and
purple slate occurs at 8900 ft., black slate at 9200 and then purple and green slate,
often in thin alternate bands, formed the rest of the ascent to the first pass at 10,150 ft. ;
thence we descended to the Lo-shi Chu, where it flows northward to join the Mekong
at Tsed-rong. The descent to the river (9900 ft.) is over slates, which rest at the river
on coarse biotite-gneiss and granitic gneiss. The lower part of the valley is on black
and red slate, but as we ascended to the W. schists and gneiss rose from the floor to forn:
the walls.

The first evidence of former glacial action is given by some moraines at 11,100 ft.,
which farther up the valley rest on beautifully glaciated surfaces of a gray to brownish
quartzose gneiss striking to N-'W. At 12,000 {t. the characteristic rock is a gray schis-
tose quartzite, with some black schist, dipping 60° l&. The quartzite has been formed
from a grit. The ascent to the Si La pass is over schistose grits, which strike N. and
dip from 70° E. to vertical, and form the peaks on both sides of the pass (14,000 ft.).
These peaks have been overfolded by pressure from the W. On the southern side of the
pass the folds are clearly shown on the western face and the spur to the S.E. has a close
narrow doublefold (fig. 3, p. 235). 'The intense folding does not apparently affect the
foundation of the range and is probably due to a movement of comparatively modern
geological date. The descent into the Seroua Lomba or “ Valley of Hail 7 is
precipitous ; at about 12,500 ft. the Si La schistose grits rest on crystalline marbles,
like that at Ta-li-fu, interbedded with black calc-biotite schist. This limestone series
dips to the K. and continues to the floor of the valley (11,500 ft.), which is crossed by
huge moraines. We descended this valley for about two miles and then climbed its
western wall—over quartz-schist and black mica-schist, with Ta-li marble at about
11,700 ft., and over white schistose quartzite in layers from one-eighth to a quarter
of an inch in thickness, biotite- and muscovite-schists and a quartz-schist striking to
S.8.W. and dipping W.—to the pass at 13,600 ft. The western slope to Pehalo is
down a steep dip slope with few exposures; the rocks seen were schist with granite
veins and bands of gneiss; Pehalo (8500 ft.) is on granite-gneiss. The steep descent
from the Mission to the river Do-yon crosses marble and black schists dipping W. ;
crags of the same rocks could be seen at the height of 2000 ft. above the river bed.
The boulders on the river include granite, micrographic granite (359), crystalline
limestone, hornstone, and a breccia with a black schistose matrix.

Famine rendered any stay in the Salween valley impossible and we therefore returned
toward the Mekong by the Chamutong to Yang-tsa track, which we joined, N. of the huts
of Lompeur, at 9200 ft. West of the Salween the dips seen were to the 8. of W., and
the hanging valleys there indicate that the Salween valley is not appreciably, if any,
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older than that of the Mekong. The ridge W. of the Do-yon consists of brown schistose
grit and black schist. A moraine-like bar crosses the valley and inspection of this ridge
from above showed that it was due to a sudden change in the size of the valley owing
to a difference in the rocks. The burial of the rock face by drift has produced the
morainic aspect when seen from the S. We crossed the Do-yon river at the height of
8180 ft. where the boulders included schistose breccia, cherty quartzite, a black massive
schistose grit and the Ta-li marble. The rocks beside the river belong to the Ta-li
marble series with a dip to the S.W. ; this dip is clear in the southern part of the section,
but is obscured in the northern by vertical jointing due to lateral pressure. The route
continued along the eastern side of the river, crossing spurs and valleys from which
waterfalls leap straight into the river; the black schists near the river crossing strike
about K. and W., but as a rule the Do-yon Valley is along an anticline, with dips to
W. and E. Above the Ta-li marble, green schist like that E. of Shih-ku, is found at
9300 ft. A fractured black schist occurs at 11,400 ft., and green schist with quartz
veins at 12,200 ft. The pass at 12,900 ft. is at the foot of the crags of banded crystalline
limestone of Mt. Francis Garnier, the dip is W., but some pinnacles owe their form to
pressure jointing and not to bedding. From this pass, the Jeu-dson La, the moraines
continue to the level of about 11,400 ft. down a valley cut out of biotite-granite-por-
phyry (874 : 11,500 ft.), and the Si La schistose grits. Below 10,000 ft. the grit is succeeded
by calc-biotite-schist, coarse mica-schist, with muscovite-pegmatite, and green marble ;
the dip is sometimes S.W. and sometimes N.K. This schist series continues eastward
to Lon-dre at 7400 {t. Thence the gorge of the Londre River gives an excellent section
of the rocks to the W. of the Mekong. At Lon-dre the schists are replaced by gneiss
and foliated biotite-granite with a strike of about 30° W. of N. and dip to 30° 8. of W.
The gneiss is succeeded eastward by green slate, cherty slate, and hornstone (380),
which is a baked grit and has been formed by contact alteration around intrusive masses
of biotite-granite. The centre of the larger masses consists of biotite-hornblende-granite
with a greenish felspar and biotite in patches; the selvage in places is spessartite.
At the third crossing of the river, at 7000 ft., a white fine-grained felspathic sandstone
or quartzite is followed by a purple sandstone which strikes to the E.N.E. and dips 8.

The eastern end of the gorge gives a deep section through the red sandstones. 'The
strike is to 5° W. of N. and the dip varies from 75° W. to vertical and is in places inverted
by pressure from the W. The sandstone is cut through by numerous thrust-faults which
dip W.; the beds above the fault plane have been thrust to the E. One of the more
powerful vertical faults trends to 20° E. of N. The sandstone beside the faults contains
many gash-veins of quartz. On the northern bank a horizontal fault has a 12-foot
throw and a vertical fault has produced large slickea-sided surfaces.

§ 9. From the Lon-dre River up the Mekong to Kia-pieh.

KFrom the mouth of the Lon-dre valley we turned northward along the western bank
of the Mekong to Yang-tsa, where we crossed the river by rope-bridge. During the walk
from Lon-dre to Yang-tsa we crossed a landslip composed of a greenish biotite-granite
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similar to that of the Lon-dre gorge ; on one torrent bed the stones consisted of 95 per
cent. of granite, 4 per cent. of red and white grit, which showed no signs of contact
alteration, and 1 per cent. of Minchia limestone. Half a mile N. of this fan is an
exposure of biotite-granite-porphyry and biotite-granite (344) associated with hornstone
and altered green rock. A little farther N. green breccia is faulted against the granite ;
and still farther on an altered red sandstone is seamed with quartz veins and is partly
bleached. Half a mile farther N. red sandstone and shales with the Minchia limestone
dip N.W., and again show signs of contact alteration. A fault trending N.E. and S.W.
throws the grits against black shale, the beds dipping S. A little distance S. of Yang-tsa
a small headland of black slate is traversed by a vein of iron ore along one of the Mekong
faults. South of this headland the proximity of the igneous rock is indicated by an out-
crop of breccia like that at the bridge over the Do-yon River near Pehalo. The limestone
at the headland contains crystalline black calcite, and the altered condition of the
Minchia limestone at Yang-tsa is probably due to the porphyry found in the drifts.

We hoped in the walk from Lon-dre to Yang-tsa to find clear evidence as to the age of
the greenish granite. The local porphyries are clearly intrusive in the Minchia Series,
and at two localities we saw features suggestive of a felspar-porphyry being part of the
granite selvage, and therefore that the porphyries intrusive in the Minchia Series are
off-shoots from the granites. We, however, found at this locality no clear evidence of
the granite being intrusive into the Minchia Series, in which we saw no granite veins or
contact metamorphism produced by the granite, and all the alteration seen might be
due to the porphyries.

The sections on the eastern bank of the Mekong near Jih-tze, the village opposite
Yang-tsa, show that the sequence of the Minchia Series in that district is as follows in
descending order :—Red beds ; Minchia limestone and black shale ; red sandstones and
shales ; brown, buff and green sandstones; purple sandstone and slate; green grits
with material derived from the chloritic schists. This series is sometimes altered by an
intrusive felspar-porphyry, the red shales being turned into red jasper, the limestone
crystallised, and the sandstone clearly baked. A mass of green mudstone with shell
fragments and tuft (340) cap the cliff at Jih-tze ; and near the bend of the river farther
N. dykes of porphyritic spilite (463) in the red sandstone include baked fragments
of that rock.

After passing the bend of the river we crossed 1500 feet of red sandstone thrown against
yellow grit by a fault which trends to about 35° W. of N.; the yellow grits are also
faulted against the green porphyry which passes into a greenish biotite-hornblende-
granite (464) that is traversed by crushed bands along K. to W. faults. On the opposite
bank of the river the sandstone occurs opposite the granite, so that the river here probably
lies along an E.-W. fault. The red sandstone lies on top of the granite on the Ii. bank ;
we had no time to climb up to the junction, but the fallen blocks of the red sandstone
showed no signs of contact alteration, nor could we see from below any protrusions of
granite into the sandstone. The red sandstoneis, however, altered by intrusions of
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felspar porphyry, and before reaching a Tibetan village in a small irrigated oasis we
passed a vertical 8-feet dyke in the red and green shales; both rocks have been
so crushed that the margin of the dyke is indefinite. North of the Tibetan village
the track rises to a granite moorland, where hardened shale and Minchia limestone
lie directly on the granite. The limestone was not crystallised, but on the other hand
1t contained no granitic detritus. The xenoliths in the granites did not, moreover,
appear to be of the red rock series ; they included altered limestone caught up in the
granite, which shows that the granite was intruded into the Upper Paleeozoic limestones.
Some of the adjacent limestones contain crinoid ossicles and indistinct bryozoa, corals
and shells. On the ridge S. of Kon-ya the shales strike to N.N.W. and have a steep dip
to B.N.E., and the anticlinal arrangement of the beds along the Mekong was well exposed.
Above the granite lies a brown bed, similar in appearance to rock seen farther N., which
proved to be ironstained limestone and black shale. This brown material is often
formed along fault planes and might imply a faulted junction between the granites and
the overlying rocks.

On the descent to Kon-ya the Minchia limestone was seen underlying the black shales
and overlying red sandstones which rest upon the green grits. South of Kon-ya two
strike faults have strongly contorted the brown beds.

On its northern margin the Kon-ya biotite-hornblende-granite is intrusive into the
shales of the Minchia Series; this granite is intruded by an olivine-lamprophyre ;
three tongues of white clay have no doubt been formed by the decomposition of
apophyses from the granite. These tongues intrude into baked green grits, which are
covered by red slates and Minchia limestone ; this rock is succeeded by breccia, black
slate and coarsely porphyritic trachyte (402, 402b). The limestone contains crinoid and
shell fragments. The Mekong flow. through a double horseshoe bend at the bottom of a
canyon, while the track rises over a succession of porphyries to the pass leading to Kia-
pieh. The ridge to the W. of this pass consists mainly of brown grits and sandstones
which dip W. and are traversed by two powerful strike faults. At the pass red slate dips
E. under the Minchia limestone and its black shales, which are capped by porphyries.
The limestones and porphyries are faulted against the brown grits of the western spur.
On the western bank of the Mekong a massive grey limestone rises into bold peaks, which
pass westward into the glacier-covered summits of the Do-kar-la.

§ 10. Kia-pieh to A-tun-tze.

From Kia-pieh the track turns W. down a valley cut through the brown sandstones
which, on the southern side of the Kia-pieh valley, dip to the W. though the general
dip of the shales on the northern side is to the E. Farther down this valley the brown
sandstones occur also on the northern side and there dip N.E. That this valley is
situated along a powerful fault is shown by large slicken-sided surfaces. Boulders of
limestone are abundant and include blocks of an unveined limestone, which probably
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comes from the mountains on the western side of the Mekong. The Mekong clearly
follows a great fault which separates the limestone mass on the W.-—which probably
belongs to the Kao-liang Series—from the Minchia Series and gneiss on the K. In
addition to the meridional Mekong fault a series of faults and folds trend I. to W.
Huge masses of brown beds occur on the valley floor ; they are shattered and traversed
by many slicken-sides and may have reached their present place either by fault or land-
slip. The brown beds consist of iroa-stained limestone and sandstone ; some of this
material occurs in veins in the limestone ; the chief bands of it are along large faults.
On the floor of the valley lie blocks of a crinoid limestone, some of which are 20 ft. in
diameter ; they are probably Minchia limestone.

North of the Kia-pieh River a white muscovite-biotite gneiss (453) rises from under
the red shales and sandstones on both banks of the Mekong. Associated with it occurs
an altered peridotite (454). Chocolate shales at the next spur descend to the river level,
probably owing to faulting ; but the track rises over gneiss, Minchia limestone and shales
which dip E. to the valley of Yung-kun-ko, which is followed by the track to A-tun-tze.
The northern bank of the Yung-kun-ko Ho, where its ravine widens out into the valley
of the Mekong, shows contorted overfolds due to pressure from the W. W. of the
Mekong the beds dip to the N.W., probably owing to the cross faults which have brought
up the Yung-kun-ko gneiss. The gorge of the river traverses black shale, but on the
beds of the tributaries from the S. are large boulders of granite. A little E. of the first
tributary from the S. three faults with a steep hade to the W. are seen on the northern
bank. The ravine continues to the E. and N.E. through the Minchia Series ; a little S.
of the village of Kungha gray silvery mica-schist forms the end of the western spurs
and most of the slope on the eastern bank, where it is capped by red rocks of the Minchia
Series. The mica-schists strike N.W. and dip S.W. Near Kungha the schists are covered
by a red conglomerate including boulders of red jasper, varieties of coarsely porphyritic
red and green rhyolite (406) and quartz pebbles. But we saw in it neither of the local
granites ; hence these rocks, like the later porphyries, were exposed later than the
conglomerate, and are intrusive into the Minchia Series. Passing up a northern
tributary to the Yung-kun-ko to the oasis of Chung-kung (9500 ft.) the mica-schists on
the eastern bank strike N.N.E. and dip 60° to E.S.E. The western bank, however,
consists of the red beds of the Minchia Series until the river turns eastward and both
banks consist of mica-schist. The next main turn of the valley to the N. leads to
A-tun-tze between hills of mica-schist on the western bank and of the Minchia Series
intruded by rhyolites to the L.

§11. The Mountains East of A-tun-tze.

East of A-tun-tze (10,800 ft.) the Mekong-Yangtze divide reaches its greatest
height 8. of the Ba-tang district, and we made an excursion into these mountains to
investigate their structure and the relations of a peak seen by Mr. Kinepon WarD.

The A-tun-tze valley is bounded on the E. by the steep wall of a plateau, from the edge
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of which, at the height of about 13,000 ft., the country rises through undulating downs
to the rough rocky peaks of the Mekong-Yangtze divide. At the foot of the valley
wall E. of A-tun-tze biotite-hornblende-granite (% 35) outcrops beneath black slate and
green grits. At 13,000 ft. we entered a hanging valley, across the mouth of which lies
a small terminal moraine containing boulders of schistose quartzite, rhyolite, and slate.
The bare hill face to the S. of the valley contained yellow weathered sheets of rhyolite
and stained slates. Above the moraine the Jsu-su valley continues eastward across
a series of slates and grits and then bends northward. It passes the foot of a band of
limestone which rises into a high pinnacle at the height of about 13,700 ft.

The limestone is much altered and in the scar on the western side of the valley it is
garnetiferous, owing probably to the effect of the intrusive rhyolite. Several well-
preserved terminal moraines cross the valley at just over 13,700 ft., and amongst them,
at 14,220 ft., behind a moraine-dam, is the lowest of four lakes. The Jsu-su valley
there trends from W.S.W. to Ii.N.E. at the foot of an even slope of a schistose rhyolite,
some of which has a greasy aspect on weathered surfaces. This rock is intrusive into
the Minchia Series, which is represented by black slate, cleaved quartzite, green grits
with many quartz veins, and crushed and cleaved Minchia limestone, striking N.E.
by N. The limestone is also seen at the height of 15,600 ft. by Lake Tsu-na, of which
the outlet through a rocky gorge has been described by Mr. Kingpon WARD (Land of
the Blue Poppy, 1913, p. 170). Above Lake Tsu-na the slates of the Minchia Series
are intruded by a band of gabbro (419), which is also seen (Z 33 a, b, d) with dolerite
(7 33 ¢) on the western side of the Jem-sa La Pass (16,800 ft.). The pass is a notch
formed by the weathering of the softer black slate, which strikes to 18 K. of N., and
is nearly vertical, but has a slight dip to the W. On the eastern side of the pass is a
high boss of rock intrusive in the slate. The descent of the eastern side is over black
slate, Minchia limestone and gabbro (Z 32, 436 b, 437). The limestone usually dips
E.; it has been cleaved and in places altered by silicification to a banded chert. It
has been intruded by rhyolite and dolerite (431) ; frequent slicken-sided surfaces show
the extent to which the rocks have been faulted. At the eastern foot of the Jem-sa
La is the small Lake Tse-kon, in the valley of Mi-tu-tong. Both sides of this valley
consist in the main of the sedimentary rocks of the Minchia Series, with an undulating
dip. Onthe ridge to the E. of the camp the rocks at the northern end of the valley consist
of porphyry and dolerite, which abut against a thick series of red sandstones and slates
with a regular dip to the S. They are succeeded to the S. by the Minchia limestone
and farther S. the high peaks to the S. of the Ni-ma La or Chnu-ma La consist of red
shales and sandstones intruded by masses of kersantite (430, 7 31). At the northern
end of this section the rocks have been shattered by a great crush zone, which includes
huge lenticles of the igneous rocks. We did not reach this fault on the eastern side of
the valley, but the fault is clearly shown in photographs, and we had to trust in the
identification of the rocks to those of similar appearance on the western side of the
valley.

2¥r%2



206 DR. J. W. GREGORY AND MR. C. J. GREGORY ON THE

We saw no peak in the group higher than about 19,000 ft., but it is nevertheless the
highest part of the Mekong-Yangtze divide in Chinese Tibet. This group comsists of
the Minchia Series intruded by abundant rhyolite, dolerite, and gabbro. The area
has been intensely disturbed by faults and overthrusts. One of the most striking is
that which passes through the Jem-sa La and throws the sandstones N. of Lake Tse-kon
against igneous rocks. The country has clearly been disturbed by folds on lines
trending E. to W. due to pressure from the N. The folding was followed by violent
faults due to pressure in the same direction. These transverse movements are clearly
later in age than the N. to S. strike caused by the Indo-Malayan movements.

A-tun-tze is separated from the Mekong by a mountain mass of which the most
remarkable peak is Mt. Regni, due W. of the town. The base of the range consists of
mica-schist, covered by Minchia limestone and black shale, which are overlain by
basalt, which lies beneath tuffaceous trachyte (465) with a coarsely porphyritic sanidine
trachyte (466) on the summit. The Minchia Series extends N. of Mt. Regni; for we
could recognise its usual rock-association in a view of the mountains between Adong
and the Mekong valley.

From A-tun-tze we turned south-eastward to reach Pei-ma Shan. The ascent past
Chih-sui led over the Minchia Series dipping E. with typical black slate and Minchia
limestone ; this series has been invaded by the A-tun-tze granite, in contact with
which is a staurolite-hornfels (470). The ravine followed by the track exposes black
shale and green porphyry ; and at 500 ft. below the pass occurs purple slate. The pass
leads over to the upper valley of the Yung-kun-ko bounded on the K. by a line of cliffs
of the yellow weathering rock which we had seen also S.E. of A-tun-tze, and which we
were now able to verify as rhyolite. It has well marked banding and is intrusive into
the Minchia Series, for we crossed exposures of sandstones, red shale and banded
limestone all showing evidence of contact alteration. The prevalent strike 1is
meridional, but in the afternoon we reached a blue quartzite striking to the S.W.
and dipping 8.E. This change was explained by an outcrop of gray dolerite (504,
505) followed by green grits and black slate which strike S.I. and dip N.E.

Moraines with ice-scratched rocks occur in the angle between the two branches of
the Yung-kun-ko river, at the height of 12,700 ft. ; on the bed of the eastern branch
are boulders of enstatite-granite-porphyry, limestones, sandstones and shales of the
Minchia Series, and a cream-coloured limestone belonging to a later formation.
Boulders also occur of a red conglomerate which contains abundant jasper and
porphyry, and one pebble of granite; but we saw in it no specimen of either the
dolerite or younger granite, which therefore probably had no outcrop during the
formation of the conglomerate.

We followed up the western branch of the river. The ascent was first over a
biotite-hornblende-granite which contains many xenoliths of the Minchia Series, and is
clearly intrusive into it. During the ascent to the moraine-capped ridge which rises
southward to Pei-ma Shan, we crossed more baked rocks of the Minchia Series on the
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edge of the granite. When we reached the pass (14,400 ft.) Pei-ma Shan was hidden
by clouds, but we saw to the E. a pinnacled range of cream-coloured limestone, from
which no doubt had come the boulders previously observed. At the pass is a brownish
biotite-granite-porphyry (500).

In the descent to the valley of Janu-la, after leaving the granite-porphyry, we crossed
a massive limestone with few calcareous veins and some obscure crinoid stems. It
represents the Minchia limestone somewhat less veined than usual, and the Upper
Devonian fossil (Uncinulus), subsequently found in the stream at Janu-la, doubtless
came from a band interbedded with this limestone. The cream-coloured limestone
range to the . is cut through by a stream at Janu-la, of which the bed is littered with
boulders of this rock ; in them is a coral which we at once recognised as similar to the
Spongiomorphoid corals of the Triassic limestones of the Tyrol. It is associated
with brachiopods which have been determined by Dr. CowpER REED as Triassic. The
dip in the Triassic part of the range is generally to the S.E.; but its southern end
consists of rocks resembling those of the Minchia limestone with a dip to the S.W. or W.
Kast of Janu-la the Triassic limestones rest unconformably upon the Minchia Series.
Dr. CowpEr REED has also identified some Upper Carboniferous fossils which were
collected from boulders farther down the Janu-la river.

§ 12. Pei-ma Shan.

The south-western side of the Janu-la valley is a ridge 1000 ft. high, of which the
base consists of granite and the upper part of Devonian rocks and conglomerate.
Exposures on it are scanty, as the hillside is covered by moraine matter, which in one
section was 150 ft. thick. To the S.W. of this ridge lies the Cho-ni valley, which leads
to the northern front of Pei-ma Shan. The valley is broad and glaciated, and successive
terminal moraines lie across its floor. Descending obliquely its northern side we crossed
coarse granite and felspar-porphyry, succeeded to the W. by chocolate-coloured slates
which strike to 170° and dip 80° S.Ei. Beside this slate is a yellow, crushed limestone
containing blows of quartz; this rock is followed by granite, crushed slate, and
graphitic slate. These representatives of the Minchia Series rest to the W. against
a belt of black mica-schist, like that of A-tun-tze. The schists are very contorted and
become coarser toward the W., where, beside our camp, they pass into ordinary gneiss.
The southern side of this valley is formed mainly of a ridge of schists, which at the
western end have been thrown by a reversed fault upon Devonian rocks. A broad
intrusion of quartz-syenite-porphyry (494) traverses these Devonian slates, and on the
western side ends, also at a reversed fault, against the mass of the Pei-ma Shan
granite. This rock is a biotite-hornblende-granite, and it forms the axis of the
northern part of the range ; its selvage is in places spessartite. It has been subjected
to heavy pressure since its intrusion. It shows in places a pseudo-bedding due to
pressure ; the dip of these planes is towards the E.; they are crossed by nearly
vertical joints with a very steep easterly dip. (Fig. 2.)



208 DR. J. W. GREGORY AND MR. C. J. GREGORY ON THE

A depression in the ridge to the S. of the Cho-ni valley leads to the Cho-nung valley,
of which the upper part lies along the eastern foot of Pei-ma Shan till the valley makes
a right-angled turn to the E. So far as we could see, the central part of the range
consists of granite; the slates and Minchia limestone, which dip westward, form the
eastern foothills, and farther K. the ridges are of mica-schist. The upper part of the
Cho-ni valley traverses the granite axis of the range. The rock is often greatly crushed,
sometimes having been converted into gneiss; in one place the severity of the earth
movements is shown by the inclusion of a slab of Devonian rock in brecciated banded
granite.
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Fi¢. 2.—S. side of Cho-ni valley, traversing N. end of Pei-ma Shan. M.S. mica-schist. sl. slate.
gr. granite. 7h. quartz-syenite-porphyry. g.north glacier of Pei-ma Shan. M. moraines. s. snowfield
on N. peak. «. pressure jointing. F;, Fy faults.

Pei-ma Shan appears, therefore, to consist mainly of a mass of granite that was
intrusive into the Minchia Series. The granite has subsequently been affected by
intense earth-movements due to pressure from the W., by which it has heen forced
along overthrust faults against the Devonian sediments.

§ 13. Janu-la to the Yangtze at Chi-tsung.

In the descent of the Janu-la River from our camp we passed fossiliferous Triassic
limestone, and saw its well-marked unconformity on the Minchia limestone.  The track
descends over syenitic gneiss (519), and at the beginning of the ascent to the Janu-la—
Tung-chu-ling divide it crosses a stream beside an exposure of oligoclase-basalt and
black slates, and rises over Minchia limestone and its associated grits. These rocks are
followed by granite, while on the moraine-covered moorland above the scattered blocks
seen are porphyry and green grits. At the height of 14,500 feet a stream has cut through
the moraine into chocolate-coloured shales and green and brown grits. Red sandstones
are abundant in the morainic material, but we found none of the Pei-ma Shan granite.
The descent eastward from this divide is over a rock so similar to typical Old Red
Sandstone that it increased the resemblance of these misty moorlands to parts of the
Scottish Highlands. A thousand feet below the pass exposures of green grit and con-
glomerate occur beneath a moraine with ice-scratched boulders. Farther down the
slope exposures are more abundant and show red sandstone, conglomerate, Minchia
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limestone, green porphyry, green shale, a yellowish-brown sandstone, and also some
indurated black and green shales which probably indicate the presence of thin intrusions.
The lowest glacial deposits seen are at about 13,500 feet. Below this level occur diabase
(5627b), yellow sandstones, green shales and black slates, striking to 110° and dipping
60° N.N.E. Some hard folded contorted green slates, with a strike of 135°, indicate local
faulting which has brought up the green grits. The first house E. of the pass, Ji-chia-po
(altitude 11,500 feet), stands beside the contact of hornblende-granite (518) with the
Devonian sediments. The route then descends steeply over green grits and slates to a
belt of schistose rhyolite (523). At 10,600 feet occurs the Minchia limestone, and black
slates are associated with green porphyry. Iarther down the valley is more rhyolite.
The river gorge is mainly cut through black slate, green shale and Minchia limestone,
with another exposure of rhyolite crushed by faulting. A deep sinuous gorge has been
cut through green grits, black slate, Minchia limestone, calcified crush-rock (Z 43), and
some red and blue shales which dip eastward. Schistose rhyolite is exposed half a
mile up-stream from the hamlet of Tse-chio, below the famous lamasery of Tung-
chu-ling.

Just B. of Tse-chio is a belt of coarse red porphyry like that of Kon-ya (¢f. p. 203).
East of it is a belt of mica-schist followed by Minchia limestone which dips to the W.S.W.
The route down the valley to Reni-kon-ka is over the Minchia Series; the beds are
repeated by folding and are traversed by powerful meridional faults which are well shown
on the northern side of the lower end of the valley near Nru-inda. The Tung-chu-ling
River there turns northward through a gorge along a broken anticline ; the dip away
from the river on its eastern bank is part of the synclinal fold of the Pang-tze-la hill.
Kast of the village of Reni-kon-ka further evidence of this syncline is given by the
westerly dip of the Minchia limestone, below which, in an arid kloof, we came unexpectedly
on to biotite-granite (Z 42) and biotite-quartz-syenite (529d); some of the granite
is crushed and gneissose. On the dry bed of the kloof we found a block of Ta-li marble.
Here we left the direct route to Pang-tze-la and turned S. to cross the mountains on a
route parallel to the Yangtze. We left the Pang-tze-la track at about 8600 feet and
soon passed from granite and schist to black slates dipping southward. They are
followed by other members of the same series, including Minchia limestone, green
grits, and black slate. The slates are often vertical or have a slight dip to the S.W. ;
they are traversed by veins and blows of quartz. Beside the village of Ba-zin, on the
floor of the valley (altitude 8100 feet) the red and green shales are silicified and strike
to N. by E. and dip 85° W. by N. 1In a further exposure the beds strike to N.N.W.
and have been overfolded by pressure from the W. Views from the hills show that the
Pang-tze-la syncline continues northward on the eastern side of the Yangtze. From
Ba-zin a track ascends the Sha-hi River with exposures of bedded red sandstone,
quartz-conglomerate, green beds, Minchia limestone and its accompanying black slate.
Just N. of the village of Sha-hi the valley rises in steps over a mass of biotite-granite.
This rock continues up-stream beyond the village (9200 feet), where it is covered by
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horizontal red sandstone capped by the Minchia limestone, which forms a plateau on
either bank. The red sandstone is of the St. Bees Sandstone type and is over 100 feet in
thickness.

On the path to the Jin-go La the Minchia limestone is overlain at 10,000 ft. by brown
grits and red sandstones ; at 11,000 ft. occurs black slate, which is traversed by slicken-
sided faults trending E. and W. These slates are associated with porphyry and then
follow Minchia limestone and black slates which dip N.W. The ascent of the Jin-go
La pass from about 12,000 to 13,500 ft. is successively over felspar-porphyry, green
grits, blue sandstone, quartz-porphyry, a red felspar-porphyry, and then a thick series
of red sandstones, blue quartzite and grits, and green grits. The summit of the pass
(alt. 13,500 ft.) consists of black slate which is exposed beneath morainic drift. 'We had
seen from the N. a small glaciated corrie to the W. of the track. The glacial drift con-
tains numerous ice-scratched boulders and extends down the valley to the S. of the pass
to 11,800 ft. : the descent from the Jin-go La to Ka-ri was mainly over the Minchia
Series, represented by yellow sandstone, bluish quartzite, and a blue quartzitic grit and
intrusions of porphyritic biotite-granite (Z 47). In one place a 4-foot dyke of the
granite has altered the blue grits into banded quartzite. These intrusions are doubtless
offshoots from a mass of granite seen lower down the valley, beyond which is a long
dyke, about 1-foot in width, of granite in Minchia limestone. Porphyritic biotite-
granophyre (Z 48) also occurs. South of Ka-ri* the rocks are Devonian sediments which
form the hills to the S. of the Ju-geh River, where there are nunerous crags of Minchia
limestone dipping to the W.

The Ju-geh River comes from the N.W. along a valley eroded in an anticline. We
followed this river from the confluence of the Ka-ri River (8800 ft.) to Ron-sha. The
rocks along the valley are mainly sediments of the Minchia Series intruded by various
porphyries. At the falls in the Ju-geh River a little below its junction with the Ka-ri
River is an amygdaloidal porphyry associated with blue grits. Below this point the
valley alternately widens into a dale where it crosses the black slates and contracts to a
gorge where it cuts through the quartzites. The slates below the falls strike N.N.E.
by E. and dip W.N.W. by N. On the eastern bank of the river the rocks have been
disturbed by a fault overthrust from the N.; on its southern side the blue quartzites
are thrown into folds of which that nearest the fault is overfolded to the S. 'I'hese
rocks are followed by massive green grits and slates, which strike S.W. and dip N.W.
Half a mile farther 8. red shales and sandstones strike 10° and dip E. by 8. A couple of
miles farther S. the Minchia limestone dips to the N.E. ; then follow black slates which
strike N. by E. and then grits. Near Shieh-sung occurs amygdaloidal trachyte and the
Minchia limestone on both banks dips away from the river. The main valley is along
an anticline, with a parallel syncline to the E. At Do-song (7800 ft.) the general strike
of the district, namely, from N.N.W. to S.8.E., is resumed ; the dip is W. One clear

# Near Ka-1i we found the only ancient stone implement, a quartz arrow head, seen during the
expedition.
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exposure showed a strike of 12° and a dip of 65° to K. by S. South of Do-song are
extensive exposures of the green grits that underlie the Minchia limestone ; many of
the surfaces are slicken-sided and some black shale with the N.N.W. dip is intensely
crushed and slicken-sided. A tributary from the W. exposes the Minchia limestone
and black shale with a dip to the W.; but we could see no porphyry boulders on the
stream bed. About 5 miles down stream from Do-song the limestone contains obscure
fossils that might be crinoid stems and the rock resembles the cream-coloured Li-kiang
limestone. We found no definite evidence of the occurrence of Triassic rocks, for the
exposures to the S. consist of green shales striking from N.W. to S.E. and dipping S.W.,
of black shales and Minchia limestone which dip N.W., and later of green grits which
strike N.N.W. South of the hamlet of Kuan-sa the black shales and slates are extremely
contorted and dip S.W. Near Sa-ka-ting some of the Minchia limestone and its black
shales are intensely contorted along parallel bands ; the beds have mostly a gentle dip
to the S., which is broken repeatedly by contorted bands with a steep dip to the N. ;
these bands are composed of numerous small horizontal overfolds.

At Se-kon the black slate is capped by the Minchia limestone and both dip W. Farther
S. are vertical green shales with a strike from N. to S. In a tributary to the S. the
limestone is banded and corrugated and dips W. After crossing this river (6800 ft.)
black shale and Minchia limestone strike to the N.N.E. and dip to the E.S.E. A
large tributary joins the Ju-geh River. The structure of the country to the W. of the
Ju-geh is shown by the boulders on its bed ; they are mostly of granite, gneiss (552b),
granite-porphyry (552¢) with a few of limestone and its associated grits.

The bend of the Ju-geh River W. of Ron-sha exposes the Minchia limestone striking
N. and dipping steeply to the W. A broad valley there joins the Ju-geh River from the
W.S.W. and most of the rocks on its bed are gneiss and granite. At Don-sha, the next
village down-stream, the green grits have been thrown into a double overfold with a
dip to the W.; but to the K. of these folds, and apparently faulted against them, is a
band of Minchia limestone with a dip to the E.

From Ron-sha we began the ascent to the Ju-go Shan pass; the track rises over
green grits and shales which strike N.N.W. and dip F.S.1. These rocks are exposed
at the village of Kwei-jen-yera, while both banks of the valley show exposures of the
Minchia limestone.

The summit of the pass consists of green shale striking to N. by E., and with a steep
dip to . by S. This pass, at the height of 12,000 ft., showed no trace of glacial action.
The pass commands a broad view to the S. over a dissected peneplane in which the N.
and 8. ridges follow along the grain of the rocks, while the major E. to W. valleys have
been dissected along faults and folds. South of the pass the green slates show a well
marked cleavage across the bedding. The track descends steeply to the Chi-tsung
River along a valley hetween Minchia limestone on both sides ; the rock strikes to the
W.N.W. and dips N. Farther 8. the dip is to the W. The limestone overlies red shale,
and on the southern side of the Chi-tsung valley it occurs in two bands interbedded in
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red shale, Our voute turned sharply to the K. along the valley of the Chi-tsung Ho
to the Yangtze. The Chi-tsung Ho comes from the Mekong divide, near the Li-ti-ping
Pass; many of the boulders on its bed are of granite, but we saw none of gneiss or
crystalline schist.

Near Ta-cheng the rocks belong to the Minchia Series with a predominant dip to
S. and S.W., owing to one of the E. to W. dislocations. The chief rocks there and at
Yen-in-wan consist of the Minchia limestone in two bands, which are intercalated in
a thick series of red shales with some green shale. Kast of Yen-in-wan is an exposure
of mica-schist, which extends up a tributary to the N. The slopes on the hillside above
1t consist of the red shale under the Minchia limestone, which rests directly on the
schists.

At the Chi-pieh-Na-pu bridge the rocks on the northern bank of the river consist of
green and red shales and strike from N.W. to N.N.W. and dip about 60° S.W. South
of the river the Minchia limestone and slates strike to the N.W. and dip N.E. The
beds are disturbed and include crushed slate and green beds which dip W.

At the town of Ka-li-tsa or Ta-sa green grits dipping S.W. rest on graphitic and
phyllitic-schists which dip W.; these rocks are succeeded eastward by a quartzitic
schist which dips to the . The river contracts to a gorge and is broken by rapids in
a gorge cut through crystalline limestones and schists, which strike to 140° and dip S.W.
These limestones form the precipices above the Yangtze at Chi-tsung (river altitude
6800 feet) ; they belong to the Ta-li Series.

§ 14. The Yangtze from Chi-tsung to Chi-tien.

South of Chi-tsung the track beside the river climbs over a ridge at 8000 feet of gray
corrugated schist which dips E. The Yangtze valley is there in a trough fault ; the
band of crystalline limestone on its floor, having been nipped between two faults, has
been bent into a synclinal. The main structure of the valley is, however, generally anti-
clinal. The river valley continues southward, through biotite-schist and crystalline
limestones which dip S. The beds of the streams from the W. include cobbles of granite,
red sandstones and green grits, but we saw no porphyry. At Lung-pa Ho the bed of
the tributary from the W. is littered with boulders of granite and tonalite-porphyry
(545b), but has no red sandstone, so that the Minchia Series is farther from the river.
The spur to the 8. of the stream there is anticlinal, and its southern slopes consist of
blue biotite-schist. In the next spur, where the schists strike N.N.W., the descent
to the wide basin of Te-lo is over a vast fan of outwash gravel, no doubt accumulated
as a delta at the northern end of the Te-lo basin. The rocks consist of green schists
and limestone. Five spurs descend to the river from the L., and the dip in them is to
N. or N.E. As the Te-lo basin is contracted by the Pai-lien ridge the anticlinal struc-
ture is again obvious, owing to the westerly dip of the rocks in the western ridge, and
of the easterly dip on the continuation of that ridge on the eastern bank of the river.
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That the Yangtze is rapidly deepening its bed is shown by the freshness of some pot-
holes 30 feet above the river level. From the Pai-lien ridge to Chi-tien occur green
schists which strike N.W. and dip N.E. The view to the hills S. of the Chi-tien basin
includes three ranges to the W. of the Yangtze, and in all the dip is to the W. At the
northern corner of the Chi-tien basin, however, the black schists strike N.-W. by N.
and dip N.E. by E. The track crosses a large delta fan in which the chief rocks are
red grits and sandstone, green porphyry, green breccia, pink granite, and black slate ;
but we saw no Minchia limestone. On the floor of the Chi-tien basin there are thick
deposits of red sands similar to those near the Salween Bridge (c¢f. pp. 176, 225).

The view southward down the valley up which we had come on the outward
journey from Li-kiang, showed its anticlinal structure, with a well marked dip away
from the river on both banks.

§ 15. Lu-kiang-fu to Yung-chang-fu.

From Li-kiang the track to Ho-king crosses the alluvial plain to Tung-yuan-tsun
(8480 feet), a limestone ridge which is adorned with a conspicuous pagoda. The track
there turns S. along this ridge, passing to the E. of a conspicuous series of banded
limestones which abut to the W. against the basalts that form the hills on the southern
side of the Li-kiang basin. The banded limestones so closely resemble those seen at
the north-eastern foot of the Li-kiang Snow Range that they are doubtless Devonian.
The basalts appear to overlie them. Above the banded limestone is a cream-coloured
limestone which dips W. It contains some obscure fossils; but as we were making
a long march we had no time to collect more than a few shell and coral fragments which
are indeterminable. The lithological character of the rock renders it probable that
1t is a continuation of the Triassic limestones of the Black Dragon Temple Range
(¢f. p. 189). We continued along the foot of the limestone range, but for several miles
of our march to Feng-ming-kai the journey was in the dark.

The road from Feng-ming-kai to Ho-king crosses alluvial plains and is paved with
limestone blocks of three different kinds—ordinary Minchia limestone, a banded lime-
stone which 1s probably of the same age as that containing Idiostroma, and a crystalline
limestone like the Ta-li marble. A little E.N.E. of Ho-king the limestone range to
the W. is interrupted by a sudden E.~W. upfold by which the banded (? Idiostroma)
limestones are flung from a horizontal position with a N. to S. strike into an almost
vertical position, with a strike from W. to E. and a slight dip to the S. due to.overfolding
(fig. 9, p. 239). Parallel to this W.—E. fold is a series of faults. South of Ho-king the
river passes to the Yangtze through a gap around the eastern end of a ridge in which
the dips are to the W. The track to Ta-li-fu climbs on to the western end of this
ridge over buff, black, and red shales to the bluish-gray Minchia limestone ; the strike
is S.W. and dip S.E. The pagoda-crowned hill which rises from the plain below
consists of the banded limestone (probably Devonian), and its strike is from E. to

2a 2
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W. and dip to the S., in accordance with the Ho-king fold. Higher on the range
(at 8800 feet) is a cherty cream-coloured limestone with obscure fossils ; it is probably
a continuation of the Triassic limestone of Li-kiang. The first pass, 9400 feet, is through
banded limestone with black shales which dip N.

Near the pass some of the limestone has been crushed to a breccia and the adjacent
shales show a low dip to the N. Some of the limestone has weathered into a karst-land,
but, as we passed its pinnacles, darkness fell upon us and we missed the next part of the
route in a long night march. It is clear, however, that in this locality there were lime-
stones which belonged to at least three distinct series. A basal series of limestones
belonging to the Ta-li group, banded limestones which are Devonian, and an upper-
most massive cream-coloured limestone which from the evidence near Li-kiang is probably
Triassic. These Triassic limestones appear to form the higher peaks to the W. and
S.W. of Ho-king and to the S. of them is a wide dissected plateau of the Devonians.

At Khreh-ni-sowa (9200 ft.), where we resumed our march in the daylight, shales and
mudstones just above the village contain a seam of earthy anthracite. A mile up the
pass these beds are succeeded by green shale which strikes S.85.W. and dips W.N.W.
Upon this shale lie dolerite, oligoclase-basalt, some of which is vesicular with a red
spotted base, and layers of basaltic volcanic ash. These volcanic rocks are associated
with red shales which have been slicken-sided by faulting. The basalts are followed by
purple shales with intrusive diabase. This association indicates that these rocks are
the southern continuation of the shale and volcanic series which we crossed to the S.W.
of La-shi-pa (¢f. p. 190). Some boulders of the Minchia limestone occur at the fork
of this valley where a porphyritic spilite contains quartz-filled vesicles. The main track
rises over purple shale interbedded with lavas to the pass at 10,200 ft. We saw no trace
of any glacial deposits on the pass. The path descends over shales to a compact basalt
at 9900 ft. and massive and porphyritic spilite (555) at the village of Kuan-nan-po
(9700 ft.). The Minchia limestone outcrops at 9300 ft., but the main descent to the
Na-sui Ho or “ Lost Water River,” is over a banded vesicular basalt ; at 8500 ft. a
volcanic neck with altered fragmental olivine-basalt, which is very vesicular (568 and
570). We crossed the river at 8100 ft. ; on its bed are pebbles of red sandstone and breccia,
altered Minchia limestone, and a coarse porphyritic basalt like that of Kien-chwan-
chow. The deep gorge of the Na-sui River cuts through the Minchia limestone, which
strikes to N.N.W. and dips W. ; the lower part of the valley is in massive white cherty
limestone and limestone breccia, which are probably the southern extension of the Kao-
liang limestones W. of La-shi-pa. At the mouth of the valley of the Na-sui Ho the hills
to the W. are volcanic, while the western wall of the main valley consists of contorted
crystalline limestones, which strike N. and S. and dip 80° W. They represent an outcrop
of the limestones of Ta-li-fu. The route then crosses for some miles over a plain of
alluvium to Niu-kai, 6750 ft., which lies at the foot of the eastern wall of the valley.
The hot springs of Niu-kai probably rise along the bounding fault of this basin ; they
smell of sulphur-dioxide, and their hottest water was at 174° F. The Pagoda Hill to
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the 8. of Niu-kai has a steep western front covered by tufa, but most of it consists of
dark blue shale with some carbonate veins. The routé passes along the foot of
the hills on the eastern side of the alluvial basin ; the hill front is a weathered fault-
scarp, in which the beds dip K. while those at the southern end of the basin dip W. At
Si-ying-kai the bed of the river from the E. is littered with pebbles of Minchia limestone
and of a conglomerate which includes red sandstone and Minchia limestone. The stream
comes from a gorge with high dips to the W.N.W., but from Si-ying-kai southward the
prevalent dip is eastward in the hills to the K. of the basin. About 10 miles 8. of Niu-
kai the track rises over some hills that project from the eastern side of the basin. These
hills include red and chocolate sandstones, green grits and Minchia limestone, but they
consist mainly of fine-grained gabbro and porphyritic spilite (583). The series is mainly
volcanic and includes coarse tuffs passing to agglomerate.

According to Mr. W. N. FErRqUSSON, of the Imperial Salt Commission, some of the
volcanic rocks of this basin may be of modern date, as he considers the Lang-kiung
hot springs as of volcanic origin.

At the village of Sin-chang we reached the bank of the river which carries the discharge
from the Niu-kai basin through a gorge to the basin of Chung-so. This Chung-so gorge
gives an instructive section, through the Minchia Series with its intrusive spilites and
flows of basalt. In the upper part of the gorge the grits and shales have been baked.
KEast of the bridge at the guardhouse are beds of volcanic tuff and agglomerate with
flows of coarse purple spilite, some of which is coarsely porphyritic. Interstratified
with these rocks is a purple shale, dipping eastward and traversed by a dyke. TFarther
down the gorge, purple shales dip W. and are interstratified with coarse conglomerate ;
then follow vesicular basalt and Minchia limestone, which has been altered, and
red sandstone. The lower part of the gorge trends to the S.S.E. and is cut through
red and green shales which strike N.E. and dip N.W. At the mouth of the gorge
are diabase and shale. The track then continues along the embankment of the Chung-
so River, which is raised above the level of the adjacent flood plain. The floor of
the Chung-so basin is a wide alluvial plain which is bounded by hills to the E., N.
and W. These hills appear to consist of rocks of the Minchia limestone and diabase
series.

In Chung-so a siliceous pudding stone is largely used for paving stones, and is probably
one of the Minchia conglomerates baked by the intrusive rocks. Our road to the S. lay
over the alluvium, but the nature of the neighbouring rocks may be judged by the
paving-stones which include augen-gneiss, Ta-li marble, and calc-biotite-schist. We
left the alluvial plain at Teng-chwan, to the S. of which occur coarse diabase and
variolite, and also augen-gneiss, which appears to form the bulk of the western hills.
On the bed of streams S. of Teng-chwan are pyroxenite-gabbro (580, Z 70) and pyroxenite
(Z 69). The rocks exposed beside the track included gneiss, biotite-schist, and granite.
Most of the route, however, from a little S. of Teng-chwan to Ta-li was over the recent
deposits of the Ta-li plain.
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At Ta-li-fu we rejoined the road across southern Yunnan of which the geology has
already been described by von Loczy and Mr. Cocein BRowN, whose accounts we supple-
ment by a few notes. The river valley which descends first S. and then westward from
Sia-kwan, the commercial centre of this part of Yunnan, is cut through gneiss, mica-
schist, and black schist, of which the strike is from L. to W. These rocks are intruded
by veins of granite and upon them rest purple slate, which dips N.W. and N., and also
sandstones and grits ; these red rocks clearly represent the Minchia Series, and rest
unconforinably upon the Kozoic. Before reaching the hamlet of Ilo-kiang (4800 ft.)
we passed from the Devonian rocks to schists, including a greenish schist like that at
Lan-shueh-ko, and to an augen-gneiss striking N. to S. These metamorphic rocks ave
accompanied by Ta-li marble and black schist. In the ascent of the Yang-pi River
the rocks exposed as far as Ping-po are gneiss and schist with some quartzitic gneiss,
also some blue schist and chloritic schist. Then at the sudden bend of the river W. of
Yang-pi the crystalline rocks are covered by a series of red and green sandstones and
grits, and chocolate-coloured shales beginning with a coarse basal conglomerate. The
grits resemble those of the Minchia Series, but a little farther S. the Permo-Trias must
rest directly on the pre-Paleozoic. Some specimens of the grits found on the river bed
contain the copper ores, malachite and azurite.

From Yang-pi we marched for three days westward over the Permo-Triassic Red-rock
Series. They have been greatly disturbed as their dip is high ; sometimes it is vertical,
and the rocks are in places broken by pressure cracks, as, for example, W. of Tai-ping-pu.
Vox Loczy, who crossed this belt of rocks to the N. of our route, represents on his
section some recumbent folds. Though we did not see hereabout any cases of such
extreme overfolding, the dip was in places slightly inverted, and we saw no reason to
distrust von Loczy’s section for the line he followed. East of Ku-tung on the Yung-ping
River, the recent age of the earth-movements is indicated by seven parallel faults
traversing the drifts, which are probably Pliocene. At Shan-yang, E. of the Mekong
River, the Red-rock Series is succeeded by the Kao-liang Series, which is there
represented by hard blue flags. The Mekong Gorge is in the Kao-liang Series, upon
which at Shui-chai rest Carboniferous limestones containing crinoid stems, an
indeterminable coral, and brachiopods.* These rocks are overlain by wide sheets of
basalt, as N. of Ta-li-shao, with some olivine gabbro and tuffs. This basic series with
some volcanic necks is extensively developed between the Mekong and the Yung-chang
basin.

At Yung-chang we rejoined the route by which we had entered the country.

* Carhoniferous fossils have been recorded from this locality and Ta-li-shao by von Loczy (1893, p. 765)
and Mr. Cogain Brown (1916, p. 237).
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Part III.-—THE STRATIGRAPHICAL SUCCESSION.

1. The stratified rocks met with in our journey may be classified as follows :—
Kainozoic—

Pleistocene .. .. Alluvial deposits and drifts on the floors of the valleys and
basins, in delta fans, &c. Moraines in Chinese Tibet above
10,500 ft. Volcanic—Teng-yueh.

Pliocene .. .. .. Lower lacustrine beds in basins. Red sands on the floors of
the river valleys and basins.

Middle or lLower

Kainozoic .. .. Volcanic series of I'eng-yueh, and Li-kiang.

Mesozoic—
Upper Trias .. .. Dolomiies and limestones of Janu-la, li-kiang, &c.
Lower Trias .. .. Red rock series of Yun-lung Salt Basin.
Paleozoic—

Upper Permian .. Red rock series of Yun-lung Salt Basin.

Upper Carboniferous  Limestones with Productus, Neoschwagerina, Ifusulina, Fene-
stella, &c. ; at Lota Gorge, Shui-chai, Yang-tsen, &ec.

Lower Carboniferous  Limestones at A-shih-wo.

Devonian, Upper .. Minchia Series. Veined limestone and black shales, red and
green shales and sandstones; purple sandstones. Lime-
stone with Uncinulus at Janu-la.

Devonian, Middle .. Stromatopora limestone; Idiostroma limestone; Janu-la
limestone, &c.

Silurian .. .. .. Monograptus shales of Shih-tien and Pei-ma.

Ordovician .. .. Lower Bala—Upper Llandeilo. Graptolitic shales of A-shih-
chai River. Ho-wan.

Arenig—Lower Llandeilo. Shales and sandstones of Pu-piao.

Archeozoic—
Kao-liang Series .. DPhyllites and chloritic schists, quartzites, crystalline lime-
stone and limestone breccia: Shweli-Salween divide ;
Mekong Valley E. of Bridge and K. of Fei-lung Bridge ;
W. of La-shi-pa; nr. Niu-kai; Siao-wei-si; S.E. of
A-tun-tze ; N.E. of Yung-chang.
Kozoic-—
Ta-li Series .. .. Si La schistose quartzites and grits. Crystalline limestones
and biotite-schists of Yang-tze above Shih-ku, W. of
Si La,, &e.
Taping Series .. .. Gneisses, with some schists and crystalline limestone. Taping

Valley ; Ho-wan ; W. of Tsed-rong; W. of Ta-li; Li-tien
basin ; Wei-si; W. of A-tun-tze ; N.E. of Pei-ma Shan.
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Fozoze.

The oldest known rocks in Yunnan and the adjacent territories are a thick series of
coarse gneisses. The most extensive development of them we saw was in the Taping
valley between the Irawadi near Bhamo and Teng-yueh. The rocks include biotite-
quarbz-gneiss, garnetiferous gneiss, hornblende and biotite-schists, intrusive granites and
some pegmatite. The rocks as a whole are similar to those of the Lewisian gneiss of
Scotland, the Ottawa gneiss of Canada, the Swaziland system of 8. Africa, the Bengal
gneisses of India, and the Mogoke and Martaban gneisses of Burma. They are
associated with bands of crystalline limestone, containing diopside and various green
and black streaks due to forsterite and graphite. These limestones are well seen in
the Taping valley at miles 30 and 48-50 from Bhamo.

The strike of the foliation in the rocks along the Taping is usually between E<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>