Topography of the Liao-Tung Peninsula

Sadajiro TsucHIDA

General Description

The backbone range of the Liao-tung Peninsula runs northeast to southwestward
and consists of part of the mountain range running in the Sinian direction*
(R. PumPELLY).D** The shape of this peninsula is controlled by geologic struc-
ture. Since it deviates somewhat more to the north than in the Sinian direction
proper, it is called the “Liao-tung direction.”® The area has been investigated by
many geologists3~1 whose results have already been published, according to
which granite, gneiss and quartzite predominate in the peninsula. Especially, the
Sinian Ta-ho-shang-shan series!® is distributed extensively in the beginning and
terminal parts of this peninsula. No Tertiary sediments are found there, and the
only Quaternary sediments are peat®®, which contains Nelumbo sp., and terrace
gravel which is distributed sporadically. Fossils that are useful for age determina-
tion [index fossils] have not yet been found in the strata.

Here and there in this region, erosion surfaces exist which truncate the com-
plicated geologic structures. These surfaces were once recognized as the ultimate
plane of the eroded topography, which was called the “Liao-tung peneplane’.13:3%

The existence of an erosion surface in the Liao-tung Peninsula has already been
reported by several geologists, namely Hanzé6 Murakami® (1915; p. 3, 8, 12),
Otoji Aojr® (1924; p. 3, 5), Susumu MatsusurTa® (1930; p. 2), Toshio OTan'®
(1933) and Heiichi TAkEHARAS® (1934). It was also reported by students of
topography, such as Jji HANA'™® (1928) and Masahide Kajivamal® (1932). The
writer and the late Zenkyd IMaMURA®® investigated the erosion surfaces in the
northern part of the former Kuan-tung Province under the kind direction of
Dr. Riuji Expo.

BLackwELDER?® (1907; p. 86) once stated that “the topography of the preced-
ing cycle was so completely removed that the original topographic forms were not
preserved.” However, remnants of an old flat surface came to be known by each
of the investigators described above.

* In the direction of China.
** Numbers in parentheses designate corresponding references at end of translation.
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1. Analysis of the erosion surfaces

It became clear that three planes had devoloped on the Liao-tung Peninsula,
as a result of investigating the detailed classification and history of the topographic
forms. Among these forms, the relatively complete surface of the P’i-tzu-wo pene-
plane, which is situated in the lowest position, 20 to 50 m above sea level, is
preserved. The Kuang-ning-ssu peneplane exists 120 to 300 m above the P’i-tzu-wo
peneplane, and is much more dissected. At the highest altitude, 300 to 400 m
above present sea level, remnants of the Ping-shan peneplane, which occupies small
areas, are distributed sporadically.

Using all 1:25,000 topographic maps (52 sheets), the author compiled restora-
tion maps, with 50 m contour intervals, in which valleys 250 m wide are “‘buried”
[E.N.; literal translation; probably meaning an imaginary topography for the
purpose of coordination assuming that all valleys are 250 m wide and are filled
with sediment]. Referring to these restoration maps and the geologic map,®
27 planes, cach with remarkable features, were selected.

The 27 planes selected were divided into squares, 4 km per side, and several
methods of geomorphometry were employed for each plane. For convenience,
arcas are designated a, b, c, etc. (see I'ig. 1).
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Fig. 1. Distribution Map of Measured Areas.

Prior to measurement, this region was divided into two parts, eastern and
western, because each erosion plane included in the area to be measured is dif-
ferent. In addition, erosion surfaces are sometimes different, even if they were
subjected to the same erosion during the same period. TAvama?? indicated the
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following four causes for differential erosion; (1) difference in lithology, (2) differ-
ence in the stratigraphical sequence, (3) difference in meteorological conditions
(especially in the amount of rainfall) and (4) inclination of plane.

Remarkable differences in this region are seen in lithologic features. Gneiss
occurs extensively in the eastern area while Ta-ho-shang Shan quartzite crops out
along the coast in the southern part. In the western part, Sinian and post-Sinian
sedimentary rocks predominate. The rock formations of the western part and the
gneiss group of the eastern part contact unconformably,® and by thrust®® and
normal faults. Consequently, the boundary line between these two rock groups
was applied as the dividing line of this region, that is, between the eastern and
western parts. However, Ta-ho-shang Shan and the area cast of it were included
in the eastern part, because it was found that the characteristics of the surface are
similar to those of the eastern part when referring to a restoration map with a
50 m contour interval.

According to investigations on the structure of this region by Hanzd Mura-
kAML? Otoji Aojr,® Susumu MaTsusniTa,” Mitsuo Nopa?® and others, the
region had been subjected to moderately complicated faulting and folding. How-
ever, since the movements were old, they may not be shown directly by topo-
graphic features at the present time. These were not recognized in the field work.
Juji Hanar'® states that any faults that truncated and displaced the dissected
planes after their formation were not found either (see Hanai, 1928 and 1933,
p. 358 and MartsusHiTa, 1930 p. 5).

It is assumed that the amounts of rainfall in these two areas arc approximately
the same because of their proximal location; therefore, as already described, this
region was divided into eastern and western parts according to lithology alone.
(see Fig. 1).

A. Erosion surfaces of the eastern part

1. Classification of planes according to length of contour lines

Gneiss is predominant in the eastern part of this region, except for several small
areas. However, classification was made assuming that all arcas were the same.

It is thought that these areas were very flat at the time the Liao-tung peneplane
was completed. If this is true, it may be assumed that this plane was subjected to
the same degree of dissection at the same time. If there are several planes in this
region, it may also be assumed that the older plane was subjected to a higher
degree of dissection than the younger plane. Therefore, if the degree of dissection
(r,) of each plane is measured, the number of planes and the relationship between
new and old planes may be estimated.

As one method, the author measured the length of contour lines. If the condi-
tions for erosion, except for the time factor, are the same throughout all areas, the
length of the contour line in the unit area indicates not only the density of the
valleys, which represents the degree of dissection, but also the degree of inclination
of the surface formed during the same period in each area of measurement. Two



"HE LIAO-TUNG PENINSULA 287

TOPOGRAPHY OF

) ) 8D ‘Ys ‘ss ,4 ) ) D1
0 8570 _ Sy 0 o S
060 88°0 8L°0 Lo fwr
£0°0 Skl _ e8°1 Syl L1 fur
0¢ 09 _ 05 0S (2 wy
05 (A 0s1 051 05T ey
_ _ ; _ “m.o L0 1¢°1 mN.N M __.o _m.o 0°1 _3 10 T.o “m.o w@.o T.N 10270 T.o T.o T.N %
€0 %0 9°0 6°0 1°0 %0 60 6°0 20 20 0 2°1 10 30 60 &'T 4
101010 S.o_S.oS.E.o L°0(0°T %'1(0°C(6°G8°0(8°06°01(¢°T 8°T _Z 80 1670 |I°T (6T |[£°T16°C 1T [2°T TL 10z jge| ™
ST|ST|S'T9°01(9°0 970 w.o_o.:m.m:.NS.Nm_m.w«m.NS.E_.m_o.oi.@m@.mi.Q,o.i,m.@;.ﬁm .ao.mtm.em.e_m.owo.mwm.ch.s g
wjajajomn|r|nalajo|o|r n]afajm|olr n|ajajo/o|r|n]ajafo]o]r|ws
1 1 q 4 J
o) D D ) ) | ‘o1
02°0 0%°0 0¥ 0 fut
$6°0 L0 99°0 fux
SI°1 a1l SI'I 81°0 T
o 03 05 05 0% Ea|
0L o 0L 001 05 ey
G0 [F0(50/9°01(0°T r ‘ _ _ 1°0 T“.o 9°0 ﬁo; L1 T.o _ﬁo ¥°0 _ﬁo 0°2 ‘ _ F _ v b
20 1°01°0%0 20 €0 %0 L0 0°0 €0 €0 ¢°I 4
L0 T (2T (8T |L°T S°0[9°0 (80 1°T[s'T _N.w 9°0 _g L0l TlgT|9G g0 g0 (g0fT0lI0(I0|
8°01/8"¢1/¥"L1|9"61/0 135 "£Z0"0 [0°0 [0°0 [0°0 [0°0 0°0 |0'8 €76 ¥ "21/S "819 €7 [ 'SET "01/9 018 "I/ "910°056"0¥1 "% &% [§°€ B°1 |81 81 | &
NIA|A || O[T | IAJA|AI|ITI|O|I | A|A|AI|Il| IO |I|IA|A ‘ AL | O[T |IAJA|AL|ITI|O| T} 9S
) P 2 q e
(dewr 1noju0d Ur ()G) JUSWAINSEIIA JO SHNSAY  °[ IqeL,



MANCHURIA

° uS T ‘O D b) D DI

PLO 39°0 98°0 8¢°0 8¢°0 fut

09°1 83'1 %61 29°0 9L°0 Fux

£°C L1°8 LT e 7 £6°1 Tw

" 09 05 0% 011 00T wy

099 0LZ 053 0L 061 ey

_ Tim; 9°z |L°¢ _N.o T.o uo._ 1 10 T.o ?.o 1'% 4,3 w.o “m.c _3 v T.o T 0 _,o.o T; w.ﬂ o

¥0 6°0 €1 0°C $0 0 0 9T €0 €0 ¥'1 3T €0 9°0 0°T ﬁ 60 6080 | F

1'% |S% B (Lot Lz __.m T.m 9'1 161 WN.N 9°¢ 18°¢ vlol,g 01 TZ 9°7 L0870 870 mm; g1 0| M

9'99( "5L|1 "9gls'cot 921 9642 '8 8°€20 928 .m% g1 6615 '56% 01 m.@% 320 153 -01)s 211 618 0707838 1% &

NEEIETE m n|afa|mn|r w1 |n]alafmlo|] s
21 A n 1 s

jESe) D D D D DT

850 0z°0 910 f

80°1 $9°0 | ] 850 “w

09°¢ $0°0 £9°0 B %0°'1 Fux

05 0¢ 09 0z 0% ury

03¢ 05 001 0% oL Ty

_N.o _m.o r 0 _m; _m.w ; 20 T.o ? 0 _m 0 _o; _ _ A , ‘N.o T 0 _m 0 ,m 0|

1°0 %°0 9°0 9'I 20 €0 20 1°0 202010 £%0 r

6°C 0% [FE 0 (976 0 °0/0 "0 £°01(5°0 (8701071 |11 _ A L0 r.o 6°0 .,: _N; e | T

G ZH(9 949 "L¥{¥ "FS|T 596 '88 9°0 [9°0 0°% |88 [9°21/5 919 "8I 0°0 ﬁﬂmﬁ.ﬂmgw.:z%.emm.23& e

Ala|mlo]: m Ala|mlolt mlo|1 nfalajmo|1|ws
1 b d u w

288

(ponunuop)  °p dqel,



289

TOPOGRAPHY OF THE LIAO-TUNG PENINSULA

82°1 | Wl 88°T 80 fu
r6 a4 ﬂ $9°C 89°¢ ¥6°1 fw
8L°9 09°9 L0°8 €8°¢ fu
"To v.o _m; T,.m T.w T.o 8°0 W: Ww.m W: 9°0 T; 8% T ‘S %6 T.o 6091 9°C _N.w o
1'0 60 60 07 67 €0 60 60 ST 0% 9060 I'1 6 £% €0 60 L0 01T 971 4
9% w:N Nm 1°9 W; ",o.: vy m: e T.@ Wo.hzm@.: 0°6 9°¢ T.w WN.B U:.E PP 8 1|1 9°C (€ 6% wm.m '1
w.‘io "GL8 681 "6L *\.mm_wm .*V:«.Eﬂm.mi.mw_,,w.& Ww.a%.mwS.m;.w%.ST .o:m.s_w_ “062l5 "82]1 665 “Th¥ 26 |¢ 89 T.mm g
WA Alm | m T A AA WM @M1 AN D O T AAA M T IS
- q 3 J )
9% "0 8I°1 o1l 360 S
o1l ‘ 9¢°g : 89°C 0r°1 fw
(3 o R G6°¢ Al 35 o
¥°01(9°0 60 TL W.ml €°08°0L°T |[I'¢ 676 _: ST 0% [ 9°C 201970 T.o ¥l 9°C :1
0 20 €0 S0 60 €0 6060 %1 8% 10 %0 S0 21 #°C 20 0 1°0 L0 T'I v
S'T6°11°CW'E 6°C Wm.m 078G LS [I'S 6°L 6°C Wo.m v¢ T.m ¢ <L (91 l8'1[zz ez e [g% f1
55207080 P 1 ‘65 6°0% 9°09 7261967 'Shb 66 €8 m.@N:.ﬁT.So.mmT 29 0°28 6°021%°G0/6°80)6°SE8°LS 9°L¥ S°L9 | X
miia_ﬁa I |1 A[A|A| W |0 | T | A[A|N| D DT |AAAM@D|T|T]|¥s
P b} q e :

(dew INOIUOD W ()]) JUSWIAINSEIA] JO SINSAY °g d[qel



20°¢ 881 050 $G°0 fux
06 '€ 06 °¢ 9z 1 861 fw
6¢'9 GL'9 68 g YA o
. ] Loonr || ! e | deenloen ey Lor doem | lren lo- » .
¥°0 27162 86 g0l S0 Jf 8°C T& mo,ﬁwif L1ose 08081 ?N 4 z i
¥°0 80 €1 LZ 0°C €001 €1 ¢¢ 1°F €0 6020 L0 80 20 90 ¥0 80 L0 | T
I [ [ | N i | [ [
1666 €596 €8 & hqmjomﬁm.w 88 6°C1 (§°1 ﬁﬁ 126% 06 8¢ [I'C 5z l6°2 €'s [I'7 8% 1
,, ” o | W |
17059957 "89% 68 9°6618°TITH 9S8 .«@w.o%.oe,ji,_.Smm.o%.oﬁ.mmm.om 0°L¥ 7.8 GBS LEE OIS £'60 8'LL | T
W , | , , L ”
S>25Mm_f5 >ﬁ>ja_u: ! A AL E:H 1 |1l >,>1 0|1 |-9s
m 1 s b d
)
o = R | S T ,
2 G0 ” 870 , 920 09°1 | fw
Z = —— T — e — - —
p 260 | 811 3970 | A | fw
e . AR o ) |
€8°1 , 492 | K2 oL - Tw
,No,woﬁvso: Tof:: Lrove Nomo ooo 61 | No; 1% w.« T.w &1
z0 20 €0 ¥°0 20 ¥°0 ¥°0 L0 L7 270 £°0 10 L0 20 L0 FT ¥T 68 r
* I L el I s Py
FT9T 9T 8T 1% o ffzfm f:: N}l::f Sz 3:22,2 A4 S
| R i
o.mwm.xv.mﬁ.mw Wo«m Wm 0 @ xz mw@ wmm '€ 6726 [6°L9 ? 611226928 L2 6°82 8°0F 059¢ R; Rf 001668117661 X
A AN | O I Si&@i rn A AW w1 oAlAom I 1 s
; = | ﬁ | _ |
(=]
S (penunuop) °g dqelr,



TOPOGRAPHY OF THE LIAO-TUNG PENINSULA

291

methods were adopted for measuring the lengths of contours. One, restoration

maps with 50 m contour intervals were made for the whole area, and the le
of the contour lines included in the measured areas, 4 square km, which

ngth

was

determined previously, was measured during each stage of restoration; in the
other method, the length of contour lines was measured from restoration maps
which were made using a 10 m contour interval. The width of the valley buried

during the restoration work and each stage of restoration are as follows:

The present topography .......... . .. Ist stage (I)*
p pography g

Topography in which valleys 200 m wide were buried,
on the basis of the present topography
Topography in which valleys 400 m wide were buried,
on the basis of the 2nd stage
Topography in which valleys 600 m wide were buried,

on the basis of the 3rd stage............... ... . ... .. 4th stage
Topography in which valleys 800 m wide were buried,

on the basis of the 4th stage .. ......... ... ... ... ... .... 5th stage (
Topography in which valleys 1,000 m wide were buried,

on the basis of the Sthstage ............. ... .. ... ... .... 6th stage

................... 2nd stage (1I)

........................... 3rd stage (1II)

(IV)
V)

/

(VI)

The results of measurement using the restoration map with a 50 m contour
interval are given in Table 2. The meanings of the symbols used in these tables

are as follows:

S.R. ... Stage of restoration
2 cesaeas Sum of contour lengths in each measuring area (unit km).
B3 & amiins % Value of 2 divided by the measured area (16 sq. km), namely

the average length (km) of the contour in 1 sq. km in each area.

A issona Difference between r; in each stage and its following stage of
restoration; (I r;—II ry), (II r,-III 1), (III r\=IV 1)), (IV r—
V), (Vr—VIr) and so on.

T e Do Difference between r; in each stage of restoration (I to V) and ry
of stage VI. (Exponent of dissection)

ah ...... Absolute height of the highest point in the present topography in
each area (unit m).

mh...... Mean height in each area (the longest contour within each area
in the present topography) (unit m).

my ...... Mean value of r; for all stages (unit km).

my ...... Mean value of r, for all stages (unit km).

Mg oonnn. Mean value of A for all stages (unit km).

LC...... Rocks which constitute the foundation of each measured area (sce

references 3, 5, and 8).
G—gneliss Ss—sandstone Q-—quartzite Sh—shale
Ls—Ilimestone Cg—conglomerate Ssl—-siliceous slate

* Roman numerals used in tables designate each stage.
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a. Classification by r;.  The value of r; obtained in this work is related to the
density of valleys, representing the inclination of each stage of restoration. Clas-
sification of each measured area by the density of the valleys represented by r, is
shown in Tables 3 and 4. In these tables, the values of r, for each stage of restora-
tion are arranged in order of size, where § is the difference between adjacent
stages. The fact that § is almost the same for any group of areas means that r;
changes gradually, and that the areas are included in the same plane. On the
contrary, the fact that § suddenly shows a large value means that those two areas
are included in different planes and the boundary is 4. In Tables 3 and 4, these
points are marked by bold lines (called transformation points).

Looking at Table 3, a boundary line can be drawn between the plane of the
sixth rank and the plane of the seventh rank in the order of dissection.

— T T ]

|

(10m contour map)

o
=
D
a
L
| =4
P
a
=2
e w
- > Ly
1
< X . o
R - B3 <
5 N - c
d ™~ ~m Sk : b ~ . (IJ' o
q, \':». oty R, < PR | "\,\ 8 c
N g S0 e~ sl =
\:‘\\ \\§\ hn = x 8
N c
LN ~~ \k>\\‘:\ 2
N R e e |
it e — z
— === [
—= >
-
! T
rn o
R (. — ot (] 1L o sl s Mg o =
SR— | 1l 1] v v Vi

e

Fig. 2. r; (10 m contour map).
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Table 3. r;, 0 (10 m contour map).
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Figure 2 was plotted using the value of r; given in Table 3 as the ordinate and
the stage of restoration as the abscissa. The figure shows that the six areas (group 1)
that were advanced in dissection are different from the other ten areas (group 2),
according to the shape of the curve. As described later, group 1 is a remnant of
the Ping-shan peneplane and group 2 is part of the Kuang-ning-ssu peneplane.

Table 4 was compiled by arranging the values of r, derived from the 50 m
contour map in order, beginning with the largest value. Transformation points
were determined in the same way as previously, and the areas were divided into
three groups.

From the results given in Tables 3 and 4, the twenty areas can be divided into
four groups, each group belonging to a peneplane.



ry, 0 (50 m contour map).
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Table 4.
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i-tzu-wo peneplane
Let r; of stage VI be the inclination of the original

topography, assuming complete restoration of the original topography in the case

5

.. Kuang-ning-ssu peneplane

.Ping-shan peneplane

5 15185, Bo e

u, 1, V.
f,g h

Group 1: ta....Ta-ho-shang Shan monadnock

Group 4: b, c,e, m,p,a,q,1,d, n....
b. Classification by r,.

Group 2
Group 3
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of a valley 1 km wide being buried (the terminal topography of the former cycle).
In this case, r,, the difference between r; of stage VI and r, of each stage from I to
V is taken as the index number showing the degree of dissection in each stage of
restoration.?® The index number of dissection, r,, represents the old and new
planes, as the degree of dissection is proportional to the time, assuming that
factors other than time remain constant. Therefore, we can divide each area into
groups according to the value of r,. Tables 5 and 6 are obtained by arranging them
in order, beginning with the largest, in the same way as r;, which was described
before. The values of r, on the restoration maps with 10 m and 50 m contour
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intervals are shown in Tables 5 and 6, respectively. This suggests that it is difficult
to distinguish each group completely. Figure 3 (r, in Table 5) and Figure 4 (r,
in Table 6) were drawn in order to distinguish the groups of areas. As these two



MANCHURIA

296

6 0 0 0 0 T1T0OO0O O O O O T1T0DO0O O O A ¢

0°0 00000 “o.o 0000000000 IT0(I'0T0T0T'0(I'0|C05'0 (30 N.oi b A
I/ bjlu|Ple | U | w|!l umaamswmoﬂa>uwvdwu<
00 0 IC O I0OO0 O O I0C 0 O 0 0 0 f g

0°00°000/000°0{L'0 L0 Mﬁ.o ¢'0c’0g'0 €000 ru.o 70 #°0 %0 %0 9°0 b Al
[ | b|u|P f, B s |0 , q | w| J 4 1 ~ 118|923 |®=|d|n|a|a 'AIY
€010 0 0 1I'0 0 0 T'0 0 I'0 0O 0O 0 €°0¢€°0 0

0°0 _o.o 0°0 0000|070 0% 0 m,m.o G050 T.o 90 IL°0 L°0O|LOILO0T §°T é I
I b|lu| P | e 3 | w | ¥ ql o | Y| 3| s 0 W d | n| 1 1 A | ®) BOIY
S0I0I102%0 0 0 O I0 O 1020 0 Z090 %0 4

0°00°0[00000°0(5°0 uw.o L0 670 _m.o 6°06°00°T0°T|T°T T[T S T|I'CI|S°C b I
1 b | u Ple]w| o q il d | 3 J q b] S ® I Aln|®, BaIy
80 ¢0 0 L0OZ0O 0 O I0T0 0 I10L0 09090 4

0°00°00°00000B00TOT|LT6TET|BT|0C|ICTIC|ZCI6C|I'SI|LE[EF K I
I blu|q|e|lw|d| s | o i s | Y| q| 8| 7F [ b Al®|n By

0z | 61 |81 |4t |or |t 71 st g tnjor|6 8| L]9|s|v|8|a|1| 0mmy]| us

*(dewr anojuod w ()¢) ¢ %1 °g Iqel],

The four curves of areas ta, u, r and v, based on Figure 4 because they do not

the abscissa, the curve with the largest curvature is the oldest plane. That is, we
exist in

figures were formed by plotting r; as the ordinate and the stage of restoration as
can distinguish between the groups of areas through the figures.

Figure 3, have larger curvatures than other curves.

cta,u, v, r

Group 1

f, t’ S’ i’ g) h

Group 2
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Sub-group 2: c, e
Group 3: a, b,d, p, q, m
Sub-group 3: I, n

10— —10

r: -

(1I0m Contour map)

Fig. 3. r, (10 m contour map).

T T T I T

-4 4
re
ta (50m contour map)
v
_.3 r

-0

Fig. 4. r, (50 m contour map).
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c. Classification by A. A is the difference between ry in cach stage and its
following stage of restoration. Therefore, the size of A is related to the curvature
of ry, and the old and new planes belonging to each area may be deduced from
this relationship. Tables 7 and 8 are obtained by arranging A in order of size;
Table 7 was based on the restoration map with a 10 m contour interval and Table
8 on the 50 m contour interval map. In these tables, the values of A to A, are the
differences between the I and II, IT and III, III and IV, and IV and V stages of
restoration. Using these tables, Figure 5 was plotted using values of A as the ordi-
nate and the stage of A as the abscissa. The following two groups can be seen in
this figure.

Group 1: t, f; s, g,1, h,c, b
Group 2: e, a,q,d, p,, m, n
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‘ T i ' '
L5 (] \ 5J
i A (delta)

" a\\\ (10m contour map) 4
5 3-
Rz 2.‘
i l~

i e
= _
,0 0—

Fig. 5. 4 (10 m contour map).

In order to examine the four areas u, v, r and ta, which are not included in
these groups, Table 8 was compiled from the restoration map with a 50 m contour
interval. This table shows that the four areas should be included in group 1, and
the value of A is larger than the area included in group 2. Adding these four areas:

Group 1: ta, u, v, 1, t,f, s, g,1, h,c, b
Group 2: e, a,q,d, p,1, m,n

2. Classification of planes by absolute height

As older planes remained at higher altitudes, under the assumption that no
crustal movement took place since the end of the preceding cycle in this region,
it is believed that higher planes should be older than lower ones. To classify planes,
the highest point (one point) within each area was applied to the height of the
arca (the height of the plane at the end of the preceding cycle). Table 9 was
obtained by arranging the highest points in order of size; transformation points,
at which remarkable changes in height can be seen, are marked by bold lines. The
following six groups were found:

Group 1: ta

Group 2: r

Group 3: v, u

Group 4: 5,1, t,f, g, h
Group 5: b, p

Group 6: c,e, my,a,q,1,d, n
3. Classtfication of planes by relief
a. Classification by growth curves. A circle with a radius of 1,500 m was
used to measure the relief. Concentric circles, whose centers are three peaks at
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optional positions in each area, in order of decreasing height, were drawn with
radii of 0.5, 1.0 and 2.0 km. The differences in height between the centers of the
circles (peaks) and the lowest points were obtained in turn from the small to the
large circle. Then the average values for the differences in height between these
three circles (relief) were calculated for each area and each kind of circle. By plot-
ting the area of the circle as the ordinate and the relief as the abscissa, the relative
curve between the relief and the area of the circle was obtained, as shown in
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Figure 6. This curve!® is represented by the equation y=A (1 —Bx), and is called
a growth curve: x is the area (dimension), y the relief energy, B a constant (less
than 1) and A is the limiting value of y.

This shows that the rate of relief decreases remarkably at a 1,500 m radius;
therefore, the circle with a radius of 1.5 km was used for measuring the relief in
this region. As seen in the figure, the growth curves may be grouped. It is true
that low relief signifies a small degree of dissection, and such a plane is a newer
one. Group 1 is the oldest and group 3 the newest (the above statement is con-
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Fig. 6. Growth Curves—Eastern and Western Parts.

firmed in the eastern part of this region, and the growth curves for the western
part have the same values as those for the eastern part).

b. Classification by frequency of relief. To obtain the relief, one area (16
sq. km) was covered with a net of 500 meter mesh. Placing the center of the 1.5 km
(radius) circle described above on a point of intersection of the net, the difference
between this crossing point (the center of the circle) and the lowest point within
the circle were determined as the relief at this point. As a result, 81 relief values
were obtained for one area. The curve of relief and frequency was made by plot-
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ting the relief as the ordinate and the frequency obtained in cach area as the ab-
scissa. The fact that the curve with a higher inclination is nearer the ordinate
means that the plane is flatter, and the curve that has a lower inclination and
stretches toward the abscissa means that the plane is in a higher degree of dissec-
tion. Figure 7 was constructed by arranging each area in order from flat areas to
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Fig. 7. Frequency of Relief.
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areas with a higher degree of dissection. From the figure, the following four groups
were found.

Group 1: ta
Group 2: u, v, r
Group 3: h, g, i, ¢, f s
Group 4: I, n, d, a,q, m, e, p, c, b
Group 1 has the largest relief, and group 4 the smallest; that is, group 4 is of
the youngest plane which was subjected to the lowest degree of dissection.
c. Classification by average relief. As described previously, 81 values of
relief were obtained for each area. We obtained the arithmetical mean, and let
it be the average relief of that area. A curve was obtained by arranging these

values in order and plotting them as the ordinate and the relief as the abscissa, as
in Figure 8.
Group 1: ta
Group 2: r, v, u
Group 3: t,s,1,g,¢c, b, f, h, p,e, m, q, a,d, n,l
4. Summary of the eastern part
The results of measuring, by various methods, the erosion surfaces of the eastern
part distinctly confirmed that each area does not belong to one simple plane, as
described above. Table 10 summarizes the results. Four groups were found using
the means of distinction most common to each measuring method. On the map,
the area belonging to group 4 is named the P’i-tzu-wo peneplane by the author
and others.?® The six areas in group 3 are included in a plane surface at a higher
altitude than the P’i-tzu-wo peneplane, and in a higher degree of dissection. This
is the Kuang-ning-ssu peneplane whose center is around Kuang-ning-ssu station

m T
150-1- . tc 150
|
)
1
1
1004— | 100
1
\
\
50
0
0 5 10 15 20
Order of dissection ——

Fig. 8. Average Relief.
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of the Chin-fu Railway. As shown in Table 10, this is distinguished from groups
2 and 3 by distinct boundaries and is not included in the same plane.

The second group (u, v, r) consists of areas which belong to the Pingshan plane®
or the Ping-shan peneplane.?® This shows greater dissection than the former
peneplane, and is recognized only from its remnants, as shown in the table.

The fourth group (ta) was isolated in all methods of measurement, and is 200~
300 m higher in absolute height than the Ping-shan peneplane; none compare
with it. This already existed as a monadnock when the Ping-shan peneplane was
completed, and is called the Ta-ho-shang Shan monadnock from the name of
the mountain that exists in this area.

The heights of these peneplanes were obtained from Table 9, considering that
the height of the highest peak in area a is near that of the original topography of
the preceding cycle, to which that area belongs. According to Table 9, the Ping-
shan peneplane is more than 250 m high, the Kuang-ning-ssu peneplane more
than 130 m high and the P’i-tzu-wo peneplane more than 40 m high.

B. Erosion surfaces of the western part

Classification of the erosion surfaces of the western part was carried out in
the same way as for the eastern part.

Table 11 summarizes each measured area classified by the various methods
described above. All areas are classified into two groups; the first group is part of
the Ping-shan peneplane and the second part of the Kuang-ning-ssu peneplane.

Table 11. Summary of Western Part.

Grou ‘ Gr. 1 Gr. 2
% | Pingshan P.| Kuang-ning-ssu P.
Order of | ‘ 2 |3]al5]|6]7
dissection ‘ ‘
4 (delta) i y ‘ o |x|x|wl; ‘ 2
no [y [ o |kle]x]w]]
Ty ‘ y ‘ o k|l x| w l Z j
ah ; o ‘ y |k w ‘ z ‘ x|
" Growth | \ } f .
urve | o \ y z k| w ! X ‘ j
Relief | y ‘ o k ~ w | x ‘ z \ j

2. Distribution of erosion surfaces

The previous description shows that among the 27 areas measured, ta is the
monadnock of Ta-ho-shang mountain and the other 26 areas are the products of
peneplanation that occurred three times as follows.
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Ta-ho-shang monadnock: ta
Ping-shan peneplane: u, v, 1, y, o
Kuang-ning-ssu peneplane: t, f; s, g, 1, h, k, x, w, j, z
4. P’i-tzu-wo peneplane: ¢, b, ¢, a,q, d, p, ], m, n

Figure 9 shows the distribution of each erosion surface on the restoration map
with a 50 m contour interval, referring to the classification of these areas. In order
to make the distribution of these three pencplanes more clear, Figure 10 was
constructed.

U ]
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Fig. 9. Distribution of Erosion Surfaces (based on 50 m contour restoration map).

ene\’\g“e

Fig. 10. Distribution of Ping-shan, Kuang-ning-ssu and P’i-tzu-wo Peneplanes.

A. P’i-tzu-wo peneplane
The P’i-tzu-wo peneplane is roughly 20 to 50 m above sea level and is quite
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extensive in this region. The center is located at P’i-tzu-wo in the eastern part of
this region, and the peneplane is traccable east and west.

B. Aikawa plane

On the P’i-tzu-wo pencplane, a comparatively lower plane, 10 meters above
sea level, exists mainly along the shore-line. This plane can be distinguished from
the P’i-tzu-wo peneplanc through field examination.

C. Kuang-ning-ssu peneplane

As shown in Tigure 10, remnants of the Kuang-ning-ssu peneplane occupy most
of the central part of this region, and extend north-northeast to south-southwest.
It is quite extensive in the region centered at Kuang-ning-ssu, 120 to 200 mecters
above sea level.

D. Ping-shan peneplane

Remnants of the Ping-shan pencplane are found at an altitude of 300 to 400
meters, and is scattered in various places, assuming the shape of monadnocks in
the field. A typical remnant of the Ping-shan peneplane is Ping Shan, rising north
of Chin-chou station, on the top of which exists a flat plane with dolines. It has
attracted the interest of geologists from early times®3® (Fig. 11).

)

1

Fig. 11. Topographic Map of Ping-shan Peneplane (monadnock-like terrace).

E. Ta-ho-shang Shan monadnock
The Ta-ho-shang Shan monadnock rises higher than any other peak on the
Ping-shan peneplane that is scattered as a monadnock-like terrace.* This moun-

* The monadnocks, like Ta-ho-shang Shan monadnock, are distributed in the northern part of
the Liao-tung Peninsula. However, topographic maps of the northern district had not yet been
published at the time when the author carried out measurements in this region.
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tain already existed as a monadnock, more than 340 meters higher than the
Ping-shan plane, at the time when the plane was completed.

3. Transformation point of the river valley

In the longitudinal section of the river in the middle of the Liao-tung Peninsula,
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Fig. 12. Longitudinal Profiles of Rivers and Anomalies of the Profiles of Equilibrium.
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transformation points where rapids occur are found. From the longitudinal sections
of fifteen rivers, such anomalies in the profiles of equilibrium were discovered for
many. Figure 12 shows one example. Figure 13 was constructed by plotting the
Wendepunkts* on the map. One series of transformation points exists 10 to 20
meters above sea level; when connected on the map they almost parallel the coast
line at the upper streams about five kilometers from the coast line. The lines
connecting the Wendepunkts at 30 to 40 meters and 50 to 60 meters approximately
parallel the main watershed of the peninsula. Therefore, they are distributed
symmetrically along both sides of the watershed of the peninsula.

® ... Wendepunk!

Fig. 13. Distribution of Wendepunkts.

These anomalies are not thought to be the results of stream piracy. The Wende-
punkts in the eastern part are distributed over, and cut, the P’i-tzu-wo peneplane
and the Aikawa plane, and the foundation rocks consist of the same gneiss, but
faulting, warping or volcanic activity after completion of the P’i-tzu-wo peneplane
are not thought to have been the cause of Wendepunkts. Consequently, they may
be attributed to either crustal movement, positive to land and negative to sea, or
a change in climate after the completion of the P’i-tzu-wo peneplane. There are
two steep terraces in the vicinity of Ta-lien (Dairen) to Port Arthur which were
formed chiefly by uplift of the land from the sea,'” and in the same way, the
distribution of Wendepunkts is thought due to uplift of the land. That is, slight
uplift took place after the completion of the Aikawa plane, and each river on the
aikawa plane flowed rapidly to the mouths of rivers. These points where rapids

* Where stream rapids occur as the result of rejuvenation of the river; named Wendepunkt by
SokoL (R. Sokor, Geol. Rundschi, 12, p. 123-228, 1921).
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occurred gradually receded upstream while they continued to cut the Aikawa
plane, and it is believed that these points are distributed as shown in Figure 13.

The transformation point of each river flowing into the Yellow Sea exists 20 to
50 m from the mouth of the river, distributed at an altitude of about 60 m above
sea level, and is even seen in the interior to the vicinity of the southern end of
Chi-lin (Kirin), Province in the northern part.3?

4. Periods of peneplanation

Cenozoic deposits are scanty in this region. As a matter of course, there were
few deposits in the period when peneplanation occurred, and deposits regarded
as an interpeneplanation stage do not exist. Therefore, we must estimate the age
of peneplanation in this region, referring to the data obtained for each place of
circumference.

A. Ping-shan stage

It is known from carlier times that the flat plane at the top of Ping Shan can be
traced halfway up Ta-ho-shang Shan. Susumu MatsusaiTa® called it an imagi-
nary flat plane, which corresponds to the Ping-shan peneplane named by IMmamUrA
and the author.?® At the present time, remnants of this peneplane are recognized
at an altitude of 350 to 400 m, and Ta-ho-shang mountain, more than 660 m high
already existed as a monadnock at that time. Remnants of the Ping-shan pene-
plane can be traced to the northern part of the Liao-tung Peninsula. Tracing this
to the east, the Roppyakuzan plane in Korea, named by Teiichi KoBavasHr,'®
is found. This is the peneplane that was completed in the middle of the Miocene
Epoch, and it is known that the uncompleted peneplane existed before that time.

In China, the Yen-shan crustal movement occurred in the latter part of the
Mesozoic Era, which then elapsed into quiet for a long time. This crosion period
corresponds to the Pei-tai stage, named by B. WiLris,?® and the whole area of
North China was subject to peneplanation at that time. A flat-topped crest on
Pei-tai mountain, the highest mountain of the Wu-tai Shan reported by B. WiLLs,
is 3,080 m high. Afterward, it bccame known that the lower plane such as Hsi-shan
of Pei-p’ing (Peking) and the truncated plane in the porphyry massif east of Chang-
chia-kou correspond to the Pei-tai peneplane.

BerkEy and MoRRis?2® believe that the Pei-tai peneplane may be correlated
with the Khangai (Hang-ai) peneplane in Mongolia, which is about 3,000 m high.
Since the Himalayan orogenic movement appeared in the stage next to the Pei-
tai period in North China, faulting and folding structures were formed and
volcanic activity occurred; a good example is found in Nan-ling in South China.
The period is called the Nan-ling stage. It is believed that the Pei-tai peneplane
was destroyed by this crustal movement and the height of some peneplane in
North China was also changed.

Remnants of the Pei-tai peneplane, which was completed in the period of Pei-tai
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dissection, can be seen over a very wide area throughout North China, Mongolia
and Korea. The Ping-shan peneplane is a remnant, which is thought to have been
completed in the middle Miocene.

B. Kuang-ning-ssu stage

After completion of the Ping-shan peneplane, there was again calm in the Tang-
hsien stage during the Nan-ling stage of crustal movement in North China, and
the Pei-tai peneplane was subject to erosion. The plane that reaches a height of
90 to 120 meters at present in Tang-hsien, west of P’ei-ping, is the peneplane that
was completed at the end of this period, and was traced by B. WiLLIs to a height of
1,000 to 1,500 meters within the circumference of Pei-tai mountain of Wu-tai
Shan. During this erosion period, fluviatile gravels and red clays were deposited
on the lowland. This period is called the Pao-te stage. L. von Loczy?? reported
that the river beds of this Pao-te stage contain Pliocene fossils in Kan-su Province.
BeErkEY and MorRris?® thought that the Mongolian peneplane, about 2,000
meters high in Mongolia, was formed in the T’ang-hsien stage. In Korea, this is
the piedmont lowland!®, which was formed in the Pliocene. Sand and gravel beds
occur at an altitude of more than 50 meters at Kangdong near the eastern margin
of the Nangnang (Rakuro) peneplane, and an apparent nonuniformity exists
between this plane and the lower one. A plane that is situated between the
Roppyakuzan and Kishyu planes (P’i-tzu-wo plane) occurs over a wide area in
the basin of Il-ha-my6n, Tok-ch’on-gun in the northern part of P’yong-an-nam-do.
That is, in the Pliocene, peneplanation occurred over the whole region of eastern
Asia, and the Kuang-ning-ssu peneplane resulted.

After completion of the Kuang-ning-ssu peneplane, there came the Ma-lan
stage through the Fen-ho dissection stage, San-men stage (deposition period of
lacustrine and red clay), and Ching-shui dissection stage. The Ma-lan stage is the
period when loess accumulated in North China and red clay'® was deposited in
Korea. In Mongolia, the Pang-kiang?® period of dissection can be correlated with
this stage. In the Liao-tung Peninsula, beds of loess-like clay, or red clay, cover the
Kuang-ning-ssu plane in the vicinity of Chou-chia-kou at the northern foot of
An-tzu Shan northwest of Ta-lien (Dairen), that is, the bed of red clay that
accumulated after completion of the Kuang-ning-ssu peneplane is believed to have
been dissected in the next stage from the fact that it did not accumulate on the
P’i-tzu-wo peneplane.

The Manchurian plain is a vast flat surface which is thought to have resulted
from erosion. The part of the plain covered with loess is found only in high-altitude
regions, and the foundation plain on which the loess accumulated is thought to be
a plain that was completed before the Ma-lan loess accumulated. Such a vast plain
developed not only in the region of this plain, but it also connects with the Kuang-
ning-ssu peneplane in the Liao-tung Peninsula. This is thought to be a product of
the peneplanation that occurred over the whole of eastern Asia in the Tang-hsien
stage; on the contrary, the Manchurian plain, not being covered with the loess,
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is distributed at altitudes lower than the former, and is considered to be connected
with the P’i-tzu-wo peneplane.

C. P’i-tzu-wo stage

In North China, the Pan-chiao dissection stage followed the Ma-lan loess-
accumulation stage. In this period, the loess beds were dissected and the gravel
beds accumulated at lower levels; that is in the period between the Diluvial and
Alluvial epochs. During this period in Korea, the surrounding peneplane (Kisyu
plane), in the region of the western coast, was completed. The plane that forms
part of the above-mentioned plane and is especially well developed on the banks
of the above-mentioned plane and is especially well developed on the banks of the
Tae-dong River in P’yeongyang is called the Rakuro peneplane. It corresponds to
the Musashino plane (M plane)?® in the vicinity of Tokyo, Japan.'® The Pan-
chiao stage is recognized as the Pang-kiang dissection stage in Mongolia,?® and
corresponds to the P’i-tzu-wo stage of construction in the Liao-tung Peninsula.

D. Aikawa plane

Uplift of the land has taken place since the completion of the P’i-tzu-wo pene-
plane. In the Liao-tung Peninsula, a slight depression occurred in the marginal
part, and a peat bed accumulated in the vicinity of Pu-lan-tien, and the low plane
in the vicinity of the shoreline, that is now a salt field, was completed. In Korea,
a peat bed of this period was also found. These are deposits which were laid down
after the completion of the P’i-tzu-wo peneplane, and the inundated flood plain
that resulted from the slight depression in the marginal part of the continent.
It seems that the low plane, which is cultivated in the Aikawa village, is quite
typical. The peat bed in the vicinity of Pu-lan-tien was deposited recently in view
of the fact that it contains Nelumbo sp., which is a semi-fossil that still has the ability
to germinate. The plane, which is lower than the Rakuro peneplane and 3 to 10 m
above sea level, occurs on the coast of the Taedong River in Korea.Typical
development of this plane is found in Choni, south of P’yeongyang City, and is
called the Souri plane?» by the author.

Slight uplift of the land followed, resulting in lower terraces, and causing trans-
formation points in rivers.

5. History of topographic development

In conclusion, the history of topographic development will be given in the
following correlation table.
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Table 12. Correlation Table
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North China

Liao-tung Peninsula

Korea

Recent

Pleistocene

Pliocene

Oligo-Miocene

Present stage-
dissection
alluvium )

: . [wendepunkt
Slight uplift Aikawa plane

Slight subsidence (Peat)

Pan-chiao stage
dissection .~
valley gravel

(slight uplift)

Slight uplift (Souri plane)

Slight subsidence (part of peat bed)
(Slight uplift)

Pi-tzu-wo Peneplane (20-50 m)

Rakuro Peneplane (20-50 m)

Ma-lan stage
(Loess)

(Red clay in Chou-chia-kou)

(Aqueous 16ess, red clay)
Flood of yellow sea

Chin-shui stage
dissection
rock terrace
(Warping)
San-men stage
Fluvio-Lucustrine condition
San-men Series

(Uplift of Peneplane)

(Subsidence)

part of lava-flow
Uplift with slight tilting,

(Slight Warping)
Fen-ho stage
Gorge-cutting
{F lood plane
(Fold, Fault, Tilt)
Pao-te stage

(Gravel bed—Pliocene fossils)
Red clay

Tan-hsien stage

(Saikiho marine Formation)

—— (Subsidence of Tusima Basin) ——

Kuang-ning-ssu Peneplane (120-200 m)

(Up & Down Warping)
JPiedmont lowland

(En-niti series)

(dissection of plane and lava plateau) (dissection)
Nan-ling stage

volcanism, 5

[fault, fold’} (Himalayan Orogeny) (faulting)

(subsidence of Eastern coast-region) —

fault (low relief)

Pei-tai stage
Peitai Peneplane

Ping-shan Peneplane (300-400 m)
Ta-ho-shang-shan Monadonock

Roppyakuzan Plane
Transgression (Mya, Vicarya Bed)
Monadnocks




314

11)

12)

13)

14)

15)

16)
17)

18)

19)

20)

MANCHURIA

REFERENCES

PumpELLY, R. (1866). Geological researches in China, Mongolia, and Japan during
the years 1862 to 1865 (E).

RicaTHOFEN, F. von (1882). China, Bd. 2 (G).

MaTsusHITA, S. (1930). Geology in the vicinity of Chin-chou in Kuan-tung Prov-
ince; Ryojun Coll. of Eng. Rept., v. 1, no. 1 (J).

Muraxkami, H. (1915). Report of the investigation of the geology of Manchuria.

Aoji, O. (1924). Geological map and explanatory text of Manchuria (Dairen
sheet) ; South Manchuria Ry. Co. Geol. Inst (J).

MaTsusHiTA, S. (1931). Mesozoic and Tertiary crustal movements in Kuan-tung
Province, South Manchuria; Imp. Acad. Proc., VII, no. 7, p. 279-282 (E).

—— (1930). The relationship between the gneiss and the Sinian quartzite on Ta-
ho-shang Shan mountain; Essay on Geology for Dr. Ocawa’s Sixtieth Birth-
day Celebration, p. 519-537 (J).

——(1932). On the structure of Ta-ho-shang Shan mountain in Kuan-tung
Province; The Globe (Chikyt), v. 18, no. 4, p. 241-272 (J).

Wang, C. C. (1928). Geology of the Wu-hu-tsui coal field, Fu-hsien, Feng-tien;
Geol. Survey China, Bull., no. 11, p. 37-49 (E).

Enp6, R. and Resser, C. E. (1937). The Sinian and Cambrian formations and
fossils of South Manchuria; South Manchuria Ry. Co. Mus., Educ. Inst., Bull. 1

Otang, T. (1933). The geology, especially the structure and topography of the
mouth of the Ching-yiin Ho in Kuan-tung Province; Ryojun Coll. of Eng.
Mem., Pub. 51 (J).

Oxavama, T. (1932). Several problems on the topography of the mountains;
Iwanami Lecture Ser. (Iwanami Kéza), Tokyo (]J).

Hanar, J. (1928). Study of the so-called low peneplanes in the Liao-tung Peninsula
and their properties; Japan Geog. Rev. (Chirigaku Hydron), v. 4, no. 10,
p- 929-940 (J).

Kajryama, M. (1932). The degree of flatness of the peneplanes in the Liao-tung
Peninsula; Japan Geog. Rev. (Chirigaku Hyoron), v. 8, no. 1, p. 24-37 (]J).

Kosavasui, T. (1930). The Ordovician Period in South Manchuria and North
Korea (3); Geol. Soc. of Japan Jour. (Chishitsugaku Zasshi), v. 37, no. 437,
p- 33-58 (J).

Hanar, J. (1933). The topography of the coast of the Liao-tung Peninsula; Otsuka
Geog. Soc. Essays, v. 1, no. 1, p. 358-368 (]J).

MaTsusHITA, S. (1933). The river terrace in the Lu-shun—Ta-lien hills in Kuan-
tung Province; The Globe (Chikyt), v. 19, no. 6 (J).

Kosavasui, T. (1931). The relationship between the history of topographical
development of the Korean Peninsula and the history of the geology of the
Cenozoic Era; Japan Geog. Rev. (Chirigaku Hyéron), v. 7, nos. 7, 8, 9 (]J).

NAKAMURA, S. (1925). Rakuro peneplane; The Globe (Chikyd), v. 3, no. 4, p. 464
(J)-

Yase, H. (1926). Geologic age of the latest continental stage of the Japanese
Islands; Imp. Acad. Proc. V, no. 9 (E).



21)
22)
23)
24)
25)

26)

27)

28)

32)

TOPOGRAPHY OF THE LIAO-TUNG PENINSULA 315

BarBoUR, G. (1795). The Pliocene and post-Pliocene history of North China;
3rd Pan-Pacific Sci. Cong. Proc., Tokyo, p. 1795 (E).

Tavama, R. (1930). The topography of the Boso Peninsula, especially the cor-
relation of erosion surfaces; Saito Ho-on Kai Research Bull. no. 9 (J).

Nopa, M. (1934). Geologic map of area between San-shih-li-pu and Ta-fang-
shen in Kuan-tung Province (M.S. thesis, Tohoku Univ.).

WiLLis, B. and BLACKWELDER, E. (1917). Research in China, v. 1, pt. 1: Carnegie
Inst. Washington Pub. 54 (E).

BerkEy, C. P. and Morrrs, F. K. (1927). Geology of Mongolia; Nat. History
of Central Asia, v. III, p. 343-348 (E).

Omnea, I. (1927). A study of ancient, but still variable, fruit of the Indian lotus in
the peat bed near Pu-lan-tien, South Manchuria; South Manchuria Ry. Co.
(E).

Loczy, L. von (1934). Wissenschaftliche Ergebnisse der Reise des Grafen Bela
Szechenyi in Ostasien (G).

Imamura, Z. and TsucHipa, S. (1935). Considerations on the topography of the
northern part of Kuan-tung Province; South Manchuria Ry. Co. Educ. Inst.
Rept., no. 4, p. 75-138 (]J).

TsucHipA, S. (1942). Rakuro peneplane (unpublished M.S. thesis) (E).

Imamura, Z. (1935). The topography of the vicinity of An-tung; Natural History
Soc. Manchuria Trans., no. 8, p. 7-15 (J).

Nunomy, K. (1930). The topography of Manchuria; Geography of Japan, Man-
churia, and the South Sea Islands, p. 235 (J).

Takenara, H. (1934). Geology of the vicinity of Ping-shan in Kuan-tung Prov-
ince; The Globe (Chikya), v. 22, no. 1, p. 1-21 (J).



