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FUKIEN REGION (CHINA) SUMMARY OF TERRAIN SITUATION 

I. Introducti  on IV, Airdrome Construction Problems 1 
A. Population of the  Fukien region i s  estimated from census figures 

(1928-1935) for  Fukien, Kiangsi, Chekiang, and Kwangtung Pro vlnces 
a t  15 to 20 ipillion. A t  the coast a r e  several  important c i t i es :  
Min-hou (390,363 inhabitants) ,  Ssu-ming (219,974), Pfu-tlien, 
Chin-chiang, and Lung-chfi. Nmerous towns and vi l lages  are  
scattered throughout the  region. 

- 
B. Climate i s  wann humid temperate i n  the north and hmid  subtropical 

i n  the  south. Typhoons occur i n  l a t e  summer, especially i n  the 
area from Min-hu north. Precipitation averages 40 t o  80 inches 
per year; I t  i s  generally highest i n  the  in te r ior .  Mean monthly 
tamperature range is 55O to 850 F a t  coast; greater range inland. 

11. Tow~raphy and Moment  

A. Fukien region i s  chief ly  mountainous and h i l l y  (Map Units I-VII). 
F l a t  lands are r e s t r i c t ed  mainly t o  discontinuous be l t s  on t h e  
coast (Map Units 11,111) and i n  r iver  valleys (Map Units IV V, v I I )  
Lowlands are extensive only i n  northwestern pa r t  of region ( ~ a p  
U n i t  VIII). About 1 5  t o  2@ of t h i s  region i s  under cult ivation,  
largely i n  r ice .  

B. Vehicular momen t  i s  limited generally to exigting routes. Cross- 
country movement i n  the f l a t  lands and low hills i s  generally easy 
for foo t  troops, but i s  considerably r e s t r i c t ed  for  vehicles by 
r i c e  f ie lds;  inmountains, d i f f i c u l t  f o r  foot troops and probably 
impossible for  vehicles. 

111. Road Construction Problems 

A. Existing Hinhways and Railways: 3 F a i r  mad net, r e s t r i c t ed  largely 
t o  coast and' lowland areas i n  inter ior .  Much of mountainous 
country is d t h o u t  roads. Numerous t r a i l s  i n  a l l  par t s  of region. 
Only operating railway l i n e  crosses northwestern par t  of region. 

B. Ease of Constructing Additional Roadst Best routes probably used 
by eldstirlg +ads o r  t r a i l s ,  many of which need improvement and 
repair .  Extensive mountain country offers  d i f f i cu l t  construction 
problems. 

C. Ma.?or Construction Problems: I n  f l a t  lands, drainage and bridging 
of streams and canals are main problems. In  h i l l y  areas,  much 
grading i s  necessary. In  mountains, long side-hii l  cuts-require 
extensive blas t ing of bedrock. 

A. Possible Airdrome Si tes ;  Few good s i t e s  a r e  available. S i t e s  are 
r e s t r i c t ed  t o  small coastal  and valley f l a t s ;  most numerous along 
coast and i n  northwest part  of region. Steep slopes of  adjacent 
hills commonly limit. approaches. 

B. Major Construction Problems: Many f l a t  areas near coast have 
poor natural drainage and heavy clay so i l ,  which i s  d i f f i c u l t  
to s tab i l ize .  Considerable gradirg is required a t  most s i t e s  i n  
m a l l  mountain valleys and in areas of low hills. Construction 
materials a r e  e a s i l y  accessible a t  most s i tes .  

V. Construction Edaterials I 
A. Sand and Gravel: Abundantly available i n  most streams i n  and near 

upland areas; also loca l ly  from narrow beaches fringing muntain- 
ous par ts  of coast. 

B. Hard Rock: Generally available i n  upland areas, except in north- 
west, where bedrock sui table  for  construction i s  present only 

locally.  

C. Timber: Most abundant i n  mountainous areas. Generally lacking 
i n  lowlands and areas near c i t i e s  and larger  toms .  

V I .  Mineral Fuels 

Coal (non-coking bituminous and anthraci te)  i s  present i n  scattered - 
snail deposits, m r h d  mainly by non-clschanized methods. The output 
i s  ins ignif icant  and i s  mnsumed locally. The coas ta l  region i s  
supplied i n  normal t i w s  f mm North China an3 Formosa. 

V I I .  Water S u p ~ l y  

A. Water supplies p l en t i fu l  i n  M i e n  ilegion, except i n  Feng-huang Is. 

B. ExistirpSupplies: Inhabitants obtain water s u ~ p l i e s  chiefly from 
streams and shallow wells. Ssu+ing, Lung-yen, Min-!IOU, and 
Nan-pfing are s u p l i e d  i n  part by municipal ins ta l la t ions .  

C. Potent ia l  Supplies: Large water supplies can be obtained fro~n 
streams and, i n  lowland areas, from wells. A l l  surface and 
shallow ground water should be thoroughly t reated before use. 

Condition% 

0 1 ~ o o d  i n  most places; f a i r  to  poor i n  others. 
.a. 

Map Unit 

k z !    air to  poor i n  nost places; good i n  limited areas. I I 
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FUKIEN REGION (CHINA) TERRA1 N DESCRIPTION 

V 
BAN CHIANC DRAIN- 

AGE %SIN 

. - . . . - . - - - - . - . - . - , 

Rugged mountainous and h i l l y  muntry h t h  l o c a l  small f l a t  areas 
along streams. Western half  predominantly h i l l y ;  eastern ha l f  
prevai l ingly mountainous, but with h i i l y  belts showing general 
NE a l igment .  Mountains i n  Fukien l a rge ly  covemd with f o r e s t s j  
i n  Kwangtmglargely deforested. V a l l e ~ s  general ly narrow and 
crooked; floodplains and t e r r aces  present only l o c a l l y  as  a t  
bends and a t  stream junctions. Relief between 300 and 1,003 
f e e t  throughout greater  portion of western half; between 1,000 
and 3.000 f e e t  i n  mountainous eas tern  uart.  

Area dra ins  s m t h  through Han Chiang. Drainage 
pa t t e rn  broadly redangular f o r  major streams; i n  
d e t a i l  an in t r i ca t e ,  i r r egu la r ly  branching net- 
work. Hills and mountains f u r r o ~ e d  by g u l l i e s  
and ravines occupied by in termi t ten t  and small 
perennial streams. Frequent and des t ruc t ive  
floods during summer months. 

~ o m m u n i c a t i o n d  

Communication along coast and between is lands 
by f i sh ing  boats. No road net; t r a i l s  lead 
inland f ron  coasts  of l a r g e r  islands. 

No road net; main route pa ra l l e l s  coast 6 t o  30 
miles inland. Larger eastward-flowing streams 
navigable f o r  launches and junks. Integrated 
canal system i n  lowlands permits t r a v e l  by small 
b a t s .  

Water routes  used more extensively than over- 
land routes  for  communication between many 
coastal  towns. Coastwise communication by 
boat f amred  by numerous i n l e t s  affording 
ancbrage  and refuge from storms, Lower reache! 
of l a rge r  streams navigable by small c raf t ;  
heavy r i v e r  t r a f f i c  by motor launches and junket 
Transportation by f e r r y  between Amoy Island a d  
mainland. Road ne t  la rge ly  destroyed; was ex- 
tensive between the  Nan Chl i  and Mu-lan Chti. 
Main coas ta l  road connects Lung-chti and Min- 
b u ;  network of secondary roads and porter  
t r a i l s  in h i l l y  b e l t s  between main road and the  
coast. Long s t re tches  of mountainous country 
between Min-hou and the  northern l i m i t  of area 
ard from Lung-chfi t o  the southern boundary of 
map area v i r tua l ly  without roads except i n  a 
few minor corr idors  flanked by mountains. 

Road net  n3t extensive; s t r e m  crossings 
nmerous; maintenance a constant problem i n  
most areas. NT routes across topographic grain 
characterized by loca l  s t re tches  with s teep 
gradients. NE routes, f o l l o ~ ~  topographic 
grain, have gent ler  gradients,  A l l  routes  
must follow streams i n  part ;  hence subject to 
tenporary disrupt ion during floods when bridges 
a re  out and f e r r i e s  inoperative. Network of 
foo t  t r a i l s  i n  mountainous areas affords d i f f i -  
cu l t  passage across country. Roads and t r a i l s  
l e s s  l i k e l y  to be muddy i n  s u e r  and autumn 
than i n  o ther  seasons. Network of streams 
af fords  extensive but slow and c i rcu i tous  
routes  of  t ravel .  Most streams navigable almosl 
to headwaters by small boats of draft not  ex- 
ceeding a few fee t ;  rapids and swif t  currents  
a re  hazardous; portages o r  a id  by towing loca l l ]  
necessary. 

Most settlements along streams, located i n  f l a t s  or  on low r o l l -  
ing h i l l s ;  a few small mining canps i n  the mountains. F l a t s  and 
hill lands l a rge ly  planted to wheat and i r r i g a t e d  r ice .  Kwang- 
tung portian a double-cropping r i c e  area; plantings in  March and 
August, harvest i n  June-July and November. Tea extensively 
cu l t iva ted  i n  upper pa r t  of Han Chiang valley, a s  around Chfang- 
tcing. 

and V I I I ;  f a i r  fo r  Units N, V, and V I .  
fo r  more de ta i led  studies. 

Settlements and Land U s e d  

Set t lenents  general ly confined t o  i s l?nds  greater  than a mile in 
diameter. On l a rge r  is lands,  f i sh ing  vi l lages a t  heads of em- 
bayments; a few small farming communities i n  i n t e r i o r  of la rges t  
i s h n d s .  

Minor rts o f  Jui-an (pop.20,000) and Ku-ao-tfou (pop,l5,COO to 
20,000ysituated near mouths of embayments. Numerous small 
f i sh ing  vi l lages along coast; small ag r i cu l tu ra l  settlements 
sca t te red  through densely.populated lowlands. Lowlands intens- 
i ve ly  cul t ivated;  i r r iga t ed ]  r i c e  i s  principal  crop. Tea grown 
on hill slopes. 

Area south of  Min-Chiang is  one of most thickly populated in 
China. Larger c i t i e s  a re  ports  near mouths o f  la rger  streams 
(Lung-chti, Chin-chiang, Plu-ttien, and  in-hou) o r  on is lands 
f ront ing  t h e i r  e s tua r i e s  (Ssu-zing, San-tu). Shores of inniu~- 
erable small embayments a re  s i t e s  fo r  f ishing villages. Numerous 
small ag r i cu l tu ra l  set t lements  thmughout lowland and h i l l y  
areas. Ssu-ming ( b e t t e r  known as  is  center fo r  t rade i n  
s9agarcane and tobacco. Min-hou (be t t e r  known as  ~oochow) is  
terminus fo r  r i ~ r  b a t s  operating i n  the.Min-Chiang drainage; 
a l so  a por t  of ca l l  fo r  ocean-going steamers. San-tu is a center  
fo r  t e a  and chinaware.trade. Area l a rge ly  deforested. A b u t  one- 
f i f t h  of land sui table  for  cul t ivat ion;  of t h i s  about 75% is  irri- 
a aated, and 709 to 906 planted in r i ce .  Tea, wrn, soy beans, and 
sweet potatoes cu l t iva ted  on terraced h i l l s ides .  

Sparsely populated; settlements l a rge ly  confined to f m i n g  wm- 
munities on f l a t s  and low h i l l y  b e l t s  along streams. Chien4u 
(~op.70,000) and Shao-wu (pop! 1 5 , W )  are centers  fo r  agricul- 
tural trade. Yurpan is provisional c a p i t a l  of Fukien; Chien-pang 
Is t r a f f i c  center f o r  routes in to  Chekiang and Kiangsi Provinces. 
Nan-pfing is por t  for  r ive r  t r a f f i c  to Foochow. Roughly 106 of 
a rea  in cul t ivat ion;  arable land includes all f l a t s  and gentle 
h i l l  slopes a s  well a s  sme  a r t i f i c i a l l y  terraced mountain valleys, 
I r r iga t ed  land mostly devoted to  r i ce ;  t e a  on terraced hills. 
Considerable timber reserves i n  upper reaches of Min-Chiang 
drainage. 

Road net poorly developed. b u t e s  follow val le  
o r  wind through h i l l y  and mountainous country. 
Maintenance d i f f i c u l t  during summer months when 
floods may destroy val ley roads and bridges. 
Netmrk of t r a i l s , w l l  developed in  h i l l y  
country, connect scat tered ag r i cu l tu ra l  
settlements. Larger streams navigable f o r  
small c raf t .  

Rel iab i l i ty ;  h o d  for  Map Units I, 11, 111, V I I ,  
Surmnary report;  addi t ional  information avai lable  

Drainage 

Short perennial and intermit tent  streams flow 
i n  narrow V-shaped valleys rad ia t lng  from peaks. 
Gradients steep; discharge small; streams not 
navigable. 

Drained by eastward-flowing stream3 with head- 
water areas only a b u t  60 miles west of coast;  
lower courses a re  s l u z i s h  meandering ticial 
estuaries .  Several mud f l a t s  i n  lower course 
of Ou-Chianeg/;largest is Ling-ktun Island. 
F l a t  areas poorly drained; r a i n f a l l  ponded i n  
r i c e  f i e l d s  o r  diverted in to  canals. Hil ly and 
mountainous areas between l a rge r  r ive r s  well 
drained by network of shor t  intermit tent  and 
perennial streams flowing i n  narrow valleys. 

Area includes lower reaches of Clliao-Chli, Min -  
Chiang, Chiu-lung Chiang and other  k g e  per- 
e d a l  streams draining Fukien hinterland. 
Rivers enter  sea along channels flanked by t i d a l  
mudflats; no extensive d e l t a  f l a t s  above high- 
t i d e  level .  Hil ly and mountainous areas between 
major streams drained by i n t r i c a t e  network of 
perennial and intermit tent  streams. Run-off 
rapid, accelerated by widespread deforestat ion 
along coast ard t o  t h e  west. River i n  high 
s tage June to July; low stage November to 
January. Occasional floods from l a t e  February 
through smmer. 

Area well  drained; lakes few and small, confined 
to valleys. With exception of  s d l  areas  a t  
~lorthwest corner of region, area drains e a s t  
through l a rge  r ivers .  More than 2/3 of area 
drains in to  Min-Chiang. Triblutaries have pre- 
va i l ing  NE o r  SW courses, entering trunk streams 
roughly a t  r l g h t  angles. Streams generally 
swif t  with gravel ly a d  sandy b t toms;  bars and 
small f l a t s  common r ~ a r  bends. Eastward-flowiw 
streams generally i n  narrow gorges with rap ids  
i n  gaps through ridges; floodplains l imited to 
discontinuous s t r i p s ,  generally not more than a 
few hundred f e e t  across. NE- a d  SW-flowiw 
s t ~ a m s  have broader valleys and more even grad- 
ien ts ;  stream f l a t s  discontinuous but more ex- 
t e ~ l s i v e  than along eastward-flowing streams. 
Occasional floods i n  spring and s m e r ;  destruc- 
t i v e  e f f e c t s  accentuated by widespread deforest- 
a t ion.  

Uap Unit 

I 
FENG-HUANG 

ISLANDS 

I1 
CHEKIANO COAST 

I1 I 
FUKIEN COAST 

IV 
CHEKIANG-FUKIEN 

MOUNTAINS 

V I  
LUNGS HIH RANGE 

Topography 

Bare rugged rocky i s lands  with i r r egu la r ly  embayed coasts; tw 
l a r g e s t  a re  each about 6 miles long and 3 to 4 miles across. 
H i l l s  and r idges sha rpc res t ed  o r  pinnacled. Relief between 
750 and 1,400 f e e t  on la rger  islands; 500 f e e t  o r  l e s s  on is- 
lands l e s s  than 1/2 mile across.  

Coastal b e l t  25 miles wide; i r regular  s b r e l i n e  indented a t  
in te rva ls  o f  15 t o  30 miles by narrow i n l e t s  along la rger  
streams. Low f l a t  areas a s  much a s  6 miles wide along streams 
and m r t h e r n  ha l f  o f  mas t .  Interstream areas  h i l l y  and moun- 
tainous; l a rge ly  deforested. Relief +tween 500 and 1,500 f e e t  
in h i l l y  and mountainous areas. 

I 

Rugged coas ta l  b e l t  b8twee.n 5 and 45 miles wide. Predominantly 
h i l l y  o r  mountainous wi th  r idges alighed prevai l ingly N to NE; 
uplands l a rge ly  deforested, covered with grass  and scrubby 
vegetation. Level ground r e s t r i c t e d  t o  floodplains of  l a rge r  
streams, discontinuous coastal  s t r i p s  general ly l e s s  than  one 
mile across, and to a few lowland b e l t s  crossing peninsulas and 
offshore i s lands  i n  a NE direct ion,  Coast deeply indented; 
bold promontories a l t e r n a t e  with i r r egu la r ly  branching bays. 
Several h i l l y  i s lands  and numerous r o ~ k y  i s l e t s  offshore. H i l l y  
and mountainous headlands c l i f f ed .  Myd f l a t s  border estuarine 
areas. A few small sand beaches i n  mbayments along l a rge r  
promontories and islands. Relief gerera l ly  between 500 and 
3,000 f e e t  i n  h i l l y  and mountainous areas. 

Rugged mountainous country with ridge$ and val leys aligned pre- 
dominantly NE. Regionally incl ined toward e a s t  ani, except f o r  
small border areas,  drained by eastwa -flowing trunk s t r e w s  

f;" crossing the  topographic gra in  a t  r i g  t angles. Discontinuous 
narmw f l a t  s t re tches  along streams. Small areas of h i l l y  land 
mostly i n  NE-trending be l t s .  Mount,aivs l a rge ly  deforested 
around settlements and along l i n e s  o f  r i v e r  o r  overland trans- 
portation. Relief general ly greater  than l ,KO fee t ;  l oca l ly  
a s  much a s  3,5W f e e t  i n  higher mountgins. 

Rugged b a r r i e r  of fores ted  mountains averaging 15 miles i n  width 
along Fukien-Kiangsi border, expandiq to 40 miles along Kwang- 
tung-Kiangsi border. A complex of r i d g e s  and peaks with a gen- 
e r a l  NE alignnent separated by narrow s t e e p s i d e d  valleys. 
Higher peaks have a l t i t u d e s  between 6,000 a.A 7,030 fee t .  
Rel ief  generally 1,000 t o  4,000 feet4 g rea t e i  on Kiangsi than 
on Fukien side. I 

Mountains form major drainage divide between the  
south and east-flowing streams of Fukien and the  
north- and west-flowing streams of Kiangsi. 
Draired by perennial and intermit tent  headwater 
t r i b u t a r i e s  of major streams i n  outlying areas. 
Gradients steep, valleys narrow. 

Area sparsely se t t l ed .  Small ag r i cu l tu ra l  cornunit ies  i n  lower 
reaches of valleys. Lumbering camps l o c a l l y  explo i t  extensive 
stands of v i rg in  coniferous forest .  Bamboo plantations,along 
mountain f lanks and i n  val leys,cul t ivated fo r  edible shoots. 

Prevai l ingly foot  t r a i l s ,  which cross  mountains 
in a few widely separated loca l i t i e s .  Two 
throujh roads cross area. 

VII 
EAST KIANGSI 

HILLS AND 
MOUNTAINS 

Kan-Chiang and Hsu-Chiang navigable fo r  r a f t s  
and small boats i n  sp i t e  of numerous sand bars  
and loca l  s t re tches  of swift water with rapids. 
Main roads follow valleys of major 
streams. North of tha l a t i t u d e  of S h f a n p t t i n g  
(Unit V ) network of roads i s  best  devel3ped 
of Fukien Regi~n.  

Hil ly and mountainous country lower than  bordering mountains of 
Map Units IV and V I  and higher than t h e  Kiangsi Lowland (Map 
U n i t  VIII) i n to  h i c h  it dra ins  to t h e  north. Hills and moun- 
t a i n s  l a rge ly  deforested, bare o r  covered with grass  and scrub; 
aligned prevai l ingly NE. Swmnits m y n l y  rvunled; valleys 
general ly open. Long but  discontinuous f l a t  areas along major 
streams; widest and most extensive along NE valleys. Relief 
between 303 and 1,000 f e e t  i n  h i l l y  country along major l i n e s  
of NE drainage. Over 1,000 f e e t  i n  mountains; l o c a l l y  between 
2,600 and 3,300 f ee t ;  sca t te red  high sunmits reach a l t i t u d e s  
between 3,500 and 4,100 f ee t .  

- 

Area drains northward through tw major perennial 
streams, the  Kan-Chiang and Hsu4hiang. NE 
s t re tches  generally shallow, braided, and flanked 
by f lood plains a d  low ter races ;  l o c a l  narmw 
gaps where streams cut  through h i l l y  ridges. 
S t re tches  of narrow canyons in upper west-flowing 
reaches of  Kan-Chiang. Network of perennial a d  
in te rmi t ten t  streams in mountainous areas  wi-ere 
valleys a re  commonly V-shaped and flood plains 
narrow o r  lacking. Widespread deforestat ion 
causes rap id  runoff except i n  a reas  of permeable 
rock and along a r t i f i c i a l l y  terraced h i l l  slopes. 

V I I I  
KIANGSI LOWL4Ni? 

- - 

No c i t i e s ;  population d is t r ibuted  among numerous ag r i cu l tu ra l  
and mining comnunities. Larger settlements along low t e r r aces  
of flood p la ins  of major streams. Many small ag r i cu l tu ra l  
v i l lages  except i n  more rugged mountains. Numerous tungsten- 
and coal-nining camps% Flood plains and t e r r ace  land intensive- 
ly cul t ivated i n  r i c e  and sugar cane. Hil ls ides cornonly t e r r ace  
f o r  cu l t iva t ion  i n  r i c e ,  tea,  and potatoes, 

An area  predominantly of f l a t  land and low reunded hills, with 
small deforested mountain t r ac t s .  Valley f l a t s  along major 
streams loca l ly  a s  much a s  15 miles mide; bordered by one o r  
more na tura l  terraces. Relief averages between 300 and 600 
f e e t  i n  h i l l y  areas. 

Well-established r ive r  routes along Hlu-Chiang 
and kn-Chiang f o r  small, shallow-draft c r a f t .  
Numerous sand bars. Main roads p a r a l l e l  the t w c  
major streams, following flood plains and t c r r -  
acesi  l oca l ly  subject t o  overflow by floods. 
Network of unimproved roads through valleys i n  
h i l l y  areas probably passable f o r  l i n h t  mechan- 

Area drained .by Kan-Chiang ard Ilsu-Chiang, I+I i ch  
empty in to  Pto-yang Hu, a l a rge  lake 60 miles  
beyond m r t h e r n  l i m i t  of map. Shallow braided 
r i w r s  with sand f l a t s ;  flood p la ins  commonly 
several  times width of stream. 

Area densely populatedf l a r g e r  settlements along Hsu-Chiang 
and Kan-Chiang. Many small ag r i cu l tu ra l  s e t t l enen t s  and a few 
coal-mining camps i n  the  h i l l s .  F l a t  lands intensively cu l t i -  
vated i n  r i c e  and sugarcane. Hills terraced f o r  cu l t iva t ion j  
pr inc ipa l  crops are r ice ,  wheat, and beans. 

I 1 
- - - 1 i r e i  units.  - I 

o r  addit ional  information, consult  other  in te l l igence  sources. 
ee SES 139, Chekiang Region. 

Mineral Resources sheet. 
Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. Army 
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FUKlEN REGION (CH I NA) TERRAIN APPRECIATION 
I 

- 

Map Unit 

V 
HAN-CHIANO 

DRAINAGE BASIN 

I 

Terra in  

Predominantly h i l l y  and mountainous; l e v e l  lani 
confined to narrow discontinuous f l a t s  along 
s t r e  ama e 

H i l l s  Areas; Characterized by rounded summits 
s loping t o  open va l leys ;  r e l i e f  between 300 and 
1,000 f t .  
Mountdns: Rugged; s lopes s t eep ,  l o c a l l y  pre'cipi- 
t o w ;  c r e s t s  of r idges  ?&?even ~ 5 t h  a l t e r n a t i n g  
saddles  and conica l  eminences; r idges  var ious ly  
or iented .  Rel ief  between 1,000 ana  3,000 f t .  

R e l i a b i l i t y :  Good fo r  Map Units I, 11, 111, V I I ,  a d  VIII; f a i r  for Unit N, V, and V I .  
Summary repor t ;  l i t t l e  a d d i t i o n a l  information a v a i l a b l e  f o r  more d e t a i l e d  s tudies .  

Mo~rement Observation an3 Concealment 

: Main N t runk of HaMhiang  forms narrow corr idor  
c@:mecting Kmn,vtung a d  Fukien. Absence of wnt inuoua t e r r a c e s  o r  
f lood p la ins  makes movment d i f f i c u l t ;  f loods inymdate val ley f l a t s .  
FLoad net p m r l y  developed; main routes  genera l ly  wind through h i l l y  
o r  mountainous country, a v ~ i d i n g  r i v e r  flooii p l a i n s  exc.r?t along 
shor t  s t r e t ches .  Well-developed net o f  t r a i l s  i n  a l l  but mountaimus 
areas. E-W rou te  to Yvng-an (Map Unit IV) crosses upper HanZhiang 
v a l l e y  thmugh Chtartg-tfing a d  Ma-shan-?fu; l i a b l e  t o  f looding i n  
many sec t ions  and t o  ga l ly ing  along eas t e rn  ascent  from Han-Chiang 
valley. Sac hazards fo r  roads in southern pa r t  of area,  where rou te  
through Lao-lung-ssu to Hsing-ning i s  probatily maintained more e a s i l y  
than  o ther  s t r e t c h e s  o f  same road t o  NE. '!Jell-devaloped system of 
l a r g e  perennia l  streams provides c i r c u i b u s  access t o  most p a r t s  o f  
a rea  by small r i v e r  boats;  s a l t  s h i ~ p d  by b a t  from near Pfing-ho 
i n  southeastern p a r t  o f  area nor th  t o  Ta-pu. 
Cross-eountry kbvemsnt: Diff i m l t  i n  n o ~ ~ n t a i  ns. G e m r a l l y  easy i n  
h i l l y  u e a s ;  f a c i l i t a t e d  by n e t  of t r a i l s ,  many of h i c h  are probably 
s u i t a b l e  or  could be improed fo r  l i g h t  vehicular  t r a f f i c .  

Observation Points: Innmerab le  r idges  an3 
s u m i t s  i n  h i l l y  and m o u n t ~ i m u s  b e l t s  pro- 
vide good p i n t s  f o r  observat ign .  
V i s i M l i t ~ :  Obstructed by f o r e s t  and under- 
growth i n  Fukien;in Kwangtung v l s i b i l f t y  
genera l ly  good except in f o r e s t e d  areas  of 
remote uplands. 
Concealment: F3rested a r e a  i n  Fukien provides -- 
good conceaiment both from ground and a e r i a l  
observat ion;  l a r g e  bamboo p lan ta t ions  es- 
p e c i a l l y  along streams. Generally defores ted  
Kwangtunq a rea  provides l imi t ed  concealmed 
from a e r i a l  obse rmt ion ;  t a l l  grass  and f e r n  
c o m i n g  uplands give l o c a l  concealment from 
ground observation. Groves of t r e e s  i n  r e -  
m t e  uplands and around shri.nes. 

Topo.rauhic Cover : Steep 
sloues of mountains. ra -  
vi&s, and g u l l i e s  pro- 
vide g o d  and extens ive  
cover i n  mountainous a reas ,  
Hilly b e l t s  provide l iml t ed  
cover; f l a t s ,  none a t  all.  
A r t i f i c i a l  Cover : Scat ter -  
ed mine workings between 
Mei-hsien ard  Chiao-ling 
and Tune-chou-pa may pro - 
vide cover fo r  personnel  
a d  equip.ent .  S t r u c t u r e s  
i n  se t t lements  p o b a b l y  
pruvide l imi t ed  and l o c a l  
cover. 

Easy i n  f l a t  lands, where 
depth of unconsolidated 
ma te r i a l  i s  comnonly over 
10  feet; s h e l t e r s  may f i l l  
with water; ground probabl 
s t ab le .  Valley a reas  i n  
h i l l y  b e l t s  s b u l d  o f f e r  
easy excavation f o r  she l t e  
subjec t  however to f loodi r  
H i l l s i d e s  and m u n t a i n s  
genera l ly  under la in  a t  
depths of a few inches t o  
a few f e e t ;  may requ i re  
b la s t ing  f o r  excavation. 
Timber and rock genera l ly  
ava i l ab le  in Fukien area;  
timber s t a r d s  l i m i t e d  to 
remote and inaccess ib le  
por t ions  of Kwangtung 
a r e a  and t o  a reas  around 
shrines.  

V I  
L U N W  HIH RANGE 

V I I  
EAST KIANGSI 

HILLS AND 
MOUhTAINS 

Rugged d i s sec ted  mountains; s lopes  s teep,  va l l ey  
f l o o r s  narrow. Rel ief  between 1,000 and 4,000 
f t ;  l o c a l  e l eva t ions  a s  high a s  7,000 f t .  

H i l l y  and mountafnous country with discontinyoue 
flat b e l t s  along streams. Indiv idual  h i l l s  a d  
mountains cornonly e l o x a t e d  ,dong NE l i n e s ;  b e l t s  
of h i l l s  and m u n t a i n s  a l s o  wi th  prevai l ing13 NE 
a l i g m e n t .  Re l i e f  i n  h i l l y  c o m t r y  between 300 and 
1,000 f t .  Valleys g e r e r a l l y  open; slopes cowonly  
t e r r aced  f o r  c d t i v a t i o n .  Rel ief  i n  mou~ta igous  
country between 1,000 and 3,303 f t ,  wi th  peaks 
standing a t  e l e m t i o n s  a s  high as 1,100 f t .  Slopes 
s teep ,  va l leys  narrow. 

~ x l s t i ~  p u t e : d  u 1 s i n  over1a.d route  f r m  Ywg-an (Map Unit IV) t o  
Jui-ch n gap hit VII) c rosses  mountains between Ch'ang-t'i.ng and 
Jui-chin through w h a t  i s  probably the l e a s t  d i f f i c u l t  pass. Grade 
l o c a l l y  as much a s  25%, but i s  passable by vehicles.  
Cross-country Movement: D i f f i c ~ l t  f o r  personnel and i m p s s i b l e  f o r  
vehicles.  

Existing ~ o u t e s d :  Chia'lg-kfou to Jui-zhin rou te  and E t r a f f i c a b l e  -- 
except during o r  a f t e r  heavy r a i n s ;  sveraga of one strsam crossing 
each 0.6 mile. Nan-chteng tn YS-tu route  follows f lood p l a i n  and 
t e r r a c e s  of H.siXhiang t o  headwiterst crosses h i l l y  d iv ide  3 mi les  
wide and fol lows flood p l a i n  of Km-Chimg to Ning-tu; thence through 
h i l l y  and mountainous country t o  Yii- tu;  could be blocked a t  d iv ide  
between Hsu-Chiaqg and Kan-Chia.ng headwaters, an3 probably a t  many 
pkices between Ning-tu and Yu-tuo Widely spaced roads i n  broad h i l l y  
b e l t  along Ka?=-?himg i n  FTfl p a r t  o f  area. 
Cross-country M o m m t :  Easy f o r  foo t  t ro??s  and p robabb  f o r  l i g h t  
mechanized u n i t s  i n  f l a t  and h i l l y  areas ,  

O b s e r ~ t i o n  Points: Cres t s  of s3urs l e a d i l g  
down from sunanit areas along main d iv ide  
command vie-urs o f  surrounding lower country. 
E s i b i l i t x :  Generally poor. I n  higher a reas  
cnmnonly hindered by clouds; along f l anks  
of mountains obs t ruc ted  by dense f o r e s t s  and 
bambo planta t ions .  
Concealment: Widespread fo res t ed  t r a c t s  pro- 
vide good concealmerrt from a e r i a l  observat ion.  
Underbrush gives added concealment from gro m d  
observation. 

Observation Pointg: Upper s lopes and summits - 
of Nlls a d  mountains provide zany excelle* 
observatior. po ic t s  thmuzhout  area.  Numerous 
h i l l s ,  soqe w l t h  pagodas on t o p ,  r i s e  above 
f lood p la ins  and t e r r a c e s  a l o w  cor r ido r  ba- 
t w e n  Nan-chterg and headwaters o f  Hsu-Chiang. 
and between Ning-tu a d  headwaters of Kan- 
Chiang . 
V i s f b i l i t r :  Generally excel lent .  
Concealmen&: Limited csrcealment from a e r i a l  
observat ion  afforded by sugarcane and o t k r  
crops in t ens ive ly  c u l t i v a t e d  i n  f l a t  l a r ~ d s  
an3 on  t e r raced  slopes. Sca t t e red  s tands  of 
t r e e s  d o n g  r i v e r s ,  mostly a t  s e t t l e n e n t s .  
T a l l  grass  on h i l l s  and mountains a f f o r d s  
l imi t ed  cgncealaent frsm a e r i a l  and ground 
observat lcn.  

Steep s lopes  and narrow 
val leys  provide extens ive  
topographic cover. 

Tojographic Cover: M 0 5 t  - 
exter.sive along MITOW 

valleys,  ravines,  and 
s t e e p  slopes i n  mountainous 
areas;  l imi t ed  m s t l y  t o  
lowcr va l ley  s lopes  i n  
h i l l y  b e l t s .  Lacking i n  
flat areas ,  except along 
low banks a t  margins of 
streams o r  along breaks i n  
s lope a t  junct icn  of lowcr 
and higher  t e r r aces .  
A r t l f i c f a l  Cover: S t ruc tu re  
in towns and v i l l a g e s  pro- 
vide loca l  c o z r  fo r  m a l l  
un i t s .  Tunnels and o ther  
underground worklngs o f  
la rger  tungs ten  mines 
a f fo rd  p ro tec t ion  a z a i n s t  
a e r i a l  a t t ack ( see  l o c a l i -  
t i e s  7,P,9,10 and 11 on 
Mineral Resources sheet) .  

E x c a n t  ions deeper than 
2 t o  3 f t  genera l ly  requir  
b las t ing .  Hard rock is 
exposed a t  t h e  su r face  
over wide areas.  

Excavations deeper than 
3 f t  gene ra l ly  impossible 
by hard except i n  f l a t  
a reas  a d  v a l l e y s  throvgh 
h i l l y  areas .  I n  f l a t  
areas,  excavation by hand 
t o o l s  poss ib le  t o  depths 
between 3 and 10  f t .  

Observation Points:  S1mmIts of h i l l s  border- 
ing main va l leys  comand views of main roads  
and r i v e r  routes.  
V i s i b i l i t ~ :  Senera l ly  good throughout area.  
Concedlment : Area l a r g e l y  deforested;  l o c a l  
c l m p s  of t r e e s  along va l leys ,  p a r t i c u l a r l y  
around se t t lements ,  provide l i m i t e d  conceal- 
ment f o r  srr,all uni ts .  

h e a  of broad rim flood p la ins  and terrace$ f l a n k  
ed by r o l l i n g  h i l l s  merging with s c a t t e r e d  sqiall 
mountainous t r a c t s .  Summit.s p reva i l ing ly  a l i  ned b ~ .  
Areas indica ted  a s  f l a t  on accompanying map I nclude 
poorly dra ined  f lood p la i~ns  and t h e i r  h o r d e d r g  
t e r r a c e s ,  t h e  h ighes t  of which may be a s  much a s  
300 f t  above va l l ey  l eve l .  Hills d issec ted ,  
va l l eys  broad and open; r e l i e f  between 300 apd 
600 f t .  Mountains S of Lin-chtuan r i s e  to e je-  
va t ions  around 1,800 ft; r e l i e f  betvreen 1,C00 and 
1,500 f t .  

Topogras h ic  Cover : Low 
m t u r a l  levees.  embankments 

- ~ 

E r i a t i n ~  Rou- Ed: /ranking-Henan r a i l r o a d  route  CrOsseS Na Corner of 
a rea ,  Main roade fol low N along h - C h i a n g ,  Lin Shui,  and Hsu-Chiang, 
s t r e a w  which a r e  navigable f o r  r a f t s  and shallors-draft boatn. East 
of Nan-eh'sng, -in route  i n t o  rukien Lead* t b o u g h  p a s  a t  S h a n - k w  
( k p  Unit VI). Network of t rai l8 and p e r t e r  roads  i n  va l leys  througb 
h i l l y  country. . 

C r o ~ ~ - c w ~ n t s . y  Noo;rmetit: Cenersl ly easy;  pract,ica??y unlimited oplmr- 
t u n i t i e s  f o r  deployment. Obstacles i n  f l a t  a reas  a r e  canalc, sloughs, 
a ~ d  saddj- f ielc 's  (flooded t e tneen  Apr i l  and October). Kan-Chiang 3rd 
IIsu-Chizng betvreen 2.5 and 3 f t  deep and betneen 1,200 and 1,500 f t  
wide o w  lo ry  s t r e t c h e s ;  s teep  knks 12 t o  25 f t  high i n  many p laces*  
Easy movement by f o o t  tt~w::gh h i l l y  a-eas. 

along canals ,  ad s t e e p  
barks along s t r e a r s  pro- 
vide l i n i t e d  covw i n  f l a t  
a reas  along major r i v e r s .  
S t e p  slopes and rav ines  i n  
i s o l a t e d  moi;ntair~ous areas .  
A r t i f i c i a l  Cover: A r t i f f c i d  - 
t e r m  ces  widespread through 
h i l l y  country may provide 
cover from ground f i r e ;  
Construct ions i n  s e t t l e -  
ments and cemeter ies  giw 
cover i n  r e s t r i c t e d  areas.  

S i x  o r  more f e e t  o f  un- 
consolidated ma te r i a l  can 
be excavated by hand toole  
except i n  m a l l  i s o l a t e d  
mountainous areas.  F l a t  
a reas  flooded f o r  r i c e  
c u l t i v a t i o n  Apr i l  t o  Octo- 
ber; throughout year  
ground water  m countered 
a t  depths between 3 and 4 
f t  i n  r i v e r  f lood p la ins  
and a t  depths around 6 f t  
on r i v e r  t e r r aces .  Conli- 
t i o n s  i n  a r t i f i c i a h y  
t e r raced  h i l l s l o p e s  gen- 
e r a l l y  s imi la r  t o  those  
on r i v e r  t e r r aces .  

d S s e  Road Construction and ?ilaL~tenance ~ h e e t ; f o r  more d e t a i l e d  i r f o r n ~ a t i o n  ~ o n s u l t  o the r  i n t e l l i g e n c e  sources. 

Prepared by U. S. Geological Survey 
f o r  Chief o f  Engineers, U. S. Army 

























FUKIEN REGION (CHINA) WATER SUPPLY: GENEf?AL FEATURES 
R e l i a b i l i t y :  F a i r  

Sumnary repor t ;  add i t iona l  information a v a i l a b l e  f o r  more d e t a i l e d  repor t s .  

IWRODUCT I O N  

Topography: The coas t  l i n a  of t h e  Fukien Region is  very i r r e g u l a r ,  r i t h  many bays though typhoon r a i n s  may b e  heavy i n  August and S~ptember.  There i s  no d i s t i n c t  dry por t ions  Of t h e  reg ion  c o n s i s t  of h i l l s  and mountalna of denee, r e l a t i v e l y  lmpermeable 
and pi-omntories, and numerous m c k s  and mll islands.  The coas t  is bordered by d i s -  season, but the l e a s t  r a i n  usua l ly  f a l l a  f m m  November through January. Dvrlng each rocks, i n  som, p a r t s  Of which l m  t o  m d e r a t e  anounta of ground water  could b e  obtained 
connected bands of lowland ab ich  a r e  l e s s  than 5 ml les  r i d e  i n  most p l a c e s  bu t  near  the  of t h e s e  m n t h a  t h e r e  i s  an average of about 2 inches of r a in  m a r  t h e  coast .  The by d r i l l i n g  w e l l s  t o  depths o f  LOO t o  300 f e e t .  
p r i n c i p a l  r i v e r  mouths we g e n e r a l l y  5 to 10 mi les  r ide.  I n  m y  l o c a l i t i e s  d e  p l a i n  reglon is not ~ u b j a c t  t o  dmught , a s  the extremes of annual r a i n f a l l  depar t  only about Water Supplies: b p l e  euppl ies  of surface water  of low mineral  content  are a v a l l -  
is  v e r y  narrow, and h i l l s  r i s e  s t e e p l y  a l m s t  from the  &ore, I n  e a e t e r n  Fukien t h e  h i l l s  15  t o  25 percent from t h e  m a n .  able  near ly  everywhere;but i n  t h e  loa lands  because of the  dense population and t h e i r  
a r e  i n  i r r e g u l a r  groups, r i s i n g  to m x h m  he igh ts  of 1,000 t o  1,800 meters  (3,300 t o  S t r e a m :  The reg ion  i s  supplied with much water by rmny perennia l  streams. Some of unsani tary h a b i t s ,  t h e  water  i s  always po l lu ted  i n  t h e  lower courses  of the  s t r e a m .  
6 , W  f e e t ) .  The i n t e r i o r  p a r t  of the  p m v i m e  i s  genera l ly  h i l l y  o r  mountainous; t h e  t h e s e ~ i r r e c t l y  t o  the coas t ,  but m s t  of them a r e  tributary t o  th ree  p r i n c l p a l  r i v e r s .  Thorough f i l t r a t i o n  and chemical treatment i s  t h e r e f o r e  necessary t o  r e r d e r  surface- 
western boundary of the province fDllows a drainage divide a t  a l t i t u d e s  o f  500 t o  1,500 During the season of  heaoy r a i n a  the  l a r g e r  streams overflow some of t h e  c u l t i v a t e d  land  water  s u p p l i e s  sa fe  f a  d r ink ing  an3 o ther  domestlc uses. The f o r e i g n  se t t l ements  i n  
meters (1,650 t o  5,000 f e e t ) .  Far ther  weat and northwest,  t h e  mean a l t i t u d e  decreases a e a r  t h e i r  channels, but seldom do much dsmage t o  crops o r  v i l l a g e s .  Dikes a r e  not ex- Min-hou, Ssu-ming, and L!m&-yen (coal-mining town w i t h  populat ion of about  15,000) ,  have 
t o  l e s s  than 500 meters i n  t h e  b a s i n s  of l a r g e  streams which d r a i n  northward. The t e n s i v s l y  used t o  con t ro l  the f l o o d  waters. The s tream discharge is  lowest fmm November modern water-supply s y s t m a  from adjacent  a t reen . .  Elsewhere ind iv idua l  wells,and 
m a l l e r  streams a r e  i n  narmw valleys. For most of t h e i r  c q r s e s  t h e  p r i n c i p a l  r i v e r s  through January. c reeks  and r i v e r s  f u r n i s h  water f o r  a l l  purposes. Shallow w u n d  water  i s  p l e n t i f u l  i n  
a l s o  a r e  i n  narrow val leys,  which o w n  i n  p lace-  t o  f la t-bot tomed a r e a a  s e v e r a l  mi les  - Lakes: Severa l  mall na tura l  l akes  a r e  shown on a v a i l a b l e  mapa, and many a r t i f i c i a l  the  lowlards but is  a l s o  genera l ly  po l lu ted .  San i ta ry  s u p p l i e s  can be obtained i n  many 
wide. ponds i n  t h e  c u l t i v a t e d  lands  c o l l e c t  and c o n t r o l  s u p p l i s s  of water f o r  i r r i g a t i o n .  mreas by d r i l l i n g  wel l s  ard propm'ly caaing them t o  a t  l e a s t  20 f e e t  below t h e  gronnd- 

h e c i p i t a t  ion: The mean a n n w l  precipitation i n  the  c o d s t a l  a r e a  ranges from about Ground Water: Dug wel l s  i n  t h e  c o a s t a l  p l a i n s  and along s tream v a l l e y s  f u r n i s h  water  t a b l e .  Unpolluted suppl ies  of water  of l m  mineral  content can a l s o  be obtained 
40 inches i n  t h e  south to 66 inches  i n  t h a  north.  In the  mountains of t h e  i n t e r i o r  the  p l e n t i f u l  suppl ies  of water  fo r  domestic use, Plom depths  g e n e r a l l y  l e a s  than 30 f e e t .  i n  many p l a c e s  by d r i l l i n g  comparatively deep wells .  Brackiah water might be encountered 
p r e c i p i t a t i o n  i s  8 0  t o  80 inches.  Nearly all f a l l s  a s  r a i n ,  ht t h e r e  a r e  o ~ c a s i o m l  On s lopes  snd t e r r a c e s  t h a t  border some of t h e  inland va l leys  and baa ins  t h e  depth to a t  ahallow depths i n  some loalanda w i t h i n  a few hundred yards  of the  Bea coas t .  
l i g h t  ahows i n  t h e  mountains from December through February. The g r e a t e r  p a r t  of t h e  water  may b e  30 t o  100 fee t .  I n  h i l l y  a r e a s  o f  eandstone and o ther  permeable rucks,  
r a i n  f a l l a  fromMarch t t ~ o u g h  S e p t m b e r ,  the  r a i n i e s t  s e a m n  usua l ly  be ing  i n  June, moderate suppl ies  o f  water u s l a l l y  can b e  obtained a t  depths Of 3 0  t o  200 f e e t .  Large 

I Surface Water 
(cfs=cubic t e e t  per  second 
am=aal lona Der minute) 

Surface Vater: P l e ~ t i t i f u l  an3 of l o a  mineral c o n t e n t ,  but g e n e r a l l y  t u r b i d  
and h k h l y  po l lu ted .  Streams ueus l ly  h ighes t  i n  June, occeslonal  f l o o d s  i n  
October; lowest Nov. tbrough Jan. 
Ground Water: Wells with Cepths l e s s  than  3 0  f e e t  h w e  high y i e l d s ;  un- 
po l lu ted  s u p p l i e s  can be obtained by d $ i l l i n g  and properly caaing wells.  
In soms p l a c e s  w i t h i n  a few hundred yarde of t h e  s e a  coas t ,  brackish water 
may be present  a t  a h a l l a i  depths. I n  a few l o c a l i t i e o ,  flowing a r t e s i a n  
water mw be ob ta inab le  a t  dep ths  of severa l  hundred f e e t .  Yaw =mall 
ri ver v a l l n y e  ere important f o r  shal low ground-water suppli  ea but a r e  too  
small  t o  be shown on map. 
T o w r a p h y :  Narrow c o a s t a l  p la ins  of $ e n t l e  slope, bordered by s t e e p  h i l l s ;  
and etream v a l l e y s  which c o n s i s t  of flat-bottomed a r e a s  a l t e r n a t i n g  wi th  
r i v e r  gorges. Alluvium g e n e r a l l y  s e v e t a l  hundred f e e t  th ick  i n  ooas ta l  
p l a i n s ;  20 to  200 f e e t  i n  s t ream va l leys .  
Vegetatfon: I n t e n s i v e l y  c u l t i v a t e d  wlth quick-growing c r o p s ,  c h l e f l y  r i c e  
i n  surrmer and wheat i n  winter ;  a few s h l ,  swmpy uncul t iva ted  a reas .  
Vegetables a& m a l l  f r u i t s  along i r r l g a t i o n  d i t c h e s ;  mulberry and o ther  
t r e e s  on mounds and o ther  s l i g h t l y  higher  lands. 
population: Dense along m a s t ,  s s p e c i g l l y  i n  and near  p r i n c i p a l  c i t i e s ;  
a l s o  alorn ~ r i n c i ~ a l  s t ream val leys.  h o b a b l y  500 t o  1.000 Der so .  m i l e  i n  
c u l t i v a t e 2  E o a s t a i  a r e a ;  ~ C Q  to 500 i m  p r i m i i a l  r i v e r  h e i s .  

- 
A c c e s s i b i l i t y  by Wheeled Equipment: Fair along coast  and p r i n c i p a l  etream 
v a l l e y s ;  poor i n  d l ,  dl scomected valleys. Improved roads connect some 
of t h e  p r i m i r e 1  coas ta l  c i t i e s  and t r a v e r s e  p a r t s  of m i n  r i v e r  va l leys .  

Ground Water 
( g p z g a l l o n a  per minute) I Equipment Needed I 

eream&/: Main streams have channels sever- Kinds of Yate r la l :  Coastal p l a i n s  a r e  under la in  by alluvium, ch ie f ly  For Surface-water Supplies: 
a 1  f e e t  Oeep i n  lower courses ,  navigated by of  send, wilt, and c l a y ,  t o  degths of several hundred f e e t .  Stream nimping o u t f i t a ,  preierablJ 
steam launches;  s teep  g r a d i e n t s  i h  middle v a l l e y s  a r e  under la in  by sand and grave l ,  with minor a w u n t s  of s i l t  of c e n t r i f u g a l  type;  equip- 
and upper courses ,  navigated by r a f t s  and I and clay: g e n e r a l l y  t o  dep ths  of 20 t o  2M) f e e t .  I ment fo r  s e t t l i n g  and f l l -  

For Combat S u ~ ~ l i e s :  Water from 
spr ings ,  streams, o r  newly dug 
shallow wells .  Must be thorough- 
l y  f i l t e r e d  and t r e a t e d  chemical- 
ly. 
For T m o r  a m  S U D D ~ ~ ~  s: Spr ings  
and etreama: newly dug wells ;  
e x i s t i n g  d r l l l e d  w e l l s  i f  properly 
cased. Stream water  map need 
prel iminary s e t t l i n g .  01 r a t e r  
ahould be f i l t e r e d  and t r e a t e d  
chemically. 
For  Semi-permanent S u u ~ l i e r :  
Crcund water from wel l s  properly 
d r i l l e d  and cased, strernn and 
spr ing  wate r ,  thoroughly f i l t e r e d  
and t r e a t e d  c h w l c a l l y .  F i l t e r  
beds, and s to rage  tanka o r  reeer-  
v o i r s  should be provided. 

with d i f f i c u l t y  by smali  b a t s .  A l l  s t r sams  
a r e  ex tens ive ly  w e d  f o r  i r r i g a t i o n ;  ~omn 
l a n d s  a re  overflowed but Mlooda Infrequent  
and few d ikes  have been b u i l t .  Foochow ob- 
t a i n s  about one-quarter of i t s  water supply 
from Min Q ~ w  g r e a t e s t  s ing le  u s e r  i s  
Foochow E l e c t r i c  Co. Lung-yen, near  t h e  
head of  chiu-lung Chiang, and Nan-ping, on 
t h e  Min River ,  ob ta in  small m n l c i p a l  sup- 
p l i e s  from adjacent streams. w: CarmoDn along upper borders  of a l l u -  
v i a l  lands;  general ly  discharge 5 t o  30 gpm; 
m d e r a t e  mineral con ten t ,  usua l ly  po l lu ted .  

by slopes. Three spr ings  i n  Lucg-yen used 

- 
Largely f e d  by water from i r r i g a t i o n  on near- 

f o r  publ ic  weter  supply. 
Lakes: Chiao Hu (name no t  on map), shallow 
l a k e  12 mi les  SSW of Ning-hua noar western 
border of Puklen, haa area about 3 aquare 
d l e s ;  uaed for  water  supply and i r r i g a t i o n .  

TEfiBACES AND LOn 
HILL3 OF INLAND 

B G  INS 

Water-yielding Proper t ies :  Muoh n a t e r  ob ta inab le  from wel la  with t r a t i o n ,  s tornee,  and 
depths genera l ly  18s. than 30 feet,which pene t ra te  sand an3 grave l  chemical treatrrant.  
l a y e r s  s e v e r a l  f e e t  th ick .  I n  some l o c a l i t i e s ,  flowing a r t e s i a n  For Criund-water Suppliee:  
water mey b e  ob ta inab le  a t  dep ths  o f  severa l  hundred f e e t .  S m l l  Hand t o o l s  f o r  digging 
v a l l e y s  along streama a r e  important f o r  shallow grmd:water  supplfss. 
Qua l i ty  of Water; Low t o  moderate mineral content ;  uppermost ground 
water po l lu ted  by farming operat ions.  'Rater more than 20 f e e t  below 
ground-water l e v e l  g e n e r a l l y  i s  no t  polluted. I n  some p l a c e s  near screen;  c e n t r i f u g a l  o r  
sea coas t ,  b rack ish  water  may be encountered i n  shallow w e l l s ;  see p i s t o n  pumps with e n a l l  
diagram following table .  power u n i t s :  equipment f o r  
Exis t ing  Wella: Many shallow d w  well. supply e l e a r  mtwr for domes- 
t i c  use;  near ly  e v e r y ~ h e r e  po l lu ted .  No records  of properly con- chemical t r e a t m d .  
s t r u c t e d  d r i l l e d  wel l s .  FOochow o b t a i n s  7596 of  i t s  water  supply from 
w e l l s  20 t o  50 f e e t  deep. Many ahallow w e l l s  i n  b y ;  brackish m t e r  i n  lower par t  o f  c i t y .  
me11 Construction! P l e n t i f u l  suppl iea can be developed by d r i l l i n g  o r  digging wel l s  l e s s  
than 30 f e e t .  E l l l e d  wella  should be oased from surface t o  a t  l e a s t  20 f e e t  below gmund- 
water  l e v e l ,  with screen o r  per fora ted  cas ing  a t  water-bearing zone. l a r g e s t  y i e l d  will 
genera l ly  be obtained from wel l s  near  stream channels. Wells d r i l l e d  c l o s e  t o  sea shore 
may be contaminated by s a l t  water  i f  pumped too strongly; s e e  diagram f o l l m i n g  tab le .  
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Tai  Hu ( n m e  not on map), shallow l a k e  8 miles  e a s t  of Lin-c'huan, near nor thnes te rn  border of map a rea ,  
has  a r e a  about 1 l / 2  square mi les ;  used fa? water supply and i r r i g a t i o n .  Three mll lakee  abput 50 milee 
west of P'u-t ' isn (Ringhwa); and 8 othere  n e a r  that c i t y  i n  w a l l  a l l u v i a l  a r e a s  (not s h m n  on map); prob- 
ab ly  o t h e r  mall lakes  i n  r i v e r  va l leys .  A l l  a r e  used f a  i r r i g a t i o n  and domestic water  eupply. Mary 
a r t i f i c i a l  p n d s  c o l l e c t  ard c o n t r o l  water f o r  i r r i g a t i o n .  

MOUNTAINS OF SAND- 
STONE BND OTHW 
P-LE ROCKS 

p~~ . pp~~ -- 

Surface Water: P l e n t i f u l  i n  main strejams and many e m a U  t r i b u t a r i e s ;  
g e n e r a l l y  c l e a r ,  of low mineral content ;  g e n e r a l l y  po l lu ted .  
Gmuml Water: Wells with dep ths  o f  Xh t o  100 f e e t  have m d e r a t e  t o  high 
y i e l d s ;  water h a s  low t o  moderate mineral oontent.  Unpolluted suppl ies  
ob ta inab le  by c o n s t m c t i n g  d r i l l e d  wel,la, properly cased. 
Topography: S lopes ,  low h i l l e ,  and t q r r a c e s  bordering and i n  eome p laces  
near ly  completely occupying small  inlepd v a l l e y s  and basins. 
Vegetat ion: Lower sloi?es cu l t iva ted  *i t h  i r r i g a t e d  f i e l d  c r o p s ;  upper 
slopem l a r g e l y  wi th  d r y  f i e l d  c rops ,  t e a  and o t h e r  shrubs, and f r u i t  t r e e s .  
Population: Moderately dense;  about 700 t o  500 per  square mile, i n  many 
small  v i l l a g e s ;  a l s ,  t m n s  of several  thousand population. 
A c c e s s i b i l i t y  by Wheeled Equipment: $air i n  s e v e r a l  v a l l e y s  where roads 
have been mns txuc ted ;  poor elsewiierei 

Surface 'Rater: P l e n t i f u l  i n  many a m d l  s t reams;  not g r e a t l y  po l lu ted  in 
upper courses. Many m a l l  spr inge,  04 good s a n i t a r y  q u a l i t y  a t  source. 
Ground 'Rater: Wells wlth depths of 3 0  t o  200 f e e t  have m d e r a t e  y l e l d e ;  
water  h a s  l w  to d e r a t e  mineral content ,  i s  not pel luted.  Shallow ground 
water  a v a i l a b l e  i n  many smell ,  narrow a r e a s  o f  stream alluvium, t o o  e n a l l  
t o  b e  shDwn on map a s  Unit 1. 
Topography: H i l l s  and l w  mountains, mainly o f  rounded s lopes,  g e n e r a l l y  
r i s i n g  3 d  t o  1,500 f e e t  above the s t ream v a l l e y e ;  maDy rugged d l s t r i c t r .  
Vegetation: Small c u l t i v a t e d  a r e a s  OD lower s lopee;  upper s lopes  l a r g e l y  
i n  eecondarp f o r e s t s ,  wydemat lca l l r  gut f o r  firewood and charcoal ,  o r  i n  
dense natluml f o r e s t s .  c u t  f o r  timber. 
Pornlat ion:  Moierateiy denae i n  the  i m e r  por t ions ;  probably l e s s  then  
200 p e r  square m i l e  throughout mst o the areaa. 
A c c e s s i b i l i t y  by Wheeled uipment: # e r y  poor. Nearly all rou tes  a r e  foo t -  
paths. t m  narmw f o r  o r d z a r y  wheeled v s h i c l e s ;  on s t e e p  s lopes  broad 
s t e p s  a r e  c u t  in patha. 

i 

- - 

s t r e a m a b z  
- 

Main streams a r e  wide, shallow; 
c l e a r  i n  upper courses ,  tu rb id  thmugh irri-  
gated i d s .  Small t r i b u t a r i e s  e r e  gel leral lJ  
c l e a r  above i r r i g a t e d  lands;  dlacharge be- 
comes smll  Nov. through Jm. Water o f  low 
mineral content.  aeneral lY w l l u t e d .  , - 
Sprillgs: ~ a w  maall s p r i k b  along loner  
borders of t e r raced  lands ( r e t u r n  water from 
i r r i g a t i o n )  : c l e a r  but p l l u t  ed. 
Lakea: No n a t u r a l  l akes  reported;  nany a r t i .  - 
f i c i a l  ponds, which c o l l e c t  r a t e r  from s m l l  
streams, uaed f o r  i r r i g a t i o n ;  g e n e r a l l y  
po l lu t  ed. 

Stream&: Many p r e m l a l  s t reams;  mll 
t r i b u t a r i e s  may become near ly  d r y  Nor. 
through Jan. 'Rater genera l ly  c lea r ,  of low 
t o  m d e r a t e  mineral  content ;  no t  g r e a t l y  
po l lu ted  i n  upper courses. 
Springs: Many h i l l s i d e  spring8 i n  r a i n y  
seasooi become low during w int er. Water 
g e n e r a l l y  of in mineral content ,  not pol- 
l u t e d  n t  sources. 
M e a :  No r a t u r a l  l a k e s  reported. Maw 
artificial ponds along small streams c o l l e c t  
and c o n t r o l  water f o r  i r r i g a t i o n  of l m e r  
h i l l s i d e s .  

Kinds of Material:  Thick beds of s o f t  red eandstone and aandy sha le ;  
minor l a y e r a  of g r a v e l  and conglomerate. Red sandy c l a y  a t  surface 
near  nor th  b m d e r  of region. 
Water-yielding Propert ies:  Plent i f u l  wnunt  a obtainable from wel l s  
with depths of 30 t o  100 f e e t ,  which pene t ra te  beds of g rave l  and 
s o f t  sandstone. 
Q u a l i t y  of Water: General ly  of  low t o  moderate mineral con ten t ;  
no t iceab le  amount8 of i r o n  i n  some l o c a l i t i e s .  Not l i a b l e  to b e  
pol luted if from properly cased d r i l l e d  wells. 
E r i s t i n g  Wells: Wany d w  w e l l s  on l m e r  slopes, f o r  i r r i g a t i o n  and 
domestic s u ~ o l i e  s. Comuarativelv few w e l l s  on u m e r  s lows .  . . 
R s l l  ~ o n s t A i t i o n :  &-wel l s  can be eaeUy cons tmcted  i n  l m e r  
slopes. ~ r i l l e d  w e l l s  p re fe rab le  throughout; w i l l  y i e l d  s a n i t a r y  
suppl ies  of 20 t o  100 gpm f r o m  grave l  and s o f t  sandstone. 

Kinds o f  Material:  Thin-bedded sandstone and & a l e  o f  var ious  
colors .  with minor heda of comlomerete  and f r a ~ l n e n t a l  l ava  rock. 
Coal b i d s  i n  severa l  aistrictain southern m k i i n .  
Water-yielding h o p e r t i e a :  Wolls with depths of 3J t o  200 f e e t  have 
moderate y i e l d s ;  from sandy l a y e r s  w e l l s  w i l l  y i e l d  20 t o  100 g m .  
Also moderate amounts of gmund water  a v a i l a b l e  from ahallow w e l l s  
i n  narrow a r e a s  of s t ream a l l u v i a ,  too  small t o  be shom on map a s  
un i t  no. 1. 
Q u a l i t y  of Water: General ly  o f  low mineral content  i n  sandetone and 
conglnnerate;  m d e r a t e l y  minm'!lized i n  fragmental l ava  rocks. Some 
c o a l  beds y i e l d  water  t o o  h igh ly  mineral ized t o  be potable. 
Fx is t ing  Wells: Many d w  wel l s  on lower s lopea,  and i n  narrow a l l u -  
v i a l  a r e a s  along streams. No d r i l l e d  welle  reported. 
i fe l l  Construation: Dug wel l s  can  be e a s i l y  constructed. D r i l l e d  
w e l l s  p re fe rah le ,  but access  d i f f i c u l t  f o r  d r i l l i n g  e q u i m e n t ;  moder- 
a t e  suppl ies  could be developed i n  mang areaa  of  sandstone and of 
fragmental l ava  rocks,  a t  l o c a t i o n s  se lec ted  on advice of gmund- 
n a t e r  geologist .  

f i l t r a t i o n ,  and s to rage ;  
l i e h t  equipnent f o r  cheml- 
c a l  t r e a t m n t  . ~~~~~ ~ 

For Ground-water Gupplies: 
Hand t ~ o l s  f o r  digging 
w e l l s ;  l i g h t  p o r t a b l e  m- 

I t a m  o r  nercusslon d r i l l i m  
rig; f o r ' s a s i l y  accessible-  
d i s t r i c t s ;  caning and 
screen, c e n t r i f u g a l  e r  
p i s t o n  pumping u n i t s ;  
e q u i m n t  f o r  c h m i c a l  
t r e a t n e n t .  

For Combat S u p ~ l i e a :  Wpter from 
aide streams above a u l t i v a t l o n  
preferablm t o  t h a t  fmm main I 
streams; water  from newly-dug 
wells.  A l l  water  ahould be 
thoroughly l i l t  ered,  and t r e a t e d  
chemically. 
For Temporary S u p ~ l i e a :  Newly-dug 
wel l s ;  d r i l l e d  n e l l a ,  properly 
cased: water from a ide  streams. 

t r e a t e d .  Also water  from s i d e  
e t  reams, f i l t e r e d  and chemically 
t rea ted .  

w e ,  and chemical treatment.\ s a r y .  I 

F o r  Surface-water Supplies:  
l i g h t  por tab le  c e n t r i f u g a l  
pumping u n i t s ,  r i t h  equip- 
ment f o r  f i l t r a t i o n ,  s to r -  

For Combat Supplies: Spr ings  and 
headaat 8r streams; newly-dug wells.  
Thorough p u r i f i c a t i o n  of both sur- 
f a c e  water and ground water  neces- 

f o r  d r ink ing  and c u l i n a r y  uses  
t i v s l y  s o f t  m t e r i a l s .  

F o r  necessary. Semi-permanent Supplies: Wells 
d r i l l e d  on the lower slopes. 
Spr ings  and headwater streams. 

ment e q u i m n t .  S e t t l i n g  and f i l t r a t i o n  of  surface 
r a t e r ,  and chemical t r e a t m n t  of 

all water necessary f o r  dr inking,  c u l i n a r y  
and o t h e r  domestio mppliea.  

For Ground-water Supplie 8: 

Bend t o o l s  f o r  dlgging 
welJ.8; -11 por tab le  per- 
cusslon or r o t a r y  d r i l l i n g  
r i g a , c a p a b l e o f  r a p i d l y  

P o r  Temporary S u ~ p l i e a :  Sp-ings 
and headwater s t reams;  newly-dug 
 well^; d r i l l e d  r e l l s  whela e a s i l y  
access ib le  f o r  d r i l l i n g  r igs .  
T h o r o u g h p u r i f i c a t i o n o f a l l w a t e r  
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OF DENSE LNE REU- 
TIVELY mPmMEABLE 

ROCKS 

aJ A l l u v i a l  areas were compiled mainly from d e t a i l e d  maps, d11ch do n o t  r g r e e  
i n  a11 p l a c e s  r i t h  drainage shown on base map. 

! Data Concerning Pr inc ipa l  Rivers  

1 (S imi la r  nlormstion not a v a i l a b l e  f o r  o ther  r i v e r e )  

Min-Chiang Min River ) :  Ocean v e s s e l s  of %-foot d r a p t  e n t e r  t o  &-we1 ( a l s o  known square mi les ;  estimated normal flood discharge 200,000 c i a ,  usua l ly  l n  June, Fa ly ;  low- Han4faOS: Has drainage baain of 6,000 square mi les  above Ta-gll v i l l a g e .  Usual 
a s  Pagoda AnchorLe)  ; dredged channel t o  Min-hou wi th  min* depth of 18 Pest. Msd- water  discharge about 5,000 c i s  Dec. through Jan. River water  is d d y  f a r  out  t o  aea; f lood d i s c  arge about 70,000 cis; low-water discharge 1,000 c i s .  
t i6d r rnge  1 9  f e e t  a t  r i v e r  mouth, 1 0  f e e t  a t  Foo&ow; tips f e l t  f o r  20 mi les  f a r t h e r  t u r b i d i t y  highest  A p r i l  through July, Much organie m t t e r  and b a c i l l u s  c o l i ;  g r e a t e s t  
upstream. steam launches of 5-foot d r a f t  ascend 60 mi les  to Shul-k'ou ( a t  foot  of lowest during low water  and low t ide.  Water haa very  low hardneas and low c h l o r i d e  content ;  Has drainage bas in  of  about 28,300 square mi les  above t o m  of  C'hing- 
r a p i d s ) ,  and t o  Nan-p* ing during h i & - r a t e r  season. Saal$er launches ascend nor th  a n a l y s i s  a t  mean s t a g e  near  Foochow i n  1933 showed, i n  p a r t s  pee mil l lon:  Tota l  dis-  Estimated m m a l  f loods  550,000 o f s ,  low-water discharge 7,000 c i s .  
branch (Chien-Ch'i) t o  Chien-ou (Kisnning);  Mrthweat  bmqch (Pn-t'b Chrl) t o  shao-au, solved s o l i d s ,  672; t o t a l  hardneas ,aa  CaCqj, 15; Sloe, a; Fez05 and A1203, 81 CaO, lE: Navigated by launches t o  Kan-hsien  anch chow) (not  on nap) ,  a l a r g e  c i t y  I2 milea aouth- 
where r i v e r  was croasad by ponton br idge  i n  10ZS. Southwe:& branch ,  (Ta-shih Cht i )  mob- %O, 7 ;  C1, 12; S g ,  ?. west of Chiang-kon; na t ive  boa ts  probably ascend main branches f c r  many miles  above Chiang- 
a b l y  navigated t o  Long-k'ou. M i n - C h i ~  above Foochor haq drainage bas in  of 18,5CO kou. 

Prepared by U. 9. Geological  Survey 

i f o r  c h i s f  of Engineers. D. S. A m '  

S w f a c e  Water: Plentiful, i n  many st4eams;not g r e a t l y  pol luted.  Numerous 
springe o f  mall to m d e r a t e  d i  acharg?; unpolluted a t  source. Amy h a s  
r e s e r v o i r  3 mi les  e a s t  of  c i t y ,  on a small stream; capac i ty  270 m i l l i o n  
gal lons.  

depths of 100 to 300 f e e t  would 
mineral ized i n  many places. 

Topography: Rugged t o  rounded h i l l s  y d  mountains, wi th  deep rav ines  and 
amall, narrow ~ a l l e y s .  
Vegetation: Lower s lopes  a r e  ~ o v e r e d ~ o h i e f l y  by secondary f o r e s t s  of mall 
evergreen t r e e s ,  and s c a t t e r e d  oaks, p p l e s  and o t h e r  deciduous t r e e s ;  many 
-11 o u l t i w t e d  t r a c t s .  Higher sloP?a have dense f o r e s t s  o f  f i r  and pine. 
Population: Moderate t o  sparse: ch ie f ly  confined t o  small s t ream v a l l e y s  
and ad jacen t  slopes. I 
A c c e s s i b i l i t y  by Wheeled Equipment: Very poor; m e t  m u t e s  a r e  foo tpa ths ,  
t o o  narmw f o r  o rd inary  vehicles .  Q p i p m n t  could be taken up p z i n c i p d  
streams by b a t s  of shallow d r a f t ,  o r  by r a f t s .  

s t r e d :  i ~ w  amall streams, and severa l  
r i v e r s  of considerable  s ize ,  notably s e c t i o n s  
of Min-Chiang and i ts main t r i b u t a r i e s ,  
which flow i n  mountain D r g e s  f o r  much of 
t h e i r  courses. Least discharge NOT. through 
Jan.: m e a t e s t  i n  June, July.  Water generel-  
l y  c l e a r ,  not g r e a t l y  po l lu ted ;  low mineral 
content.  m: Many 8prings;of n o w 1  discharge 
5 t o  50 g p ;  unpolluted a t  t h e i r  aources; 
g e n e r a l l y  o f  low t o  m d e r a t e  mineral  content.  - W e n :  No n a t u r a l  l a k e s  r e p r t e d .  Concrete 
dam on small stream forms r e s e r v o i r  3 mi les  
e a s t  o f  San-ming (Amy) f o r  c i t y  water  supply. 
Many a r t i f i c i a l  poada on lower s lopes near  
s t r e a m  c o l l e c t  and c o n t r o l  water f o r  irri- 
g a t  ion. 

Kinds of Mater ial :  c h i e f l y  g r a n i t e  i n  eaatern and c e n t r a l  p a r t s  of 
a rea ;  m c h  hard, f o l i a t e d  rock i n  west: some lava  and frwgmental vol-  
cania  mate r ia l  l o c a l l y  caps h i l l s  and mesas. 
Water-yielding b o p e r t i e a :  Moderate m o u n t s  obtainable a t  depths of 
100 t o  300 f e e t .  Moderate y i e l d e  a v a i l a b l e  a t  shallow depths i n  
narroa a l l u v i a l  a reas ,  too  wall to be shorn on map a s  Unit M. 1. 
Q u a l i t y  of Water: Oeneral ly  of moderate mineral  con ten t ;  may be 
not iceably mineral ized i n  some a r e a s  of f i n e g r a i n e d  rocks. 
Ec ie t ing  Wells: A few shallow dug w e l l s  i n  ravines and narmw 
v a l l e y s ;  water g e n e r a l l y  po l lu ted .  
Well Uonstmction:  Shallow dug wel l s  p rac t icab le  i n  barrow a l l u v i a l  
areas .  I n  genera l  not favorab le  f o r  d r i l l e d  wells .  Unpolluted water  
suppl ies  could b e  developed by d r i l l i n g  wel l s  i n  a r e a s  of f r a c t u r e d  
o r  f rsgmental  rocks,  on advice o f  ground-water geologist .  

F o r  surface-water supplies:  
Light por tab le  c e n t r i f u g a l  
pumping O n t f i t s ;  with e q u i p  
ment f o r  f i l t r a t i o n ,  cheml- 
c a l  t rea tment ,  and storage. 
For Qround-water Supplies:  
Generally not necessary t o  
develop. Could be obtained 
by ainking wel l s  by m a n s  
of , l i g h t  p a r t a b l e  percus- 
s lon  d r i l l i n g  r i g s ;  p m b a w  
o n l y  surface casing re- 
qu i red ,  with p i s ton  o r  
o t h e r  deep-well m p i n g  
equipment. Tanka f o r  chemi- 
c a l  treatment and s torage 
should be provided. 

For  Combat 9 u ~ ~ l i e a :  ~pi-imo and 
headwater streams. F i l t r a t i o n  
and chemical treatment needed. 
For  Tpmporar~. Supplies: Springs 
and headwater streams and newly- 
d w  ahallow wells ,  Equipment f o r  
f i l t r a t i o n ,  chemical t reatment  and 
s torago necessary. 
F o r  S e m i - p m n e n t  Suppliss :  
S p r i x s ,  headwater streams, newly- 
dug wel l s ;  equipment needed f o r  
f i l t r a t i o n ,  chemical treatment end 
s torage.  Dr i l l ed  wella ,  properly 
cased,  with s tornge and precautlon- 
a r y  chemical t r e a t m n t ,  would fur -  
n i s h  san i ta ry  euppliea. . 



WATER SUPPLY: GENERAL FEATURES - FUKIEN REGION (CH I NA) 
1 OCCURRENCE AND DEVELOPMENT OF GROLW-WATER SUPPLY I N  COASTAL ARMS A W  ON SM4LL I S U N D S  

I I 
C O A S T A L  A R E A  

M O U N T A I N O U S  I 

M E A N  SEA L E V E L  

- - - - -  

S A L T Y  G R O U N D  W A T E R  

General: I n  c o a s t a l  a r eas  and on small  
i s l a n d s e d  of pervious materia1,potable 
ground-water supp l i e s  can usual ly  De ootained. 
However, ca re  must be taken to avoid s a l t y  
ground water by proper  s e l e c t i o n  of  wel l  s i t e s ,  
cons t ruc t ion  of wells ,  and wel l  pumpage. An 
understanding of t h e  p r i n c i p l ? ~  ou t l ined  below 
w i l l  f a c i l i t a t e  development of  water  supplies .  
Proper development may enable procurement of 
adequate supp l i e s  i n  a r e a s  where good water  
supp l i e s  might not  otherwise 3e obtained. This 
d iscuss ion  r e f e r s  c h i e f l y  t o  a reas  under la in  by 
sand, gravel ,  o r  o t h e r  ma te r i a l  having a more o r  
l e s s  uniform permeabil i ty .  On i s l a n d s  o r  
c o a s t a l  a r eas  u n d e r l a i ~  by a l t e r n a t i n g  permeaole 
and impermeaole beds o r  by hard, dense, jointed 
rocks t h e  problems ir1vo1ve.I a r e  more complex ard 
a r e  not  considered here. I n  such a r e a s  de- 
velopment ofground-water  suppl ies  i s  more l ike-  
l y  t o  be successfu l  i f  made i n  accordance wi th  
reconmendations o f  a competent ground-water 
geo log i s t  a f t e r  f i e l d  inves t iga t ion .  

Occurrence of  Fresh Ground Hater: I n  
c o a s t a l  a r eas  and on small i s l a n d s  t h e  f r e s h  
ground water  occurs a s  a t h i n  l e n s  which f l o a t s  
i n  hydros t a t i c  equi l ibr ium upon heavier ,  s a l t y  
ground water below; normally both t h e  he ight  of 
t h e  water  t a b l e  and t h e  th ickness  of  t h e  fresh- 
water  l e n s  inc rease  inland.  Since t h e  dens i ty  
o f  s ea  water  i s  about  1.025 o r  W/bOths t h a t  of  
f r e s h  water, t h e o r e t i c a l l y  about  LO f e e t  of  
f r e s h  water l i e  below mean sea  l e v e l  f o r  each 
f o o t  of  f r e s h  water above sea  l eve l .  Thus, t h e  
th i ckness  of t h e  fresh-water zone may be de- 
termined i f  t h e  he ight  of t h e  water  t a b l e  above 
s e a  l e v e l  i s  known. Actual ly,  t h e  th ickness  of 
t h e  usable fresh-water l a y e r  i s  always some- 
what l e s s  than  t h 3  t h e o r e t i c a l  because t h e  f r e s h  

agd s a l t  water mix s l i g h t l y  t o  form a t h i n  i n -  
tqrmediate,  brackish  zone a s  shown i n  diagram 
A above. 

1 
I 

The quan t i ty  of  f r e sh  ground r a t e r  obtain- 
au le  i n  a p a r t i c ~ l a r  a rea  depends upon seve ra l  
d i f f e r e n t  f a c t o r s .  ::iqce the f r e s h  ground water 
19 d?rivr;d from and replanishe?. by r a l z f a l l ,  
gdod supp l i e s  a r e  favored by heavy, evenly d i s -  
t j i b u t e d  r a i n f a l l  and by l a r g e  catchment a reas .  
I n  some regions  having long dry per iods  f r e s h  
gcound water  may be  a v a i l a o l e  only during t h e  
rq iny  season. Good water supp l i e s  a r e  a l s o  
fqvored by moderate p e m e a b i l i t y .  Water-bear- 
irig ma te r i a l  with a very low permeabil i ty  w i l l  
y i e l d  very l i t t l e  water t o  wel l s ;  conversely, 
h ighly  pennemle  mater ia l ,  e s p e c i a l l y  i f  a s x i -  
seed with l a r g e  t i d a l  f l u c t u a t i o n s ,  f avor s  ex- 
t ns ive  mixing and contamination by s a l t y  
g 7 ound water. Mixing and contamination of t h e  
f r e s h  water w i l l  a l s o  occur i f  t h e  land r i s e s  

S y a few f e e t  above high t i d e  and i s  inundated 
s tonn waves. The prospects  o f  obta in ing  a 

gqod water  supply a l s o  depend upon t h e  s i z e  of 
the  f r e sh  ground-water body which depends i n  
tq rn  upon t h e  width of  t h e  i s l a n d  o r  c o a s t a l  
a j ea .  I t  is not poss ib le  t o  s t a t e  t h e  minimua 
s i z e  o f  an i s l a n d  o r  w i d t h  of a coas t a l  a r e a  
which w i l l  provide a s a t i s f a c t o r y  supply of  
potable  w a t e r  without eva lua t ing  a l l  t h e  o the r  
f ac to r s ,  but i s l a n d s  more than a mile wide and 
c a s t a l  lowlands more than one-quarter mile  
wfde w i l l  genera l ly  provide adequate suppl ies .  

Se lec t ion  of  S i t e s  f o r  Wells: On c o a s t a l  
a j e a s ,  we l l s  should be loca ted  a considerable 
d j s t ance  from shore;  on small i s l ands ,  we l l s  
should be loca ted  i n  t h e  c e n t r a l  p a r t  of  t h e  
i land. Both s u i t a b l e  a d  unsui tab le  l o c a t i o n s  8 aTe i l l ~ s t r a t e d  i n  diagram A.  Where t h e  water- 

,4NA T ION 
t ea r ing  ma te r i a l s  a r e  very permeable, a s  c o r a l  
rock o r  cavernous l imestone,  t h e  d i s t ance  from 
shore should be a t  l e a s t  s eve ra l  thousand f ee t .  
However, i f  t h e  ma te r i a l  has a moderate perm- 
eab i l i t y , a s  sand, f r e s h  water can  comonly  be 
found much nearer  shore. Wells should be 
placed i n  a r e a s  of maximum ground water replen- 
i s b e n t ,  a s  in land  from head of bays sr near  
illouths of  streams; they should not  be placed on 
narrow peninsulas ,  sand s p i t s ,  o r  sand bars  
separa ted  from t h e  mainland by t i d a l  lagoons. 
Vegetation may a i d  ma te r i a l ly  i n  loca t ing  good 
well  s i t e s  by i n d i c a t i n g . t h e  q u a l i t y  of  shallow 
ground water. For example, t a r o  p l a n t s  grow 
only where t h e  ground water i s  f r e s h ,  o r  s l i g h t .  
ly brackish; mangroves, n ipa  palms, and s a l t  
brush grow only where t h e  ground water i s  s a l t y .  

A l l  l a t r i n e s ,  garbage dumps, b u r i a l  
grounds and o t h e r  poss ib l~ :  sources of  p o l l u t i o n  
should be loca ted  near  t h e  shore and a s  f a r  a s  
poss ib l e  from wells.  

Construction of  Wells: I n  sand and o t h e r  
unconsolidated ma te r i a l ,  c r iobed  dug wel l s ,  
bored wel l s ,  d r i v e  poin ts ,  and i n f i l t r a t i o n  
g a l l e r i e s  can oe used; but  i n  l imestcne o r  
o t h e r  hard rock wells  must be e i t h e r  dug o r  
d r i l l e d .  On small  i s l a n d s  and narrow c o a s t a l  
p l a i n s  we l l s  should not extend more than one 
foo t  *low sea l e v e l  o r  severa l  f e e t  below t h e  
water taa le .  Deep we l l s  a r e  l i k e l y  t o  t a p  s a l t  
water even i f  placed a cons iderable  d i s t ance  
in l and  a s  i l l l u s t r a t ed  by we l l  1, diagram A. 
Dug wells are  genera l ly  more s a t i s f a c t o r y  than  
s i n g l e  d r i l l e d  o r  d r iven  wel l s ,  a s  i l l u s t r a t e d  
by wel l s  1 and 2 i n  diagram 8, oecause they  
provide t h e  same y i e l d  but have l e s s  drawdom 
and the re fo re  l e s s  chance f o r  contamination, 
Where the f r e s h  water  l e n s  i s  t h i n  it is ad- 

v i sab le  t o  d i s t r i b u t e  t h e  pumpage throughout 
a wide area .  B a t t e r i e s  of we l l s  placed 50 
f e e t  o r  more a p a r t  can be used f o r  t h i s  p lu-  
pose. Nhere t h e  f r e s h v a t e r  l e n s  i s  very t h i n  
it is  advisable t o  c o l l e c t  t h e  water i n  g a l l e r -  
i e s  p a r a l l e l i n g  the shore. Ga l l e r i e s  of drain-  
age t i l e ,  pe r fo ra t ed  s t e e l  c u l v e r t ,  o r  French 
d ra ins  h r i e d  not  more than  one f o o t  below sea  
l e v e l  a r e  usual ly  s a t i s f a c t o r y ;  open trenches 
can be used but a r e  sub jec t  t o  pol lu t ion .  If 
l a r g e  supp l i e s  a r e  needed seve ra l  b a t t e r i e s  of  
wel l s  o r  s eve ra l  i n f i l t r a t i o n  g a l l e r i e s  spaced 
200 f e e t  o r  more a p a r t  can b e  used. 

Pumping: A s  i l l u s t r a t e d  by Well 1 i n  
Diagram B, excessive pumping draws s a l t  water 
i n t o  wells.  This danger can be minimized by 
p lac ing  t h e  pump i n l e t  s o  t h a t  the water l e v e l  
cannot be lowered below sea l eve l .  Per iodic  
measurements o f  t h e  m t e r  l e v e l  and t i t r a t i o n s  
o f  the  l a t e r  t o  determine ch lo r ide  content  w i l l  
a i d  ma te r i a l ly  i n  e s t a b l i s h i n g  t h e  s a f e  y i e l d  
o f  each well. %ere t h e r e  i s  considerable 
danger o f  contamination it m y  be necessary 
to  pump only a t  low t i d e  and provide s to rage  
f 3 r  per iods  of  drought o r  e s p e c i a l l y  high 
t i d e s  when pumpage w i l l  have t o  be  reduced. 
If wel l s  become s a l t y  as a r e s u l t  of over- 
pumping they w i l l  f r e shen  i n  time i f  ~t 
pumped. Any subsequent pumpage should be a t  
a r a t e  considerably l e s s  than  the  o r i g i n a l  
pumpage which caused t h e  contamination. Many 
we l l s  w i l l  y i e l d  small supp l i e s  of good water  
when pumped occasional ly with a hand pump, 
y e t  w i l l  not fu rn i sh  a supply adequate f o r  
prolonged pumping o r  f o r  use of a power pump. 
I n  case of  extreme need we l l s  can be pumped 
f o r  s h o r t  periods a t  r a t e s  seve ra l  t h e s  t h a t  
of  t h e i r  s a f e  y i e l d ;  however, t h i s  i s  inad- 
v i sab le  and pumping should be stopped o r  re- 
duce4 a s  soon a s  pcss ib le .  
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Diarram B: Development of g round-~a te r  s i p p l y  i n  c o a s t a l  a r eas  on .mall  i s lands .  Excessive pumping i n  small a r e a s  r e s u l t s  
i n  contamination of ,water supply (1). Note t h a t  t h e  r i s e  of t h e  s a l t  water  during pumping is many times t h e  draw-dcm of  t h e  water 
t ab le .  C o n t d n a t i  n can be avoided by d i s t r i b u t i n g  t h e  pumpage over a l a r g e r  area,  thereby decreas ing  draw4own a t  any one poin t  
and t h e  m a d m u m  risq of t h e  s a l t  water below. Pumpage can be d i s t r i b u t e d  by us ing  a l a r g e  dug wel l  (21 ,  a b a t t e r y  o f  M u e n  we l l s  
( 3 ) ,  o r  an i n f i l t r a t i o n  g a l l e r y  ( 4 ) .  An i n f i l t r a t i o n  g a l l e r y  can be made by l ay ing  drainage t i l e ,  p e r f i r a f d  cu lve r t ,  o r  French 
d r a i n  not  more than  one foot  below sea  l e v e l  i n  t rench  and backf i l l i ng .  Water is pmped from a water - t ight  ptmp. G a l l e r i e s  a r e  
recommended wh&re tde f r e s h  ground-water l aye r  i s  o n l y  a few f e e t  thick.  Diagrm i s  not  to sca le .  

Frepared by U. S. Geological Surwjr 
f o r  Chief of  Engineers, U. S. Army 



WATER SUPPLY 

OENERAL STATEMENP 

FUKIEN REGION (CHINA) 

In  China, municipal water mrks  are rare, and some are 
primitive when judged by modern standards. Treatment a t  many 
waterworks includes sedimentation and f i l t r a t i o n  but no further 
purification. Only a b u t  4% of the  people i n  t h i s  region are 
supplied by water from municipal waterworks. In  only three or  
four t o m s  are  waterworks completed or  under construction. 
Treating water with d m  has bean used for  centuries by t h e  
Chinese. Most native drinking water i s  boiled and used a s  tea, 
which may par t ia l ly  explain an apparent ~ t i v e  imuni ty  against 
water-brne diseases. Members of a foreign military force, hom- 
ever, a re  l ike ly  t o  suffer serious i l lness  by drinkillg ang 
local  water supplies without thorough purification. 

WATER SUPPLY: MUNICIPAL SYSTEMS AND SEWAGE DISPOSAL 

One municipal wa temrks  i n  t h i s  area uses water fmm an 
a r t i f i c i a l  lake in t h e  h i l l s ,  one uses r iverwater ,  and tm 
use spring water .  The r ivers  are greatly polluted by drain- 
age from fields and gardens where h w n  excrement i s  used as 
fer t i l izer .  The r ive r s  also carry large silt loads, especially 
a t  high stages. R i m  water requires. mwh treatment before 
it can be used. Water from mountain lakes o r  sprlngs i s  much 
better but may be polluted from neighboring set t lwents .  

I 

The water i s  treated by f i l t r a t i o n  a t  the tn, larger plants. 
A t  t h e  one i n  which r i v e r  water i s  used, treatment i s  by 
coagulation and sedimentation. The other one is limited t o  
f i l t r a t i o n  but water i s  purified with ozone, i f  necessary. No 
other de ta i l s  about water treatment are  known. No municipal water 
supplies should be considered potable o r  usable fo r  bathing or 
culinary purposes miless chlorinated; bacteriological t e s t s  
must be repeated daily. Since amebic dysentery is prevalent, 
normal chlorination must be supplen nted t o  maintain a residual 
chlorine content of a t  l e a s t  3 p d  for 30 minutes. 

A s  f a r  as  known, t h e  water-treatment plants are located 
near the source of water o r  along the  aqueduct batween the 
source and the consumption d is t r ic t .  Distribution i n  town i s  
mostly by gravity. Part of the supply goes to  individual 
buildings a d  part to  public taps. There i s  cansiderable danger 
of pollution from unclean containers used i n  transporting the 
water from public taps to the places of consumption. Water 
transported i n  these containers should be t reated with halazone 
before being used. 

In  general the  waterrarks: capacity probably just meets the  
demand during the months of  highest mmmption, June to  mid- 
Swtmber. 3urlng the remainder of t h e  year. p-esent ins ta l l -  
ations are adequate t o  supply both normal c i f i l i an  demand and & 
considerable military dwand. The peak military dmand probably 
wil l  occur a t  different  time of the day than t h e  peak civi l ian 
demand which w i l l  a l lev ia te  water shortages by reducing the 
hourly peak consumption. The Chinese population wastes water by 
leaving private or public taps open. I f ,  under s t r i c t  military 
control during f i e l d  operations, this waste could be eliminated 
or reduced, a large reserve of water would be made available. 
I f  adjustment of  t h e  municipal water supply to increased military 
demand becomes necessary, t h e  period of lower conamption (mid- 
September through M a y )  i s  the most favorable for enlargement of 
supply f a c i l i t i e s  and for repairs or  improvements. 

IIITNICIF'AL WATER SUPPLY SYSTEMS 

I Reliability: Fair 
Sumerg report; additional information possibly available f o r  more 

Po~ulation: 219,974 (1935); includes international settle- 
ment with 40,250. 

Date of Construction: 1924 to 1926. 

Area Smulisd: City o f  Ssu-ming including International 
Settlement a t  Kulangsu (not shown on map) on island opposite 
native town. 

Source of S u u ~ l ~ ;  Ar t i f i c i a l  lake i n  h i l l s  east  of town; 
east-west length a b u t  1,200 yards, width a b u t  180 yards, 
m l m e  a b u t  400,000,MX) gallons; W.end of lake i s  about 2 miles 
southeast of harbor. I n  the  middle of lauthe.n shore, a dam 
with an intake building in i t s  center has been constructed of 
rubble masonry; max imum height 75 feet,  length 300 feet. (See 
Figures 1, 2, and 3). No de ta i l s  on intake are known. From 
dam, water flows by gravity t o  treatment plant. Altitllde of 
lake about 503 ft. 

Aaueductr 11-inch pipe-line carr ies  water 2 miles west- 
southwest to  treatment plant a t  an liltitude of about 150 feet. 

Quality of Watert No analysis available. Water from the 
h i l l s  probably has a low mineral content. Agricultural se t t le -  
ments o f  minor extent, located above t h e  lake i n  the hills, may 
pollute water s l ight ly  during rainy periods. 

Treatment: 4 slow sand f i l t e r s ,  a l l  in use when aer ia l  
Lhotographs were taken on Decwker 20, 1943 and June 23, 1944. 
7 f i l t e r s  i n  a row, each measuring a b u t  45 by 70 feet. The 
fourth f i l t e r ,  a t  a s l ight ly lower alti tude, has a surface of 
a b u t  65 by 80 feet.  F i l te rs  may be operated separately or  i n  
beries; i n  the l a t t e r  case, the water f rom the f i rs t  three 
f i l t e r s  flows by gravity through the fourth f i l t e r  for secord 
f i l t ra t ion .  Total f i l t e r  surface about one th i rd  of an acre. 
No sedimentation a t  the plant, but pre-sedimentation i n  lake. 
Nothing i s  known about chlorination but water i s  purified by 
ozone, i f  necessary i n  periods o f  heavy rainfal l ) .  
bzone plant i s  apparently located above the northeast corner of 
hhe reservoir (see next paragraph). 
I 

k Reservoir: An underground clear-water reserpoir 1s si tuated 
ediately down h i l l  fxum the f i l t e r  basins. Capacity was 

planned a t  1,030,000 gallons but aer ia l  photographs indicate 
a s l ight ly  smaller capacity. 

Cauadty: Abut 1,000,000 g$d.  

Distribution: By gravity thmugh cas t  iron pipes; 12 to 4 
in. diemeter. Before 1929, about 10 miles of pipes were laid. 
In  1931, Kulangsu had a pipe netmrk which was not direct ly 
connected with t h e  native city. Water was svpplied by a water 
boat, holding 105,030 gallons, and pmped from there to a 
reservoir on the top of a h i l l  in t h e  center of t h e  island. 
It i s  not larown whether a direct  pipe connection with Ssu-ming 
water system bas been constructed since. I n  19929 there were 
2,000 consumer connections, a l l  meteredt 40 f i r e  hSjrsnts and 
6 public hydrants. In  1938, a l l  new bmldings i n  S s u d n g  and 
KuLangsu were reported t o  be connected with the water-supnly 

lsgstem- 

Tom about 90 miles ?iW of Ssu-ming. Population about 
15,000. Three public springs, flowing fmm a shale formation, 
are  reported to supply very good cold and clear water, but it 
i s  not known whether this water i s  distributed by a municipal 
s y t m  of pipe ilnes. 

i Mjn-bu (Foochow) 

Date of Construction: Begun 1936; no information on stage 
of completion. 

Area to be S u ~ ~ l i e d :  International Settlement i n  Nan-t'ai, 
on island i n  Min-Chiang (Min River) south o f Min-hou planned a3 
f i r s t  stage of development. Supply of native tom on northern 
bank of river plamed as second stage. 
I 

Source of Su 1 r Min River a t  Lung Tan Chiao (not shown 
on map T--9Mm on south bank of  river.  Upstream from Lung Tan Chiao, 
a t  Nan-t'ai Eh-idge, river fluctuates as  follows: 

Highest high water 23.1 feet  above zero datum a t  
Pagoda (port of Min-hou) 

Lowest low water 5.0 fee t  a b v e  zero &tun a t  
Pagoda (por t  of  in-hou) 

MaxLmum t i d e  8.1 fee t  

Enimum t i de  1.7 f e e t  

Quality of Water: Raw water had a satisfactory c h i c a l  
quality a t  time project was planned. After one how of settl ing, 
the raw water, mixed with 314 grains alum per gallon for ten 
minutes, had a pH of 6.8, turbidity 1, color 5, and no alkalinity. 
lBacteriological tes t s  showed tha t  raw water was polluted t o  a 
varying degree, maximm was 12,030 bacteria wr cc a t  370 and 
15,200 a t  200 C. Bacteria co l i  index per 103 cc was 5,500. 
Only a t race of chloride was found a t  30 f ee t  depth. After f u l l  
treatment, water should have satisfactory quality but w i l l  need 
chlorimtion. 

Treatmsnt: A l u m  coagulation wlth 20 minutes of mixlng and 
3 hours of se t t l ing ;  pre-sedimentation during longer periods of 
muddy floods. Filtration, apparently by rapid s a d  f i l t e r s .  A 
f i l t e r  capacity of 3,600,003 gallons per day was considered 
sufficient;  t h i s  amount could be f i l t e r ed  by two rapid f i l t e r s  
of narmal siae. A wash water tank with a capacity of 100,030 
gallons was prodded a t  the plant. Nothing i s  lcnom about 
chlorination. 

Ca cit : l ~ t a l  plamed capacity 6,700,000 gallons per day 
(maximum -?= for  a l l  the city. F i r s t  stage of constmction re- 
quired only half the ultimate capacity. 

1 Reservoir: Clear-water reservoir of 703,000 gallons 

detai - l e d  report. 

capacity at  t h e  plant. A second one wlth 403,000 gallons 
capacity to  be expanded l a t e r  to 1,500,000 gallons; probably to 
be located a t  WooSho Shan or  Yu Shan (not shorn on map). 

Distribution: demand can be met by graviw distri- ~ q r ~ c u ~ t u r a ~  settleme 
bution. Some high e c t i o n s  were t o  be supplied by ut i l iz ing the 
washwater tank. F i r s t  part  of project provided f u l l  coverage 
of Nan-t'ai, but only one main l ine  t o  the  Mtive city. Sufficient 
f i r e  and public hydrants were part  of the project, but the52 
number is  not born. 

Consunmtion: Urhmrm.  Average dai ly consumption per 
capita was estimated a t  10 t o  1 3  gallon. 

Nan-pting (Yen-pling) Dam tor water s u p p l y  

Town a b u t  85 miles NW of Min-hou, a t  the junction of twu 
tr ibutar ies  of Min-chiang (Min River) population unknown. 

I n  1925, it was reported tha t  a small local canpany supplied 
water t o  the town by gravllv through bamboo p i p  i n  a m y  crude 
but effective way. Source o f  water i s  probany mountain sp'iolngs 
i n  the  h i l l s  around the town. Replacenent of the  bamboo pipes 
by galvanized iron pipes was started a t  tha t  time. 

SEWAGE DISPOSAL Approximate dirsctlo 

There a m  no municipal sewerage systems i n  the whole area. ? C  water treotment 
Some towns apparently have s t o r m  sewers pmvlding for disposal plant 
of waste, but night s o i l  is generally saved for use as  f e r t i l i ze r .  
Lack of sewerage systems makes sanitarg conditions very unsatis- 
factory. A l l  military uni ts  wi l l  have to  make their  o m  arrange- 
ments for the  disposal of a l l  human waste. 

Fl gure 1. 

ARTIFICIAL LAKE FOR WATER SUPPLY FOR SSU-MING (AM01 
D A M  A N D  I I R S R R \ ' O I H  YO13 A M O Y  WATER WORKB. CHINA 

dppm parts per million 
gpd = gallons per day 

Prepared by U. S. Geological S u r w  
for Chief of  Engineers, U. S. Army 





--- SUITABIL ITY -- FOR A 

INTIQDUCTION 

Sc-,oe: This r epor t  is  a sm.ary of condit ians a f f e c t h g  airdrome l imi ted  t o  small coas t a l  and v a l l e y  Pla ts .  ob t s i r ab le  near most s i t e s  from stream channels o r  btaches. Pard 
cons+,ruction i n  a par t  of southeas te~*n China. The a r e a  discussed rock yui tab le  f o r  c n s h i n g  i s  obtainable i n  a l l  p a r t s  of areaex- 
( l a t - Z O  t o  Z 0 N ,  longitude l l S O  to 121°E) i .clrr?es most o f  Fukien Weather Conditions: The cl imate ie,.in general,  h ~ m i d  subt roplca l .  -- cept  l o c a l l y  in northwest corner; overburden i s  l l g h t  and qua r r i e s  
Fvovince and p a r t s  of Chekiang, Yianzsi, and ?wap.gtung Provinces. Frees i rg  t m p e r a t w e s  e r e  r a r e  on t h e  coast ,  but s u f f i c i e n t l y  frequent  a r e  e a s i l y  opened. Good t i m b e r  i s  avai lab le  only i n  higher, r e l a -  

inland to be considered i n  the  pmpara t ion  of  subgrade. Ra in fa l l  t i o s l y  inaccess ib le  p a r t s  of t h e  m o u n t d r ~ .  Ample water  i s  gener- 
Terrain:  Rugged h i l l s  and mountains ocmqiy l o s t  of t h e  region. averages about 45 inches per  year  on t h e  coast,  somwhat h igher  inland;  a U y  avai lable.  

h'em t h e  coas t  a r e  many small, i s o l a t e d  d e l t  ' p l a i m  and a reas  o f  lcw some r a l n  can be elpjected i n  any month, but t he  period from October 
h i l l s ,  and In the northwest ~ r t  of the re&? a r e  considerable areas t o  F e h e r y  i s  r e l a t i v e l y  dry. lieavy r a i r f a l l  accompanying thunder- Exis t ing  Airdromes; More than two dozen f i e l d s  a re  reported 
of  p l a i n s ,  low h i l l s , a n d  deeply trenched ?.errace$. Else-here  s t o m s  and ty~lhoons i n  s m e r  ard e z l y  f a l l  produces f r eq jen t  floods in t h i s  a rea ,  of which a b u t  half are i n  Japanese-held t e r r i ' d ry  
f l a t  and g e ~ t l y  s loping  land  i s  r e s t r i c t e d  t o  srrlaZl i s o l a t e d  va l l ey  i n  lox72nd areas .  Prevai l ing  wlnds alr, w r t h e a s t  tla-oughout most o f  along t h e  coast .  Uost of t he  f i e l d s  are small emergency landing 

3 f l a t s  along major s t r e m s .  Average r e l i e f  i s  00 to 1,000 f e e t  near t h e  y e w ,  but i n  places s h i f t  s t rongly  t o  south  o r  s o u t h e w t  in summer; s t r i p s ;  probably no t  more t h a n  t en  o r  twelve a r e  a t  present  au i t -  
t h e  c o a t  and i n  t h e  northwest p a r t  o f  t h e  re on; 2,000 to 4,300 f e e t  typhoons and cycloriLc s t o r m  produce much variat ion.  ab le  f o r  m i l i t a r y  use. Considerable expansion of t h e  f i e l d s  a t  
i n  t h e  higher mountains near  t h e  Fukien brdirr ; .  Va'ley f l o o r s  axl Nan-ch'eng, Ch'ang-t'ing, !din-hou, P'u-t'ien, Chin-cMang, and 
te r raced  h i l l s i 6 e s  m e  i n t , c r ~ i v e l y  cu l t i ve t ed ,  ch i e f ly  t o  r i c e ;  un- Cors t ruc t icn  Problems: S t a t . i l i z a t i r n  of heavy c lay  soils and pro- Hsing-ning cojfid be r ead i ly  accor!plished; l l t i t e d  expansion i s  
cu l t i va t ed  sl.o-,es a r e  covered wi th  grass 3r lciv b u s h  i n  most p a r t s  p i s i x f o r  adequate drainage a r e  s e r ious  problems i n  f l a t  p l a ins  a reas ,  poss ib le  a t  Lung-yen and Chien-ou; expansion would b poss ib le  
of t h e  region; are forest-covered in the  hlghe~ mountains. The p q -  l e s s  ser ious  a t  edges of p l a ins  and on miall f l a t s  along r ive r s .  Ex- but would r equ i r e  extensive grading a t  Ss~~=+ning and Chin-xen Tao; 
ve i l i ng  rugged topogr-aphy d r a s t i c a l l y  r e s t r i c t ?  a i r f i e l d  constr.uction; tensi7.e grading i s  geze ra l iy  necessary i n  a r e a s  o f  l o r  h i l l s  and f o r  other  f i e l d s  t he  p o ; a i b i l i t y  of expansion carmot be judged 
except in the  more open va l leys  t o  t h e  northnelst, p rac t iceble  s i t e s  a r e  t e r r aces .  Sand and gravel  s u i t a b l e  f o r  constxuctien purposes are 

P. 

from ava i l ab le  Qta. 
fl 1 

C Elrip U n i t  / Sumary ~t4kfmerk  

1 I n  general,  best a reas  f o r  Gently-sloping f l w d  plabs along l a r g e r  S o i l  is  c l a y  loam t o  sandy loam; surface ma te r i a l  i n  r i c e  r i i t t l e  o r  no c lear ing  re- Sand ard  gravel  genera l ly  obtainable from 
RXLL-DTiAZWD 7.UEY AND CCAS'IAL FLATS r a p i d  c o n s t r r c t i  n of a i r -  rivers; l o x  t e r r a c e s  and a l l u v i a l  fans  land i s  hard and cloddy when dry, p l a s t i c  and s t i c k y  when qu i r ed .  Moderate grad- P stream channels and beaches; i n  northwest cornf 

d r o m ~ s .  D ~ a i r s g e  good and , t r enched  by shal low stream channels; / n e t .  Enderlying ma te r i a l  i s  grare l ,  sand and clay.  Sur- 'needed a t  sane s i t e s  to of area, bes t  source o f  gravel  probably s o f t  
In t ens ive ly  cul t iva ted ,  c h i e f l y  t o  r i c e .  subgrade  r e a a l y ;  st,abilina.l. ' g e n t l y  urdulat ing d w e s  and beach r idges  f a c e  drainage good! d r a i n ~ g e  ti-mv.gh m i l  good except i n  smooth surface i r r e g u l a r i t i e  conglonerate Layers i n  r ed  bed formations (see  
Larger a r eas  inland access ib le  by road; mater ia l s  gener- l o c a l l y  on coast .  Al luvla l  f a q s  in p l s c a  compacted c l a y  1-r imaedi&ely below s w f a c e  i n  r ice s o i l  e a s i l y  handled ."hen dry Geology sheet) .  Hard rock f o r  crushed stone 
small  alleys access ib le  only  by t r a i l ;  avai lable.  ! grade in to  poorly dwined  c l ay  plains.  land. I n  most places wbgrade can be s t a b i l i z e d  by .nixFng o r  p a r t l y  dry, d i f f i c u l t  t o  commonly ava i l ab le  i n  h i l l s ,  bu t  probably 

TopogmpW I Foundation and Drainage / Clearing and & - a d i ~ ~  

1 apprsaches. 1 
- I 

~ ~~ . ~.~~ ~ ~~ - -- ~~ ~~~~- ~- ~ ~ - -  ,~~ 
3 Near coast,  rounded h i l l s ;  commonly On rourded h i l l s  m a r  coast,  s o i l  i s  ch ie f ly  s tony clay ;Clearing of brush and m a l l  A t  possible s i t e s  near coast,sand and gravel  

UNDUIATINO L3PILA"IPS AND LO'T HILLS completely covered n i t h  te r rzced  f i e l d s ;  Loam; l o c a l l y  very t h i n  o r  absent .  On t e r r a c e s  and trees necessary i n  s o ~ e  igerera l ly  obtaina3le onlyt from s t r e m  channels 
some poss ib le  s i t e s  on f l a t  h i l l t o p s ,  

I 
a l l u v i a l  fans ,  s o i l  ranges from c l a y  t o  g r a ~ l l y  loam. ,?laces.  Extensive grading an3 beaches i n  adjacent  are&s;;bedrock provide 

Areas of low rounded h i l l s ,  moderately some i n  val leys between hills. I n  in- I n  most places, s o i l  i s  e a s i l y  s t a b i l i z e d  by coirpactian; , required a t  most s i t e s  t o  good source of  crushed s t 0 3  f o r  f i l l ,  f o r  
s loping a l l u v l a l  fans, and t e r r a c e s  t e r i o r ,  a l l u d a l  f ans  and. river t e r r aces  i n  ricelan?,admixture of s o i l  wi th  underlying mater ia l  is ;reduce na tu ra l  gradient  and b a s e  course, and fo r  a g g r e g ~ t e .  I n  a l l u v i a l  
trenched by rapines. I n  places f l a t  deeply trenched by ravines;  local ly,  f l a t  1 desirable.  On t e r r aces  underlain by red c l ay  i n  north~rest-  to smooth sur face  I r r e g d a r -  
ar near ly  f l a t .  Largely cul t iva ted;  t o  gectly-sloping s w f a c e s  between ra- e r n  part of region (see Omlogy sheet)  add i t i on  of sand o r  i t i e s .  S o i l  genera l ly  easy 
some z e a s  o f  grass and low brush. Chief ,  vines provide good airdrome s i t e s .  , gravel  i a  probably necessary f o r  s t a b l l l z a t l o n .  Drainage t o  handle, l a a l l y  may be 
crop i s  r i c e ,  commonly i n  a r t i f i c i a l l y  I Gradients on h i l l s i d e s  ateep, but a t  com.only gcod. 

I 
s t i c k y  when wet. Light i t e r raced  f i e l d s .  Some h i l l  w e a s  a r e  pogsfble s i t e s  gradients  aperage l e s s  b l a s t ing  of bedrock my b 

t raversed  by main roads; most a r e  acces- ! t t s n  5%. Rice f i e l d s  r e a d i l y  drained 
i n eces sa ry  i n  a reas  of r o l l i r g  

s i b l e  only  by t r a i l  from roads i n  near- i by cu t t i ng  dikes.  Approaches genera l ly  h i l l s  where scril is thin.  
by ?alleys. : unres t r ic ted .  

I 
f i n d .  Qood timber genars l ly  not ava i lab le .  

-4- I -- 1 Const rmt iun  Mater i s l s  I 

scarce  in northwest corner of  area.  Good 
timber ava i lab le  i n  higher p a r t s  of mun ta ins s  
genera l ly  not obtainable elsewhere. Ample 

!water obtainable from s t r e m s ,  spr ings  and 
shallow wells.  

most w e a s  near  c o ~ . ~ t  access ib le  only by Rice land  a r t i f i c f a l l y  te r raced;  mall soi l  with underlying mater ia l  and cocpacting a t  optimum work when wet. 

! 

: Senera l ly  unsuitpble fo r  F l a t  o r  near ly  f l a t  p l a i ~ s  a p p r o x h a t e l y  S o i l  i s  c l ay  t o  c l a y  lo&%; hard and cloddy when dry; L i t t l e  o r  rn c lea r ing  re- Sand fo r  s t a b i l i z a t i o n  of subgrade genera l ly  
PLORLP DRAINSD CLAY PTAINS ' r a p i d  cons t ruc t ic~n of a i r -  a t  l e v e l  of  adjacent s t r e m s ,  c u t  by 1 p l a s t i c  and s t i c k y  when wet. Some s i l t  and sand l o c a l l y  qulred. Grading needed only I a v a i l a b l e  in beaches o r  r i v e r  bars. G ~ a v e l  

b dlames.  Topogre hy f a w r -  n e t m r k s  of i n t e r sec t ing  canals .  l a r g e l y  n e a r  h i l l s  a d  along r ive r s ;  sandy l aye r s  l o c a l l y  under- f i l l  h o w  f e t i e r  o b t a i n a b l e  l o c a l l y  i n  bars  and beach d&psits, 
Small d e l t a s  and reclaimed mud f l a t s  able,  but d ra i r a  e poor and cu l t i va t ed  t o  r i c e ,  i n  small paddy f i e l d s  l i e  surface clay. Water t a b l e  high, co~monly within a f p i t s ,  t o  remove low dikes  :but  may be d i f f i c u i t  t o  f in!  on l a rge r  p la ins ;  
along coas t ;  r iver .  p l a in  i n  northwest 1 subgrade d i f f i c u  t to separated by di!es 2 +A 4 f e e t  high. f o o t  o r  so of surface even rhen paddy f i e l d s  a r e  not  

I 
'between paddy f i e l d s ,  and / i n  northwest pa r t  of area,  bes t  sourcg of  grave 

corner of area.  F l a t  o r  near ly  30 1 s t a b i l i z e .  Fcr permanent Rice land  flooded from ' h c h  t o  December flooded. Drainage evpecla l ly  poor i n  compacted c l ay  to r a i s e  subgrade. S o i l  probably  s o f t  ccnglomerate l aye r s  i n  red bed 
(gradients  l e s s  than  1%);  poorly drained, airdromes,  ra l sod  ~ u b q a d e  south of gin-hou ~d from Apr i l  to l ayer  one to two f e e t  below scr face .  Poor foundation workable when dry, but  format ions  ( see  Geology sheet) .  Rock su i t -  
sub jec t  +a floo3s during o r  a f t e r  s to rms . snd  th i ck  base course Septambar north of Min-hou; i n  pa r t  material ;  requi res  s t a b i l i z a t i u n  by ajmixture with sand d i f f i c u l t  t o  handle w k n  a b l e  fo r  crushed stone genera l ly  obtainable 
In t ens ive ly  cu l t i c s t ed ,  c h i e f l y  to r i ce .  neces s s ry .  Bes t  s i t e s  planted t o  d r y  crops dwing  winter,  o g a v e  and cempaction a t  optlmm molsture content,  wet .  f rom h i l l s  ad jacent  t o  coas t a l  p la ins ;  many 
Areas near coas t  p.nab*bly genera l ly  along edges of  i n  pa r t  l e f t  i n  wet fallow. wields on o r  use of  t h i c k  base course. I f  sand and gravel  a r e  not : !good quarry s i t e s  a r e  ava i lab le  on s teep  
a r e  access ib le  only by t r a i l ,  because p l a i n s  near edges of pLaFns near h i l l s  nay be cpick- ob :ahb le ,  bitwnen mixed wi th  s o i l  w l l l  provide f a i r  s lopes wlth tb.in s o i l  cover. Good timber not  
roads dest.royed; l a r g e r  a r eas  access ib le  l y  drained by c u t t i r g  dikes,  but  those subgrade. Adequate drainage requi res  r a i s i n g  3f sub- a v a i l a b l e .  Ample water obtainable from streams 
from good harbors. on low, f l a t  p a r t s  of 'plains d r a i n  grade or  provision f o r  pumping water from d i t c h e s  adjacent  s p r i n g s ,  and shal low .wells. 

I 

i 
slowly. I n  some places, h i l l s  r i s i n g  t o  s i t e ;  s i t e  should be protected fro?! s).uface run-off by 

1 dikes. 
I , abrupt ly  a t  edges of o l a ins  r e s t r i c t  

t r a i l  because roads have been destroyed. 
I Each a rea  shown on nap has space f o r  a t  

I l eas t  one 6,OW-foot landing s t r i p  with 
c l e a r  approaches a t  both ends (na-&urn : 
g l i d e  angle 2C:l). 

i 

- I I .. 

'Adequate water fo r  cons t ruc t ion  comnonly o& 
/ t a i n a b l e  from * e l l s  on a l l u v i a l  f a n s  and some 

I ' t e r r aces .  I n  r o l l i h g  h i l l  land and on t e r r ace  ~ lunderlain by red ,c layl  s u f f i c i e n t  water may no 
1 [be  avai lab le ;  must be hauled from streams o r  

paddy f i e l d s  flcmded from k c h  t o  C e c a -  mo i s tu re  content; l oca l ly ,  add i t i on  o f  sand and gravel  
k a r  south of  MFr-hou a d  from Apr i l  to ' o r  of bitumen may be des i rable ;  near coast  add i t i on  of 
September nor th  o f  Min-hou. Flooded c l ay  binder may be necessary i n  sandy areas.  To prevont i 
paddy f i e l d s  c a r  be e a s i l y  d ~ i n e a  by f r o s t  dmage In va l l eys  a t  high a l t i t u d e s ,  a t h i ck  base 1 c u t t i ng  dikes. Bordering hills r i s e  1 course of gravel  o r  crusted rock i s  neceeaaq .  Water 
abrupt ly  fivm val leys ,  r e s t r i c t  approaches t a  e seve ra l  f e e t  below surface; adeq.xte drainage a t  
l o c a l l y  . no: s i t e s  can be maintained by shallow d i t ches  nrcund 

! runnay k1d canals  above s i t e  t o  d e f l e c t  sur face  run-off. 

2 
I 

I /we l l s  i n  adjacent  areas.  i ~~. 

4 Slopes up t o  5%. Some val ley f l o o r s  1 S o i l s  range from c l a y  t o  coarse g r a v e l l y  1oa.a. I n  general,  ' ~ i t t l e  o r  no c lear ing  rs- / S a n d  and gravel  gene ra l ly  ava i lab le  i n  s t r e a a  
SMALL V.4LLEY FLATS. f l a t  o r  near ly  so, sone gen t ly  undulating 1 r e a d i l y  s t a b i l i z d  by mixing s o i l  with underlying ma te r i a l  quired. Moderate grading c k m e l s ;  quan t i t y  may be small i n  headwatw 

o r  trenched by shallow s t r e m  channels. and ooqac t ing .  To prevent f r o s t  damage i n  va l leys  a t  needed b s m o t h  surface a reas  of  streams., rock fo r  crushed . 
Small a r eas  of r e l a t i v e l y  f l a t  land a- Rice f ie l '3s  i n  most >a l l eys  flooded dl-- I higher a l t i t u d e s ,  t h l c k  base murse of gravel  or  crushed . r r e g u T a r i t i a s ;  n a t e r i a l  s t m e  comonly obtaiuable from Fmnediately 
long mountain s t r e ~ a s  and i n  coas t a l  Fng par t  of year, bu t  can be quickly rock des i r ab le .  Drainage co!mmonly gwd;  poor i n  small ' a s  f l y  handled when dry  or  a d j a c e n t  1 s  ~o&$inber not ob ta i r ab le  
val leys.  Each a rea  shorn on slap has drained by c u t t i . .  dikes. I n  general ,  va l leys  opening on coast .  p a r t l y  dry, but nay  be d i f -  /except  near remote : @,sin valleys. Adequate 

f i c u l t  to work when wt. I n  !water fo r  c o n s t r u c t ~ o , n ' ~ e n e r a l l y  obtainable 

; 

mation is available.)  

some valleys, small streams 
must  b e  diverted.  

space f o r  a t  l e a s t  one 5,000-f3ot h i l l s  r i s e  s t eep ly  from v a l l e y  f loors .  

1 

from streams and springy; may be scarce  in  
val leys along small  streams during winter. 

\. ~' 

emergency landing s t r i p  wlth a c l e a r  
approach i n  one d i r e c t i o n  ( rnd~~ua  
g l i d e  anzle 2U:l) and a blocked o r  
hazardous approach i n  t h e  other .  Large- 
l y  cu l t i va t ed ,  ch i e f ly  t o  r i c e .  Most 

- 

&dm ck su i t ab l e  fo r  crushed stone gene ra l ly  
Sand and gravel  obtainable only i n  
er obta inable  from streams and 

of rounded h i l l s  Hi th  s t e e p  s ides .  
Heavy tLnber i n  h?gh mountainsj small 
groves of t r e e s  a t  l o ~ r  a l t i t u d e s ;  
g ra s s  and s , ca t t a r ed  brush near  se t t le -  
ments and along l a r g e  r ive r s .  Gentler  I 
slopes plaritsd to tea ,  banboo, f r u i t  
t r e e s  and other  crops; te r raced  g ra in  
f i e l d s  i n  places extend f a r  up h i l l s i d e s .  
Except. along main routes  of  t r a v e l ,  
nountains access ib le  only by d i f f i c u l t  

3. S. Geological Survey 
f Engineers, U. S. A r m y  

ly available.  1 
i ! 

a reas  access ib le  3nly by t r a i l  o r  by I 
small r i v e r  c r a f t .  (%any sLni la r  >al leys : 
doubtless  e x i s t  i n  p a r t s  of t he  region 1 f o r  which no de t a i l ed  topographic in fo r -  





FUKIEN REGION (CHINA) ROAD CONSTRUCTION AND MAINTENANCE. 
Rel iab i l i ty :  F a i r  

Summary repor ts  some add i t iona l  information ava i l ab le  for  more d e t a i l e d  repcrt .  

INTRODUCTION 

3 
Areas of D i f f i c u l t  
Road Construction 

Generai Statement: C o m ~ r i c a t i o n  l i n e s  are poorly develclped i n  area. A r a i l r o a d  alignment ( road bed destrcyed) e x i s t s  from a ?oint. A system of loads extends through eent.ra1 Xkien ,  fcllowing 
the  Fukien region, o d ~  l a r g e l y  to t h e  prevai l ingly  mountaino>~s on t h e  mainland opposi te  Ssu-ming t o  the  Chiu-lung Chiang. l a r g e r  stream val leys  wherever poss ib le ;  i n  rough mountainous sec t i5ns ,  
character  of t h e  t e r r a i n .  The condit ion of ex i s t ing  roads i s  unknown t r a v e l  cn  these m a d s  is  probably compl-icated by s teep  ~ a d e s  and t u r n s .  
i n  most cases;  it may be poss ib le  i n  places t o  make roads usable for  Roads along coas t  have been destroyed i n  l a r g e  p a r t  during t h e  From Chien-yang, roads penet ra te  i n t o  Kiangsi and Chekiang Provinces; 
m i l i t a r y  use by r e p a i r  and improvement; i n  many p a r t s  of  t h e  region,  recent  w2.r years.  From Min hou (Foochow) southward, an improved, a l l  from Ma-shan-p'u i n t o  Kisngsi and Kwangtung Provirices. 
con3truct ion of  new roads is probably necessary along alignments used weather road i s  known t o  have reached Lung-chfi. North o f  Miktiou a 
by pr imi t ive  roads o r  t r a i l s .  The accompanying map shows the approd-  route ,  poss ib ly  developed, extends through Hsia-pu, but l i t t l e  i n f o m a - ,  I n  the  h i l l y  country of  Kiangsi t h e  road net  i s  more highly 
mate a l i g m e n t s  of  tine main e x i s t i n g  ro- l tes  a s  well a s  a reas  of easy, t i o n  i s  ava i l ab le  concerning i t .  The coas ta l  roads general ly followed developed; the  rou tes  probably compare favorably with those on t h e  
moderately easy and d i f f i c u l t  road construct icn.  f l a t s  o r  passed through h i l l y  country; l o c a l l y ,  whers mountains come FuMeu coast  i n  ease of movemei~t of vehicles. L i t t l e  i s  knom about 

near the coazt,  t h e  routes  may be d i f f i c u l t .  Many s i r e m s  and canals  roads I n  Kwangtung Province. 
Exis t ing  ~ o m n u n i c a t i o n s d :  Wate r~ays  and trails a r e  the most a r e  encountered i n  the  c o a s t a l  2.rea; most were bridged along main roads, 

used rou tes  i n  t h e  Fukien region. T r a i l s  form a dense ne tmrk ,  even s t h e r s  crossed by fe r r i e s .  
c ross ing t h e  highest  mountains by d i f f i c u l t  routes.  A l l  navigable 
streams a r e  u t i l i z e d  f o r  t ranspor ta t ion ,  but only  a few can sccomo- Main routes (roads now l a r g e l y  destrcyed) extend inland from 
d a t e  c r a f t  l a r g e r  than jlrnks and r a f t s .  Min-hou, Chiu-chiang (chfuanchow) and Lung-chfi through rugged mountain- 

ous count,ry, Steep grades, many ha i rp in  tu rns ,  and switchbacks a r e  
T3e only  

s e c t i o n  of 

Map Unit 

1 
Areas of  Easy Road 

Construction 

2 
Areas o f  Moderately 

Easy Road Construction 

Maw swi f t  mountain 
streams; same l a r g e r  
t runk  streams. Most 
streams have some rocky 
gorges and long rapids.  
Most a r e  probably unford- 
a b l e j w i l l  r equ i re  bridges. 
Some small mountain strearns 
possibly fordable,but  my 
requi re  dugway appoaches .  
Sudden floods, l i k e l y  t o  
occur i n  spring and e a r l y  
summer, a r e  hazards t o  
roadways and bridges. 

Moet comnon terrain t y p e  i n  region: rugged mountains, highly dis-  
sec ted  i n  most places, comprise l a r g e s t  p a r t  o f Fukien Province. 
Ind iv idua l  r idges  a r e  o r i en ted  i r r egu la r ly ,  but  regional  t r end  
of mountains is NE. Rel ief  i s  a t  l e a s t  1,000 f t  throughout, 
3,000 t o  4,000 f t  i n  higher r idges ;  some peaks i n  west Fukien 
a r e  7,000 f t  high. Rourded c r e s t s  and conical  peaks are charac- 
t e r i s t i c ;  rn pla teau a r e a s  a r e  known. Slopes a r e  s teep  t o  
precipi tous,  general ly more than 25%. Many small gaps and ravines 
i n  r i d g e  c r e s t s  ard u p =  slopes.  Few l a r g e  val leys;  mainly 
or iented  NE. Many r i v e r  gorges, e s p e c i a l l y  i n  r i v e r s  t rending 
SF9 such a s  Min-Chiang (Min River). 

S a d ,  gravel,  and boulders avai l -  
a b l e  from vost  streams. Much good 
bedrock, except i n  Kiangsi Provincc 
where much of bedrock i s  unsuit- 
a b l e  (see  Mbp U n i t  2 ) .  Timber 
usually ava i l ab le  l o c a l l y ,  except 
near coast. Maxlmum diameter of 
pine o r  f i r  a b u t  18 inches, excepl 
in v i rg in  f o r e s t s  of rugged moun- 
t a i n s  along Fukien-Kiangsi border 
where diameters of 36 inches o r  
m r e  are cornon. Abundant water 
i n  streams. 

rai lway t h a t  probably s t i l l  e d s t s  i n  t h e  region i s  a reported on these  routes;  probably d i f f i c u l t ,  i f  not  impassable i n  many 

I 1 or& r a r e l y  avai lable .  

I 
Most poss ib le  alignments are 'Rock e x c a v a t i ~ n  i s  chief  problem. h y  long s ide-hi l l  c u t s  and 

I 

d ~ o r  f u r t h e r  infonn.ation, consult  o the r  5 n te l l igence  sources. 

t h e  Nanking-Honan line, which crosses t h e  ?lW p a r t  o f  the  

Topographic Control 

F l a t  land along coast,  e s p e c i a l l y  around lower courses o f  l a rge r  
r i v e r s ,  with maximum width of a b u t  6 miies. Inland i n  mount.ain- 
ous areas ,  f l a t s  are r e s t r i c t e d  to narrow, discontinuous b e l t s  
along streams; most common a lo r~g  NE-SN drainage l ines .  I n  NW 
p a r t  of area,  broad f lood p l a i ~ s  extend beyond iirmediate v i c i n i t y  
o f  present  stream valleys. I n  most o f  Kiangsi, i n c l u i e s  som low 
h i l l y  b e l t s  (madmum r e l i e f  300 f t )  commonly. c u t  by many open, 
flat-bottomed val leys .  F l a t  land i s  almost e n t i r e l y  cul t iva ted ,  
l a r g e l y  i n  paddy r ice .  On coast,  paddy f i e l d s  a r e  flooded from 
March through December south of  Min-hou (Foochow), Apri l  to mid- 
September i n  area  to north; i n  Kiangsi lowland, from Apr i l  to 
October. Network of small canals  throughout r i c e  areas.  Raised 
dikes,  about 2 to 3 f t  high, surround paddy f i e l d s .  

Hi11 lands, d i s t r i b u t e d  through region as follows: 1 )  Narrow, d i s  
continuous s t r i p s  along c o a s t  from Min-hou nor th j  widen t o  
more extens ive  areas to south; 2) Narrow b e l t s  adjoining i n t e s i o r  
va l ley  f l a t s  i n  Fukien mountains; 3) Extensive a reas  i n  northern 
Kwangtung and e a s t e r n  Kiangsi. Rel ief  ranges from a b u t  p3 to 
1,000 f t .  Slopes of  1 5  t o  35% common; probably l e s s  i n  extensive 
Kiangsi h i l l  land. Many h i l l t o p s  a r e  rounded; s lopes  descend i n t o  
broad, open valleys. Mary important e d s t i n g  rou tes  employ low 
passes through hill-gaps. H i l l  l a d s  are mostly t e r raced  f o r  
cu l t  iva t iono  

i n  deep, narrow r i v e r  va l lep .  
Many short-radius curves, 
ha i rp in  turns, and l o c a l l y  
s t eep  grades w i l l  b e  necessary 
unless l a r g e  s c a l e  earth-re- 
m\ai  i s  undertaken. Align- 
ments l o c a l l y  must leave  
river va l l eys  to a m i d  
gorges, especial-ly i n  va l leys  
trending SE ( a s  along parts 
of Min-chfang from Min-hou 
~ o o c h o w ]  to Nan-pt ing) . 

Frepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. Army 

St ream and Stream Cr3suiigs 

Numerous st.reams; i n  c o a s t a l  
a rea  includes wiZe tldal 
estur-r ies  surrounded by nud 
f l a t s ;  i n  i n t e r i c r ,  streams 
m y  have swi f t  cu r ren t s  i n  
places,  hu t  comonly c h a r e b  
a r e  f i l l e d  with sand b a r s  
a ~ a l  bcttoms are shallow an& 
sof t .  Also many i r r i g a t i o n  
canals  i n  cu l t iva ted  land. 
Many s t r e m s  may be unford- 
able  over long s t re tches .  
Marq bridges required.  Use 
o f  ponton bridges hampered 
by s w i f t  currents .  Heavy 
r a i n s  may caum floods from 
l a t e  spring throiigh S L P R Q ~ ~ .  

Breaching of d ikes  i n  
cu l t iva ted  land w i l l  a l s o  
cause f lmding  . 

~ o s t  streains i n  narron h i l l y  
b e l t s  a r e  small snd swift.  
I n  extensive h i l l y  a rzas  
w a n d ,  streams with braid- 
ed channels and s o f t  banks 
a r e  common; f o r  s h o r t  
s t re tches ,  strems have 
narrow, rocky gorges and 
rapids.  Bridges requi red  
over most streams, except 
smaller o n e s j t h e s  may be 
forCed,but need dugway 
approaches. Flooding i n  
s ~ i n g  and smTer may de- 
s t r o y  bridges, roadways, 
and r i v e r  banks. 

much b l a s t i r g  necessary. I n  Fukien, sc uthern Chekiang, and 
northern Kwangtung, most rock is hard and stands well without 
support; exception i s  s o f t  thinly-layered rock, (See Constructioi 
Materials Map, p a r t  of  Unit 3, mcrst of U n i t  4), which, however, 
is present  only  i n  small amounts. I n  Kiangsi, so f t ,  t h i n l y - l a w  
ed p la ty  rock i s  dominant; tends  t o  s1m.p on s t eep  cuts .  S o i l s  
i n  mountdns a r e  dominantly t h i n  stony loam m c lay  loam. b y  
l a r g e  culverts needed f o r  dra inage  of  r a p i d  runoff on s teep  
slopes. Clearing problem var ies :  some nea r ly  bare a r e a s j  much 
brush; are many s tands  of  timber, e spec ia l ly  i n  l e s s  access ib le  
p a r t s  of  i n t e r i o r  FuMen; except f o r  few d r g i n  stands, most 
timber , i s  small, commonly 6 to 10" diameter. (See Tirrber Map, 

C o n s t r ~ c t i o n  Materials  Available 

Coast.al Areas: Sard and g r a v e l  
r a r e  i n  many c>as t .a l  p l a i n  areas.  
Locally, adjscent  t o  mountainous 
s t r e t c h e s  of coas t l ine ,  ava i l ab le  
f ron  n a r r o w  beache*. Some sand 
a d  g rave l  may be a m i l a b l e  from 
deep channels i n  c o a s t a l  p l a i n  
porti::ns of l a r g e  r i v e r s .  Sand, 
gravel,  boulders, and ha rd  bedrock 
for  constructiorl abundant, i n  
n e i g h b r 3 . g  hills and mountains. 
A h o s t  no timber ava i l ab le  l o c a l l y  
except as groves amund houses ard 
cemeteries, but  timber can be 
r a f t e d  dowx r i v e r s  from inland 
sources. Abundant water from 
streams and r iwrs .  
Inland Areas: Sand abundant i n  ex- 
tens ive  ri=r bars ;  gravel  and 
pebbles along many s l ~ a l l e r  streams; 
l e s s  comonly a s  b a r s  i n  l a r g e r  
r ive r s .  Also ava i l ab le  a s  l o c a l  
aepos i t s  i n t w l a y e r e d  with t h e  
s i l t  and c lay  alluvium, e s p e c i a l l y  
alcng mountain margin? of t h e  
f l a t  land areas.  Bouldws, ted- 
rock, and some timber ava i l ab le  
from adjacent  hills and mountains 
(See Construction Materials  Maps). 
Abundant water fmm streams and 
r i v e r  s . 
Sand and gravel  from r i v e r  ba r s  
abundant. Pebbles and some 
boulders i n  s n a l l e r  streams. 
Usable bedrock f o r  const,ruction 
is commonly avai lable  local ly .  
I n  Kiangsi, m ~ c h  rock is  unsuit- 
ab le  fo r  construct ion;  quarry 
s i t e s  capable of supplying l a r g e  
amounts o f  rock su i t ab le  f o r  
aggregate, r i p f a p  and masonry 
may be 5 t o  10  o r  r a r e l y  1 5  a i r -  
l i n e  miles from a given construc- 
t i o n  s i t e .  (See Construction 
Materials  Map). Some small timber 
local ly ,  but  many a reas  barren 
except fo r  bmsh;  timber usually 
avai lable  in adjacent  muntainous 
areas. Abundant water from strems 

places, f o r  vehicle s. 

Alignment Problems 

Many alignments with long 
tangents ,  long-radius c~lrves,  
and low gradients ,  eepeclal- 
ly i n  coas ta l  areas.  UswDy 
ample space f o r  a l t e r n a t e  
rou tes  and detours .  I r e -  
l a r i t i e s  i n  r e l i e f ,  parSicu- 
l a r l y  i n  imper tec t ly  de- 
l i n e a t e d  inland f l a t s ,  w i l l  
l o z a l l y  r e s t r i c t  a l i g m e n t s  
and necess i t a t e  shor ter  
tangents  and shorter-radius 
curves t o  avoid s teep  gradi- 
ents.  I n  Kiangsi, low r o l l -  
irg hills included with f l a t  
lands w i l l  s i m i l a r l y  r e s t r i c t  
~ l ignments .  

Best alignments genera l ly  
r e s t r i c t e d  t o  r i v e r  valleys. 
Some sec t ions  with long  
tangents,  long-radius curves, 
and low gradients ,  a l t e r n a t e  
wi th  many sec t ions  i n  which 
shor t  tangents  and short- 
radius  curves a r e  necessary 
to avoid s t eep  gradients .  
Locally no space to e a s i l y  
cons t ruct  alterllate rou tes  
o r  detourso 

Space f o r  e a s i l y  comt ruc ted   figure 1, Construction Mater ia ls  Sheet).  
a l t e r n a t e  routes  o r  detours I 

- 
Maintemrca ard Construction Problems 

.Drainage i s  ch ie f  problem. Bridging i s  se r ious  i n  many coaste.1 
p l a i n  areas. I n  paddy-field a reas ,  subgrade r u s t  be r a i sed  3 
to 4 f t  and l a r g e  open drainage d i t ches  cut  p a r a l l e l  t o  roadways. 
Large w a n t i t i e s  of coarser  f r a c t i o n  needed to s t a b i l i z e  paddy 
clay. Faddy-field dikes e a s i l y  leveled  by dozer. Large cdlver tz  
necessary to accomodate f lood water. No c l e a r i q  necessmy. 
I n  coas ta l  o r  v a l l e y  a r e a s  where f r u i t  t r e e s  ( e spec ia l ly  c i t r u s )  
a r e  grown, na tu ra l  d-ainage i s  good, s o i l  i s  sandy, and c lear ing  
i s  not se r ious  problem. R e d  clay a r e a s  i n  Kiangsi lowland have 
good na tu ra l  drainage and a r e  e a s i l y  s t a b i l i z e d  wlth gravel  
aggregate; shallow cut  and f i l l  necessary local ly .  

~. .. 

Gradirg i s  c x e f  problem; moderate cut  and f i l l ,  ccnsiderable 
b las t ing  necessary. Natural drainage comr.only f a i r  t o  good; 
drainage of t e r raced  s lopes  easy by cu t t ing  t e r r a c e  walls. 
Large cu lve r t s  necessary to ca r ry  heavy runoff. I n  r ed  c lays  
(See S o i l s  Map), spillways mqv be required t o  p-event excessive 
gullying. S o i l  m r d i t i o n s  extremely variable.  L i t t l e  c lear ing  
necessary; much o f  a rea  i s  denuded; l o c a l l y  some brush and a 
few stands of  m a l l  t imber ( t runks  usua l ly  l e s s  than  6" diameter), 
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poor f o r  remainder of i n t e r io r  (see r e l i a b i l i t y  
index in lower right corner of map). 

Sunmary reports additional information available f o r  more detailed studies. 
.. 

INTRODUCTION 

General Statement: The Rkien  Region l i e s  i n  the hundd warn temperate rich in organic matter a t  the surface. On steep mountain slopes s o i l s  a r e  In the high rugged mountains of the b o d e r  regions between Fukien and i t 8  
and subtropical zones and has an average annual r a in fa l l  of more than 50 ahallow regardless of the bedrock except i n  a few areas of very s o f t  rocks. neighboring provinces such of the surface is bare rock and the s o i l  where 
Inches; r a i n f a l l  i s  considerably higher i n  the mountainous areas and sli$-.tly In h i l l y  areas underlain by ancient layered (metamorphic and sedimentary) present, is thin. Much cut-and-fill dl1 be necessary f o r  road conatruetion 
lower along the coast. A few high ranges such a s  Hsien-hsia-ling and Bu-i rocks, s o i l  p rof i les  a r e  comparatively deeper and the s o i l  texture i s  and rock w i l l  be needed f o r  mch of the f i l l .  la the limited amount of soil 
Shan on the Nden-Cheklnng and Fukien-Kiangsi borders a r e  snow- and ice- generally more clayey than i n  s o i l s  on massive granit ic rocks. In h i l l y  available the coarse f ract ion is well graded and Buitable f o r  aggregate. 
covered during pa r t  of each winter. The average J d y  temperature i s  about regions underlain by redbeds (interbedded sandstone and shale), the s o i l s  are  
85' F.1 the average January temperature i s  about 55' F. M n g  t o  the warm sandy loams and clay loams which provide good road-building material. On Classification of Soilsr  For engineering purposes the  s o i l s  of the 
humid climate, rock weathering produces deep s o i l s  except i n  rugged areas low h i l l s  and i n  well-drained lowlands are thick clayey red and yellow soils ,  Fukien Region are  grouped in to  e ight  units nhose ganeral dis t r ibut ion i s  shown 
amas  where erosion is  rapid. rich i n  iron and aluminum oxides ( U t e r i t i c ) .  On the floors of r iver  valleys on the accornpanmg map. Each s o i l  un i t  i s  actual ly  a group of associated 

and along shore the s o i l s  a r e  a l l uv ia l  deposits of various depths. Superim- s o i l s  occurring under similar physical conditions. Generalized prof i les  of 
The natural dis t r ibut ion of vegetation is cloaely related t o  variations posed on a wide variety of s o i l s  are  the seasonally-irrigated r ice  f i e l d s  i n  the e ight  s o i l  units accompany the diagram below. The s o i l s  map and the 

Of climate and topograFhy, but modification by human ac t iv i ty  is very a p p a r  which the s o i l s  a r e  generally deep and clayey. diagram are  based on soil-survey data f o r  par t s  of the region; the s o i l  un i t s  
ent. W e d  fores t  predominates and dense and extensive forest  cover is shorn f o r  the r e s t  of the region a r e  based on intbrpretation of data on cli- 
found on the h i &  ranges above a l t i tudes  of 3,000 f ee t  along the borders Sui tab i l i ty  of Soi ls  f o r  Road and Birdrow Constructionr In lowland mate, vegetation, geology, and topography and t h e i r  e f fec t  on soil-forming 
between Fukien and i ts  neighboring provinces. The lower ranges of the hill-and- areas along the coast, and i n  r iver  valleys and basins i n  the inter ior ,  r i ce  processes. Engineering group symbols and the i r  equivalent P.R.A. class i f i -  
valley section of Fukien and Kiangsi Provinces have generally been denuded of f i e ld s  are  obstacles to movement. Hmver ,  except i n  depressions and i n  cation are  assigned i n  accordance with the usage of the War Department Tschni- 
trees. A s  a result ,  many lor-lying h i l l s  are  barren or  grass cwered, and diked lowlands along the coast, the  f ie lds  can be drained f o r  road or  air- c a l  Manual 5-255 and of the Fublic Roads Adninistrationj r l t h  some modification. 
the small valley basins a r e  often flooded during rainy seasons. drome construction by destroying the paddy-field dikes and providing drain- 

age ditches. Most of the higher par t s  of the lowlands have f r i ab l e  red @cia1 Cautionr The water of many paddy Melds and streams supports a 
The coastal  lowland and valley basins are used exclllsively f o r  agricul- clayey s o i l s  which can be worked with l i t t l e  d i f f icu l ty  and offer  good sub- species of sna i l  which i s  the intermediate host  f o r  schistosolniasis, a diseam 

turn. Vegetation i n  these areas consists of r i ce  and some dry-land crops, grade material. A l l  paddy s o i l s  need addit ion of aggregate for  s tabi l izat ion.  aaused by a parasite which enters  the body through the f e e t  and attacks ia- 
o i t  rus-fruit orchards, tung plantations, bamboo, and some evergreens i n  tes t ine  walls. Men should never wade barefooted i n  paddy f ie lds .  
patches around homesteads, f i e l d  corners, and emeteries.  In the rugged hills and mcuntaina i n  the i n t e r io r  of Fuklen s o i l  dlstrl- 

bution i s  uneven. On m a t  gentle slopes s o i l  i s  availablb f o r  road construc- 
The types of bedrock and t h e i r  topographic position d i rec t ly  influence tfon. The terraced p d d y  f i e l d s  on the h i l l s ides  can be eas i ly  drained by 

Soi l  formation. In the mountainous areas massive gran i t ic  rocks pradondnate; breaking d m  the dikes which pa ra l l e l  the contours of the slopes. Material 
the  soi ls ,  where present, a r e  gray-brown stony o r  gravelly lcams, usually f o r  aggregate and surfacing is available nearby. 

GENERALIZED DIAGRAY SHOWING RELATION OF MAP UNITS TO TOPOGRAPHY AM) VEGFTATION, WITH SOIL PIEOFILES 
(~unbe r s  indicate map units; l e t t e r s  refer t o  subdivisions of map uni t s  described i n  table) 

- 

, 
EXPLANATION 

Sand 

Clay  loam Grave l  . . . 

Silly clay Massive rock  

Loam Layered rock 

A l l u v ~ u m  or weathered rock . I 
A 

(continued) 







FUKIEN REGION (CHINA) CONSTRUCTION MATERIAL? 
I 

For r e l i a b i l i t y  o f  da ta  see R e l i a b i l i t y  Index ?,tap i n s e t  on Construction Materials  map; a l s o  r e f e r  t o  Introduction on Geology sheet.  
Summary repor t ;  some add i t iona l  information ava i l ab le  fo r  more d e t a i l e d  s tud ies  i n  a reas  where index map showgood o r  exce l l en t  r e l i a b i l i t y .  

ROCK, SAND, AND GRAVEL 

I Introduction I 
The Fukien Region i s ,  on t h e  whole, wel l  supplied with ava i l ab le  rock 

s u i t e d  f o r  cons t ruct ion  uses. A broad a rea  along t h e  e n t i r e  coas t  and ex- 
tending in land ac ross  northern Fukien Province has an unlimited supply of 
ava i l ab le  hard rock, much of i t  exce l l en t  f o r  cons t ruct ion  purposes. The 
i n t e r i o r  o f  Fukien and northern Kwangtung Province i s  under la in  by various 
types  of  rock most of which a r e  usable. Kiangsi Province i s  under la in  pre- 
dominantly by rocks  unsuited f o r  c o n s t ~ c t i o n  purposes, but  many patches of 
usaole rock, some excel lent ,  a re  s c a t t e r e d  throughout the  province. 

Known quar r i e s  a r e  p lo t t ed  on t h e  Construction Materials  map. The ex- 
i s t e n c e  of many o the r  quar r i e s  i s  demonstrated by t h e  extensive use o f  stone, 
some of it i n  s l a b s  many f e e t  long, f o r  bridge and building construct ion.  

Limestone, s u i t a b l e  f o r  lime, i s  quarr ied  a t  many of t h e  known quar r i e s  
and i s  a v a i l a b l e  from most of the  areas of  Map Unit 2. Small patches of 

s imi la r  limestone occur throughout t h e  areas  of Map Unit 3 and a r e  probably 
quarried loca l ly .  

Extensive bars  of san3, and l o c a l l y  of gravel ,  a r e  abundant i n  most 
of the  streams and r i v e r s  shown on t h e  accompanying map. These a r e  exposed 
a t  normal water l e v e l ,  but are su'merged a t  high-water s tage.  Sand and 
gravel  bars  a r e  r e s t r i c t e d  o r  absent i n  narrowgorges. On l a r g e r  coas ta l  
p la ins ,  r i v e r  b a r s  a r e  predominantly s i l t y .  River sand and g r a v e l  genera l ly  
conta in  some s i l t ,  but a r e  f r e e  from clay,  and a r e  e a s i l y  washed. Pebbles 
a r e  usual ly  of hard rock and l e s s  than 2 t o  3 inches i n  diameter. Larger 
pebbles and boulders occur i n  l i m i t e d  amounts along many of  t h e  smaller 
streams i n  the' mountainous areas ,  and a t  junctions of  these  streams with 
broad a l l u v i a l  f l a t s .  

Intermontane a l l u v i a l  a reas  may contain patchy, in te r l aye red  deposi t s  

of  sand and gravel  b u r i e d  by as much a s  25 to 30 f e e t  of  s i l t  and clay. 
If o the r  sources of sand anl  gravel  f a i l ,  probing or boring i s  recom- 
mended a t  points  where t r i b u t a r i e s  e n t e r  t h e  a l l u v i a l  a rea  and a t  points  
near  i t s  upper l i m i t .  These deposi t s  w i l l  probably be below ground- 
water l eve l ,  and a l a r g e  flow of water may be encountered i n  working 
t'nem. 

Only t h e  l a r g e r  a l l u v i a l  depos i t s  a r e  shown on the  Construction 
Materials  map;many small unmapped f l a t s  along streams and r i v e r s  w i l l  
provide l imi ted  amo.~nts of  sand and gravel. 

Beaches,sandy t i d a l  f l a t s ,  and dunes along much of  t h e  coast furnish 
an abundance of  medium-to fine-grained,clean,poorly graded qiiartzose sad.  
The r i 5 e s t  and most extens ive  of these  deposi t s  a r e  shown on t h e  map a s  
Map Unit 8. 3each gravel  and boulders a r e  r e s t r i c t e d  to very narrow strips 
along rocky, mountainous port ions of t h e  c o a s t l i n e  where t r a n s p o r t a t i o n  i s  
d i f f i c u l t .  

Granite,  banded g r a n i t i c  rock. Hard volcanic rock (rhyo- 
l i t e ) :  hard, cemented volcanic ash and rubble with i n t e r -  
bedded volcanic conglomerate, sandstone, and shale .  Hard 
q u a r t z i t e .  

Abundance of  
Hard Rock 

D r i l l i n g  and b las t ing  requi red ,  
- - I Excellent  t o  f a i r .  

Map Unit 

Excellent  to f a i r .  Thin stony loam. Lo- 
c a l l y ,  on a r e a s  of  
low r e l i e f ,  5 t o  1.5 
f e e t  o f  red, f r i a b l e ,  
sandy c lay ,  e spec ia l ly  
on grani te .  

d Type o f  Mdterial 

Hard limestone. 1 DriLling and b las t ing  required. I Excellent.  I 2xcellent .  I Thin s t o n y  c lay  s o i l .  I Poor s u b s t i t u t e  f o r  gravel.  I 

Excavabil i ty 

I I I I 

S u i t a b i l i t y  of Overburden 
f o r  F i l l  &d Subgrade 

S u i t a b i l i t y  f o r  
Aggregate 

- 
I I P l a s t i c  when wet. 

MODERATELY 
ABUNDANT 

~ e i e r a l i z e d  distribution o f  
fo res ted  areas  i n  Fukien Region Much of t h e  i n t e r i o r  of Fukien Province i s  fo ras ted ,  predominately with 

coni fers .  Except fo r  v i r g j n  f o r e s t s  i n  the very rugged, inaccess ib le  mountain 
range forming t h e  boundary between Fukien and Kiangsi Provinces, most of the  
region has been and i s  being lumbered and the  t r e e s  a r e  not l a rge .  Along 
most of the  coas ta l  area, e s p e c i a l l y  south of  Kin-hou (Foochow), and inland i n  
Kiangsi Province, t h e  country has, been almost e n t i r e l y  denuded of f o r e s t  cover. 
Standing timber i n  these a r e a s  i s  r e s t r i c t e d  t o  smal l  s c a t t e r e d  patches i n  t h e  

* , 
.' I 

h i l l s  and t o  sca t t e red  t r e e s  and small groves around houses and i n  cemeteries. 

I I 4 

SCARCE 

NO WE 
( IIR'CONSOLIDATED 

MATE RIAL) 

The broad ou t l ines  of t h e  major fores ted  a reas  i n  the  region a r e  shown on 
t h e  small i n s e t  map (Figure 1 ) .  The f o r e s t e d  areas  on t h i s  map include loca l f -  
t i e s  where timber i s  very  spotty.  andexc lude  many small wooded patches. 

S u i t a b i l i t y  f o r  
Riprap and Masonry 

3 

Within t h e  forested por t ions ,  a small lumbering opera t ion  probably could be 
s e t  up wit,hin 5 t o  10 miles of moat cons t ruct ion  s i t e s .  Construction s i t e s  
without l o c a l  timber b u t  near l a r g e  r i v e r s  can be a p p l i e d  with timber 
r a f t e d  down from mountain sources. 

~ v e r b u r d e d  

a/ For d e t a i l s  of d i s t r i b u t i o h  of spec i f i c  rock types see  Geology map and t ab le .  
For add i t iona l  information s e e  S o i l s  Sheet. 

F i m r e  1. TIMBER 

4 

5 

6 

7 

8 

The most common timber t r e e s  i n  the  region a r e  pine, f i r ,  and bamboo. 
Maximum diameter of pine and f i r  i s  probably , less  than 18 inches, except 
i n  v i r g i n  f o r e s t s  along t h e  boundary between Fukien and Kiangsi Provinces, 
where diameters exceed 3 f e e t .  Bamboo, l o c a l l y  used i n  many ways, i s  
l i g h t  and s t r o n g ,  and commonly grows t o  diameters of 5 t o  6 inches. It 
occurs a s  f o r e s t s  a n d a s  th icke t s  grown near villages fo r  l o c a l  use. 

Hard t o  s o f t  sandstone, interbedded s h a l e  and s l a t e ;  some 
q u a r t z i t e ,  conglomerate, and limestone. Locally some 
deezly decayed g ran i t e .  e s ~ e c i a l l y  i n  Kiangsi. 

a 
; , . ;  'oms ted areas.  

S o f t  p l a t y  rock ( p h y l l i t e )  and shale ;  some s o f t  t o  hard 
p l a t y  rock ( s l a t e  and s c h i s t ) ;  some hard sandstone, con- 
glomerate, and quar t z i t e .  

Red, f r i a b l e ,  sandy c lay;  patches and beds of  weathered 
gravel ,  commonly underlying clay. 

S i l t  and clay of intermontane a l l u v i a l  areas and some coask 
a l -p la in  areas .  S u b o r d i ~ t e  amounts of sand, gravel,  and 
pebbles i n  r i v e r  bars  and interbedded l o c a l l y  i n  s i l t  and 
c l a y  al luviun.  Some sand, gravel,  and l o c a l l y  pebbles and 
boulders, along margins of intermontane a l l u v i a l  areas 
where small streams e n t e r  f r o m  mountains. 

S i l t  and c l a y  of  most coas ta l -p la in  areas.  L i t t l e  sand o r  
gravel ,  except  in a few places i n  deep r i v e r  channels. 

Sandy beaches, sandy t i d a l  f l a t s ,  and sand dunes. Mediun- 
t o  fine-grained, c l e a n ,  poorly graded, quar t z  sand. Dune 
sand may be l o w .  

PREPARED BY U. S. GEOLOGICAL SURVEY 
$0 R 

CHIEF OF ENGINEERS. U. S. ARMY 

D r i l l i n g  and b l a s t i n g  required. Most shale  
and some s o f t  sandstone workable by dozer. 

Com.only workable t o  a depth of  1 0  t o  20 f e e t  
below the  s u r f a c e  with dozer o r  power shovel, 
Hard sandstone, conglomerate, and q u a r t a i t e  
and deep c u t s  i n  p l a t y  rocks w i l l  r e q u i r e  
d r i l l i n g  and b las t ing .  

Workable with power shovels,  dozers, o r  hand 
tools .  

Workable with hand o r  p m e r  too l s .  Water t a b l e  
usually 5 t o  30 f e e t  below the surface. 

Workable with hand o r  power too l s .  Water 
t a b l e  high, commonly l e s s  than 6 f e e t  below 
surface. 

Workable with hand o r  power t o o l s  o r  dragline. 
Some of  t h i s  u n i t  s u b r g e d  a t  high t i d e .  

Excellent t o  poor. 

P l a t y  rocks unsui table  t o  poor. 
In ter layered  hard sandstone, con- 
glomerate, and quar t z i t e ,  f a i r  t o  
good, 

Unsuitable except f o r  l o c a l  
weathered gravel ,  which makes poor 
to f a i r  aggregate. 

Sand and gravel  good t o  exce l l en t .  
Some r i v e r  sand may r e q u i r e  wdsh- 
ing. S i l t  and c lay  unsnitable.  

Not su i t ab le .  

Excellent f o r  f i n e  aggregate. 

Excellent  t o  poor. 

P la ty  rocks unsui table  
t o  f a i r .  Hard sand- 
stone. q u a r t z i t e ,  and 
some conglomerate, 
good t o  excel lent .  

Unsuitable. 

Unsuitable. 

Not s u i t a b l e .  

Unsuitable. 

Thin stony c lay  loam 
predominates. 

Poor t o  good s u b s t i t u t e  f o r  
gravel.  S o i l  from s h a h  
swells when wet. 

Clayey s o i l ,  some 
hard rock fragments. 

No overburden. 

Heavy c lay  paddy-field 
s o i l  3 t o  b f e e t  
th ick  over s i l t  and 
c l a y  i n  most places. 

Heavy c l a y  paddy s o i l  
3 t o  li f e e t  t h i c k  over 
s i l t  o r  clay. 

No overburden except 
t h i n  sandy loam on 
o l d  dunes. 

Unsuitable t o  poor. Clay 
swel ls  when wet. 

No overburden. Red, s m d y  
c lay  i s  govd when properly 
compacted with sheepsfoot 
r o l l e r .  Local areas lack- 
ing  sandy s o i l  need added 
sand o r  g rave l  f o r  s t a b i l i -  
zation. 

Ufisustable. Moderately t o  
highly p l a s t i c  when wet. 

Unsuitable. Moderately t o  
highly p l a s t i c  when vet .  

Ro overburden. Clay o r  s i l t  
binder needed t o  s t a b i l i z e  
sand. 





FUKIEN REGION (CHINA) GEOLOGY 
I 

For r e l i a b i l i t y  see  In t roduct ion  and R e l i a b i l i t y  Index map i n s e t  on Geology map. 
Summary repor t ;  some add i t iona l  information ava i l ab le  f o r  more d e t a i l e d  s tud ies  i n  a r e a s  where index map shows good o r  exce l l en t  r e l i a b i l i t y .  

INTRODUCTION 

Source and R e l i a b i l i t y  of Data: The geology o f  t h e  Fukien Region is im- pre-Cretaceous sedimentary rocks ,  shows t h e  general d i s t r i b u t i o n  and broad in t rus ions  of  g r a n i t i c  rock have occurred a t  two periods. The e a r l i e r  in- 
p e r f e c t l y  known. Over t h e  g rea te r  p a r t  of t h e  region, t h e  only a v a i l a b l e  o u t l i n e  of  t h e  redbeds, the  g r a n i t i c  rocks, and t h e  volcanics. According- vasion accompanied t h e  movement per iod  responsible fo r  the  widespread l a t e  
source of  information is the  Taiwan sheet  of  t h e  Geologic Atlas of  Eastern l y ,  i n  t h e  l a r g e  por t ion  of the  region where t h i s  map was t h e  only source Ju rass ic  unconfomity;  t h e  l a t e r  accompanied t h e  e a r l y  Ter t ia ry  movement 
Asia, a Japanese reconnaissance map of  poor r e l i a b i l i t y ,  published on a s c a l e  these rock boundaries were adjus ted  to t h e  base map and a l l  t h e  o lde r  period. 
of 1:2,CHX),000. sediments and metamorphics grouped a s  Npre-Cretaceous sedimentary and 

metamorphic rocks ." Folding and fau l t ing ,  caused l a r g e l y  by t h e  late J u r a s s i c  and e a r l y  
S m l l  por t ions  of t h e  region a r e  covered by more r e l i a b l e  source mater- Ter t i a ry  movements, have produced a pronounced nor theas te r ly  s t r u c t u r a l  

i a l .  The northwest corner  of t h e  quadrangle i s  described i n  considerable S t ra t ig raph ic  Summary: The Ebkien Region i s  under la in  by g r a n i t i c  t rend.  
d e t a i l  by r e p o r t s  of  the  Geological Survey of  Kiaqgsi, accompanied by geo- rocks and ac id  volcanics,  c l a s t i c  sediments ranging i n  age from Devonian 
l o g i c  maps on a s c a l e  of lr200,OCO. Other a r e a s  a r e  described i n  aonsider- t o  e a r l y  Ter t ia ry ,  and metamorphic rocks. * pre-Devonian metamorphic 
a b l e  d e t a i l  by r e p o r t s  of t h e  Geological Surveys of  China, of Kiangsi, and complex of p h y l l i t e ,  s c h i s t ,  and g n e i s s  i s  over la in  unconformably by 
of Kwangtung and Kwangsi. The sca le  of  ava i l ab le  geologic maps ranges from upper Paleozoic and Jura-Triassic c l a 3 t i c  sediments 
1:50,000 f o r  s e v e r a l  very small a raas  t o  1:1,000,000 f o r  two geologic which range i n  thickness from 5,000, t o  10,000 f e e t .  These a r e  i n  t u r n  
route-maps. unconformably over la in  by 3,000 to 6,000 fee t .of  cont inenta l  redbeds, 

ac id  volcanic flows, and pyroc l3s t i c s  of Cretaceous age. I n  the western 
I n  compiling t h e  map it was found t h a t  the  Taiwan sheet ,  although p a r t  of t h e  region, several  thousand f e e t  of  e a r l y  Ter t i a ry  cont inenta l  

completely unre l i ao le  i n  t h e  de l ineat ion  of t h e  various age u n i t s  of t h e  redbeds unconformably o v e r l i e  t h e  Cretaceous and o l3er  rooks. h r g e  

Map Unit 

Q a l  
RECENT ALLWIUM 

Qc 
PLEISTOCEUE RED CLAY 

Horizontal o r  very gen t ly  sloping 
i r r e g u l a r  beds. Individual  beds 
of  l o c a l  extent  only. 

S t ruc tu re  Rock Types 

Unconsolidated depos i t s  of  clay, 
silt ,  sand, gravel,  and boulders. 

Red c lay ,  wi th  gravel  interbedded 
l o c a l l y  e 

Nearly s t ruc tu re less .  Residual 
gravel  l e n s e s  preserve o r i g i n a l  
near ly  hor izon ta l  bedding i n  o ld  
alluvium o r  inc l ined  bedding i n  
redbeds. 

Lithology 

Clay and s i l t  deposi t s  of small coastal-plain d e l t a s  and intermontane r i v e r  
va l leys  make up most of  map uni t .  Subordinate amounts o f  sand and gravel  
present  a s  small  coas ta l  beaches, extensive r i v e r  bars ;  a l s o  a s  buried 
l enses ,  and patches i n  t h e  s i l t  and c lay  deposi ts .  Coarse gravel  and 
boulders probably r e s t r i c t e d  wi th in  map u n i t  t o  very narrow beaches along 
rocky coabtlfnep, to bed and bar  deposi t s  i n  mountainous por t ions  of  r i v e r  
drainage systems, and t o  small deposi t s  where mountain streams e n t e r  broader 
a l l u v i a l  areas. Many m a l l  depos i t s  of  sand, gravel ,  and boulders found 
along smaller  streams and r ive r s ,  but  a r e  not  shown on nap. Alluvium usual- 
l y  l e s s  than 30 f e e t  t h i c k  except i n  l a r g e r  basins and coas ta l  p l a i n s  where 
thickness may be severa l  hundred f e e t .  

F r i ab le  r ed  l a t e r i t i c  c lay  probably derived by weathering, both from o l d  
t e r r a c e  alluvium and var ious  t e r r a c e d  bedrocks, par t icular , ly  p h y l l i t e  and 
redbeds. Present  only i n  Kiangsi Province. Small  patches of  interbedded 
weathered gravel  i n  some l o c a l i t i e s  *ere c l a y  i s  derived from old a l luv i -  
um o r  redbeds. Thickness ranges from 15 t o  65 fee t .  

Topographic Expression 

Fla t lands  i n  general. Narrow coas ta l  f lood p la ins ,  beaches, and intermon- 
tane r i v e r  va l leys  with slopes genera l ly  l e s s  than 3%. Al luv ia l  t e r races  
a s  much a s  35  to f e e t  above present  r i v e r  l e v e l  occur along many r i v e r  
va l leys  i n  Kiangsi Province. Locally, along margins~fmapped a l l u v i a l  
a reas ,  s lopes  may be a s  s t eep  a s  15 t o  25$, where Chinese geologic maps 
appear t o  inc lude  slump and t a l u s  debr is  i n  t h e  deposi t s  mapped a$ 
alluvium. 

Forms eroded t e r races  from 65 t o  100 f e e t  high i n  t h e  l a r g e r  r i v e r  va l leys  
o f  Kiangsi Province. I n  places,  minutely d issec ted;  d e t a i l e d  forms a r e  
smoothly rounded broad r idges  and narrow V-shaped g u l l i e s  with l o c a l  r e l i e f  
of  1 0  t o  20 f e e t .  Elsewhere r e l i e f  is mmewhat grea ter ;  r ed  c lay  forms 
l o r ,  undulating h i l l s  LO t o  $0 f e e t  high. 

T r  
TERTIARY REDBEDS 

Sof t  to moderately hard, massive 
o r  thick-bedded brick-red sand- 
s tone,  pebble conglomerate, and 
r e l a t i v e l y  minor thin-bedded sandy 
s h a l e  in te rca la t ions .  

I n  a r e a s  near Chiang-ktou, Yu-tu, and Lo-k'ou-tang ( A - 3 ) ~ l a n d  area around 
Ts'ung-Sen ( E l ) ,  conglomerate forms lower p a r t  of uni t ;  massive sandstone 
with t h i n  conglomerate i n t e r c a l a t i o n s  formupper part .  Conglomerate con- 
sists of sub-angular t o  well-rounded pebbles, commonly a s  l a r g e  a s  L inches 
diameter, of grani te ,  q u a r t z i t e ,  l imestone, o lde r  r ed  sandstone, and 
p h y l l i t e .  Formation i s  non-marine, e a r l y  Ter t ia ry ;  over l i e s  unconformably 
a l l  o lde r  rocks. Thickness 1,000 t o  2,000 f e e t  near Yu-tu; 2,300 t o  2,600 
f e e t  around Ts'ung-jen. 

Gently folded i n t o  NNE-trending 
basins; near ly  hor izon ta l  and 
low-dipping beds common; a few ' 
d i p s  a s  s t eep  as 70° near edges 
of  basins. Jo in t ing  poorly de- 
veloped; some f a u l t s  of  moderate 
displacement. 

Steep-sided, near ly  flat-topped hills, sugarloafs ,  some blocky but te- l ike  
forms; h i l l s  commonly i s o l a t e d  i n  broad, flat-bottomed val leys.  Inc l ined 
r e s i s t a n t  beds l o c a l l y  form hogbacks. Local r e l i e f  about 200 t o  25'0 f e e t ;  
maximum about 600 f e e t .  S o i l  cover lacking o r  very t h i n ;  bare rock on 
s t eep  s lopes ;  a few caves and n a t u r a l  bridges.  Upper p a r t  of  unit commonly 
eroded t o  r o l l i n g  h i l l  land. 

Krh 
CRETACWUS 

ACID 
VOLCANI CS 

K r  
CRETACEOUS REDBEDS 

6,500 f e e t .  
Northeastern Kwangtung: More than 1,500 f e e t  of th ick  r h y o l i t e  flows. 

Rhyolite and quartz-porphyry flows 
and in t rus ions ,  hard cenented pyro- 
c l a s t i c s  ( t u f f ,  t u f f  agglomerate, 
volcanic conglomerate) ; associa ted  
red  sandstone and shale. 

Underlies very rugged mountainous country. Slopes of  70% and knife-edged 
r idges  common; many c l i f f s  and extens ive  outcrops; s o i l  cover th in .  In- 
t r i c a t e l y  d issec ted;  to a g r e a t  extent  erosion i s  contro l led  by jo in t s  o r  
f r a c t u r e s ;  s i n g l e  t rends may p e r s i s t  f o r  a s  much a s  5 miles. Commonly, 
topographic expression of bedding i s  subordinate. Local r e l i e f  c o m n l y  
1,000 to 2,001) f e e t ,  maximum more than 3,000 fee t .  

This  u n i t  is c o r r e l a t i v e  wi th  the  Cretaceous redbeds of western Fukien and folded along nor theas t  
eas te rn  Kiangsi; d i f f e r s  i n  t h e  widespread occurrence of r h y o l i t e  and quartz of  30' to LP pre- 
porphyry and t h e  predominance o f  volcanic mater ia l .  jointed and 
Southern ~ u k i e n  : (c-3 D-3) 'TWO groups: Upper group 650 or 
more f e e t  th ick ,  of r h y o l i t e ,  ex t rus ive  and i n t r u s i v e  quartz porphyry, i n t e r -  
bedded with hard cemented t u f f ,  agglomerate, and some andes i te .  Colors white 
l i g h t  gray, hrown and purule.  Lower gmup 650 t o  1,000 f e e t  t h i c k ,  of dark 
gray agglomerate and t u f f ,  o r  thick-bedded red  sandstone and i n t e r c a l a t e d  
shale,  l o c a l l y  with quartz pebble basa l  conglomerates. 
Vorthern Fukien: 3 groups. Upper group cons i s t s  o f t h i c k  r h y o l i t e  and quartz-por- 
phyry f lows.  Middle grcup composed of hard pyroclas t ics :  agg lomra te  and f i n e  and 
coarse cemented t u f f ;  a l s o  volcanic conglomerate and some r e d  sandstone and shale. 
Lower group, quartz-porphyry flows, t u f f ,  and black and  gray shale. Tota l  th i ckness  

(continued) 

Two main types. (1)  Non-volcanic 
type: S o f t  sha le  with some thin- 
bedded moderately hard sandstone 
and conglomerate. (2 )  Interbedded- 
volcanic types Claystone wi th  
interbedded t u f f  ( l o c a l l y  predom- 
i n a n t ) ,  zgglomerate, and andes i t i c  
breccia 

a/ Names of  towns followed by coordinate locat ion .  - 
Exanple: Lin-ch 'uan (B-1) . East-west c o o r d i ~ t e s  
l e t t e r e d  A t o  F, north-seuth coordinates numbered 
1 t o  l4. 

Non-volcanic type  usually forms r o l l i n g  to moderately rugged hills with 
s lopes  genera l ly  l e s s  than L6% a few a s  s teep  a s  100%. Local r e l i e f  common- 
l y  200 t o  250 f e e t ;  maximum about LC0 fee t .  So i l  t h i n  o r  absent ;  l i t t l e  o r  
no vegetation. Steep s lopes  minutely eroded; harder sandstone l a y e r s  i n  
s t rong r e l i e f .  Areas of conglomerate o r  sandstone form sugar loafs  and o ther  
steep-sided forns  similar to topography i n  the T e r t i a r y  redbeds. Interbed- 
ded-volcanic type forms topography s i m i l a r  t o  non-volcanic type,where coarse- 
grained pyroc las t i c s  a r e  absent .  Where coarse-grained pyroc las t i c s  a r e  
dominant, u n i t  i s  very r e s i s t a n t ,  forming rocky, rugged h i l l s  with r e l i e f  
a s  g rea t  as 3,000 f e e t :  average r e l i e f  probably l e s s  than 1,000 fee t .  

--- 

The non-volcanic type c o n s i s t s  of purplish-red shale ,  green sandy shale,  
some thin-bedded sandstone and minor conglomerate, commonly basal .  Con- 
glomerate conta ins  various rock types  including hard sandstone, quartz,  
limestone, very l i t t l e  granite;  pebbles a r e  subangular t o  moderately round- 
ed. The interbedded-volcanic type va r i e s  from a f a c i e s  dominantly of 
f r a g i l e  blood-red and indigo claystone interbedded with t u f f  and arkos ic  
sandstone, t o  a f a c i e s  predominantly of a c i d  volcanic material  ( t u f f ,  t u f f -  
conglomerate, agglomerate, andes i t i c  breccia ,  and tuffaceous sandstone). 
Predominantly volcanic f a c i e s  l i e s  e a s t  of a l i n e  from Lo-k'ou-t7ang ( L 3 )  
i n  SE Kiangsi t o  Lin-ch'uan ( E l )  i n  eas te rn  Kiangsi, however, not  all 
Cretaceous redbeds e a s t  of t h i s  l i n e  a r e  o f  volcanic fac ies .  The two a r e a s  
e a s t  of Sin-ch'uan a r e  predominantly volcanic;  a rea  around Kuang-ch'ang 
(B-2) and a r e a  southeas t  o f  Hui-ch7ang (A-3)  conta in  nuch volcanic material .  
Both types  of  Cretaceous redbeds a r e  i n  p laces  veined with c a l c i t e  and 
quartz. To ta l  thickness v a r i e s  from about 3,000 to k,500 f e e t  i n .  southeast- 
e rn  Kiangsi Province 

Moderately t o  s t rong ly  folded, 
with NNE trend.  Unit r e s t r i c t e d  
t o  s t r u c t u r a l  basins. d ips  a r e  
usua l ly  l e s s  than ~ 5 6  but near- 
v e r t i c a l  d i p s  not  uncanmon near 
bas in  margins. Many normal f a u l t s  
of moderate displacement, some 
small-magnitude th rus t s .  Rocks 
commonly f rac tured  and jointed;  
l o c a l l y  sheared and brecciated.  
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For r e l i a b i l i t y  see  In t roduct ion  and R e l i a b i l i t y  Index map i n s e t  on Geology .map. 
Summary r e p o r t ;  some add i t iona l  information ava i l ab le  fo r  more d e t a i l e d  s t u d i e s  il a reas  where index map shows gsod or  exce l l en t  r e l i a b i l i t y .  

Map Unit 

J c  
JURASSIC 

COAL-BEARIItG SERIES 
AiJI) TRIASSIC (? ) SHALF 

~- ~ 

Rock Types Lithology S t ruc tu re  

Moderately hard t o  hard sandstone, Northern Fukien: Upper group o f  white, gray, and greenish  hard sandstone St,rongly folded i n  NE trend. Beds 
some s h a l e  and conglomerate. beds, with l a y e r s  of conglomerate an-l of reddish-brown, greenish-gray, and f rac tured ,  Jo in ted ,  and fau l t ed .  

black shale;  more than 3,300 f e e t  th i ck .  Lower group, 1,300-foot thickness 
of well-bedded sandstone interbedded with gray and black shale .  Thin coal  
beds. Continental  Ju rass i c .  
Eastern Kiangsi: Three groups o f b e d s ,  of about equal thic:kness, t o t a l i n g  
'2,300 t o  2,600 f e e t .  Upper group i s  sha le  with small mounts  o f  sandstone; 
wel l  developed YE of  I-huang ( & I ) ,  probably unimportant elsewhere. 
Middle and lower groups a r e  sandstone and sha le  beds; each group has basa l  
conglomerate and t h i n  coal  beds. Non-marfne Ju rass i c .  
Southeastern Kiangsi: I n  a reas  near  Jui-chin (A-3), Fting-shan (&2), and 
Tan-keng (A-2), s ec t ion  cons i s t s  of l i g h t  gray fe ldspath ic  o r  a rg i l l aceous  
sandstone, r ed  sandy shale ,  and red, green, o r  yellow shale. Thin coal  
beds a t  top. Probably Tr iass ic .  

Topographic Zmress ion  
---- 

Northern Fukien: hard sandstone forms high ridges. Lower r o l l i n g  h i l l s  on 
shale. Valleys i n  sha le  a r e  broad; i n  sandstone a reas ,  narrow and dis- 
continuous. 
Kiangsi: Low, r o l l i n g  h i l l s ,  l o c a l l y  moderately rugged. Relief  connnonly 
l e s s  than 300 f e e t ;  maximum about 600 fee t .  

PZS 
MI'DDLE AND, UPPER 

PALEOZOIC SEDIMENTARY 
ROCKS 

Hard sandstone, s o f t  t o  hard 
shale,  small  amounts of s l a t e ,  
co~g lomera te ,  q u a r t z i t e ,  and lime- 
stone. 

P h y l l i t e  and s l a t e ,  some mica 
s c h i s t ,  small amounts of thin-  
bedded q u a r t z i t e ,  thin-bedded 
sandstone, and conglomerate. 

l+-Gomprises u n a l i l e r e n t  l a t e a  map 
I areas  s l i g \ t l y  co re  rslzged; m i u o i r m  r e l i e f  o.ier 3,000 f e e t .  

I - - - - -  I - - - - -  I - - - - -  I 

These rocks rray be divided i n t o  four groups. 

I 
Strongly folded and fau l t ed  i n  

Uppermost Group: 1,100 t o  1,300 f e e t  of hard non-marine upper Permian NE trend.  Dips a r e  moderate to 
quar tz  sandstone with some interbedded black sha le  and s l a t e ,  and t h i n  coa l  overturned. Strongly jo in ted  and 
beds. Top beds o f  group genera l ly  more shaiy. I n  northern Kwangtung, f r a c t u ~ d ;  l o c a l l y  brecciated.  
lower beds o f  group a r e  hard qua r t z i t e .  I n  Kiangsi, t h i s  group i s  t h i n  
(500 t o  700 f e e t )  o r  missing. 
Second Group: k00 t o  500 f e e t  of well-bedded gray o r  black lower Permian 
l imestone m.th abundant f l i n t  nodules. I n  Kiangsi Province, t h i s  i s  under- 
l a i n  l o c a l l y  by 150 f e e t  of nassive,  white,  pure limestone. This group 
wL3ely d i s t r i b u t e d  but  outcrops i n  small  a reas  only, no s i n g l e . a r e a  being 
l a m e r  than a few square miles. 
Third Gmu : 500 t o  6.50 f e e t  o f  hard Carboniferous quartz  sandstone interbedded with gray -+ o r  l a c  sha le ,  and minor conglomerate. A few coal beds i n  Kiangsi Province. Basal 
auartz-pebble con~ lomera te  i n  Fukien Province, These beds not emosed i n  Kwangtung Trovince, 
Loaermost G r o q :  Hard quar tz  sandstone, q u a r t z i t e ,  sha le  and s l a t e ,  probably Devonian. I n  
Fukien Province t h i s  g rmp  i s  made up of 650 f e e t  of interbedded shale,  q u a r t z i t e ,  an3 
s l a t e ,  under la in  by 1,000 f e e t  of massive o r  thick-bedded f lesh-colwed hard q u a r t z i t e  with 
minor sha le  i n t e r c a l a t i o n s .  I n  Kiangsi Province the group c o n s i s t s  of hard quartzose sand- 
s tone,  thick-bedded, hard,  grayish-white q ~ a r t z i t e  and q ~ a r t z i t e  conglomerate, fine-grained 
micaceous sandstone, and some sandy shale .  Thic'mess ranges from 550 f e e t  a t  Yungfeng (A-1) 
t o  1,650 f e e t  near Hsia-chang (A-1) and 3,300 f e e t  near Lo-ktou-tang (A-3). This grou;, not 

Strongly folded and faul ted .  
Locally sheared. 

in -ch t i  ( E l )  and around I-huang (B-1). Thickness more than 3,,W 

I pKsm u n i t s  Jc  and Pzs i n  Fukien and 
PRE-CRETACEOUS Kwangtung Provinces. I n  Kiangsi 
SEDIMENTARY AND Provinces the  unit i s  oredominant- 

Forms moderately rugged t o  very  rugged mountainous country. Local r e l i e f  
commonly a few hundred t o  over 3,000 f e e t  i n  Fukien Province; somewbat l e s s  
i n  Kwangtung, and comnonly severa l  hundred t o  1,200 f e e t ,  r a r e l y  2,500 f e e t  
i n  Kiangsi. Massive q u a r t z i t e ,  probably Devonian, commonly forms rugged, 
c l i f f e d  hogback r i d g e s  of h ighes t  r e l i e f .  I n  Kiangsi, the lower Permian 
limestone l o c a l l y  forms small  i s o l a t e d  bare-rock pinnacles 100 to 200 f e e t  
high; the  a rea  north of Ao-shag and e a s t  of Hsia-chang (A-1) has t h i s  
topography. Stream va l l eys  broad i n  sha ly  p a r t s  o f  s e c t i o n ,  commonly con- 
s t r i c t e d  and discontinous i n  ha r3  sandstone o r  qua r t z i t e .  

- 
Fukien: Moderately rugged t o  rugged mountainous country; l o c a l  r e l i e f  
commonly 500 t o  1,500 f e e t .  Steep-sided r idges with s lopes of 35 t o  hS%; 
r i d g e  tops  rounded. Slopes smooth; rock outcrops r a re .  Very small streams 
i n  canyons. Larger streams have flat-bottomed val leys ,  u s  a1 l y  r a t b r  
narrow bu t  cons t r i c t ed  by rocky ledges i n  only a few places.  A few small 
l a n d s l i d ~ s .  
Kiangsi: va r i e s  from low, r o l l i n g  h i l l s  to high, rugged, mountainous 
country. Along broad areas  p a r a l l e l i n g  Kan Chiarg((A-l), Hsu Chiang ( E l ) ,  
and some of t h e i r  l a r g e r  t r i b u t a r i e s ,  p h y l l i t e  forms low r o l l i n g  h i l l s  with 
l o c a l  r e l i e f  up t o  250 f e e t .  Between these  a reas  i t  fcrrr.s nlgg?d t o ~ o ~ s r a p h g  
with l o c a l  r e l i e f  cixmnr.!.y 2s much a s  1,500 f e e t ,  rnaxi~nun 2,100 f e e t .  S-hl: 

I METAMORPHIC ROCKS l y  Map Unit pDps and includes un- I d i f f e r e n t i a t e d  Jc  ard Pzs. 

G r  
GRANITIC ROCKS 

Grani te  and g r a n i t e  gneiss ;  minor 
amounts of granodior i te ,  quartz  
d i o r i t e ,  and d i o r i t e ;  very minor 
amounts of g ran i t e  pegmatite, dia: 
base, and gabbro. May include some 
l a r g e  a reas  o f  p h y l l i t e  and mica 
s c h i s t .  

Prepared by U. S. Geological Survey 
f o r  Chief of E n a n e e r s ,  U. S. Army. 

Light-gray hornblende o r  b i o t i t e  g ran i t e  and red  porphyr i t ic  g ran i t e ,  
commonly with pronounced gneiss ic  s t r u c t u r e ,  occur as ba tho l i ths ,  stocks, 
and cupolas. Granite gneiss  present  along Fukien coas t  at.Ssu-pting.(D-k); 
probably predominant i n  map u n i t  north and west of Chien-ou (D-1). Forms 
a l l  of l i n e a r  mass southwest of Chien-yang (D-l), and western ha l f  of 
broad mass along Fukien-Kiangsi boundary northeastward fx-om Kuang-chlang 
( E 2 ) .  Large a reas  of p h y l l i t e  and mjca s c h i s t  may be  included with the  
granite-gneiss.  Granodiorite,  quartz  d i o r i t e ,  and d i o r i t e  found a s  stock*, 
d ikes ,  and s i l ls .  .%all oatches an3 dikes of g ran i t e  pegmatite i n  grani te ,  
p a r t i c u l a r l y  i n  SE Kiangsi tungsten d i s t r i c t  ( see  Mineral Resources map); 
small s i l l s  and dikes of diabase and gabbro. The rocks o f  this u n i t  vary i n  
age. The g ran i t e  gneiss  i s  poss ib ly  pre-Cambrian, The g r a n i t e  of Kiangsi 
and southern Fukien a s  f a r  north a s  the  a r e a  between Lun -yen and Ssu-ming 
(Amoy) i s  l a r g e l y  upper Jurass ic .  I n  t h e  An-chti (D-3)d area  and north- 
ward throughout Fukien, t h e  g ran i t e  in t rudes  the  r h y o l i t e  s e r i e s  and i s  
e a r l y  Ter t ia ry .  

Names of towns followed by coordinate loca t ion .  
Example: Lin-chtuan ( E l ) .  East-west coordina tes  
l e t t e r e d  A t o  F, north-south coordinates  numbered 
1 t o  L.  

NE-trending l i n e a t i o n  prominent 
over much of Fukien Region. Ex- 
t e n s i v e  large-displacement f a u l t -  
i n g  probable, Much joint if ig and 
f r ac tu r ing ,  p a r t i c u l a r l y  i n  
grani te-gneiss  a reas .  

Fukien: Commonly u n d e r b  mdera te ly  rugged t o  rugged mountainous country 
with r e l i e f  of 1,000 t o  3,000 f e e t .  Slopes com.only s t eep ,  b71t usual ly  l e s s  
than 60%. Many bare rocky slopes,  extremely rough i n  d e t a i l ;  m a y  very 
l a r g e  subrounded boulders and boulder ~ i l e s .  Dissec t ion  may be i n t r i c a t e  bu 
r idge  tops  a r e  c h a r a c t e r i s t i c a l l y  somewhat rounded; a l l  e ros ional  f e a t u r e s  
s l i g h t l y  l e s s  rugged than those on r h y o l i t e .  No evidence of erosion cont ro l  
by l i n e a r  j o i n t  o r  f r a c t u r e  system. Grani te  gneiss o r  gneiss ic  g r a n i t e  form 
topography shc~ving pronolmced YE l i n e a t i o n .  A t  Chin-am Taa (Que~noy I s l and)  
near Ssu-ming ( D - h ) ,  bare, rocky s t e e p  h i l l s  show pronounced alignment of 
small f i n s  of bare rock, and some pa ra l l e l i sm of r idges.  
E i s t e rn  Kiangd a l r i  a Fe:v Small 9 re i s  i n  Fukient Small g r a n i t e  masses a r e  
commonly ero,Zed t o ~ o w ~ ? g  h i l l s  w i t h  r e l i e f  of LOO t o  309 f e e t .  Weather 
i n g  may extend 30 f e e t  o r  more below su r face  i n  v a l l s y s  a d  on low h i l l s i d e s  
Weathered rock minutely d i s sec ted  i n t o  badlards. 
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R e l i a b i l i t ~ r  h o d  f o r  Descript ion of  Deposits, Mlnlng Methods and Treatment. Pair f o r  Access ib i l i ty ,  Q ~ l l t y  Pmduction,  P o t e n t i a l  Lmportance. Poor f o r  R e s m m s  (See t a b l e  head iwa  Lslolr). 
Sunnnary repor t ;  much addi t iona l  information ava i lab le  f o r  more a e t a l l e d  s t u d i e s  o f  sane of t h e  deposi ta .  

The FuLien Region contains  s c a t t e r e d  small d e p o s i t s  o f  non-coking bit- met r ic  tons  of a n t h r a c i t e  and semi-anthracite. K i a n ~ s i  has 65,000,000 met r ic  and Formosa. Except f o r  a fer d i s t r i c t s  c l o s e  t o  water  t r a m p o r t a t i o n ,  c o a l  
d n o u s  and a n t h r a c i t e  coa l ,  mostly J u r a s s l c  and upper Paleozoic i n  age. t o n s  of r e s e r v e s ;  mostly of poor qua l i ty .  Knangtung conthins an must move over p o r t e r  t r a i l s  o r  unimproved roads i n  mountainous country to 
Beds r a r e l y  exceed 3 f e e t  in thichness, b u t  l o c a l l y  a r e  a s  th ick  a s  11 f e e t  urrkna,,m amount of semi-anthracite. r i v e r s  along which shipment by r a f t s  or small boats is possible .  
(Chiaoking depos i t ,  No. 1 on Mineral Resources map). Except i n  the  Chien-ou 
(Tsinnine) B i s t r i o t  (NO. 3) .  minine has been non-mechanize* a l l  operat ions Data f o r  23 knom depos i t s  w e  s m a r i z e d  i n  the  t a b l e  below. 
have bee; small.  

- 
Peat of  poor q u a l i t y  is mined on t h e  coast  south of Ssu-ming f o r  l o c a l  

use. N l  information compiled d i r e c t l y  from Chinese sources. 
Reserves of ind iv idua l  deposi ts  a r e  no t  l a r g e ,  bu t  i n  the  aggregate Except along the  coas t  a d  near c o a l  deposi ts ,  wood o r  charcoal  i s  t h e  

a r e  considerable .  Deposits s tudied in Fukien conta in  over  100,000,000 p r i n c i p a l  fuel .  Normally the c o a s t a l  region is  supplied fmm northern LXna - 
COAL 

I FUKIEPI 5 , 8 0 0 , m  (1933); ca l -  
c u l a t e d  t o  depth of 
125  feet .  

Province 

Non-mechanized mining; 
p i t s  and inc l ines .  

I I Lung-yen. A few miles  I 
from miu-lung Chiang. i 

1 1 I I I 

( h e a t i n g  value 12,160 t o ' 1 2 , 6 ~  Btu. 

;:id& Map No. 

Small; consumed 
i n  nearby town 
of Chang-p'ing. 

- - 

I Kotenyl, Tachi, and Supang 
Lung-yen 

Descript ion of Deposit ~ c c e s s i b i l i t y  d ~ocation!/ 

Reduction of ash by washing .~ould  
favor  increased production. 

Semi-anthracite; high i n  ash (16.38 t o  
20.58). low i n  sulphur (0.12% t o  1.038): 

Por te r  t r a n s p o r t a t i o n  t o  bed, L t o  5 f e e t  th ick ;  dip Semi-anthracit?; ash 9.021 t o  12.02%; 
G3 Lung-pen, a b u t  8 mi to heat ing value 13,150 Btu. 

south. 

L beds dipping sblit 2 5 0 s ~ ; l o l a d  7.5 t o  
f e e t  t h i c k ;  o t h e r s  between 1 and 

5 f e e t  th ick ;  a l l  workable. 

WBed 1.5 f e e t  t h i c k  between sandstone 
and s h a l e ;  dips  150 t o  300. 

N o w  h;-t'un Ch ' i  ship- 
ment by r i v e r  boat possi-11.5 
b le  . 
I n  mountainous a r e a ;  1 
3 m i  from Chlung Ch ' i  
down which c o a l  can be 
r a f t e d  t o  Chien-yang, 
from there  moved by 
r i v e r  boat t o  Min-hou. 

1 

2 

I n  h i l l y  country between ne bed, 3 t o  5 f e e t  thick;  has con- 
12 and 18 m i  north of s i s t e n t  d i ~  of  35O. 

6 

6,3LL,000 (1933); c a l -  
cu la ted  t o  depth of 
6% f e e t .  

Q u a l i t y  

Chiaoking Shao-ru I *I 
Hsiamei Ch'ung-an Gl  

I 
! 

I 

Paisha Lung-yen , C-3 
I 

Not mined. 

Anthraci te;  3.7% aeh; heat ing value 
10,650 t o  13,bOO Btu. Fr iab le ,  but 
makes goad br ique t te .  

Anthraci te;  19.6% ash,  bu t  only 1.86% 
v o l a t i l e  matber. 

None. S t m c t u r e  regu la r ;  s u i t a b l e  f o r  small 
operatldn. Transportat ion d i i 5 i c u l t .  

Semi-anthracite. L q  coal ,  high i n  
ash (k.12% t o  22.2%). Heating value 
13,100 Btu. 

, Semi-anthracite t o  bituminous; b r i t t l e  
i o r  powdery; low i n  sulphur (0.52% t o  
0.63%); v o l a t i l e  matter  10.35% 
t o  lh.058; ash 7.55% t o  16.3% . 
Anthraci te;  ash about 9%; heat ing value 

,13,%-3 Btu. 
I 1 

(met r ic  tons)  
Reserves 

3 

4 

5 

I I 

None. S u i t a b l e  f o r  small  operation. 

B,OOO,OM) for  lowest 
bed; 15,000,OW f o r  
e n t i r e  f i e l d  (1929). 

15,000,000 (1929) 

2 m i  by l i g h t  r a i l r o a d  (Bed 3 t o  5 f e e t  thfck with sha le  roof 
t o  r i v e r  p o r t  ( t o m  not  and sandstone floor, d i p s  200 t o  300. 

5 , m , o o O  (1929) 

Probably large.  

3,0&0,0CO (1933); ca l -  
cu la ted  t o  depth of  I 650 f e e t .  

Treatment 
YLLning Y e t b i s  and 

Lishan Chien-ou 

named on map) on Tung 
Ch'i ,  where boab shipmenti 
is  possible .  

5 mi from Chang-p'ing 

Non-mechanized; p i t s  
and shaf t s .  

Non-mechanized; p i t s  
and i n c l i n e s .  

5 1  

Probably s ing le  coa l  bed l e s s  than 1.5 

8 L,660,000 (1933) ; cal-  
cu la ted  t o  depth of  
650 f e e t ;  poss ib le  ex- 
t ens ion  a r e a  t o  NB. i n  unexplored 

Semi-modern miningj 
s h a f t ,  mechanical 
ho is t ing .  Ash reduced 
by washing. 

Non-mechanized mining; 
p i t s  and i n c l i n e s .  

Non-mechanized mining; 
p i t s  and i n c l i n e s .  

Product ion 
(metrio tons)  

where boat shipment i s  f e e t  th ick ,  outcropping over consider- 
possible .  lable a r e a  i n  mountainous countrg. 

On navigable Chiu-lung h e  bed averages 1.5 f e e t  thickness;  I Chiang. low dip. 

Hsialao Lung-yen G3 Not mined. 

P o t e n t i a l  Importance 

Approxinately 100 
tons  a month. 

Output small ,  f o r  
l o c a l  consumption. 

i 

Por te r  road t o  Lung-yen, bne bed, averages 3 f e e t  i n  thickness;  Anthraci te;  8.928 ash; hea t ing  value 
7 mi t o  south;  from d i p s  200 t o  LOO. 113,500 ~ t u .  
there ,  water  t ransporta-  
t i o n  possible .  

Increase of rese rve  poss ib le  by p r o s p e c t  
ing ;  improvement i n  t r m s p o r t a t i o n  neede( 
f o r  increased production. 

Unsuited f o r  household use without rash- 
ing  to remove ash; bed too t h i n  f o r  
l a r g e  operatlon. 

Output small; 
d i s t r i c t  idha i n  
1927. 

Small, f o r  l o c a l  
use. 

S n a l l ,  consumed 
I locally. 

Hungkaoshan Lung-yen 

Depends on reduct ion of mining and 
t r a n s p o r t a t i o n  c o s t s  so t h a t  product 
can compete r i t h  m o d  fue l .  

Bed too  t h i n  for  l a rge  operation. 

Bed th in ,  ht l o c a t i o n  good; poss ib le  
a d d i t i o n a l  rese rves  i n  unexplored area 

I t o  S1. 

C-3 

9 

1 

I 
Waiyang and Supan Lung-yen 0 3  1 

Tungshan Lung-~mn C-3 1 t o  3 mi e a s t  of Lung- boal-bearing s e r i e s  outcrops over 6 sq Anthracite; b r i t t l e  and powdery; low 
yen; h i l l y  country. p i ;  s i n g l e  workable bed, 1.6 t o  5.1 1 i n  ash (11.20% t o  7 . 1 l n  and i n  sulphur 
Water t ranspor ta t ion  a t  p e t  th ick ,  d i p s  20° to LOO. (0.79% t o  l . b l % ) ;  hea t ing  value 13,100 
Lung-yen. 1 t o  13,700 Btu. 

13,770,000 (1333); c a l  Non-mechanized; p i t s  
c u l a t e d  t o  depth of and inc l ines .  1 650 f e e t ,  

1 0  

180 tons a month 
i n  1933; c o n s u e d  
l o c a l l y .  

Lungnen Lung-yen B 3  

11 I Liuhuisheh Haichen 1 D-4 

S ize  of depos i t  and f a i r  q u a l i t y  favor 
increased production. 

2.5 t o  3.5 mi west o f  >ingle workable bed 3 t o  5.7 f e e t  Anthracite, s imi la r  t o  t h a t  o f  No. 9. 
Lung-yen; poss ib le  ship- t h i c k ;  d i p s  LOO. 
ment in r i v e r  f l o r i n g  1 
across  d i s t r i c t .  i 

3,3h0,000 (1533), p i t s  
c u l a t e d  t o  depth 
f e e t .  D r i l l i n g  might 
e s t a b l i s h  add i t iona l  
reserves.  

On coa$t;boat shipment / ~ o r l z o n t a l  l a y e r  of peat  a f e n  inches Mobofsture 5.15%; ash 33.05%. 
ava i lab le .  , t o  5 f e e t  th ick ,  r e s t i n g  on lava  rock. 

Overland t r a n s p o r t a t i o n  j h o  beds, each 1.5 f e e t  th ick ,  outcrop Semi-anthracite; ash 17.5% t o  1 7 . 9 % ~  
over rugged country t o  ,in lower m u n t a i n  s lopes;  d i p  10' t o  hea t ing  value 10,b63 t o  13,587 Btu. 
Mei-hslen, 9 mi WN*. 300. 

About 100 tons  a Increased p r o d ~ t i o n  favored by l o c a t l o n  
month i n  1933; cm r e g u l a r  s t r u c t u r e ,  and p o s s i b i l i t y  of ad, 
sumed loca l ly .  d i t i o n a l  reserves.  I 

Probably small.  Non-mechanized open 

Unknown. Non-mechanized mining; 
i n c l i n e d  s h a f t s  a lang 
s t r i k e  of beds. 

I Small, consumed Economic v a u e  doubtful. 
l o c a l l y  . 

1 2  

l3 I Yanghngling Shihsing 

Unknown. 

Close t o  Mei-Chiang; umber and thickness  o f  c o a l  beds un- 
boat shipment possible .  coal-bearing s e r i e s  d ips  30° 

Thin beds and l o c a t i o n  unfavorable f o r  
development. 

1 

Semi-anthracite; coa l  very f r l a b l e ;  
ash 18.68. 

Mingshanchang Yei-hsien 

Unknown. 

5 4  

Non-mechanized; mostly 13,900 tons  i n  Poor q u a l i t y  but s u i t a b l e  f o r  household 
i n c l i n e s .  1931. use; l a r g e l y  usable  f o r  lime-burning. 

Unknown. Water t r a n s p o r t a t i o n  on o beds, each 1.5 f e e t  thick. Semi-anthracite; ash 7.6 t o  15.3%; 
Mei-Chiang possible .  heat ing value l 1 , Q O  t o  12,760 Btu. 

14 Non-mechanized mining; 
i n c l i n e d  z h d t s  along 
s t r i k e  o f  beds. 

I l5 I Tentien Yung-feng I A-2 I 29 mi NW t o  Yung-feng, ne bed, 3 f e e t  thick. 
by road. 1 

Hengchin Mei-hsien 

/ ~ n t h r a c i t e ;  ash 35.1% t o  9 .9%.  ] 25,030,000 

9,000 tons i n  
1931. 

Non-mechanized mining. Small production; Probably unimportant. I household use 

Location favorable ,  but beds th in ;  chief .  
4 used i n  liine-burning, and to a small  
e x t e n t  f o r  household use. L i t t l e  possi- 
M l i t y  o f  f u r t h e r  development. 

Non-mechanized mining. 

No da ta .  

t o  M; a t  Chi-shui, 
r a t e r  t r a n s p o r t a t i o n  on 

Taiyuan Chi-shui 

only. 

No operat ion f o r  
many years .  

No.data. 

Probaoly unimportant. 

Probably unimportant. 

8-1 

18 

19 

Tinkiang Chi-shui 1 A-1 

Non-mechanized mining. 

I 'O I Lohuchiao Feng-cheng 1 1-1 I Close t o  r a t e r  t rans-  our  beds, 1.5 t o  5 f e e t  th ick .  1 N~ da ta .  
por ta t ion .  

Heilung Chi-shui 

Takengshan Chi-shui Non-mechanized mining. 

I Non-mechanized mining, / &bout 11,000 tons  /Local  market i n  c e n t r a l  Kiangsi Psovincs. 
annually. I 

1L.030,000 17 mi NTa t o  Chi-an; ne ted ,  3 f e e t  t h i c k .  
overland t ranspor ta t ion .  

Used l o c a l l y  i n  
lime k i ln .  

Fengpo T ' sung- J en I - I 5 m i  t o  water t rans-  beds, each 1.5 f e e t  th ick ;  
por ta t ion .  t h e r s  a f o o t  o r  l e s s  i n  thickness. Eituminous; a s h  W.68 t o  5h.3%. 9,75'0,000 

No data .  

Probably a n t h a c i t e .  

Overland t r a n s p o r t a t i o n  'NO data .  
t o  Chi-shui about 13 mi 1 

A-1 

A-1 

Unimportant. 

Local use only. 

Non-mechanized mining. 1,000 tons  i n  Unimportant. 
19LO; has been 

Probably a n t h r a c i t e .  

Unimportant. 

worked comanies  by s e v e r a l  f o r  I 

Kan Chiang. 

Less than 2 m i  t o  water 
t r a n s p o r t a t i o n  on Kan 
Chiang. 

Ea te r  t ranspor ta t ion  on 
Kan Chiang, about 9 mi 
t o  west. 

I I2 I Anyuan T 'sung-jen 9 mi t o  water trans- o beds, each a f o o t  o r  l e s s  i n  Eituminous~ ash 2.5% t o  b6%. 
por ta t ion .  k i c k n e s s .  

Two beds, each 2.5 f e e t  thick.  

Four beds; one 2.5 f e e t  th ick ,  
another 3 f e e t  thick. 

Non-mechanized mining, 

No da ta .  

(continued) 

Subbituminous; ash content  LO%. 

Bituminous; ash lL.79 t o  70%. 

ove; 30 years .  

Small, f o r  l o c a l  
use. 

No data. 
1 I 1 1 I 

Reference ( r e s p e r t i v e l y )  t o  name of  deposi t  and t o  hsien (admin is t ra t ive  B i s t r l c t  roughly 
equivalent  t o  county in U.S.A.>,Capital t a m  of  hslen,  with same narc?, is usua l ly  shorn on 
map; h s i e n  boundaries not shorn. 
East-west coordinates  on Mineral Resources map l e t t e r e d  A t o  P, north-south coordinates  

2,350,000 

1,750,000 

Unimportant. 

No d a b .  23 rungahan 1-huang 

numbered 1 t o  h .  
Most d i s tqnces  taken from 

A- 2 

o r i g i n a l  Chinese 

On 1-huang Shui$ boat o da ta .  
t r a n s p o r t a t i o n  poasi- 
b l e  . 

sources; no t  

Probably bituminous. 

with 

No data. 

t h i s  base n e c e s s a r i l y  



MINERAL RESOURCES 
Reliabil i ty:  Good fnr Descrivtion of Deposits. Mining Methods and Treatment. Fai r  f o r  Accessibil i tr .  

FUKIEN REGION (CHINA) 
1 -. 

~ n a l i t i ,  Production, ~ o t e h t i a l  ~ o p o r t a n c e . ~  Poor fo r  Reserves. (See t ab le  headings below). 
Sumnary report;  much addit ional iaCormatlon available f o r  more deta i lea  utudies of som of the deposits. 

INTRODLET ION 

Resource 

The Fukien Region includes a par t  of the tungsten-producing Iron-ore deposits o f  potent ia l  importance a r e  undeveloped, largely  
d i s t r i c t  of Kiangsi Province, from which a large  pa r t  of t h e  American because of t h e i r  inaccessibil i ty.  C n d e  native furnaces however produce 
eupply b s  been derived. The tungsten deposits  are  mined by p r i m i t i w  a small amount of i p n ,  chief ly  from i ron s a d s .  
methods, but the concentration is  carried on i n  modern plants. Unti l  Other deposi ts  including lead, zinc, s i lve r ,  copper, molybdenum, 
recent ly  concentrates were shipped by a i r  t o  t h e  United States.  gold, and pyr i t e  have been mined on a small scale and some may be of 

The only other mineral material  produced i n  quanti ty is  alum potent ia l  importance. 
from deposits  i n  southeastern Chekiang, which normally provldes a large  Available data f o r  deposits  located on the  Mineral Resources map 
p a r t  of Chinese requiranents. a r e  s m a r i z e d  in the  t a b l e  below. 

IRON 

Map Nmber 

1. 

2. 

3. 

along contact between grardte  and lime- 
stone. F i w  ore  b d i e s  i n  sheets 
dipping lo0 t o  20°; l a r g e s t  with di- 
mensions 900 x 165 x 45 f t .  

Accessibil i ty 

A b u t  30 mi north of 
Hua-an) water trans- 
portat ion a t  Hua-an on 
Chiu-lung Chlang. 

A b u t  13 miles ( i n  
s t ra igh t  l i n e )  to 
Chang-p' ing. Di f f i cu l t  
overland t ranspor ta t ion 

A b u t  30 m i  NW of A n -  
ch'if d i f f i c u l t  o w -  
land transportation, 
mostly over h i l l y  and 
mountainous country. 

I I I I I I I I I 

b c a t i o d  t 

Loyang, Hua-an 

Tsaoyang, Chang-p' ing 

Pantien, An-ch'i 

4. 

A b u t  1 2  m i  by t r a i l  
and road from An-chli. 

Cocrd nates& 

C-3 

C-3 

C-3 

Description of Deposit 

Vein-like hematite d e p s i t ,  i n  w a r t z i t e  
near granite contact. Dinensions 
7,500 x 160 f t .  

Vein of magnetite between 325 and 650 f t  
long and 16  f t  d d e ;  sandstone walls. 

Replacanent b d i e s  of hematite and 
small amount of limonite; form irregu- 
l a r  pockets a d  lenses i n  sandstone. 
Of 8 known ore b d i e s ,  the Largest is 
650 x 426 x 130 f t ,  t h e  smallest 65 x 
65 x 16 f t .  

Slngle a n a l p i s  indicates  
arortnd 508. 

Contact mtamorphic deposit of magne- 
t i t e  and hematite a t  w n t a c t  between 
grani te  and limestone; ore  b d y  irregu- 
lar i n  shape, roughly 950 f t  long, up 
to 100 f t  wide. 

Ore in veins and str ingers.  

Chenti, An-ch'i 

Di f f i cu l t  access ibi l i ty ;  value of ore  
considerably decreased by abundant 
pyrite. 

Q u d l i t ~  

Averages over 45% iron. 

Rich ore, contains around 
608 i ron) probably high in 
phosphorus. 

Average 65% iron; low 
sulphur and phosphorus. 

2,000,000 

A b u t  8 mi from nearest  
water transportation 
(on Shih-klu Shui). 

c-3 

Unknown. 

Reserves 
(Metric Tons) 

12,800,000 (1933) 

400,000 (1933) 

11,506,000 (1935) 

Can be mined by open cut. 

Unknown. 

Approximately U mi 
HAT of An-cht i. 

None. 

/ Non-mechanired mining. 

Mining Methods and Treatment 

Can be mined by open cut. 

Underground mining necessary. 

Can be mined by open cut. 

80 tons concen- 
t r a t e s  produced 
between 1939 and 
1943. 

Contact metworphic deposits  of hema- 
t i t e  with some magnetite and limonite; 

Unknown. 

Product ion 
(metric tons) 

Nom. 

None. 

None 

Potent ia l  Importance 

F a i r l y  good grade but d i f f i c u l t  acces- 
sibility. 

Small reserves; d i f f i c u l t  transporta- 
tion. 

High grade of ore  ad moderately large  
reserves; o f f se t  by r e l a t i v e  inaccess- 
ibility. 

1 7. Siaolung, Taf-ho 

Single analysis indicates  
a b v e  5C$ iron. 

Approximately 9 mi 
from water transport- 
a t i o n  on Kan Chiang. 

0.4% to 128 WO3; average 
recovery 1.05%. 

None. 

22 lamwn veins, aggregate width 23 f t .  
Veins between 900 and 1,650 f t  long. 

High-grade ore, but Lnaccessible. 1,462,000 (1935) 

Production increase N s s i b l e ;  d i f f i -  
c u l t  transportation. 

Can be mined by open cut. 

P i t s  and tunnels; hand-sorting 
and jigging. 

R e s e n t  annual 
production tween 240 and be- 

300 tons ooncen- 
t r a t e s ;  in 1938, 
540 tons concen- 
t r a tes .  

S l igh t ly  less  than 2$ W03. A b u t  30 m i  eas t  of 
col lect ing s ta t ion  a t  
Hsing-ho. Boat trans- 
portation. 

No data  available. 34 known veins i n  sandstone; a lso  placer 
deposits. 

Chiefly placer mining; hand-sort- 
ing and jigging* 

3,541 t o m  con- 
centrates,  most- 
ly from placers 
( Ju ly  1941 to 
Sept 1943). 

I n  1943, a t  
r a t e  of 240 tons 
concentrates 
annually. 

Discovered 1941; probably important 
potent ia l  producer. 

High grade. 6 mi overland trans- 
portat ion to Ning-tu; 
from there by b a t  to 
xu-tu. 

A b u t  19 mi south of 
Yu-tu 

No data available. 2 veins in granite;  a l so  r i ch  placer 
deposits. 

50 discontinuous veins i n  o ra te  and 
sandstone; veins 0.45 to 2.2 f t  wide. 

P i t s  and tumels ;  hand-sorting 
and jigging; l i t t l e  work done. 

New discovery (1941)- 

10. / Shangping, Yu-tu 1 . 8-3 47,040 U03 (1942). Adits on slope of mountains a t  Began i n  1929; 
different l e  vels. large  production 

since 1936. 

Probable increase i n  production. 

11. 

I t .  

13. 

Adequate pum?ing e q u i p e n t  would pro& 
ably increase production. 

Ore pockety, high grade i n  
part ;  average bismuth con- 
t e n t  0.18. 

Pankushan, Anyuan 

Yllowan, Kuang-tse 

Hayuang, P'u-ch'eng 

LEAD, ZINC AND 
SI L r n  

225,000 W3; 5,000 Bi. 

No data. 

A-3 

C-1 

D-1 

Good: 3% lead; 48 oz/ton 
s i lver .  

I No data. Non-mecha~zed mining. Small, operated Probably exhausted. 
only i n  1912 and 
1911. 

Shafts  to 260-ft level ;  d i f f i -  
cul ty  i n  handling mine water. 

Nomchanized  mining; p i t s  and 
incl ines ,  

No data. 

Less than 2 m i  from 
m t e r  traneportation; 
reached by trail. 

30 mi trail transport- 
a t ion  SW t o  Kuang-tse 
over mountainous ooun- 
t r y  (not i n  d i r e c t  l ind.  

T r a i l  t r a n s p r t a t i o n  
22 mi NW t o  P'u-ch'eng, 
where r 3 f t  trans-porta- 

Began 1922; 288 
tons concen- 
t r a t e s  i n  1942; 
decreasing on 
account of water 

26 closely spaced veins of mlframite ,  
bismuthinite, and bismuth c a r b n a t e  i n  
sandstone; veins between 1.6 and ll.5 
f t  r i d e  form zone 3,600 ft long and 
820 f t  nide. 

Silver-bearing galena, with f l u o r i t e  and 
quartz; discontinwus narrow w i n s  i n  
granite. 

Galena vein in banded y a n i t i c  rock. 

A b u t  0.12 tons 
o re  per day.in 
1929. 

13 m i  north of Cheng-ho; 
50 m i  t r a i l  transport- 
t a t i o n  to Chien-ou 
b i n n i n g )  where water 
transportation is 
available. 

A b u t  18 mi SE of 
Cheng-ho. 48 m i  t r a i l  
t ransportation SW t o  
Chien-ou (Tsinning) 
where water transport- 
a t i o n  is  available. 

About 8 m i  t o  H n  
Chiang, on which b a t  
shipment i s  possible. 

Probably worth systematio prospecting. 

d ~ e f e r e n c e  (respectively) to name of deposit and t o  hsien (administrative d i s t r i c t  roughly equivalent t o  county i n  U. S. A,). 
Capital  town of hsien, n i t h  same name, is  usually show on map; hsien boundaries not shown. 

!d~ast-west  coordinates on Mineral Resources map l e t t e r e d  A to P, north-south coordinates numbered 1 to 4. 
9Most  d is tances  taken from or ie ina l  Chinese sources; do not necessari ly agree with t h i s  base map. 

t continued) 

Sphaleri te and galena. 

Galena vein i n  porphyry; 1 f t  tMck. 

Silver-bearing galena vein. 

No d a ~ a .  

No data. 

Poor. 

No data. 

No data. 

No data. 

Non-mechanized mining. 

Non-mechanlzed mining. 

Nowmechanized mining. 

Small; operated 
i n  1916. 

No data; deposit 
now abandoned. 

No data; deposit 
now abandoned. 

Deposit r e la t ive ly  inaccessible; 
probably poor-quality ore  and small 
reserve. 

Deposit r e la t ive ly  inaccessible; 
probably poor qua l i ty  and small re- 
serve. 

Probably not important. 



F UKI EN REGION (CH I NA) . MINERAL RESOURCES- 
ReliabiUtyr Good for  Description of Deposits, Mining Yetho3s and Treatment. Fair for Accessibility, 

Quality, Production, Potential Importance. Poor for Reserves. (See table  headings below). 
S-ry report; much additional infomation available for  more detailed studies of some of the  deposits. 

1913 to  1915. location may warrant further develop- 

, 
2 0. Laokuoshan, Chfing-ttien 8-1 43 m i  by porter road Pyrite vein i n  t u f f  beds; 16.5 f t  idde, Olod; 30$ to 708 pyrite. 750 (1934) Non-mechani zeds p i t s  a d  inclines Small. Continued production probable. 

north t o  Chfing-ttien. 65 f t  long. 

Potential Importanw 

Unknom . Production 
r-3 1 
Nb data. 

I I I I I I I I I I 

I 

28bost distances taken from original Chinese sources; do not necessarily agree with t h i s  base map. 

KMng Methods and Treatmnt 

No data. 

22. 

23. 

h e w e d  by U. S. (leologlcal Survey 

Prospects favorable; moderately 
large reserves and high-grade ore. 

Q d b '  
No data. 

Description of Deposit 

lialena and sphalerite wins  i n  lime- 
stone. 

dReference (respectively) to name of d e w s i t  and to hsien (administrative d i s t r i c t  roughly equivalent to munty in U.S.A.). 
Capital town of  hsien, n l th  same name, i s  usually shown on map; hsien bundaries not shown. 

d ~ a s t - w e s t  coordinates on Mineral Resources map le t te red  A t o  F. north-south coordinates numbered 1 to 6 .  

Fanshan, P t ing-yang 

Fu-ting, Fu-tlng 

Reserves 
(Metric Tom) 

No data. 

Taihu, Ping-yang ALUNITE 

Coordi 
n a t e d  

c-3 

b c a t i o d  

Chienkeng, Yung-chfun 

Resource 

LEAD, Z I N C  AND 
SILVER 

(continued) 

Between 2,000 and 
3.000 tons alum 

F-1 21. 

F-1 

F-1 

A c c e s s l b i l i t y ~  

Overland transport- 
ta t ion 22 m i  SW to  
Hua-an; from Hua-an 
water transportation 

Map Number 

17. 

small-bat t&nspo~-t- 
ation t o  coast i s  
possible. 

9 m i  overland trans- 
portation t o  coast. 

Less than 6 m i  from 
coast. 

Close to r iver  (not 
named on  ma^) on which 

Alunite in al tered volcania rocks. 

Alunite i n  al tered volcanfc mcks; 
productive zone approximately 600 f t  
thick, 3.6 m i  long. 

Alunite beds i n  volcanic rock; exten- 
sion of Fanshan deposit, No. 42. 

Non-mechanized; open quarry and 
pi ts :  a luni te  burned in kilns and 

Averages a b u t  208 Alfl3. Data incomplete; 
reserves  roba ably 

Aaarage ore contains 2% 
A12039 

Good; s h l l a r  t o  deposit 
No. 42. 

l e s s  t h a n  for Fanshan 
deposit (No. 42). 

255,234,000 tons alum. 

Smaller than deposit 
No. 42. 

bissolved i n  water; alum obtained 
by crystallization. 

Non-mechanized; open quarry and 
pits.  Refinement process sane as 
for  deposit No. 41. 

Non-mechanlzed; open cut and pits.  

yearly. 

Average 15,000 
tons annually. 

Between 1,000 
and 2,000 tons 
almually 

High grade, large reserves i rdicate  
great potentialit ies.  

Increased production possible. 



CLIMATE FUKIEN REGION (CHINA) 
I I 

The clfmate of the  Fukien region is varm humid temperate in 
t he  north and humid subtropical  i n  t h e  south. I n  t he  mountains of 
Fukien Province and the h i l l  lands of Kiangsi Province, t h e  climate 
i s  subject  t o  greater  variations than i n  t he  coastal  belt .  

The following is a br ief  sumnary o f  clirnatlc information. For de- 
t a i l e d  s tudies  of t h e  climate, other inte l l igence sources should be 
consulted. 

Temperatures 

( A 1 1  f igures  represent degrees F.) 

A t  t h e  coast, t he  mean monthly temperatures range only from a b u t  
55O to 85'. The mean maximum and minimum ranges f o r  t he  seasons are  a s  
follows: winter, 50° to 650j spring, 550 to 8OOj suener, 70° t o  90°j 
autumn, 600 to 850. Minimum temperatures, below 400, occur about one 
day a month i n  winter. I n  sumner, t empra tures  above 90° are  recorded 
frequently. 

I n  the  i n t e r io r ,  temperature ranges are  greater  than a t  the coast. 
I n  sumner, temperatures a r e  high, probably a b v e  90°, f o r  considerable 

Sources: Amy A i r  Forces, Headquarters, Weatkr Information Branch, General 
Cllmatic Information Guide nos. 106 and 144, 1944. 

Hurlbut, F., The Climate of Fukien Province: Fukien Christ ian Univ. 
Nat. Hist. Soc. Proc., 1 3, pp. 39-45, 1930. 

periods of time. I n  wintes , temperatures a r e  of t s n  below freeeingj 
the lowest ones probably occur in the mountains a t  the  boundary between 
Fukien and Kiangsi Provinces. 

Precipitation 

Total  precipi ta t ion is a b u t  40 to 80 inches annually. Precipi- 
t a t i o n  i s  generally higher i n  t h e  i n t e r i o r  than a t  t he  coast. The 
heaviest r a i n s  occur i n  l a t e  spring and sunmer, mainly a s  thunderstorms. 
A l a t e  sumner peak i s  reached in the coastal  area, owing t o  t o r r e n t i a l  
downpours brought by typhoons. The d r i e s t  season, with only 2 to 3 . 
inches of r a i n  per month, l a s t s  from October to February. 

Srmw i s  ra re  near the coast; it is more common i n  the high mountains 
of t he  i n t e r io r  and snow cover remains on the ground durirg the winter 
months. 

Northeast and m r t h  winds are predomimnt a t  all timerof t h e  year 
i n  t he  Min-hou (Foochow) area arld to t he  north. A t  Min-hou (Foochow), 
westerly winds a r e  a lso comnon i n  a l l  seasons. Toward the  south, in the  

Ssu-sing (~moy) area, mr theas t  and north a i d s  (monsoons) are  important 
i n  winter, but in spring and summer, south and southeast winds (monsoons) 
prevail.  Typhoons occur during the l a t e  summer i n  t he  Min-hou area and 
north . 

The humidity is high during a l l  seasons except autumn. It tends 
to in tens i fy  the physical discomfort of t h e  winter cold and summer heat. 

Data for  Min-hou and Ssu-ming 

The fol lowbg diagrams s m r i z e  data on precipitation,  tem~erature ,  
and winds for  the  Min-hou and Ssu-mLng areas. They a re  copied from 
General Climatic Id. Guides nos. 106 and 144, U. S. Amy Air Forces, 
Weather Information Branch. 
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