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- A PRELIMINARY SUMMARY OF'HYDROLOGICAL SURVEY WORK
OF A CERTAIN LEAD MINE IN YUNNAN PROVINCE

- COMMUNIST CHINA -

[Following is the translation of an article
written by the 300 Brigade Gegloglcal Sec-
tion in Ti=-chih yu K'an-t'an (Geology and
Prospecting), No. 7, Peiping, 8 April 1960,
PP 1i-14,] -

Hydrological survey is one of the geochemical pros-

-pécting methods. Ite main principle 1s the study and uti-
'~ lizatlon of the rate of hydrologieal changes, caused by
. ore deposits, to map out the abnormal hydrologlcal areas,

According to our experilences, hydrologiscal survey
1s economical, fast (Table 1 includes field and analytical
test activities), and its abnormal area can be applied to
study the detall content of metal distribution in an un-
known erea and to serve as a geochemlcal basis for deposit

survey and geological survey, Hydrological survey can great-
‘ly economize on manpower and meierial resources in an en-

tire area's non-keypoint metal gurvey and geological survey.
It 18 an excellent method to implement the epirit .of the gen-
eral line in overall mining-prospecting, ‘

Table 1

i1ype of Survey - Scale Unit Time Reguired Cost Reguired

Metal Survey 1:50,000  km? 4 day/team - 180 yuan
Hydrological | - S '
Survey - ¢ - 1i50,000 km® 1 day/team 40 yuan



I. Ore Dgposit Geolosical and Hydro-Geologlcal Conditlons

- 4, Ore devosit geolozical conditions:

The ore deposit of this lead mine is mostly formed
along the shear zone of the igneous rock contact structure
and related structure and remalns in the lgneous rocks and
in the neighboring seandy shales, It ls a compllcated for-
mation, With the exception of a portion of the mining dis-
trict containing a very small amount 6f sphalerite and chal-
copyrite with no industrial importarce, the structure of
the metal deposit has certaln characteristiss. Most of the
mineral is galena, basically bblonging to the single lead
ore deposit, but with a strons pyritlization, - Pyrite appears
in scattered spots and in small velns, distributed among
the ore and eroded in the surrounding rock., The lead ore
deposlit in the whole district 1s classified intd three pre-
liminary ore deposit types:

(1) The lead ore may occur in silts (kaolinizatlon
and sericization), chalcopyritized porphyritic syenite and
fine veins of impregnation lead deposit in porphyrilitic sye-
nite igneous breccia. It exists in either the shape of enor-
mous kidney heans or in grouped parallel closed mineral
veins, The depth of the zone of oxiﬂizauion 1s about 20<70
neters.

| (2) The lead ore may occur in large veln lead de-
posit ‘that exists in carbonate and pyrite and in barite
sericite quartz sandstone. The deposit is found along the
vein-gshaped prophyritic syenite contact zone in the sedl-

- mentary rocks and in closed flssure group that are parallel

~to the contact zone. It shows many high-degree dibp angles
. and a re1ative1y long strike, but the lead deposit shows
very strong expansion and contraction. The metalllc miner-
als are sulphides and the z me of oxidizatlon is about 20-
50 meters. The large structure of the indlvidual ore de-
posit may reash the depth of more than a 100 meters.,

' (3) The lead ore may occur in the laminate-like
’1ead mine in the carbonatized clay shale., The mode of oc=-
currence is similar to the strata of the earth, The ore
deposit appears to be in the shape of a large kidney bean,
with a relatively gradual dip angle. The ores are mostly
composed of oxidized minerals, principally of cerussite,
lead-iron alum, anglesite, and lead phosphate chloride
but a small amount of galena, In regard to the development
of the ore denosit, as showvn 1In debosit prospecting data,
the ore deposit's zone of oxidization has a depth that may
be greater than 200 meters.



2, Ore deposit hydro-geological conditions:

The rocks in this mining area are principally com-
posed of cretaceous igneous rocks and triassic-jurassic
sandy shale. @Generally, they are dense and hard with a re-
latively low pprocsity which is not continuous. The rocks
basically are impermeable and non~hydrous, so they are not
found in a completely well-watered stratum but in the
structure of shear zone which contains structural crevasse
water, Thus, this forms a structural shear zone that is
generally similar to a structurally water-containing shear
zone, The amount of water welling up from the rocks is
rather small.(0,1-10 litres/second) and 89 litres/second
maximum. The main source of underground water is rain water.
Because the surface soil is very thick, 1t is not a very
good source for water supply. The chemical properties of
the underground water are mainly characterized by the pre-
sence of bl-carbonrnates of sodium and calcium, The under-
ground water in the neighboring ére deposit and the mineral-
ized area contains bicarbonates of sodium sulfate and cal-
clum silfate. The general conditions are shown in Figure 1,

In this area, from the standpoint of hydrological
survey, the hydro-geological factors in this mining area
are very favorable because:

(1) The topography is of moderate fault, with a
speciflc altltude generally of 100-300 meters and a relative-
ly well-developed water network, most of which is rather
demsely distributed into streams that have a medium amount
of flow at a moderate flow rate., According to the "Ni-i-man"
[Nieman? ] method, the density of water network is 394M per
square kilometer, These factors are advantageous to samplings
for hydrological survey.

(2) The underground water of this mining area is
mainly composed of structural crevasse water, Because the
ore deposlt 1s located in the structural shear zone, the
orportunity for contact between metallic ore deposit and
underground water 1ls Increased, resulting in the fomration
of lead mineral lons, which are not easily dissolved in
water and which produce hydrologlcal abnormalities,

(3) The rate and amount of the undersground water,
with the exception of individual area where they may be
higher or greater, are both generally low and small. The
water replacement reaction is weak and slow, enabling that
small amount of metals dissolved in the water to attaln a
certain degree of rich concentration,

(4) The underground water of the non-mineralized
area 1n the entire mining district is primarily sodium-
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calcium blcarbonates, with a relatively strong alkalinity,
enabling the neutral and weak acldic water that contains a
small amount of metalllic element to produce a more obvious
hydrological abnormality. . ' o

11, Hydrolomical Gharacteristics of the Mining
‘District and Geolomical Effeots of Hydrologiecal survey

- (1) According to the study of a simple hydrological
analyslis and the résults of an analysis of the micro-elefients
in the water, it has been 'assumed that the underground water
in this mining district possesses the following characteristics:

A, The mining district's backeround water and
mineralized water (the abnormal water induced by the ore de=
posit) show an obvious difference in chemical composition.
Especially the mineralized water shows an obvious increase
of lead lon and sulfate ilon, and a ¥elative increase in the
specific value contained in sulfate lon and chlorine ion and
a relative decrease of PH value. The increase and decrease
of chlorine ion is not very obvicus. It has been assumed
that this is affected by the depth of the underground water
and that the amount of chlorine ion is greater in underground
water of greater depth than that in the underground water of
lesser depth. The average chemical combination of mineralized
water and background water is shown in Table 2,

Tadle 2
Quantity ppt+ S04”
Type of Value Value
Water CAve., Max. Min, Avg. Max. Min,
Mineral- 96,8 200.0 30.0 0.86 3,72 0.20
ized
Background O 0 0 0.80 0.20 0
(2nd half S0x— /o1” H
of table) V a l u e V 8 1 u e
Ave. Max. Min, Ave, Max, Min,
27.05 92.00 5.0 TelO 8.00 5.80
1.78 5.00 0 8.81 10.00 8.00
Note: Unit for PH* is gram/liter; unit for 804— is milligram

equivalent/liter,



, B. (a) From the chemical analysis in this mining dis-
trict, the neutral and weak' acidic water, belonging to the
mineralized water, besides the ovbious increase of lead lon,
have an obvlious abnormality in the other auxillary prospect-
ing indications. Thls shows a definite relationsnip between
the amount of lead ion and the abnormality. It is clearly
shown that the abnormal amount is caused by the. influence
of ore deposit. Then, it is possible to use hydrolozical
survey as a means to prospect lead mines in this district.

! . (b) In this district, the underzround water is
poth igneous and sedimeéntary rockts shows different values of
abnormality and background of Bhemical composition., The dif-
- ferent values are shown in Table 3.
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3. PH value: 1In this mining district, the Ph value
is inversely proportional to the amount of lead lon 1in the
ore deposit water and it ranges from 5.8-8. It is higher
in sedimentary rocks than that in igneous rocks, but both
are weak-acidic and neutral waters because the rocks in this
district are themselves of a higher allkalinity. The lower
PH value in ore deposit water 1s the principal reason for
the lead 1lon not moving very far and of low value,

, (3) Geclogical effect of hydrological survey in the
mining area: , o '

The geological effect of hydrological survey for pros-
pecting of lead mine in this district is tveéry goode The re-
sult of a hydrolozical survey map of a scale of 1:%0,000
figures out not only the formation of the already known
mining area, which basically conforms with the hydrological
abnormal area, but also discovers some new areas of abnorma=-
lity. As shown in Figure 2, in the experimental dilstrict,
there are discoversd six abnormal arezs; among them Nos. II,
VI, V are new mlning areas discovered through the use of the
hydrological survey methocd. Owing to the lack of detalled
gecloglieal survey znd ensgineering investigation data, the
relation betwesn ore depcsit and abnormality has not yet
been cliearly known,

No, I abnormal area principally reflects the hydro-
logical abnormzlity of the largest ore depcsit in the mining
district., The abnormal water spots are scattered alcng the
contast shear zone between the ignecus and sedimentary rocks,
Because the formaticn of the abnormal area basically core-
forma with the formation of the ore deposit and because the
water gpots ars scaltered in the lgneous rocks, the amcunt
contained in priancipal and auxiliary prospecting indicatlons
are good and noxmale

No¢, III abnornal area reflects the hydrologlcal abnor-
mal conditions of the prineipal vein-shape lead minz within
the district. 7The existing formatlon of the ebnormal area
1s quite similar to that of both the known ore deposit and
the sitruetural zone., Bevause the surrounding rocks are
mainiy sandstone and sandy shale that contain rich water ori-
ginating from the structural crevasses, the underground water
hasg a stronger replacement reaction. The ore deposit shows
a higher degree of dip angle, and the amount of lead lon is
similar, Some of the water that contains a strong dilution,
though it flows directly to the ore deposit, shows no exist-
ence of lesad icn, but only the auxiliary prospecting indica-
tions show out clearly, forming many lead normal areas, which
are &8 spot=like vacant areas inside the lead abnormal area.



No., IV abnormal area: The abnormality of the water
in this area is proved to be normal by the known conditions
of ore deposit. The formatlion of the abnormal area follows
the curves of the ore deposit and structure, forming the
shape of " ", :

IIT, Field and Indoor WOrking,Methods and Data
Compilatiocn in Hvdrolosical Survey

1., lethod of water sampling and cdense concentration
of sampling in field work:

In this mining district, the scale used for hydrolo<
gical survey is 1:50,000. Because it 1s keypoint testing
and the geologlcal structure of the area ls complicated,
water sampling is taken from not less than two points per
square kilometer, which is slightly higher than general re-
quirement, But Judging from the stand point that in this dis-
trict the amount of lead ion is not great, lead lon cannot
move far and the geological structure 1ls complicated, the
number of points fér water sampling in the 1:50,000 scale
for hydrological investigation, should be increased to 3=3.6
water samplings per square kilometer.

Principles for water sampling points selection and
distribution:

(1) Water sample is mainly taken from underground
water(from drilling, pit, well and spring), another source
is surface water. It is preferred that the sampel is ob~-
tained from surface water which is slosely originating from
underground water. Generally, most of the samplesg are taken
from the intersection of streams where amount and rate of
flow are not very great.

(2) Uniform distribution of water points is necessary
since ‘it 1s essential for accurate locating of the abnormal
area, But the water sample should be taken from the most im-
portant geological contact area or rock areas which contain
certain amounts of minerals so that the results of water sam-
Ple analysis may be fully utilized.

Field water sampling, according to the different items
of analysis, can be classified into two kinds as follows:

(1) Samples for simple analysis of water characteristics:
Items to be determined for this kind of samples are SOy,~~,
Cl, Ph value, and the degrce of mineralization. Only 100 CC
of water sample 1s needed for the dctermination of PH valuc
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and C1” in fleld work. Determination of'SO4" is perform-
ed in the laboratory.

(2) Samples for the determination of small amount of

heavy wetal: Elements such as Cu, Pb, and Zn are determin-
ed by chemical method, the determination for Mo, V, Co, Ni,
- Ag, and Sn are performed through the use of spectrum tech-
nigque. The amount of samples required for the determina-
tion of Cu, Pb and Zn is recommended at a volumé of 1,000
ce while ‘that for spectrum analysis will be of 2,000 CG.

'The procedure and method for the simple analysis of
water characteristics follow general requirements. ' In the
progcedure following the dirention toward the-upper streanm,
observations should be made Over geological and hydrologi-
cal conditions and a reasonable arrangement of the locations
for the water sampling points should be made. Then samples
are taken step by step along the direction toward the upper
stream, Samples are stored in glass bottles, On the top
of. each bottle, an air ‘space of 5-10 CC is maintained and
the bottles are stopped with rubber or soft-wood plugs. Be-
fore taking the samplings, the bottles are washed with clean
.water three times, next with hydrochlorine acld once, and
finally with distilled water once.

’ - The method of sampling for heavy metal micro-analysis
1s the same ag mentloned above. However, in order to faci-
litate transportation, this brig ade used the combined efw
fect of precipitation and dense conhent ration by adding ca-
dium sulfate and calcilum chloride into the sample. The
volume of sample after precipitation and dense concentra-
tion treatment is measured about 25 CC The weight of the
sample 1s greatly reduced about 40-80 times. This reduc-
tion of weight considerably cuts down the time and labor
required for transgportation. Obviously, it gives advantage
to the work of hydrological survey.

B Revarding the manipulat on of precipitation and dense
--concentration of cadium sulfate and calcium chloride, a re-
ference paper "Micro-Determination and Lense Concentration

rof Metallio Ions in Natural Water" is available (Ti-chih

yu K'an-tfan, No. 7, 1959), reported by the Analytical Sec-
tion, Prosnecting Research Department, Geological Ministry.

- In fileld tests, to avoid prouertv change of the. sam-
-ple, this team used calcium carbonate for the precipitating
"and dense concentration method instead of cadium sulfate
and calcium chloride dense concentration method, Meanwhile,
when the amount of sodium carbonate was increased in water
up to 15 CC, the time required for precipitation is reduced
1from 30 minutes to 8 and 25 minutes, |
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2, Method for the analysis of water sample:

The simple analysis of water sample is performed by
‘the ordinary simple analysis wmethod., Heavy metallic ele-
ments such as lead, copper and zinc are determlined with
satisfactory results by the colorimetric method which is
recommended by the Analytic Sectlon, Prospectinp Department,
Geological Ministry. ‘

3. Data collection and compilauion'

. The work of hydrologlcai prospecting in mining en-
gineering is still in its preliminary stage: Data are col-
lected and compiled on & 81mn1*fied basis t6 form a map
of hydrological abnormality, oilly confined to lead -ion and
some other auxiliary prospecting indications.s The items
_,needed for this purpose are shown as Pollows.

(1) Recordinﬂ cable for Vateﬂ sampling:

Sample Location. of Tyve of Water - Time Required
No, Sampling - Sample for Samuling
1 - 3 _ 4
Condition  Hydro-geociogical  Geological - Treatnent
- for Conditions of Hy- Conditions of of
Sempling droug Stratun Water Source Szuple
5 6 \ 7 8

, , This table is designated for collecting records of
out-door sampling conditions and the reo;ogical conditions
of the surrounding rocks. The records made under the items
in the table will be used as original data for the formation
of a hydrclogical map., Item No. 5 1s used for recording
depth, temperature, and other conditlons of water source
(the amount of dirt and condition of use) and conditions

of climate, ete., Item No., 6 1s used for recording the

name of hydrous stratum, type of underground water, condi=-
tions for drainage and relations with hjdrous stratum., Item
No, 7 1s used for recording conditions of ground surface of
water source, characteristics of water crevasse and other
related geological conditions, Item Jo. 8 1s used for re-
cording weight of water sample, method of dense collectlon,
dense concentration and the weizht of the sample after being
dried.

12



(2 Recording table for hydrologleal analysils:

N [I' i A : ‘ .
. Recults of Hydrological Anzlysis _
» i s ,
' Indicstors | Spestrun Anslysis Resulbs Aux, Indicators Remarks
\No | Ov | Po | Zn | Mo|Ag | Co| M| V ! “80, | S04/C1| pH
i 2| sl a s |6l r s ]e o] 2.3 p w15

The records listed on this table will bhe used as

s principal comprehensive informetion for the formation

- of & hydrologieal map, based on the comprehensive col-

i pllation of analytical results and water sample records.
e

Under ltem No. 1%, name of hydrous afratum, conditions
of water source, type of underground waisr and charac-
teristles of water crevaszes are recorded.

The lecatlons and nunhers of sampling are marked
on the hydrologlcal or geologleal map and represented
by swmall circlez, Within these smsll clircles, draw
lines with different colors to indleate the dlfferent
degrees of abnormality of the chemlcal composition of
prineipal and avxillary prospectlng lndleatlons., Ac-
cording to ithe characteristica of geologlical structure
and regularlity of minerslization, the areas of differw
ant degrees of abuormallty arve markaed on the map, ofw
fering the information for evaluatlon of the mine in
the future.
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