Bixth tnternationsi Symposium on Salt, 1683— Vol |

Salt Inatitute

Borate Minerals in Salt Lake Deposits at Chaidamu Basin,
China

Qian Zigiang and Xuan Zhigiang
institute of Genlogy, Ministry of Chemical Lrdustry,
Zhuo Xicer Coairty, Heibel, Peopies Republic of Chime

ABSTRACT

There are many inlond rich borewn salt Inkes in the north mar-
gin of Chaidamu Busin. such as Dachaidon, Xiachaidon and Ma-
kai Lakes, which formed in later Pleistocene. The main sources
of borun materiuls are from the hot springs and mud volcanoes.
Surfuce brines and fnrercrvsiaiiine brines in the sult fakes are
MyeSO subtype. B0, cantent averages abawt 2000 mg/l, up to
5206 mgs maxtmum. Borate orve bodics of the lake botrom and
the tuke skhore ocone in differens deposited layers of selrs. The
main bovate minerals ure pinnoiie and wlexite, the urhers ure
hydroboracize, Kurnakovite, faderire, carboborite, macallis-
terite, hungehaoite and minor borux, which sccur in fhe lake

shore ondy. Borate minercls are assoviated with different solts
sueh as calolite, aragonite, gypsum., halite, mirvabiltte, thendr-
dite, glauberite, hydroglaubertie, bloedite, epsomite, schoeniie
and nklonskovile.

Acrarding to the studies of morphology and vecurrence of the
karate ore hodivs and paragenesis relationship of minerals, &
wirs found that barate minerals of saft fake are nol common eva-
poritic minerals, The results of observition and experiment
show that rich hovon brines during the desalingtion are ofien
associated with the precipitation of borate.

IXNTRODUCTION

Many researchers for 2 long time have poticed that bo-
rate minerals can be associated with other salt minerals
of different solubilities, occurring in different stages of
salt separation. Van't Hoff and Nikulaev ef o/, found,
during the experiment on brine evaporation, thal the be-
ron content of the brine was constantly increasing as
evaporation wenf on, but no borate separated ouf even at
the eutectic point. As early as 1940, Nikulaev and Koma-
kov made the sutectic brine further concentrated by
means of isothermal evaporation, but still no borate min-
evals appeared cven when the B,0; content reached 4%,
Laler, Valyashko (1962} held a eutectic brine with B,0;,
content of 1.2% in a quiet state for four years. at which
point he found some white borate magnesium had precip-
ttated and which was called ‘eutectic borate.” The facts
show that borate minerals, different from other ordinary
salt minerals, are not simple evapor-deposited minerals.

Based on study of the borate minerals in Qinghai saline
fakes, the authors believe that the formation of horate is
closefy related to the desalination of boron beating brine.
In this paper, the important function of hydrolyzation to
the borate sedimentation is going to be discussed; we

hope it will be helpful to understanding the origin of bo-
rate minerals in certain anclent salt deposits.

GENERAL STATEMENT

Quaternary saline lakes in Chaidamu Basin Qinghai
Province are widely distributed. Buz lakes rich in boron
with borate sediment are confined to the northern margin
of the basin, such as Dachaidan Lake, Xiaochaidan Lake
and Mahat Lake, among which the former two are the
most typical {(Figure {).

These boron-rich saline lakes were formed in Lawe
Pleistoeene. The main resources of boron-bearing mate-
rials are closely retated to the hot springs and mud volca-
noes which are still aetive, Water of the lakes and inter-
crystalline brine belong to the MeS0, sub-tvpe, salinity
generally being 320 10 350 /1 and B,O4 content in brine
between 2000 and 5200 mg/l. Besides a high boran con-
tent, these lakes also contain many other useful elements
such as K, Mg, Li, (Table 1},

Sedimentary borate bodices in saline lakes ocenr both at
the bottom and within the shore salt sediments. The bot-
tom borate bodies lie in the sequences of salt-mud-bear-
ing gypsum, mirobilite and halite, The main ore bed of
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Figure 1, Distribelion of Satine Lakes in Chaidamu Basin, Qinghal
TAHLE
Chemical Composition of Boron-rich Safine Lake of Chaidamu Basin
B0, LIt Br
Composition Sampling
1G/L} Na Mg K Ca @ SO, HCU; CO, Salinity (Ma/L) Dates
Dachaidan:
surface 100,23 1728 562 0,31 18602 3062 — - 3404 52025 177601 1400 7. 5971
brine 10639 12,28 402 042 18657 22.47 — e 3325 26491 10836 T0.0 H-9.1971
inter R3,50 2112 385 (.21 197,33 32,86 0.6S 013 34384 23846 23019 1072 4-R. 1963
crvstalline 30.47 152.62
brine 63.43 56F 0.2 36,17 0.84 (.44 30082 27635 23264 434 "
Xian-
chaidan:
surface 108,20 13,30 326 -~  1BAST 2247 —_ ~ 13400 37293 — 46.0 5.1859
brine 43 50 557 140 -~ I80R0 3744 — - 26,71 36000 280.7 208 71959
Mahat:
infer-
cryatalbine 102,10 1216 148 094 (3707 1946 — - 282,41 5408 Wy — 5.1958
brine

the shore horate deposi is exposed, being the most recent
boron-bearing ted. Although the distribution range of
the latter is limited 1is grade is higher and easy to mine.

GENERAL CHARACTERISTICS OF THE BORATYE
MINERALS

The principai features of borate minerals in boron-rich
saline lakes north of Chaidamu Basin are listed in Table 2
(mineral crystalography can be secn in Figure 1 to 7).
These minerals are mainly compeosed of borates of Mg,
Cu/Mg and Na/Ca. Up to now no borate containing only

Ca has been found. All of themy, without exception, are
hydrated borates. Except for carboborite, having CQy',
the above mentioned borate minerals have no additional
anion, Based on their structure chemistry, the borate
minerals ave nothing bat ali poly-borates in a hydrated
statc. The bagic structiral unit of boron is B-Q triangle
and B-O tetrghedron, one being linked with the others
through H-band to form complicated borate polyanions.
According to the structure analysis, we can see that pin-
noite is two-B borare, kurnakovite, inderite and hvdrobo-
racite are three-B borate, hungchaoite and borax are
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TABLE 2 i

Chemical aud Physical Characters of the Borate Minerals in Qinghat Salinc Lakes

Crystal- ¢
chemicul Cryst. system & Cotour & X-dilfr, % )
Mincrals for. velf paraméter luster Marpho. H&S.G Cleav. Optic chiar.  strong lines L
pirnois Mu(PrOUOH),) terragonal noncolour, columuaar 3.5(H) — uniaxial 7.6346)
{photo a) C43-P4y ox white or  elongated 22754 (4 3390100
P/ Mia7.624, aray; along C- Me 1.576 0 3159 ¢
cR.19A;, Z=4 glassy axis No. 1.58% 23149
hungchavite Ma(B,0GH),).  tricknic white, fine- - biaxial 4.07(10)
tphota b)  8HL,0 Por Pl grav; grained Ng 14899 3.34(9}
a10.650, b8.8OS, carthy aggrogute 2 M 14851 2.902010) £
<7889 108" .59 1.70-1.73 Np. [.4413 2.734(9) g
GEO3® 44, 97711 15.G) PAIRT N ¥
macal- Mgy { B O trigomal same as same as the  2.5(H) e uniaxial R.B0(16)
listerite (OH) . all.546 the above  above 1.855.G) Mo 1,504 4.08(i0) :
{phow h)  9H,O c35.562; Ne 1459 33610}
z=b 3.2
mnderite My(B;0:(0H)X). morociinic non-colovr  needle or 2.5(H) perfect biaxial £.69(10)
{photo c}  5HL0 C5,-P2,7A v white;  columnar 1.78- clear Ng 1.5035 3.02(9)
al2.12, h13.18, glassy elongated 1.79 (1103 Nm 1.4920 3.36(10}
¢B. K3, C-axis 5.G (001} Np 1.4387 2. 944{8)
S104 49, Z=2 2V 37782 !
kusnakovite Mg{BO{0H)). triclinic noncolour  thick 3(H) median biaxial 71201
{phota d}  SH0 Cl-P1; ab.44 hghtyeliow; tahular 647 {011} Ng 1.5245 5.3%{R) ?
bl18.68, B.36; ylassy (8.6} poor My 13100 4.94(10)
Z-1 {01 Np 14208 3,16(9) :
a 106%.04, 2V 80° ;
2108232
TIR¥ 10
borax NaaB.Os{OH)g). monoclinic norgotoutr; short 2-25(H}  perfect biaxial 4.92(7)
8H,0 0/ glagsy columear 1.7158 {100) Ny 14709  3.955(6)
ath.4,blo.63 (5.G) median Noy 1.4458 252509
€12.32. (10} Np 14664 2.559(10)
100235 2V 39758
F=4
ulexiia NuCa{B;GAOH)). trickinic non-colour needle & T.5(H) perfect biaxial 12,3110}
(photo el  3H,O CLP1 white; sitky fabric 1.953% {01 Ng 1.5184 7818
a8 81, b12.84, elongated {(5.G} Median Mm 1.3054 5 9N0)
c6.68 C-axds {110} Np 1.4790  4.12(6)
200V 157 poor 2V 78Y
A9 14 (113
~105%05°
ATy
Hydrobora- €aMg{B,0;4 monockinic earth veliow: radial 2H) pertect blaxiat 6.71(B)
cite {OH) . C3,-P2/C ear(ley peletoid 2.167 (016} Ng 1.572  5.728)
iphoto £ 3H;0 all.54, aggrepate (5.G.) median Nm 1.5836  2.449%10)
£6.54, {160} Np 1,521 2.210(9)
hCRE 2VEO©-40°
B102°50°
Z=2
carbehorite MgCa(COsh monaclinic noncelour, wedge-fike 2{H} perfect biaxial 363010
(photo g)  (BIOHY): CRp-P2, /N, fight brown: 2,108 (jon Ng 1.5693 4315010
AH5(0 alt.05, ha 68 glassy (5.G.} chear Nm 1.5439 3.136(8)
«10.69, {11} Np 15009 2.160(8)
SEH°48° Paor PAUNFEN
Z=1 {101y




188

 boron-bearing carbonate
/ conerediong,

= AP Esiterons Ty S

Figare 2. Croys-section of the Borate Ore Bedy in Xiao-
chaidan Saline Lake {schematic)

four-B borate, ulexite is five-B borate, and macallisterite
is six-B borate {Table 2.

Most of the borate minerals, according to their occur
ences, are primary sediments from saline water. Carbo-
borite is a mineral of secondary transformation. Borax
resuits from the evaporation of shore B-hearing underwa-
ter which moves upward to the surface by capillarity, The
baron ore body in the Jake bottom is mainly composed of
pinnoite and ulexite, while the shore boron ore body is of
hydroboracite and ulexite. Some other borate minerals
are found only onshore and are limited in distribution.
Minerals associated with borate are commonly carhon-
ate, gypsum, halite, mirabilite, schoenite and bloedite;
besides these, there are also glauberite, hydro-glauberite,
epsomite, thepardite, uklonshovite and so on. Obviously
these minerals were formed at various stages of salt sepa-
vation {See Figures 4a-g).

Sixth Internationai Symposium on Salt, 1933~ Vol |

RELATIONSHIP BETWEEN FORMATION OF
BORATE MINERALS AND ACTIVITY OF FRESH
WATER

At present, the Qinghai saline lakes are still evolving
and developing, and sedimentation and inversion of some
borate minerais is stitl going on. Some noticeable phono-
mena noticed during our work are tmportant in the un-
derstanding of borate deposition.

In exploration, pinnoite-ulexite ore bodies at the bot-
toms of both Dachaidan and Xiaochaidan were consid-
ered as stratoid bodies or large lenses. However, mining
of the Xiaochaidan bottom deposit showed that although
these so-called stratoid ore bodies had certain deposi-
tional horizons, actaally they were isclated ore bodies in
the shape of pails, pans, and nests. Marphelogically,
many bodies were similar to karst caps, and at the lower
part of the hodies one or several 'roots,” big or small, zsu-
ally cortd be scen; these might be the channels of up-
ward-moving springs (Figure 2), Wall rock of the mineral
bodies are formed by horizonialiy-bedded gypsiferous
clavs, This phenomenon shows that the formation of ho-
rate bedies is related (o the upwelling activity of the un-
derground fresh water.

Relation between the distribution of borate minerals
and artesian spring activity is more conspicuons at the
shore borate area, on the easiern part of Dachaidan
Lake. This area is located at a spring-overtlew zone along
the piedmont of Dakendaban Mountain, There are stitl
plenty of artesian springs af present in the area and its
adjecent surroundings. The diffusion range of the up-

Figure 3. Boric Polvanions and Curresponding Borate Minerals

Poliyanton Structural Type Corresponding Mineral

(B0 (OH,) ! Sborgite

1A + T NK{HSO(,{OH)4) - 3[‘120
santite
K(BSDG{DHM B EHFO

(B0 OH) ! ameghinite:

1A 4T NalB:O3(0H)

(B0 012 barax

248 v 2T Na(B4D:{OHYy) - BH.O
hungchacite
Mg{B45(0H)Yy) - THO
tincalcomite
Nﬂ{B4(_)5(OH}4} N 3}‘220

{B;0:{0H3s) 2 inderite

A4 2T Mg(B"}O'{(OH]E;J " SH.:O
kurnakevite
Mg{B5(3{OHj5) - SHLO
inyoite
(‘a(B303{()H)5}3 M 41’1?0
inderborits

CaMg(B40,(0H):}; - 6H;0
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a, Pumoiie Crystal X 1250 b. Hungchaoite and Macallisterite Crystais X 1250 .';:

TR

e. EHexite Crystal X 640 f. Hydroboracite Crystal % 640

Figare 4. SEM Photographs of the various minerals discussed in the text.
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g Carboborite Crysial X 224

Figare 4.

Figure 5. Appearance of an Upwelling Spring, White—Bo-
rate Minerals, Dark— Salf Incrustation

ward-moving springs differs from place to place from sev-
sral hundred sguare meters to several sguare meters.
Within the area we can find white sinters composed of
hungchaoite and macallisterite around the upwelling
spring and its bottom (Figure 5). The general spring wa-
ter salinity is 12,1536 g/1, which is much lower than the
340.19 g/! of the comparable lake surface saline water.

(continued}

Cation Ca content of the spring is typically higher than
that of the lake surface saline water, but B,0O; content of
the two is close {Table 3). Hungchaoite lies directly above
the gypsum-hydroboracite unit, Is thickness is from 0.5
em to 1 em. Fust above the hungehaoite is abont G4 emto
0.8 cm of macallisterite. Within the shore gypsum- hydro-
boracite upit, there is intercrystalline saline water the
composition of which is close to that of the lake-surface
saline water. The aceumulaiion of hungchacite and ma-
caliisterite s clearly the result of the lower mineralized
spring water acting an intercrystaliine brine water than

that of the brine cvaporation and concentration, 5o, the:

process of desalination of B-bearing brine is of consider-
able importance to the formation of natural borate min-
erals.

RELATIONSHIP BETWEEN EXISTING STATE OF
BORON IN SOLUTION AND STRUCTURAL
CHARACYERS OF HYDRO-BORATE
MINERALS

in hydro-borate, B-O triangte and B-O tetrahedron are
joined together by H-band into complicated polyanions.

TABLE 3
Chemical Composition of Lpwelling Spring Water of East Onshore Ore Aren and Lake Water of Dachaidan Saline Lake
Composition . . '_S;aﬁnity
(Mg/L)} K Na Mg Ca o) SO, | HCO, (0, B0, 5.6, G/
apwelling 4776 1400.45 BILT1 0652 131608 461815 38441 68411 21775 10001 7 12156

spring water

surface 461493 100179.04 16489.2 45290 18584732 2725615 2770.32- .- 28667, L2136 340.19

raling water
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Because the joining of H with (BOP~ and (BO.P ™ is so
stable that common metallic cations can not exist by re-
placing H in boric avid molecule, thercfore, they act upon
each other {o furm complicaied minerals with different
composition. The existance of borate polyanious i hy-
drated form decides the basic character of the resulting
hydro-borate. The formation of ihese anions is depen-
dent om the chemical nature of boron and its behavior in
solution (1982, Gao and Li).

fn a water solution, boric acid is a Lewis-Lype acid, uc-
cepting electrons but not providing protons, sc it is easily
hydrodized. The hydrated materials that formed arc po-
tymerized and become complicated polyanions. Boron is
chatiged into a state of coordination number surplus by
the hvdrofization, and this is faveurable to the formation
of borate minerals. ln solution, the greater the quantity
of horte acid and water, the faster the hydrohization wili
take place.

The degree of complexing and mode of boren precipi-
tation is closely refated to the pH of solution. Experiroent
{fngri, 1962) shows that boron is in the form of H,BO, in
an acid solution with a pH lower than 3, but it is in the
form of (B(OH),)'~ when the pH is greater than 12.5.
The exisiance mode of boron changes in accordance with
the concentrations of boron when the solution pH is be-
tween 5 and 12,5, When the conceniration of solution is
below G.025M, boren is in the forms of H{BO;) and
(B(OHY; 7, but when concentration is greater than
G.025M various muiti-boron polyanions ocenr, such as
(B:O,{0HL) 7, (B0:{0H)) . (ByO4{OH) ¥~ and
{BO(OH)L) . Studies have revesled that all these po-
Iyantons have been found in the crystalline structures of
the related borate minerals (Figare J3; also see Cheist and
Clark, 1977). Thesc experiments, however, are basically
made in a low-salinity soludon, without consideration of
the fact that polymerization wouid mteunsify in a high-sa-
linity solution. For instance, the existance of much neu-
froi-szht can increase the dissociation of boric acid and
form more complicated horate pelvanioins,

The pH value of the brine in the Qinghai boron-rich
saline takes is about 7 o 9. In the process of evaporation
and sall separation, the MgCl; content Increases con-
stantly and hydrolization is intense, forming Mg (OH) Ct
and suline water with a gradual increase in acidity. The
pH value of eutectic saline water may decrease to about 5.
There no natural co-saturated saline water existing in the
salt fakes. The salé lake saline waters are weakly alkaline,
different from the high alkalinity and B-rich carbonate
sakine lakes in Xizany, and according to Table I the mo-
lzr concentration of boron in saline water are aft higher
than 0.025 M, respectively being 0.031 and 0.037M, The
experimental information mentioned above shows that
boton in saline water should be of hyvdrated maulti-me-
clesses pelyanions. This is why nearly all saft lake borate
minerals of Chaidamu Basin are poly-hydrated borates.
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SEDMENTARY CONDITIONS OF BORATE
MINERALS IN SALT LAKE

In natural waters boron {ends to be divergent. Evapo-
ration of water bady s the necessary condition for boven
concentration in large quantity, bui evaporation itself
cannol dircetly lead boron (o precipitate from sohution,
Polymerizaiion of hydrared boric acid polvanions in sa-
Hne waters are constantly accelerated with the evapora
iton and concentration. Even if theye are co-precipitated
metallic cations, nu precipization will occur to this super-
saturated complicated polyanions. Facts show that the

addition of {resh water or low-salinity water may force the,

formation of borate minerais, for natural saline water is
desalinated by the addition of fresh warters. This desali-
nation process can increase the speed of horic acid hydro-
lization, decrease the comcentration of hydrolysate and
slow down the reaciion speed toward opposile dircction
and equilibriom becomes favourable to the direction of
separation of borate. Because desalination of saline water
can take place at any stage of salt scparation, borate can
usually be asseciared with other salt minerals of quite dif-
ferent solubility.

Boraie minerals are formed in the process of desalina-
tion of boron-bearing saline water, which has been con-
firmed by gealogical eccurrence of borate minerals in cer-
tains potash deposits in the world. For mstance, in the
Sali Springs porash deposit, New Brunswick, Canada
{Anderle er 2, 1979), Iaminated and nedular borate min-
erals occur in the Cossidy Lake formation within a haliie
member which is above the potash member. The miner-
als are nsually accompanied by green mudstone and grey
anhydrite which reflect the environment of desalination.
There arc somue similar characters v the Khorat potash
deposit in ‘Thailand as well.

The fact that desalination speeds the deposition of bo-
rate minerals Is important for studying borate formation
copditions. but it is not the only factor. Low-tfemperatiire
refrigeration can also promote borate precipitation.
which can be confirmed by association of borate minerals
and cook-loving minerats such as mivabilite in Qinghai sa-
line lakes. Boron-rich brine which remains guiet for a
long period can also permit separation of borate miner-
als. The “quict condition™ can oceur with boron-bearing
intercrystalline brine, which can form disseminated bo-
rate minerais with a salt bed hut this problem will not be
discussed any turther hege.

ACKNOWLERGMENT
The anthor expresses his heartfelt thanks fo Ms Li Haoran,
Ms Ji Hong and Mr. Cao Kaichun for their heip.
REFERENCES

Arderle. 3, P el al, 1973, Potash at Sale Spring, New Bruns-
wick. Econ, Geol,, V. T4:389-306.

s TN b

bt



192

Christ, C. L. and §. R, Clark. 1977, A Crystal-chemical Classifi-
cation of Borate Structures with Emphasis on Hydrated Bo-
rvates. Phys. Chem, Minerals: p 39-87,

Gao Shiyang and Li Bingxiao. 1952, Borate Minerals {n Safine
Lake un the Qinghai-Xirang Plateau. Acta Finer, Sinica, No.
2, 106-112.

Sixth international Sympasium on Sait, 1983—Val. |

Ingei, N. 1962, Equifibrium Studies of Polyanions. Acta
Chem. Scand., V. 16(2) 439-448.

Valvashko, M. {1 1962, Geovhemical Regularity in the Forma-
tion of Potash Salt Deposirs. Moskva Univ. (in Russian).

£ T

R,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

