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ESTIMATION OF ORE CONTENT FOR LOW-TEMPERATURE 
METASOMATITES THROUGH PALEOTEMPERATURE GRADIENTS 

(DATA ON LISTVENITES-BERESITES AND ARGILLIZITES) 

(Fig. 1) 

A b s t r a c t : T h e art ic le deals wi th t h e d a t a on p a l e o t e m p e r a t u r e gra­
dients for var ious types of ore fields. The a u t h o r arr ives at a conclusion 
on t h e possibil ity of the es t imat ion of ore content for l i s tvenites-beresi tes 
and argil l izites t h r o u g h the analysis of t h e above-ment ioned d a t a a n d 
their compar i son w i t h t h e e x p e r i m e n t a l ones. 

Pe3K3Me: B CTaTbe npHBOflaTca flaHHbie, xapaKTepmyroume najieoTepMHiecKiie 
rpaatieHTbi B npeaenax pa3JMHHbtx THITOB py/iHbix noJieK. B pe3yxrbTaTe anajiH3a 3Toro 
MaTepiiana H conocTaBJieHHH ero c 3KcnepHMeHTajibHbiMn aaHHbiMH aBTop npaxoflHT 
K BblBOay O B03MOÄHOCTH OIleHKK TaKHM nyTeM pyflOHOCHOCTH JIHCTBefflITOB-6epe-
3HT0B H aprHJIJIH3HTOB. 

O u r r e c e n t t h e r m o b a r o m e t r i c s t u d y s h o w e d t h a t p a l e o t h e r m a l g r a d i e n t s v a r y 
o n q u i t e a l a r g e sca le . O w i n g t o t h i s , t h e y i n f l u e n c e e s s e n t i a l l y ( a n d s o m e t i m e s 
d e c i s i v e l y ) m e t a s o m a t i t e s f o r m a t i o n of a s e r i e s of o r e t y p e s a n d a s s o c i a t e d o n e s . 
I n t h i s p a p e r a n a t t e m p t i s m a d e t o e v a l u a t e t h e i n f l u e n c e of p a l e o g e o t h e r m a l 
g r a d i e n t s o n m e t a s o m a t i t e s f o r m a t i o n s of l i s t v e n i t e s - b e r e s i t e s a n d a g r i l l i z i t e s 
a n d t h e i r o r e - c o n t e n t . 

A s w e h a v e a l r e a d y m e n t i o n e d , v a l u e s of p a l e o g e o t h e r m a l g r a d i e n t s v a r i e d 
on q u i t e a l a r g e s c a l e f r o m 5 0 — 2 0 0 °C/100 m u p t o 5 "C.'lOO m a n d e v e n m o r e . 
T h e r m a l s p r i n g s of Y e l l o w s t o n e p a r k a r e c h a r a c t e r i z e d b y m a x i m u m v a l u e s 
g r a d i e n t s o n m e t a s o m a t i t e s f o r m a t i o n s of l i s t v e n i t e s - b e r e s i t e s a n d a r g i l l i z i t e s 
a m a t t e r of fact , f r o m m o d e r n h y d r o t h e r m a l o r e - b e a r i n g s o l u t i o n s , s u l p h i d e s 
of a s e r i e s of m e t a l s a r e d e p o s i t e d (Fig . 1; 1—3). T h e s e v a l u e s v a r y w i t h i n 
t h e l i m i t s of 50 u p t o 100 °C ( ľ H 6 m e p, 1978). V e r y h i g h v a l u e s of g e o ť h e r m a l 
g r a d i e n t s a r e c h a r a c t e r i s t i c of a c t i v e v o l c a n i s m a r e a s , e.g. B r o a d l a n d i n N e w 
Z e a l a n d (Fig . 1; 1—3), w h e r e t h e y r e a c h 50 °C/100 m (T H 6 m e p, 1978). C o m ­
p a r a b l e v a l u e s of p a l e o g e o t h e r m a l g r a d i e n t s u p t o 70 "C/100 m i T n ó u i e p , 
1978) a r e s t a t e d f r o m h o m o g e r i i z a t i o n t e m p e r a t u r e m e a s u r i n g of i n c l u s i o n s 
f r o m p o l y m e t a l l i c S y e d e p o s i t ( K u r o k o t y p e ) (Fig . 1; 2). T h i s d e p o s i t i s s i t u a t e d 
in r e c e n t C e n o z o i c o r o g e n i c r e g i o n w i t h h i g h l y d e v e l o p e d v o l c a n i c r o c k s . 

T h e r m a l c o n d i t i o n s of p o l y m e t a l l i c d e p o s i t s f o r m a t i o n s f r o m A l t a i a r e q u i t e 
w e l l s t u d i e d . T h e y r e p r e s e n t a t y p i c a l o r o g e n i c s t r u c t u r e of P a l e o z o i c a g e (Fig . 

1; 4 — 7 ) . I t is s t a t e d (III, e p 6 a H b — ľ H U m e p, 1976), t h a t p o l y m e t a l l i c d e ­
p o s i t s f r o m A l t a i a r c c h a r a c t e r i z e d b y q u i t e a v a r i e t y of t y p e s , a s s o c i a t e d 
m e t a s o m a t i c o n e s a m o n g t h e m . W e a r e s u r e t o d e t e r m i n e 4 t y p e s . R e l a t i v e l y 
h i g h - t e m p e r a t u r e d e p o s i t s q u i t e r a r e t o b e f o u n d b e l o n g t o t h e f i r s t t y p e , 
b e y o n d t h e i r l i m i t s a m p h i b o l e ( a n t h o p h y l l i t e ) m e t a s o m a t i t e s h a v e b e e n d e v e ­
l o p e d . T h e s e d e p o s i t s h a v e p a l e o g e o t h e r m a l g r a d i e n t v a l u e s w h i c h m a k e u p 
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15—20 °C/100 m (Fig 1; 5—6). Max imum tempera tu res of amphibole metaso-
mati tes formation are quite high ones, i.e. 500 -550 °C. The second type asso­
ciated with carbonate-free metasomati tes (chloritolites and sericitohtes) includes 
most of polymetall ic deposits of the given region. They have been formed 
under the conditions of paleogeothermal gradients near to 25 C/100 m (Dig. 
1- 5) Maximum formation tempera tures of sericitohtes and chloritolites are 

420 °C. The next type, being quite a 
wide-spread one, is of special interest 
since it is associated wi th typical 
l istvenites-beresites. Paleogeothermal 
gradient values, under the conditions 
of which tha t deposits have formed, 
changed in broad limits from 10 to 
40°C/100 m (Fig. 1; 4—7). Maximum 
tempera tures of these rocks' forma­
tion are ~ 330 °C. The fourth type is 
in association with metasomati tes re­
sembling argillizites, but different 
from them because of absence of cao-
linite. This type is not a wide-spread 
one and has been still established at 
only one deposit. It is characterized 
by relatively high paleogeothermal 
gradient values, i.e. 40 °C 100 (Fig. 
1; 4). Format ion tempera tures of these 
rocks do not exceed 300 °C. It is sig­
nificant, t ha t irrespective of the pre-
ore metasomatic type, and its mani ­
festation tempera tures in particular, 
ores of the deposits ment ioned have 
been formed in similar t empera tu re 
conditions, polymetllic ores having 
been formed at t empera tures lower 
than 250°—300 °C. Copper-pyrrhot i te 
ores a re characterized by somehow 
higher formation tempera tures . Simi­
lar values of paleogeothermal gra­
dients were stated in a series of gold 

and lead-zincous deposits of l istvenite-beresite type in other regions, e.g. in 

Transbaikal one. ,. 
Deposits of l istvenite-berezite and argillizite type, formed in platform condi­

tions a re characterized by other values of paleogeothermal gradients . Our ther-
mobarometr ic studies of inclusions in quar tz of Nikitovka mercury deposit 
associated with typical argillizites, showed that their max imum crystallization 
tempera tures a re 2 5 0 - 2 7 0 °C and have no essential differences, in any case 
in the interval of r~- 1000 m. These data indicate very small (and sometimes 
subtle in limited space) differences in formation tempera tures of both meta­
somatites and a veined quartz . This provides evidence for quite small values 
of paleogeothermal gradients during their formation. Quite definite but small 

3000. 

Fig 1. Paleotemperature gradients for so­
me deposits. 

Explanations: 1 - Yellowstone park; 2 
_ gye; 3 - Broadland; 4 - type 4; 5 -
type 2; 6 — type 1; 7 — type 3; 8-9 — 
Nikitovka deposit; A — experimental data 
(3 a p a n c K HÍÍ n ÄP-, 1981); B — experi­
mental data ( J o h a n n e s et al., 1968). 
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values of paleogeothermal gradients for this region are given by G o 1 o v-
c h e n k o et al. (1980), who studied inclusions homogenization t empera tu res 
in quartz of Nikitovka deposit. From their results, values of paleogeothermal 
gradients were ,— 5° C/100 m at this deposits (Fig. 1; 8). G o r o v o y et al. 
(1980) who studied samples selected from a reference hole 'bored in the central 
part of Nikitovka deposit, give still lower values of this parameters , which 
do not exceed 3.9 °C/100 m according to the results (Fig. 1; 9). B o g o m o l o v 
et al. (1981) by means of geological reconstruction and other methods have 
evaluated the value of paleogeothermal gradients for sufosalt Devonian deposits, 
i.e. for the deposits including a series of mercury ore manifestat ions, as r—-4 °C 
/100 m. Besides that, an a t tempt was made to calculate the value of paleogeo­
thermal gradient using on the one hand, max imum tempera tures of c innabar 
formation stated by the method of gas-fluid inclusions homogenization on the 
other hand, position of these deposits in the section. As soon as m a x i m u m 
crystallization tempera ture of cinnabar from ore-manifestation si tuated in the 
upper part of the section did not exceed 100 °C, and tha t from one located in 
its lower part reached 150° (sometimes even 170°), the value of paleogeothermal 
gradient may be evaluated as •— 5 °C 100 m, during crystallization of cinnabar 
within ore-manifestations, if vertical distance between these ore manifestat ions 
is not less than 1000 m. Some gold ore manifestations in this region 
associated wi th metasomati tes close to l istvenites-beresites as to their 
composition, are characterized by small values of some degrees centigrade 
per a hundred metres. From the above results it is concluded that values of 
paleogeothermal gradients during the formation of argillizite and listvenit-
-beresite types in platformic conditions, were characterized by small values not 
exceeding 5 °C 100 m. Thus, summing up the above-stated facts we may con­
clude, that hydrothermal ore deposits associated with metasomati tes of list­
venites-beresites and argillizites formations a re formed over wide range ot 
paleogeothermal gradients from 5 (or even less) up to 40 °C 100 m. 

It is known that development of listvenitization-beresitization process in 
rocks of acidic composition leads to formation of the following paragenesis : 

An unchanged rock of acid composition —>- quar tz + feldspar + chlorite —> 
—> quartz + muscovite + chlorite—*- quartz + muscovite + carbonate —> 
—> quartz + muscovite —*- quartz. 

Such rocks are t ransformed in argillization conditions as follows: 
unchanged rock of acid composition —> feldspar + quartz + chlorite —>-
—> montmori l loni te (or hydromica) + Mg-Fe carbonate + quartz —*• cao-
Linite + Mg-Fe carbonate + quartz —> caolinite + quar tz —>• quartz . 
In cases when initial rocks are represented by ultrabasi tes development of 
listvenitization-beresitization and argillization process lead to the similar 
results, i. e.: 
unchanged or serpentinised ul trabasi te —> talc —>• talc + carbonate —> 
—*- quartz + carbonate. 
It is obvious tha t some of the minerals and parageneses ment ioned may be 

used in evaluation of formation tempera tures of the rocks studied. To such 
minerals belong first of all Mg-Fe carbonates including those associated with 
quartz, which were studied by I o h a n e s (1968), W i n k l e r et al. (1969), 
by means of thermodynamic calculations and experiments . According to their 
results (see Fig. 1; A) stability of carbonates depends both on total pressure in 
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the system and on water /carbon dioxide ratio in it. F rom the group of Mg-Ca 
carbonates magnesi te has the min imum stabil i ty t empera ture which decreases 
essentially, if the former is associated wi th quartz, i. e. an association corres­
ponding to the inner zone of metasomatic column of l istvenites-beresites. 
Format ion t empera tu re of this association does not exceed 250—300° under 
moderate total pressure and relatively small content of carbon dioxide in the 
fluid. We may expect from prel iminary results tha t other things being equal, 
still lower stabili ty t empera tu res are characterist ic of magnesio-ferruginous 
and magnesio-ferruginous-calcic carbonates wide spread in the 'rocks studied. 
Format ion tempera tures of ores from listvenite-beresite type rocks, e. g. Pb-Zn 
ones, do not exceed 250—300 °C from, direct and indirect results. 

F rom minerals forming a par t of argillizites besides Mg-Fe carbonates, ar­
gillaceous minerals a re characterized by the lowest tempera tures , caolinite being 
the most studied one in this sence. Its dehydrat ion reactions were studied in 
different t ime b y A l h a u s (1966), H e m l y (1959), Z a r a i s k y et al. (1981) 
and by other scientists. Minimum stabili ty t empera tu re of this mineral at 
P = 1000 a tm got by Z a r a i s k y is 290 ± 10 °C (Fig. 1; B). Other scientists' 
data are comparable wi th the given ones. Works are also known showing tha t 
caolinite associated wi th magnesian carbonate, i. e. in association found quite 
frequently in argillizites and especially in those replacing rocks in the main 
composition, are characterized by a still lower t empera tu re stabili ty l imit not 
exceeding 250 °C at P = 1000 atm. Ores associated wi th metasomati tes of argi l-
lizite formation are also low- tempera ture ones. If we consider mercury ores, 
their formation t empera tu res got by homogenization of inclusions in cinnabar 
do not exceed 150—170 °C. 

Thus provided the decrease of mineral formation process for a given type 
of deposit occurred at 50 °C, the vertical span of metasomatic columns of 
l istvenites-beresites may vary from 5—6 km in platforms to 1 km In orogenic 
zones, a n d tha t of argillizite columns ranging from 4—5 km to 750—800 m. 
Ore intervals in these columns located in their upper parts a re 2.5 km—500 m 
for mercury ores and from 3—4 km to 500—700 m for gold and polymetallic 
ones. 

REFERENCES 

ALTHAUS, E., 1966: Die Bildung Pyrophillite und Amdalusit zwischen 2000 und 7000 
bar HjO-Druck. Naturwissenschaften (Berlin), 53, 4, pp. 31—51. 

HEMLEY, J. I., 1959: Some mineralogical equilibria in the system K20—A120;1—Si02— 
—H.O. Amer. J. Sci., 257, 4, pp. 241—271. 

JOHANNES, W., 1968: Experimente Sideritbildung aus Calcit + F e d , . Mineral, and 
Petrology, 17, pp. 155-164. 

BOrOMOJIOB, r. B. — nAHOB, B. B. — EOrOMOJIOB, K). T., 1981: O naneoTeMnepaTypHbix 
ycjTOBHax (JjopMiipoBanHH npnnsiTCKo-,IIoHeu;Koro aBJiaKorena. In: TeoTepMOMeTpbi H naneo-
TeMnepaTypubie rpailHeiiTU. HayKa, MocKBa, pp. 42—49. 

BUHKJIEP, F., 1969: rene3HC MeTaMopclwiecKHX nopofl. Mnp, MocKBa, 245 pp. 
rMBUIEP, H. A., 1978: <t>H3KKO-XHMH4eCKHe yCJIOBHit (jiOpMHpOBaHHfl HeKOTOpHX KOJMe,aaHHO-

noj"inMeTajmniiecKnx MecTopo>Kiicnnft Pyanoro Amasi. ABTopecj). flHccepT. Ha coHCKaroie y i . CT. 
KaHfl. reon. MHH. Hayic, HOBOCH6HPCK, 20 pp. 

rOJIOBHEHKO, H. T. — Mfl3b, H. H. — CHMKHB, H. A., 1980: O HeKOTopwx ycjroBHax 
<t>opMHpoBaHHH pTyTubix MecTopoJKfleHHH. In: TepMoôaporeoxHMHH H pynorene3 (MaTepnanu 
VI Bcec. coBem. no TeptvtoôaporeoxHMHH), BjraflHBOCTOK, pp. 188—192. 



P A L E O T E M P E R A T U R E GRADIENTS OF ORE FIELDS 373 

rOPOBOM, A. O. — MAHYHAPilHLi:, E. O. — XMTAPOB, fl. H., 1980: TepMo6aporeoxHMn-
MecKHe ocoôeHHocTH o6pa30BaHHa pTyTHbix pyfl HnKHTOBCKoro pyflHoro nonsi. In: TepMO-
6aporeoxnMHH n pyaorene3 (MaTepHanbi VI Bcec. coBem. no TepMoôaporeoxHMHw), BnaflH-
BOCTOK, pp. 193—199. 

3APAPICKHM, T. n . — IUAnOBAJlOB, EO. E. — EEJLHEBCKAÍI, O. H., 1981: 3KcnepnMeH-
TanbHoe HccneuoBaHHe KHonoTiioro MeTacoMaTK3Ma. Hayxa, MocKBa, 218 pp. 

UIEPEAHE, El. n . — EMEIIIEP, H. A., 1976: POJIB naneoTeMnepaTypubix rpaflHeHTOB B o6pa30-
BaHHH KOJi4eflaHH0-nonHMeTaJTJinnecKHx MecTopTOKfleHHM. In: Te3ncbi flOKJiaflOB Ha Bcec. co-
Bcm. no TepMo6aporeoxHMHH, Ycjia, pp. 37—38. 

Manuscr ip t received October 10, 1984 

The author is responsible for l anguage correctness and content . 


