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ASS OCIATI ON OF ENDOGENOUS MINERALIZATION WITH EARTHQUAKE­

PRONE INTERSECTIONS OF LlNEAMENTS l 

A .D . Gvishiani and A.I . Gorshkov 

Shmidt Institute of Ph ysics of the Earth, USSR Academy of Sciences , Mos c ow 
(Pres ented by Academician M.A. Sadovskiy, January 2 7, 198 8 ) 

We shall investigate the la tera l co r re l a t i on betwe e n e a r t hquake-p r one sites a nd 
endogeneous me t a l de p o s it s in t h r e e z one s of the Alpine Belt : t h e Gr eate r Caucasu s , 
the Western Alp s , a n d t h e Pyrene e s . 

The input dat a us e d t o e v a l u a t e thi s correl a t i o n c onsi s t e d of ident ifications 
of sites where ear t hqua k e s o f mag n i t u de M > 5. 0 are pos s ib l e . Th is ide n tification 
was based on morphostruc ture z o n i ng cha r ts, a s well a s c har ts of geological, geo­
morphological and geo physica l prop e r t i e s [1-31, and maps of mineral o ccur r ences [4-6]. 
Th e morphostructure z oning p r oc e dure u s e d to predict earth quake sites in s e i s mi c a l l y 
active mountain chains [7 , 8] i de n t i fi e s sev e r a l c a t e gories of mo r pho s t ructu r e s with 
dif ferent degrees o f tectonic a c tiv i t y, n a me l y areal mor ph o s t r u c t u r es ( mountain 
chains , meg ablocks a n d b l ock s ), as we l l as the linear zone s of t ectonic deformation 
that separate them ( i. e. , l i n e ament s ) , and points o f i nter section of the lineament s 
( n o de s). Each mor ph o st r uct r ua l categ o r y is described b y a set of indi c a to r s [7 , 8 ]. 
It has been shown [ 2 , 3 , 9 ,- 10] t ha t the epicenter s o f s t rong e arthquakes t e nd t o 
be located at nodes. Thi s c o n c lus i on has been confirmed b y microstruc tura l z on i ng 
in the Greater Ca u c as us , t he We ste r n Al p s and the Pyrene e s , where a l l e arthquake epi ­
centers with M > 5 .0 p r o v e to b e lo c ated at the interse c t ions of l i neaments. 

The problem of identifying e a r t p qu a k e - p r o ne sites i n the se reg i o n s consisted of
 
partitioning the o v erall s et o f no de ~ into high-seismi city (H) a n d l ow- s e i s mici ty (&)
 
nodes , i n which earthquakes with M > 5.0 were respect ively l i ke ly and unlikely to
 
occur.
 

The part~t~oning of the nodes in terms of the ir g eo log ica l and g eo p h y s i c a l
 
properties wa s a c c omp l ishe d with the help of the Kora-3 class ificat ion algo r i t hm (2 ,
 
3, 9] ( i n the case of the Western Alps and the Pyrenees , the n ode s were c ircles with
 
radii of 25 km centered at the points of intersection o f the axes of lineaments).
 

Figures 1 -3 are morphostructure zoning maps showing t h e resulting partitioning 
of nodes into 'c l a s s e s Hand L in the Gr eater Caucasus , the Wes te rn Alps a n d the Pyre ­
nees. The classification was based on the geolog i ca l , geo phy s~ ~ al a nd morphostruc­
tural properties of the nodes. The properties that proved to c a rry the mos t informa­
tion in all three r egions were : (1) the minimum eleva t ion i n a node (Hmin) ; (2) the 
range ~ H of height variation in a node ; (3) the comb ina t ion o f r elief types ; (4) the 
percentage of the total area occupied by "unconsolidate d " (Qu a t e r n a r y) deposits ( Q ) ; 
(5) the number (NL) of lineaments inter$ecting in a given n o de: ( 6) the number NLI 
of lineaments passing through t he area of the node; (7) the numb er NF of faults in 
the node area ; (8 ) the distance R-I from the center o f the n ode to the nearest fir s t ­
rank lineament ; (9) the distance R-II to the nearest second-rank lineament ; ( 10) the 
distance Rint from a given intersection to the nearest inter s ection of lineaments; 
(11) the Bouguer anomaly gradient (BAG); (12) the differenc e 6 BA be tween the smalle s t 
and largest values o f the Bouguer anomaly . 

Table 1 shows the characterist ic indicators o f high - s e ismicity nodes as iden­
tified by the above classification process and used to produce the partitioning shown 
in Figs . 1 to 3 . An indicator is a combination of the values of several properties 
shown in a row of the table . As Table 1 indicates, the h igh-seismicity nodes i n a l l 
three regions exhibit a high degree of tectonic fragmentat ion and high contrast of 
vertical movements . Th e high- sei smicity nodes in the Western Alps and Pyrenees a l s o 
c ontain strong nonuni f ormities at depth. 

The results o f morpho structural zo n i n g and partit ioning of the nodes into classes 
Hand L were compared wi t h the l ocations of the largest e ndogen o u s ore deposits i n 
each r egion. In the We stern Alps a n d Py r e n e es we considered deposits that a r e cur ­
r ently being worked and with yie l d s o r reserves of: more than 10' tons in the case 
of l e ad-zinc and silver ores; mo r e than 100 tons in that of uran ium ores; mo r e t han 
500 tons in the ca s e of tungsten-molybdenum ores ; more than 5 .10 5 tons in that of 

lTrans lated from: 0 sv yaz i endoge nnogo orudeneniya 5 rezul'tatami rasp oznavan i ya s eysmoopas nykh 
peresecheniy li neamentov . Ooklady Akademi i Nauk SSSR, 1989, Vol . J07 , No . l , pp. JlB-JJl . 
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Fig . 1. Simplif ied morphostructur al zoni ng c ha rt showing ide n t i f i ed nodes and me t a l deposits 
of Greater Cauca s us: 1 ) Axes of mor phostructural linea ment s (a, l0ngitudi na l , b , transverse 
lineaments); 2) Hi gh- seismic i t y nodes ; 3) Epicente r s of post-1900 eart hqua kes wi t h M > 5.5; 
Endogenous are deposits; 4 ) lead-zi nc a nd si lver ores ; 5) mercury ores ; 6) t ungs t en and 

molybdenum ore s ; 7) s tront i um ores. 

Constance[ZJ1aC.........lt b[ill2 8 3 
Lake 
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Fig. 2. Simplif ied morphostructural zo ning chart showing nodes and meta l dep os its 
of Western Alps: 1, 2 ) as in Fig. 1; 3) Epi ce n t e r s of ear thquakes wit h M > 5.0. 
Endogenous deposits : 4) lead-zinc and silver ore s; 5) strontium ores ; 6) uranium 

ores; 7) gold. 
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Tab l e 1
 

Characteristic indicators of high-seismicity nodes
 

AH, mArea Hmin. m I 
I 
I 

Combination of reli e f types R- l I a-i r 1Pint BAG 
km/iO mgal 

llBA. 
mgal

SIP I S/PU I rs I pulP 
Q.% NL NLl NF 

km 

< 27 
Caucasus < 600 > 2100 
(M> 5.5) > 2100 >20 

>5 >5 
< 600 - > 5 

>20 
>20 

Pyrenees > 1400 + 
(M> 5.0) > 2400 - < 27 > 47 
Western <;32 <;2 <65 

N Alps > 0 <2 <65 
0 

(M>5,O) < 32 0 <;65 
>3 0 <;65 
>4 <3 > 45 

Greater >5 

O. <40 > 45 
2 > 32 > 45 
2 > 32 <;3 

>2 <;3 <;2 

>10 > 3 <;40 
t 

> 10 >2 <32 

Notes. S, mountain slope ; p. piedmont plain; p~. piedmont upland ; CS. continental slopes . 

j 
I, 
! 



Fig. 3. Simpl ified morphostruc tural zoni ng chart showing nodes and ore de pos i t s of Pyre­
nees : ] - 4 ) a s in Fig. Z. Endogenous de posits; 5 ) tungsten-molybdenum ores; 6) magnesium 

or e s ; 7) ba r i um or es . 

bar i t e ore s; and 1 t o 10 t on s i n that of g o l d [5, 6) . I n t h e c ase of the Greater 
Cau c a s u s we c on s i de r e d the deposits shown on the standa r d meta l l og en i c map [4). 

We f ound t h a t 93 p e r c en t of the deposit s i n t he t h r e e regions were located 
within the morphost ruc tural nodes (see Figs. 1 to 3 ) : 80 percent of the deposit s 
were a s s o c ia t e d with nodes that had been classified a s e xh i b i t i n g high seismicity. 
Thus, we hav e clear evidenc e of a correlation between zones in which earthquakes 
wi t h M > 5 . 0 ar e likely t o occur and the s ites of endogenous mineral deposit s in 
the We s t e r n Al p s , t h e Pyr ene e s and the Gr e ater Cau c a s u s . 

The co r r e l a t i on of mi ne ra l deposits wi t h f au l t nodes has long been known [1): 
the new as p e ct o f the prese n t t r eatment { s th e f a c t that most of the depos its c on­
s i de r e d are a s s o c i a t e d wi t h potential h igh-seismi c i t y nodes and that many of t h em 
a r e the sit es of the stron gest ear thq u akes reco r de d in the above regi ons . Th is 
indicate s that metallogeny and earthqu a k e g e n e r a t i on are likely to have common tec­
tonic causes. Let us a t t empt to iden t i f y a mechani sm that could cause ea rthquak e s 
and en dogen ou s met a l de pos i ts t o be as s o c i a t e d with the s ame nodes. 

We fou n d t ha t t h e h i gh- s e i s mi c i t y no de s had a high degree of tecton ic f ra gme n ta ­
t ion and contra s t o f vert i c a l mov emen t s , indi c a ting l ow s trength of the c rust in 
the s e r e gions. By v ir t ue of t h is fact , high- sei smicity n o de s are zones of pre f e r e n ­
tial perco l a ti on of l i qu i d s a n d gas e s fr om the mantle and the activati on o f h y dro­
the rma l and o t h e r p r o c e sses t h a t g i v e rise to many types of ore deposit s . The h i gh 
perme ability of t h e cru s t i n t h e node a re a s al so tends to lead to diffe renc e s i n t h e 
de gre e of de f o rm a t i on and in t h e very nature o f tectonic stresses in t h e l i n e ame nt s 
whos e i nt e r s e c t i on s c on s titu te t he n od e s . Longitudinal lineaments are g ene ra lly 
de ep f au l t s t ha t were emp l a c e d in t h e ge osynclinal s t a g e and were reta i n e d ( o r we r e 
re juv enated ) du ring t h e orog e n i c p e ri o d when they wer e sub j e c t e d to compre s s i on wi th 
a s he a r comp on ent . Tr an s v e r s e l i n eamen t s are mos t common in orogenies o f the Recen t 
st a ge and a r e ma inly un der extensiona l o r s h e a r s tresses. Thus, durin g o rogen i c 
perio d s, a c omp l ex ge odynamic s itua t i on a r i ses at t he s i t e s of inters e c t i on o f l ine a ­
men t s ( i. e . , n o de s ), p r omot i n g i ncre a s ed mig r a t i on o f f l u i d s , which i n t u r n ma k e s 
pos s i b le mor e v i g o r ou s en do ge n ou s mi n e r a l ization than in the o t h e r segments of t h e 
l ineame n t s . Fu r thermor e , i t is al so r eported [12) t h a t mi g r a t i on of f l u i d s plays
 
an i mpor t a n t r o l e i n e a r thquake gene ra t i on .
 

Thus , ou r r e su lts i n d ica t e that t h e mo s t f av o r a b l e conditions fo r both proces ses 
Oc cu r i n n ode s a ssigned to t h e h i gh - s e i smi c i t y g roup . 
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A THREE-DIME NSION AL MO DEL OF THE ATMOSPHERE 

AND THE OCEA N IN A TYPHOON ZONE 1 

1.0. Ginis, Kh. Zh. Dikinov and A.P. Khain 

Kabar dino-Balkarskiy State University, Nal'chik, and
 
Hydromet eorological Research Center, Moscow
 

(Presented by Academician L.M. Brekhovskikh, February 2 , 1988)
 

The interaction between ocean and atmosphere is the most pronounced in powe r f u l 
tropical cyc lones (TC). There, the energy fluxes from the ocean, mainly in the form 
of latent heat, are as high as 1 to 2 kJjm 2 [1 , 2]. Much of the moistur e thereby 
ev aporated from the ocean condenses in the clouds, but about 5 percent of the liber­
a t ed energy is converted to kinetic energy of the cyclone_ . During the hurricane 
sea son , about 20 percent of the Northern Hemisphere's atmospheric kine tic energy is 
gener ated in TC zones [3]. 

The sea surface temperature (SST), which largely governs the rate s of surface 
ev aporation, as well as the convective stability of the atmosphere, directly affects 
t he intensity of the cyclonic circulation. especially during the early period of its 
development. On the other hand the friction of hurricane-strength winds against the 
ocean surface induces a significant rearrangement of the thermodynami c structure of 
its upper layer, so its surface temperature decreases. Tropical cyclones leave behind 
them a zone of vortex and wave disturbance with a width of as much as a few hundred 
kilometers (TC wake), in which the SST variations are of the order of several degrees. 
If a tropical cyclone remains stationary (or moves very slowly) for 1 to 2 days, then 
find ( f r om observations [4 , 5] and numerica l calculations [6]) that a cyclonic circu­
lation of synoptic scale is generat ed in the underlying ocean. This synoptic cir ­
culation, as well as the cyclone wake, persist for several weeks after the storm has 
passed. 

The decrease in the surface temp erature of the sea under the cyclone may weaken
 
the latter. The effect of this feedback was estimated in [7]. But the model of the
 
ocean- atmosphere interaction described in [ 7] was of a limited potential because
 

lTrans1at ed from: Tr ekhme r na ya model ' atm0sfery i okeana v zone tayfuna. Uoklady Akademii
 
:-lauk SSSR. 1989, \'01. 307 , No.2, pp , 333-337 .
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