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eSe Snkolov

State Institute of Mining ~ntl
Chermicnl Haw Material
Minigtry for Chemical Industry USSR

Geolozicl prospectins wd surveyis - “perations to £iaY o pochemicn] ores are
carried csut on ~ larwe s=erle in the Scoviet Union.  The ~orrect oricntation ~nt! proper

conduct of thesc operntions is ensiuwed by scientific precdicticn of likely ‘istricts,

creas wad sectors.  The scientific basis fror sredioting the cuistenee [T - 1 chemienl
are Jepasits is the determiiv-~tion of +hoe ceclogienl Iwus suverain t their formation ~nd

~

location.

agrochemical ores ars mincrals from which fertilizers ape produced.  The most
important nre apatites, phospiinrites, potissium s~lts, and enlphur. Ia'‘ustri-l
Aeposits of aarochemical ores ~re represeated by the followin: genetic types: “prtites-
maaanting earbonntite, wenthered, metamorphic; phosphorites - watkered, sclimentary;

potnssium salts - scdimentary; sulphur - voleanic ~n weathered.

| Throwgh study of ngrochemionl ore Jennsits and the resions in which they occur

it

it h~s been possible te determine tlieir ~stent - sore fields, belts, basins, anld
? ) ]

!
| 17 The vicis an? spinicns expressc.” in this prper are those of the ~uthor and 35 not
& nceessarily reflect the vicws of the sceretarint of WIDO.  This dacumernt has hecen

~

reproducce’ without formni o-'itin.,
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previncos. Tt hee 0 boewm posciTic toocstoblish the basice 1nwe governing the

+ . + -

tractiree, forsotio ant lieation of ~grochemical orce depesits (mAmnt oymenic,

LRREEEES Bl S U

ot onle, strotiocre b, freieslithols -ienl, mincradogico=acochomien], cted) on the

b~~i1z  f which ~ritcrit £ r prolictin such Jeposits have been worked out,

AN 4 "

The ~olo -1l oses for predictin: and progpectins for Jepnsits include mramatic,

gtructuro-tcct nic, ctroti~rophic, facics-lithologienl, formnti nal, palaengraaic,

miacrilo miev==achemicn., 2’ atler fhetors. Sims of agrochemicnl ore deposits mny

be cuterse, aurc Les arets of ridatiom, and isntopic, ~cochemieal, geomorphclsazicnd,

;/xophysieal, nd ~hor indichtisus.
In sivlyin: the lwwa sovernin: v dopasit location and working cut criterin
«coloreicnl dnta accumulated by Scviet

f r prcdicting deposits, usc is »lsn made of
The prcdiction

spcecindiste 1n sto lyins ~rocaemict]l nre deposits in other countries.
ns 1

eriterin ~nd moth o'n owhicd hove hoon wrerked out ean therefore v 1so be recommended

~ulde for ore deposit prospectine wrl surveying operations in the “eveloping countrics.
The scicntifiz prediction of agroohemical crc deposits takes concrete form in‘kbo
rreparation of prediction maps on different scnles, showing nreas with different
demees of probanility f the existense of 1rrochemical cre deposile, which providc

~ reliable scientific basie for prospectin~ £or new deporsits,

e ——————— Ty
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We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.




The chemisation of agriculture in our country is progres-

sing at a tremendous ratvo, calling for an accelerated growth of

55,400,000 tons /arbitrary unit/ and in 197, according to the
Directives of the 24th Coungress of the Communist Party of the
Soviet Union, will total 90,000,000 tons.

The minoral fertilizer industry is developing on the bdasis
of agronoamical oxre reosources, as it is accepted to call minerel
resources used in aineral fertiliser production. They include
phosphate raw paterials /apatites and phosphorites, potassiua
salts, calcareous rock for liming soil/ ores used for producing
microfertiliterns /boric, molibdenum, copper, etc./. And finally
there are sulphur and nulnhur-containing raw materials for obtain-
ing great quantities of snlphuric acid used in the production of
mineral fertilizers particularly phosphorous.

Prospeoting and geological exploration work is being car~

ried out to an ever—-increasing exteant in order to provide indus-
t=y with resources of agronomical ores. It should be stated

that in this respect Soviet geolugists began from an almost com-
pletely barren plain, figuratively speaking. Deposits of potas-

l
the production of mineral fertilizers, which in 1970 constituted {
siua salts and apatites wore altogether unknown. The knowledge




of phosphoritas runs sulpnar sae Lixited snly to very small de-
posits whick w:rc voliiitively ctracted. Phosphorous fertili-
zers and gvlphwe 5.4 inoike nain cxported.

Geologica) aimlovaiica ok bigun in the USSR resulted in
the discovery ol rur21ons VDY Lourm coposits of ogronomiocal ores
such as the ¥uibir’ _naiivis, ok Xere--fau phosphorites, the
Verkhnekemsk wna Stuwcbiask potassiun calt doposits, the Pre-
carpathian sulphur=p iy Saein, na wull e a grout many others.
Th? boundlecss exp. .o o1 cur country aud the rapidly in-
greasing scepe ot prorocrcaiil] ana cixploracion worlk nocessitated
a subhatansiated (-oad o Sude vark, which 45 2roured by the
sclentific pradicticn of persmecctive diciriety ond ervas,

Pre-procp cting »rryroetie crrvloratisag e2o0 %0 be on inde-
pendent ntege of roolemien) vk arnnd with smocific methods,
This work 1s corsetoa ovy k' »»uxeencly” operating oxploring
parties, .3 2 o ult ¢ dateiled. goologlcal atuiics of the
country exdl the dircov.wr of wosé of thy easily dotooted surface
deposits, cnd es mornasting vonk consaguently becams gore oom=
Plicated and cost=cor - .ay, peogiac.eic oxploration work grew
increasinyly izporier’,

Prognosiic vork on nreouerical ores proved extremely fruit-
ful and led to the dicva .y cf rary new aroas, deposits and evea
eantire basins, Thls ccaeidorablr raised the affectivity of pros—

pecting and exploraticn wvor. The ala of this report is to give

knowledge of tho practice, throretical basis and methods of the
scientific forecasting of pcrsycetive areas to b2 explored for
deposits cof ccrtain typ2s of agronouical ores - phosphorites,
apatites and sulphur,

The predictic: of perspective aveas %o be cxplorsd for
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. is scientifically based on the finding of the geological laws

established for deposits of pPhosphorites, apatites and sulphur,
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deposits of agronomical ores, as well as other useful minerals,

of their formation and location. |
Discussed below are the laws that have concretely been

and the sciantific criterion and methods of predicting deposits
of these ores.

{

0f the world reserves of phosphate raw materials, which
are roughly estimated at $2,000,000,000 tons P205, more than

95% are Phosphorites. Numerous phosphorite deposits have deen

discovered in the UBm. including such large ones of world sig~
niticanco as the Kara-Tau phophorite basin,

‘Many areas of the USSR, in the Buropean part of the Soviet
Union and Central Asia, are highly perspective as phosphorite-
bearing regions. These areas are being explored on an ever-
increasing scale, such vork requiring a scientifically-grounded
trend, rational methods and greater effectivity,

All this, coupled w»ith a rapidly growing demand for phos-
phate fertilisers, and, consequently, for raw material reserves
used in producing them accounts for the fact that for a long
time in the USSR much attention has been puid to prognostic work
in the search for phosphorites. Considerable success hias been
achieved in this field, primarily because this work has been

based on a profound theoretical study of the hn of the forma-

tion of phophori*es.
It is known that the generally recognized chemogenic theory
of phosphorite formation as a result of ‘phosphate settling in
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shelf regions from rising deep sea water abounding in dissol-
ved phosphorus was evolved in the Soviet Union by A.V. Kosakov,
The formational classification of phophorite deposits
worked out by N.S. Shatsky and his detailed analysis of the
geotectonic conditions of their formatiomn constituted a signi-
ficant coatridbution in the theory of phosphate geology. He
distinguished three basic groups of phosphorite - bearing
formations: voloano-siliceous, the main phosphorite deposit of
which Skalistye Gori /Rocky Mounteins, Kare-Tauw/ originated
under niogeosynclinal conditionsy terrigenocus-carbonate-plat-
fora=like /granulated phosphorites of Africa and the Middle
Bast/ and glauconitic, that is platform-like, including septa-

‘rium phosphorite deposits.
The outstanding lithologist N.M. Strakhov ascertained

the appropriate climatic conditions under which phosphorites
form and showed that the concentration of phopphom in humid
sones is attenuated and represented by lean septarian and shelly
 phosphorites, whereas under arid conditions the sedimentation
of phosphorus compounds were intensive and characterised by
the formation of prolific deposits of ooliti o-microgranular
massive /Rocky Mountains, Ksre-Teu/ and granular /North Africs,
Middle East/ phosphorites, |

The worlgof B.M. Eimmelfark, and particularly his fundamen-
7m work on the classification and laws of the disposition of
phosphorites in the USSR, enjoy great popularity emong geolo~
.siot-. His works generalise comprehemsive material and the

praoctice of the study of Soviet deposits and provide a theo-

retical basis of prognostic methods.
The theory of the evolution of phosphorite formation in
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the Earth’'s geological history which was evolved by N.A.

Krasilnikova is of great theoretical importance for prognostic
purposes. It showed that in Pre-Cambrian times phosphorite be-

came deposited chemically as a result of volcenic phosphorus.
Subsequent stages were marked by biochemogenic, in addition to

chemogenic, sedimentation of phosphorus, and the depths of the
ocean bocm more mortmt as a souroo of phosphorus, The prin-
cipal feature of tho evolution of phoaphorite formation was the
transition froa predominantly geosymlinal conditions to platform-
like conditions with a considerable change of the types of phos~
phoritu and phosphoritc-»bouins formations.

All thuo and nny other essential thooroticnl olnboution
nade it poniblo to establish the following 1au ot tho fomtion
and dilpolition of phosphorites, which cout:l.tutcd a rirl bllil
upon which rjliable geological prerequisites for prognostica-
ting and .qu‘zo'hing for them could be substantiatied.

Ihe stretigrephic correlation of large phosphate deposits

on & planetary scale and in aeparate regions with a relatively
saall numbder of subqwisiéns of the sooch;-onologionl column, to
which belong: |

. The Proterosoic and the late Pre-Cembrian eras, including
the sedimentary metamoryhic deposits in China /Buyshun, Khaichow/,
the recently explored deposits of Gamer-Kotri and others in
India /Rejasthan/.

Iower and Middle Cambrian -'xara-‘rau, Altai-Sayan region,

the Khudbsugal dopoéit /Mongolian People’s Rapublic/, southern

China, Maw Kok /Democratic Republic of Vietnam, Duchess and
other deposits in Australia.

The Ordovician period -~ the Baltic Basin, the Siberian
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platform, Tennessee /USA/.

The Permian system - Rocky Mountains.,

Upper Juvassic - lower Crustaceous - Vyatsko-Kamckoye,
Yegoryevak.

Upper Crustaceous - Aktyubinsk, deposits of tis area of the
Buropean part of the USSR, deposits of Turkey, Syria, Jordan,
Isreal, Saudi Arabia, United Aradb Repudblic, Moroocco,

Paleogene -~ Iraq, Syria, Tunisia, Algeria, Norocco, Westera
Sabora, Senegal.

Neogen - Plorida, Peru, |

The main phosphorite reserves /exceeding 90K/ are comceantra~
ted in only five stratigraphic subdivisions;

Paleogene - 45%, Upper Crustaceous - 18%, Cambrian - 12%,
Petaian - 10§ and Neogene ~ 8%,

Thus the knowledge of the geological age of rock already
mekes it possible to estimate the perspectives of the presence
of phosphorite and of prognosis for phosphorite prospecting.

Phosphorites are sea deposits, but they form only under
very specifioc gonﬁitionn of shelf stretching between a land
coast and coastal riparian zone on the one hand and a dseper
sea sone usually represented by carbonate sediments on the other,

The compiling of paleogeographical maps for the correspond-
ing strgtigraphic subdivisions with an indication of the above-
mentioned zones and a specification of the character and depth
of the basin where the sediment accumulates, the relief of its
bottom, the direction of drift of terrigenic -atoriil. among
many other things, maikes it possible to lay out aru; where |
phosphorite was most likely to form in the past,

The employment of paleogrephical prerequisites is a neces-
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u“'x'y and very importunt means of prognosticatihg phosphorites.

" The relationsiitp of phosphorite formation and .certain oli-
matic conditions should be considered as part of the paleogeoc-
grephical law of the distridution of phosphorites, but aleo as
being of delf-suffieing importance. This ‘relationship is par- .
tiewlarly dpparent in.newiy-formed mesoksinosoic phosphorites
of the jp’l\.m:'fm:n typs, the formation of which originated in -
brond opicontinental basins,

" As mentionwd’ ‘above the most diitensive formation of phos~
phorico”c;géufl in uid-clmto zonds, wheress this process is
oonﬂ.dulbly attomutod under conditions of humid climate.

™i¥‘application of this palecélimatic prerequisite is of

| special WOrtnncc in coﬁiilins prognostic meps of large regions
and ‘diakes it possible to greatly Hirrow down the area where

w ¥y

phonphoritu are most likely to be found,

Ono of the most mportnnt prerequisites for progmostic and
prospecting purpcses in the natural relation of phosphorites
with rocks specifidally of lithologiocal composition. BEven oa
& planetary séale the three principal types of phosphorites -
massive I"'stra%fﬁod"/. granular and septarien are related to
three types of firmations of moutein rock, namely, dolomite-
311'35“'0'0*'\{3’. terrigénno ~/~siliceous-/-carbonate and glauconitic,

“However, ‘the Yithograpiic lew of tiie location of phoapho
rites is also eéxtremely evident within relétively limited areas
lnd""'is a reliable prerequisite for forecasting and prospecting,
as well as for &é'lihcating‘ areas containing arendceous, care
bonate -111ceou§"dnd otheér types ‘of rock. This law makes it
possible to nark out uo‘aia where phosphorites are 'zost likely
to be found and also to uccurately predict the typo of phonpho-
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rites that ce be expected, which consequently makes it possible
to establish the gesological and economic parameters of the fore-
casted deposit.

The formation and location of various types of phosphorites,
excepting paleoclimatic, paleogeographical and other comditions
already considered, are to & great extent determined by the gpo-
tectonic structure which directly influence the sedimentation
regine.

Thus the geosynclinal regime is favourabls to the thickest
and most concentrated phosphate sccummlation amd the formation
of prolific oolitic ajorogrenular massive phospherites of the
Eara-Tau Sype which fora im the extermal troughs of geosynclines
of the so-called miogeosyri.inss. Jormiag in the internal seo-
tioms of the geosymclines /eugsosynclimes/, to which, for imstanoce
Siberian phosphorite deposits im the Altai-Seysn Regiom are con-
tined, are massive phosphorites of a slightly differeat thim-
orystalline type which do mot reader such concentrated acoums-
lations as is the case with miogeosynclinal phosphorites. _

Sedimentations under conditions of consolidated platforms
are manifested by phosphorites of an essentially different type.
They are thinner but usually extend over very broad areas. Par-
ticularly favourable are external slopes of amcient platfosms
on which extensive epicoatimental basis existed over lengthy
periods, which, under other fawursble conditions, gave rise
to sedimentation of enormous amasses of granular-type phospho-
rites. The latter usually resulted in the formation of eatire

series of phosphorite beds intermittently manifested by not
one, but several contiguous stratigraphic subdivisions. A
vivid example of platform-like phosphorites of this kimnd are
the deposits in North Africa, the Middle East, Florida, North
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and South Carolina, as well as many others. These phosphorite-
bearing basins alone coniuain over >5% of the world's phosphorite
reserves.

Poorer septarian phosphorites form under slightly different,
however nonetheless platform-like géotectonic, conditions. They
alse are characterized by great areal extent but are confined to
an intraplatform-like structure, as to syneclise slopes, for
example. In this case, the phoaphorite-forming basins were of
& more midland character and their shelves were not 80 droadly
and directly comnnected with the worldss ocean. The superim-
position on these structural and geotectonic conditions of a
humid climate, as was the case in the Jurnu;.go-.c;::;f::u'ge g::érgn
on the Russian platform, resulted in a greatly slackened'and in
the origin of widely spread but lean septarian phosphorites.

To these bslong the deposits in Vyatsko~Kamsk, Yegorevsk and
Aktyubinsk, as well as a great many other deposits of this
region, ,

The geotectonic movement of the lithosphere in the phosr
phorite~-forming period brought about yet another geclogic~l law
of particular importance to Phoaphorite forecasting, namely,
the relation of phosphorites with the cessation of sedimentation
and with transgressions. The intervals in sections of geologi=-
cal stratifications are quite clearly maniferted, often being
retained in the form of basal pebble~conglomeratic layers which
constitute an important prospecting criterion and have many times

led to the discovery of new deposits, |
In this respect the discovery by N.A. Kresilnikova of the

very first, Katangsk, phosphorite deposit in Siberia is exem~
plary.




In the initial period of phospborite prospecting in Sidberia,
when absolutely no information vias on hand as to where or in
which deposits they were to be looked for, it was decided to use
this criterion of comnection between phosphorites and basal cong-
lomerates and to revise collections wade available by preceding
expeditions. The upshot was that Ordovician conglomerates show-
ing signs of phosphation were found anong specimens in leningrad.
A search party sent to sxplore the area subsequontly detected a
widespread horison of phosphorites.

In addition to the laws and prerequisites already discussed
extensive use for phosphorite procpecting purposes is also made
of ainero-geochemical prospecting criteria, to which, belong
phosphation dispersion haloes in bdedrocks and the mantle of soil,
the paregenetic association of phosphorites with manganese miner-
als and glauconite, heightened concentrations of vanadium, organie
substances, etc. An important and widely used criterion is the
commonly heightening radiocactivity of phosphorites end certain
other nuclear-geophysicel proparties inherent in them, making it
possible to employ not only terrestrial redicactivation prospec-
ting but also asrogeophysical nethods cllowing extensive areas
to be taken in.

Proceeding from the foregoing laws of the formation and
location of phosphorites anl ths geological, geochemical and
geoophysical prospecting criteria that follow therefrom, scienti-
fically founded methods of forecasting phosphorite deposits, which
have found concrete expression in the compiling of prognostic

aaps of different scales.
Prognostic maps are developed with the aid of an entire set
of intermediary maps usually made up to estimate the possibdle
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content of phosphorite proceeding from individual or several
closely related geological prognostic prerequisites.

Accordingly, paleotectonic, facio-lithological and paleo-
geographical maps are coapiled for interesting strstigraphioc
subdivisions. Naturally, a prognostic map must be based on s
geological map of the district, the scale of which is somewhat
larger than that of the compiled prognostic map. A geological
Bap, &8 & rule, is heavily dotted with all the phosphorite and
minero-geochemical manifestations already kmown in the ares.
Reflected on such maps either separately are geophysical anomalies
or other prognostic and assessment criteria. ,

Prognostic work is not confined only to the laborstory; it
is always socompanied by field studies of the corresponding ter-
ritory, during which a detailed study is made of sections of
the moat interesting deposits. Purthermore, additional material
is collected to accurately define the tectonic lithologicel and
and other distinctive features of the area.

A detailed analysis of all the collected geological data
and compiled auxiliary maps is followed up by an assessaent of
the phosphorite~bearing perspectives of certain sections and
elements of the prognosticated territory and the compiling of
& resulsant prognostic map, Om it are outlined the areas, struc-
tures and certain suites and rock masses where phosphorite pros-
pecting is possible. These elements vary in perspective degree
and among them are found areas for prospecting work varying in
detail.

Prospecting and exploration work /or detailed prospecting/
in the most perspective areas is recommended wusing a scale

ranging from 1310,000 to 1350,000. This work is usually accoa-
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panied by geophysical work and drilling.

Perspective areas are recommended for prospecting using a
scale ranging from 1350,000 to 1:200,000 with a consequent tran-
sition in the most interesting areas to the type of prospecting
and exploration work msentioned above.

Also indicated are probably perspective areas, a definite
prognostic assessaent of which carcnot be made due to a lack of
initial geological data. Prospecting and geological surveying -
work in such areas is usually recommended using s scale ranging
from 131100,000 to 13200,000.

Prognostic meps also reflect pog-perspective areas, the
geological features of which clearly show that there is no pre-
sibility of detecting phosphorites there. Prognostic and pros-
pecting work in such areas is discontinued, It should be noted
that the indication of such aress entails great responsibility
and therefore requires reliadble substantiation.

Prognostic methods are of course constantly being developed
and enriched. The store of equipment and assessment ocriteria
isomsteantly being expanded snd perfected. Bagaged in this
work are permsmently operating research parties.

Smsll-scale areal prognostic maps have been developed
covering all the territory and large regions of the Soviet Union.
Many individual perspective areas have been subjected to medium-
scope forecasting, and at the present time we have begun the.
most complicated form of prediction - the assessmeat of abyssal
zones and the development of detailed large-scale prognostic

RApS.
¥We know of many instances when prognostic exploretion work
and scientific predictions have resulted in the discovery of

ot RN IR AL 11
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corporeal deposits and separate veins. PFor example, this was
how the siboridn platform=-like granular-shelly deposits were
discovered, however poor they nay be. Forecasting resulted in
the ‘discovory of geosynclinal phosphorites in the Altai-Sayan
Region aud separate deposits within that area /Belkinsk,
Temalyk, etc./.

' However, the main goal of forescastirg does not lie in the
immediate prediction and discovering of deposits. That is the
aim of prospecting work which comes after Iorecasting work.

what is most important is that propar tread:r, well-substantiated
methods, orientation, the rational carrying out of prospecting

work and its effectiveness totally depend on scientific pre-
prospecting work theoretically grounded and reflected in prac-
tice in the form of maps.

atites

As mentioned sbove, apatites constitute only #~5% of the
worldss phosphate resources and therefore are of extremely little
importance. That is why we have begun the search for thea only
very recently, when a planned increase of the production of
mineral fertilizers, phosphaons in particular, demanded the
mobilization of all possible sources of phosphatic raw materials.
It is quite natural, thercfore, that our theoretical basis of .
the laws of the origin and location of apatite deposits and the
methods of forecasting them should be worked out in much lesser

detalil.
At present it is posaible to distinguish two principal types

of commercial deposits of apatite ores ~ magnetic, connected

with nepheline-syenite intrusions, a unique example of which
are our Khibini which contain 60% of the world’s reserves of




apatite ores, and, secondly, carbonatite, which is associated
with the formation of ultrabasic alkeline rock. Apatisation
in carbonatite masses is ordinsrily not high. The conteat in
them of P205 rarely exceeds 6~8%, however secondary enrichment
ocours in the near-surface belt of weathering, whereupon the
concentration of apatite increases considerably.

Both nepheline-syenite iantrusions and carbonatite masses
are rather widespread; however spatite mineralisation is emcoun-

tered only quite rarely in thea. The main task of predictionm,
therefore, lies in determining geological criteris that would
make it possible to concentrate prospecting work only on per~
spected masses.

Three types of alkaline rock intrusions are distinguished:
granitoid-alkalic, ultrabasic-alkalic and gabbroid-alkalic. The
most perspective for apatite is the last, or, %o put it more
precisely, it is a genetically connected but later-foraing

formation of so-called agpaite */W.

Intrusions of this type are located in rigid platform-like
structures alongside abyssal fracture zones, they have the
appearance of ceantral multi-stage intrusions of ring structure,
being subvolcanoces. They are usually rounded, of conceantric
make-up and having an extensively developed ring structure,

They have been made up by various types of alkaline rock over-
saturated with alkalis, have an intensified content of phosphorus,
titanium and strontium and are marked by a high content of
nepheline and an agpaitic petrocheaical characteristic. The
accusulation of calcium and phosphorus takes place in the procesa

+/ agpaite-nepheline syenites with a greater content of alkalis
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of magmstic differentiation with manifestations ot their cone
centration in the final dirferentiate of the magnatic chamber.
The most widespread among then are nepheline syenites differing
in aineral composition and structure /khidinites, fo;iites,
lajaurites, ristschorrites/; most characteristic are ledapar-
free rocks of the urtite-ijolite-melteigite series.

In Khibini, commercial apatite—nephslinc ores are closely
associated in time and spacc with the complex of feldapar-free
ijolite-urtites.

The geochenical propsrties of alkaline rock are of great
importance for prognosticeting apatite deposits. For instance,
the replacement of sodiun in alkalis by potassium is accompanied
by a drastic decrease of spatite concentration with the develop-
ment of rock of the potassium line.

An alkaline massif was rocently discovered in Northeast
Pribaikalye, bhaving nany features in comnon with the one in
Knibini /shape, dimensions, similar rock composition, ets./ and
likely to contain apatite. However, & detailed study showed
that its rock belongea to tie potassium line and brought out
the metesomatic nature of apatite manifestations, consequently
indicating & very slim chance of finding commercial concentra-
tions of apatite.

The established laws make it possible to outline the
following criteria of prognosticating apatite~bearing maseifs
of the xhibini type.

1/ the structural and tectonic confinement to rigid
platforms and shields and abyssal fracture zones in them;
2/ the connection with large central-type ultrabsic-alkalic
ring intrusions and agpaite nepheline syenites; the pre-

gence of substabtial masses of ijolite-urite rocks
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5/ minero-geochemical .riteria of intensified concentra-
tions in rocks of iron, tivanium, calcium, sodium, fluorine,
and minerals - sphene, titanomagnetite, diopide, etc
distinct manifestations of the sodium line /Na > K/ in the
alkaline complex.
carbopatite magsifs potentially containing apatite are
also sssociated with the formation of ultrabasic alkaline ."ock
represented by dunites, olivenites, pyroxeanites, more Tarely
peridotites, as well as nephaline~pyroxenite rock /ijolite~
melteigites/.

The majority of spatite-bsaring deposits of this type are
complex; apatite is associated with the ores of iron, rare

metals and phlogopite. Distinguished accordingly are apatite~

magnetitic, apatiteerraro-metal and apatite-phlogopite ore de~
posits; Apatite is often contained in dolomite - calcite

rocks of carbonatite massifs.

The greatest concentration of apatite in carbonatites 18
associated with magnetic mineralization /Kovdor deposit on the
kola Peninsula, Yessoy la Sivusia, Iulekop in the UAR, Dorova in
Southern Rhodesia, Yakupirang in Bragzil, etc./. Therefore,
intensified concentration of magnetice in carbonatite complexes
are a reliable criterion of the presence of apatite mineralisa-
tion. Another sign of the presence of apatite is bheightened
phlogopitization and biotitization of ultrabasic—-alkalic rock.
An average content of P205 in apatite-bearing rock of carbona-
tite massifs ranges from 3-4% to 10-15%; & 6-7% content is the

most frequent. At such concentrations apatite is obtained only

in a complex with magnetite and rare-metal minerals.

Given favourable pbysiographical conditions in tropical

|
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climates and, much more rarely, in other climatic zones,

apatite-bearing rock is intensely weathered, carbonates and
other minerals are lixiviated and the rock disintegrates and

becomes naturally enriched, at times several-fold with apatite

as well as other ore components. At such deposits of the crust
of weathering the content of P295 is 10~15%, and sometimes 1t

is considerably higher. However, the reserves of such ores
are usually limited, going up to severul tens of millioms of
tons.

Ultrabasic-alkalic massifs and carbonatites with apatite-
bearing rock usually lie alongside tectonic activated margireal
zones of platforms, decidedly being confined to abyssal frac-
ture; the massifs are characteristically of concentric zonal
structure.

The mentioned laws of the structure and location of apatite

magaatic and carbonatite deposits, although limited as yet,

are used for developing prognostic maps to be later employed
in spatite prospecting work.

~Sulphur

Many interesting results have been obtained from the study
of the laws of the structure formation and location of virgin
sulphur aeposits, which has made it possible to work out prog-
nostic methods and to accumulate prognostic experience.

A dotniiod geological investigation of Soviet sulphur
deposits and a comparative study of those in foreign countries
has shown that commercial sulphur deposits are represented by
two genetic types - volcanic and infiltration-metasomatic.

The greatest concentration of volcanic sulphur are associa-
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ted with the hydrothermOMmetasomatic type of deposits, to which

belong the largest deposius of Japan /Matsuo, Khorolets/, Tyakto
and others in Chlle, El-Vinagra in Columbia and a number of
deposite in Kamchatka and on the t~il Islands. |

In some cagas large accurulations of commercial importance
form in crater lakes, on the Iloor of vhich sulphur«containing
solutions and gaces are ingensively given off. The elemental
sulphur which is also produced prccipitates and is buried in
the layers of lake mud, thus forming concentrations of up to
40-60% and over. The aeposite of Telaga-Bodaz and Kava-Putikh
in Indonesia, which Soviet goologists hove studied closely,

belong to this type.
The volcanic depoasitc that are greatest in number belong

to a type of sublimate formiog in volcano craters, on thelr
slopes and in the ad jacent environs. The sulphur here is
brought tov the surface jin the rorn of fumes or sulphurous gas
and hydrogen sulphide ard is separatea by condensation or
through the interaciio.. of guscs, with oxygen and with the
surrounding rocks. Although the forming sulphur accumulations
are often concentrated to a high degree /up to 80-90%/, they
are always found in small quantities‘and are of use only for
domestic extration.

Hydrothermo-matascmatic deposits of volcanic sulphur are
the largest. They arc ot the greatest commerclal interest and
it has been namely tais Uype on which prospecting work has been
concentrated in recent years.

The most gensral geological prerequisive in prospecting
volcanic sulphur deposits is their location in an area of

young and modernvolcanic activity and in areas where eruptive
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products of andesite and liparite cowposition accumulate.

One of the prospecting prexrequisites i3 the availability
of volcunoss, both active and extinct, waich are clearly defined
in relief. Volcanoes are often concentratad inside of large
calderas, in which gaseous = hydrothormel activity is intensive
in general, That is why calderas nhould be explored with par-
ticular thoroughncss.

Phe formation of hyirothermo-metasozatic sulphur deposits

is favoured by the accumulation of permeahle looce pyroclastic
rocks and by the presence of thin tuff or lava beds thst can

serve as a shield for saaeous-hydrothe-nal exhalations. In
sulphur deposit-forming zones tha rocks are intensively deconm-

posed by sulphate solutions, reculting in tiwo formation of
secondary kaolins, orzlites end other rocks of bright colors.
The fields of such blesched rocks c.m bo ssen fron afar and are
good prospecting indicetions.

The above-zontisngd lews of tue location of volcemic sul-
pbur deposits ond prospecting eriteria provide a sufficient

basis for compiling prognostic maps vhich serve as & guide in
prospecting work.
Exogenetic sulphvr depisits ard ccrmaercially much pore

important. They are genetically associated with sedimentary roocks
An entire complex of the structure and location of the largest
sulphu> deposits has been estaltlished, which are of grest impor-
tance as geological prorequisiten for prospecting worke.

The deposits of this gTcup ere alvays closely associated
with strate of sulphate roclis eition of pricsry or secondary
sedimentary formation us in the caro of cap rock sulphates of

salt dome deposits, Tise gulnhzta=heninyg s~rat arc arranged

nonunifornly in tke geochronological colv™n ard 13 concentrated
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in the Permian, Jurassic and Neogena.
Sulphur ores, with fey exceptions, are always carbonutite~
calcite. The average sulphur content in rocks at all large

deposits is constant - 25=-25% fdeposits of Prscarpathia,

gsicily, Iraq, the USa, xoxico/ and very close to its content
in enhydrite ~/23%/. Tho bulk of zulphur ore is 65~75% calcite

/limestone/. Wact is oora, it has been establis_ed that this
lizcostone is not scdiwentary rock, as supposed earlier, bDut
thet it formed ac A rensult of chomica)l interaction between gas
and oil hydrocardons and culohois vhich arc tronsformed and
netasoratically replaced by sulphur-calciis Ord.

objective proof of tais is the lightened {sotopic composi-
tion of calcite carbon of sulphur ores sizilar to the isotopic
conposition of the carbon of oils and conbustible gases and
aiffering greatly fron noavior certoa which forms linestones

of sea—sedinentaxry origin.
The formetion of sulpaur by regenorating ailphates is clearly

confirmed also by the rrtio ol isotopes 832/24 of the most DA~
vural sulphur ohich is enriched by a light isotope 8>2, mhis
is conditioned by the kinetic effoct . In the reaction of

transforring and rcgonercting sulphates tho wlight" sulphur
molecules participete faatsr then ths molecules of & heavy
isotope 85%. That is vhy in the product cf the resction -
virgin sv’ phur - its "light" isotopes are accumulated.

The tectcnic lews of the location of sulpbur deposits
are of great intereat. They are confined to sones where eleva~-

tions join with deprsssions £xd are concantrated in positive
anticlinal and domed structures with a ruined vaulte., They

are localized in their tsctonically weakened parts - along
dislocations with breaks in continuity, in jointly articulate
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parts and so on.

Sulphur deposits are always located in oil- and geas-bearing
areas ad contoin definite accumulations of hydrocarbons, with
vhich they are connected not only in space but genetically as
well. Hydrogeochemical proparties of sulphur deposits located
in a zone of interaction of sulphats watere with depth brines
carrying hydrocacbon compounds and hydrogen sulphide are charcs-
teristic.

The rantionod laws of the formation and location of sulphur
deposits constitute a relisble theoreticel basis for forecasting
new deposits., Hovever, in addition to thsse prerequisites, in
developing prognostic maps a great nunbsr of prospecting indica-

tions are used, narsly, outlets of sulphur=bearing rocks, dis-
persion haloes of sulphu- - galt, gas, etc., geomorphological

indications, & nunber of features of sulphur deposits fixed by
geophysical methods, the complex of secondery nineral formations
/potassiua aluminum sulphate, gypsum, natural sulphuric acid, ete/
ocouring in sulphmr ore oxidation sones.

In sddition to these geological indications, microbiological
geobotanical and evea topochemical indicaions are used.

The methoG of developing prognostic meps for vigin sulphur
is basically the same as' the method for phosphorites. A aumber
of auxialiary maps ars prepared for the development of the prog-
nostic map, vhich are appliceable to the basic type of exogenstic
infiltration-retosomatic sulphur depoaits.

First of all, a facio-lithological map is developed naking
1+ possible to delinsate the range of sulphate-bearing strate
with which sulphur deposits are genetically coanected. In this
way the possible presence of sulphur is deternined on the mep
by lithologicel criteria. The possible presence of sulphate can




be determined according to tectonic criteria on the basis of
tectonic maps, establishing the structural elements favourable

¢o sulphur formation.

A special map is developed of the manifestations and
location of hydrocarbon deposits. An assessment of the possible
presence of sulphur is made on this map, going by the gas-hearing
conditions of ths given territory.

A hydrogeochemical map is compiled indicating the range of
various types of subterranean waters with a special indication
of sulphate and hydrosulphuric waters. On it also is determined
the possible presence of sulphur according to hydrochemical
criteria.

One of the main auxiliary maps is the geological map of the
area, on which are marked all the manifestations of sulphuric
ninerslization, as well as various minero-geocheaical, geomor-
phological and other indications of the presence of rulphur,

Proceeding from the data of all these maps reflecting
individual prognostic criteria, an overall map is drawn uwp of
the geological conditions determining the possibility of the
presence of sulphur. An analysis of these criteria and prims-
rily the degree of their combination over the same territories
makes it possible to bring out areas varying in perspective
content of sulphur. These areas are usually deline: 4 on a
separate prognostic map showing areas of the various perspec~
tive categories: very perspective, perspective, probably perspec-
tive, low-perspective, sub-perspective and non-perspective. Pros-
pecting and prospecting-geological-surveying work of respective
degrees of detail are recommended in these areas.

The most substantial redult of prognostic work in this
field has been the scieutific predicstion of the Precarpathian
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sulphur-bearing vasin, pricr vo sho dlecovery of whicih not
only a terrivoyy iudicating widesproad sulphur deposits wcs
determined, but 1i30 the uge aud comecrots Liocenic culphur-
bearing streta, which actually tuined out to be & reat store
of very largs sulpm. danositc,

Contianuingz p:rogaostic vorx in Preccrpathia following the
discovery or the fiise d>nooits *n thie avet, we geologically
found the continuitica of a perspactive stretch of sulphur-bearing
depos;ts on neigabowing territoriss of scutherm Poland and
eastern Murania. 4 short tire later Polish and Rumania geologists
discovered sulphur deposiis there. ¥e sharod with then our exper-
ience ia prognostic, proscpecting and exploration work in the
search for sulphur. As is kmown, Polish gcologists obtained rost
remsarkable results in discovering sulphur Ceposito.

Precarpathisn sulplur ic by far not tho only example of our
scientific and technical coopswation with “he fraternal socialist
and developinz countries in invistigatirg end developing agrono-
mical ore recsourcem. Cooparation of thic kind brought about very
fruitful results with 1capees to enatite dcposits in the Laokei
district in the Dxnoeratic Ropudlic of 7ietnam, in discovering
and investigating the Idevgul phosphorita deposits in the Mon-
golian People’s Republic, in dotecting and closely investigating
phosphorites in Sitoric, the UAR and Ireq. In Iraq the world's
largest sulphur deposit, Jishraq, was discovered with the assis-
astance of Boviet poologists,

Buch scientific and tecbnical cooperation and Joint geo-

logical research is also of great berefit to Soviet geologists,
providing new geological data, helping to substantiate mors

deeply the laws of the forration anrd location of agronoamical ore
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deposits and to perfect the methods of scientific prediction.
The current Symposium serves the purpose of developing

such cooperation and exchanging knowledge. That is why we
thought it of use to present this report, hoping that the worked

out criteria methods and experience of scientific prediction of
perspective areas of prospecting and exploring agronoaical ore
deposits can be recommended and utilized in the effective car-
rying out of prospecting and exploration work on the territory
of other countries, in part those represented at this symposium.









