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In some of our eairlier papers (B u 1 j a n, 1962, 1963) we have shown 
thrut valI'liotus naturail waters may be usefully arranged into dear1ly di.s.tlin,guished 
gr-oups according to some of their chemical pro;perties. 

This makes it possible for us to group together waters which, in the course 
of their past, came into contact with hydrocarbons in the earth's crust. This 
contac,t wi,th ml or gas affected the chemical cons:titutfon of such waters and 
this js why they have been called »olil waters « or »petroleum wa,ters«, the 
t&ms being synonimous with »edge waters« or >, contaot warters«. The existence 
of some other types of water, such as marine, rain and sulphate ones, as well 
as siome .transiltory types (e. ,g. surface wa;ters) was also d1scussed. Some of 
these water:s are of g;rcat ·importance to .us in connexion wi:th present pa.per 
(Fig. 1. & F,i.g. 2.). 

We have found that every natural water, ilndluding the contact wa,ters, 
is marked by two rnmportant properiies, vli:t:. the bailance of suilpha,te (SB) and 
the index of aeraition (IA). 

These two characteristics a1re represented wirth numerica,l valuss wh'ich 
can be cakulated for every water from da.ta of a routine chemicall analysis 
(see Annex No. 1). 

I The sulphate balance (SB) 
The v,alues of that parameter may vary fl'om water to water to a con­

siderable extent r anging firom minus (-) several thousandis to plus ( +) several 
thousands, 

A water with a negative value occupies a place on the Cl-SO„ diagram 
lying below the »sea water line« (B u 1 j a n, 1962), the line corresponding to 
the equation 

log [CI-] = log [S021,-] + 0,8556 
Such wa,ters are '..indicative of oh. The higher the nega,ti,ve vaJue of SB 

the better indikatio:n is for the presence od: ,oil in the l,ayer.s where tha1t waiter 
wa,s found. 

A water with a positive SB values occupies a place on the graph lying 
above the »isea water ]ine«, meaning that we are :faced wiiJth a walter fuat wa;s 
not in conta-c-t W'.ith hydroca,r,bons. Such waiters a:re not 1indicaitive of oiil. 

SB is a very s,ignificant characteristic iparameter because i i can, in some 
cases, give us same iinf:ormat.i1on even about .the qua.ntitative rela.tions in the 
oil ·beadng strata. 

II The index of aeration (IA) 
F.or vari.aus water.s the index of aeration (IA) range.s from O uip to very 

bigh po.sit1i:ve va'1ues. The values under 100 di:sc1ose the contact waters and 
lhey do rep.r.esent indicators for ,the :presence of petroleum -0r gas in the layers 

. . ' ) This pa:oer !s partly. read on the Sympos tiu m s u,· Ja Ge odynamique . de Ja r egion Medi­
terrnnecnnei Athens. No v. _i972. Rapp. ct proc. verb. c\es Reunlons d e Ja CIESM, V ol. 22, ia~<:. 2a 
p . 144, lD"/3 . • 
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where waiter was taken from. This is espedail'ly ;true of water with IA values 
under 20. 
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Fig. 1. Distribution of soine natural waters when the valu'es of log (SO,/Cl) g kg-1 

are considered. For detaii see tli.e pape1; B u i ja n, . • 1962. 
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Fig. 2; Here are gathered various types of natural waters including the contact 
(petroleum) waters (PP and P) . Those are placed under the diagorial line 
which has the equation : log [Cl-] = log [S0,,2-] + 0.8556. Full points on the 
right hand side (PP) represent a group of petroleum waters from »proved 
oil fields« in Near East (unpublished data) . Close to the diagonal line are 
gathered the waters o.f recent marine origin (M) . On the left hand side (K) 
of the graph, under the diagonal line, are placed various »surface waters« 
like rain waters, lal<e waters, river waters and some of mineral spring waters 
(B u 1 j a n, 1962). 

The IA va,lues, on the other hand, which are above 100, or especia1ly 
> 1000, .show that the water concerned 1is well aeriated. They a}so rnean t hat 
the water concerned neither has been i!n contact w\1th orga!llic m atter nor hais 
it ever been iunder ·a significant influence of bacrter1a. The IA of such water 
did then nO't undergo changes. Such warters are not indi.cative of oil. 

It is a good indication when both parameters (SB a,nd IA) , agree in sho­
wing the good qua11ii1tes -of a water in -relafilO'n !to oiil, whi'ch 1is nomma1lly ithe 
case, because ,the 1-ow valu:es of IA -a1nd the high negartive va'lues of SB mo'S,tly 
folLow each other. 

Ta:bles are here enclosed reviewing the va1lues of SB and IA oif a number 
of waters i:n relatkm to thei1r genetic coonection with the occur.rence of oil 
in ~tra:ta. The waiter.s ,referred to in the Tables 1 and 2 are but a :smal'l choice 
from hundreds of watern whose SB aond IA values ar,e aval,a•ble. 

W e can see • fr,om the Ta1Hle 1 that frOlm the decrea·sing SB • v.ailues ( oođ.urrnn 
'.-l: h!ighe.r aind hii-gher negative values) and also of decreasing IA values (colu:rnn 
4) we can guess upon the rate of change of properties of waJters as ,of dil 
ind:icaitors (colum:n 5). 
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l,n such a vay we start wi1th waters which have no connecting wiith oil 
(Nos 1, 2, 3, and 4), and gotng over tthe initermed'iary group of waiters we 
arrive to the g,roup which contains really good waters accompanying i:rich oil 
fie1ds (Nos 16 and_ i 7). 

TABLE 1. A survcy of natura! waters and some of their hydrological 
properties in genetic relation to the occ:urrence of oil in strata 

Sulphate Aeration 

Ord. Name and 
No. origin 

1 2 

1. Caspi Sea 

2. 1/ 11 well, 
Yugoslavia 

3. Jordan River, 
Palestine 

4. Tarfaya, Sahara 

5. Adriatic Sea 
6. Igalo, Yugoslavia 

7. A 3/2 well, 
Yugoslavia 

8. Slankamen, art. 
well, Yugoslavia 

9. Sisak art. well, 
Yugoslavia 

10. A 3/7 
Yugoslavia 

11. Sea mud, 
Black Sea 

12. Tiberis Lake, 
Palestine 

13. Moulay Jacoub, 
Morocco 

14. Zohar Sulphur 
Spring, Palestine 

15. A 7/1 well, 
Yugoslavia 

16. BP 10. well, 
Near East 

17. BP 27. well, 
Near East 

Balance 
(SB) 

3 

-j-2,294 

+1,160 

-2 
-2 

-154 

-575 

-998 

-1,273 

-1,355 

-2,220 

-2,400 

-4,328 

-6,534 

-10,546 

-11,074 

Index 
(IA) 

405 

342 

125 
137 

101 
98 

85 

0.1 

0.3 

46 

4 

14 

0.4 

15 

30.4 

1.4 

3.1 

Description Litera-
ture 

5 6 

a water of surface origin and 
of surface type: it is not an 
indicator for oil ; 2 
a spring water of the sulp- this 
bate type: it is not an indi- paper 
ca tor for oil; 

a surface water; 13 
a surface water : it is not an 
indicator for oil; 12 
the marine water; 5 
a marine water type; it is 
not an indicator for oil ; 3 
a weak contact (edge) water ; this 

a contact water; it is an in­
dicator for oil; 
a contact water; it is an in-

paper 

3 

dicator for oil; 10 
a good contact water: it is this 
a good indicator for oil ; paper 
a recent contact water (287 - , I 
cm under sea bottom); • - - 16 

a very good contact water 
and a good indicator; 
a spring water; a very good 
indica tor for oil; 
an extremely good contact 
water; it is a very good in­
dicator for oil; 
an extremely good contact 
water and a very good indi­
cator for oil; 
an extremely good contact 
water from a »proved oil 
field «; 

an extremely good contact 
water from a »proved oil 
field «; 

11 

7 

1 
this 
paper 

un­
publi­
shed 
data 
un­
publi­
shed 
data 

Note: The column G gives the source where the rough data were taken from. 
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Another group of examples is g.iven 1in rthe Tarb1e 2 where a set of data 
covering various waters occur,ring in Rumanian oilfields (the area of Ploesti) 
are given. These vallues of o.ur two geochemica,l ,parameten (SB and IA) we,re 
reckrn1ed f,ro,m the daita published by K r ej c 'i - Graf (1963) . The data lin 
the Table 2 are rnther d,nstruchve, showing a high deg,ree of oorrelatio111 (i) 
between ,the negati:v,e values of SB (the hiigher negatiive number the better!) 
with the ,occurrence of oil ,in the area, -and similar1ly (ii) betwee.n the low 
niumeraca[ 'Values of IA ~iith the occm,ence ,of oil on ithe a,rea. Very siimifarly 
behave also the daita (K r ej ci - Gr ,a f, 1963) covering the Mo1dav:ian oH 
fields area. 

TABLE 2. A survey of mutual connections of geochemical properties such as SB 
and IA of waters from South Rumania -'- Ploesti - and the presence of oil in the 

same area (the field data from K r ej ci - Graf, 1963). 

Total 
Ord. No Code of water Depth Sulphate Aeration produc- Oilpro- Source 

of oil sample (m) Balance Index tion of oil duction of 
field (SB) (IA) till 1942 (tons/ha) data 

1 2 3 4 5 6 7 8 

1. Moreni-Piscuri 33,893,360 17,888 
No. 3 --11,224. 0.59 Table 9 
No. 4 --13,223 0.95 
No. 8 832 -1,867 2.0 

" No. 34 -9,380 0.01 
" No. 1 ·-22,296 2.0 Table 10 

No. 16 128 -15,732 0.2 
No. 19 1,138 ·-15,330 0.06 
No. 27 1,080 -14,400 0.01 

2. Ochiuri 7,658,830 25,529 
No. 64 -::-B,05Q _ 0.01 Table 8 
No. 63 1,106 -15,967 0.3-3 
No. 62 - 1,083 - _17,250 0.01 
No. 61 -3,440 3,3 

3. Baiceiu 2,812,090 31,245 
-10,540 O.DI Table 12 

4. Campina 4,611,100 15,370 
No. 13 -21,600 0.01 Table 13 
No. 6 258 -19,200 O.Dl 
No. 9 771 -15,3:10 O.ol 
No. 14 -12,730 0.01 

5. Bustenari 14,450,310 15,370 
No. 12 575 -2,170 0,46 Table 14 
No. 13 742 -16,634 0.01 
No. 14 751 -18,7'70 O.ol 
No. 18 486 • -13,870 0.01 
No. 20 -11,800 0.01 

Nate the high degree of correlation between the values in columns 4 and 5 on 
one hand and of the values in columns 6 and 7 on the other! · 
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Fig. 3. The geographical distribution of: SB units in well waters and of oil rich­
ness of the oil fields in Ploesti area (Rumania). The two parameters are in 
a · good agreement. . The data are taken from K. K r ej ć r - G r a f (1963) . • • 

We may add here same graphs which can serve us further examples of 
how 11t works thi.s new ,geochemical method for vari:ou.s places such as: Roona­
nia (Fig. 3), Jug,osia,via (Fig. 4 & 5) and the Deaid Sea area (Fig. 6). 

It f.ollows firom. . .what ha,s been said aibove, .that if a number of chemical 
an:a1yises of va;r.ious waters ii,s 1avaifable, ·one i!S able ,to ~denti-fy »oi,l waters« 
by applyiing this method only, i. e. withuut ,the need of other help or infor­
mati·on. It is clear enough, that if the locality where such a water was taiken 
from is known, the datum can be useful to people prospecting for oil. 

The advantage of thts method is tha1t it 'is applicable not only to water 
resulting :firoun drill:iJr~g for o'il but to other ones to:o, such as miineral waters, 
normal source w.aite:ns, ar.tesian wall waters, even to waters from lakes, II'ivers, 
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orooks etc. Just beoause of this quali:ty, prccious info.rmation aboiut the oil 
content ,~n an area may be obta:ined by applying this method even prior to 
boring. 

This method is a1lso characteriized by the fact that 11t a1)proaches the origin 
and dds,tributi,o:n of oi11 'itn .the earth's ONtst fro;m an oceanog.raphic aispeot. This 
is jusrtifaed when we consider the opinion preva1iiliing today that the oil origi­
n~tes from sea organi:Sms - f.r.om their organic matter thnough the adion of 
marine baoteria 'in marine sedimenits. We harve ta,ken s.ome rough data from 
š i š k ,ina ·,s papers (1959 a and 1959 b) and we have reckoned the values of 
our two parameters (SB & IA) for mud waters tarken from Blaok Sea and 
from Pacific Ocean sediments of variuos depths under the sea bottom. F,rom 
t~e results (Taib. 3) we have obta1ined a quantifative picture of the raite of 
diagenesiis o·f ,mterstitial sea mud water i1n recen1t ;biroe 0111 two selected pLaces 
where .oil water is in statu nascendi. We can take for granted that these 

Sll.PHlll'E IIM,.AIICE 
[U,] UHITS I_H •TĐIS 
• > -10.000 
f1lJ > ◄000 

•IOC>-◄000 

·10- ◄OD _,_ .,o 
o- _, 

F'ig .. 4. The geographical distributio·n of SB characteristics of natural • waters and of 
well waters in coastal area of the Adritic Sea and in Panonian -Plain of 
Yugoslavia (M. B u 1 j a n, unpublished data). 
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wa,ters w e.re accompained wi,th stoichliometric equivalents of produced hydro­
carbons also in s-tatu nascendi. (See also the Fig. 7). 

The data from , the same table probably reflect also the degree of bfopro­
duction -in. the sea water a.bove the respective sediltnents. However not alil of 
the stations from the same author we have suipervised showed such hiigh 
deg.ree ,o,f chemical change of waiter in sediments. Some of them had even 
posiltive SB values as e. g. St . No. 3154. 

The mar:ine oriientat ion 1n the study of oil pmblem such as we have 
;iccepted has created, we think, the new p.ossibilli'ties being nov rea.Jlized 
through the method expounded here. 

PrOlbaibly the most importa:nt qua[Lty of ilt •i-s tha1t using the verttcal com­
ponent of deep wa.ter natural courses the method can supply the valuable 
informa-ticms upon the quali,ties o:f 1these deep miheux and that lis why thi:s 
method will probably represent a new and useful geochemical tool in oil 
findimg. 
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Fig. 5. The waters from some Yugoslav drilling holes. Each vertical curve is signed 
with the corresponding number of SB units: 10, 100, 1000, and 10.000. ThP 
points on the right hand side represent very good contact waters (unpubli­
shed data). 
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Fig. 6 . . Tbe waters of Dead Sea area. Each vertical curve is signed with the corre­
sponding number of SB units (SBU). The points on the right hand side re­
present extremely good contact waters. Data taken from K. Y. · ·Ben tor 
(1961) and O. H. Ore n (1962). 

TABLE 3. The rate of diagenesis of mud water in sea sediments 

Depth in Sulphates Aeration 
Ordin. sediment Balance Index Literature 

No. .. (cm) .. (SB) . _(IA) 

1 Black Sea, Eastern part, Stat. No 4. Depth 2150 ni 

2 -120 93 16 
5 -660 61 

72 -611 64 
97 --949 43 

120 -1,223 26 
162 -1,238 16 
204 -1,329 11 
226 -1,478 6.5 
287 -1,355 4.3 
325 -1,290 10 
351 -1,254 12 
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Cont. of Table 3. 

2 Pacific Ocean. near KuriL Is., Stat. No. 
50 -144 

160 -614 
232 -1,040 
320 -1,640 
395 -2,120 
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Fig. 7. The waters from sea sediments. Water in sediments changes its chemical 
composition depending of the place and the depth in the sediment. The 
Sulphate Balance (SB) can sometimes serve as a measure of the rate of 
diagenesis of such interstitial w ater. The deeper the water (the earlier buried) 
- thc higher SB value. Such is the rule at least up to a ccrtain depth. Each 
vertical curve is signed with corrensponding number of SB units. All the 
values of the SB units for waters under the diagonal line are negative 
although negative sign (»-«) is partly ommitcd. Data taken from O. V . 
S i š kina (1959 a, and 1959 b). 
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ANNEX No. 1 

Two p.rina~ples were ado.pted wMle prepa.ring the present papeT, (1) the 
relative uniformi,ty iii1 the coanpositi.on ,of ,the sea water as es.tablished by 
Di t t m a r (1884), and (2) the mutual genetic conneotion between all k,~nds 
of wa1ter on the earth's crust as olaimed by V e 1· nad ·s ki (1933). We have 
earlier concluded (B u 1 j a n, 1962) thait, by •i:ts origin and through :the action 
of cyclic salts, the ra-irn is closely connected with the ,sea wa!te.r, inf.luencing, 
on the other hand, most of the waters existirng ri.n the ea,rth's crust (miinera1l 
and o.ther sprimgs). 

According to G. N. Kamenski (1953) the presence of mineral waters in 
the ea,rth's crust may be explained by the solving of salts contained in the upper 
rock strata through the action of infiltrating wa·ter. M. P. To 1 sto y (1958) 
considers many mineralized waters to be ·of marLne orig•in. 

Ouir own •i1nvesti:gaiti-ons 'i"nv,o.lving natura} waters (B u 1 ja n, 1963) have 
shown that c1- and SO2,.- are perhaps ,the mo:St i'mportant pa·ir of anions in 
such wa,ters. 

As regards ocearn warter it ha;s been f.ound (Sve r dru p & -al., 1946) that 
to ~ach quantity of 19,010 g/kg Cl (includling same Br-) co,r,respcmd:s a qua11Ttity 
of 2,649 glkg SO2r,-. 

It ri,s iindispensable, in the appHcart,ion -of Gur .method, ,te make u.se ,o.f da-ta 
referring ,to the Cl mg/kg quantities contained i:n the water under linvesti­
gation. The established quantities .of Cl mg/kg preserrt in a warter will serve 
us to cađcula-te the 1theoretJkal content of suil,phates (tSO1i) corres.pand~ng to the 
quanti,ties of chlorides ( + brnmides) ,in thai Waiter: 

Cl mg/kg : SO„ mg/kg = 7.18 (1) 
Cl mg/kg x 0.1394 = t SOr, (2) 

This agaiin ,i.;s the basis for the calculatti:on -of the sulphate ba,larnce (SB): 
SB = S01,-tS01, (3) 

and for the calcdahOLri of the aerafaon in,dex (IA): 
S01, • 100 

JA. = --- (4) 
tS04 

He,re are a few examples illustr,ating the calculaition o-f our pa:ramete.rs 
SB and IA: 
TABLE 1. 

Cl SOr, tSO4 IA so,.-tsor.= Literature 
mg/kg mg/kg tSOr, SE 

Ocean 19,010 2,649 2,650 100.0 O.O Sverdrup 
& al, 1942 

Sisak, well, 
Yugo- Miholić 
slav,ia 3,585 0.003 998 0.3 -988 & arl., 1952 

Arbanasi, Krejci-
well, Ru- -Graf, 
mania 108,130 0.00 15,060 0.01 -15,060 1963 

Jordan Sa hama & 
river 3,192 556.0 444 125.0 +112 Ra nkama, 

1950 
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CONTACT (OIL) WATER DETERMCNATION IN TERRESTRIAL 
WATERS USING AN OCEANOGRAPHIC METHOD 

ABSTRACT 

17 

A method is described making it possible to disclose contact waters among 
a number of natural waters of all types. Two new properties for every waters 
has to be found: the sulphate balance (SB), what equals to the loss of sulphate 
dur.iinig 1the diagenesiis of 1the water, ,a;nd the wndex ,of aerntfron (IA). A number of 
data from various countr-ies including Rumarria, Yugoslavia & Near East is 
given indicating the strong correlation between the negative values of sulphate 
baJance and ,the 1occ,urrence ,of oi:l ,in ,the ilaye,rs where waiter samiples were 
taken f,rom. A similar cor:rel,ation is foUIIlld a1lso for :the 'O'ther par:ameter: ithe 
aeration index (IA) of water from one side and the oiil occurrence in the str.ata 
firom 1the other. Infor:ma:tiooo a,re added ito show how 1the suilpha,te tbalance and 
the a era tirn1 1inidex diilsclo,se ithe 1recent form•a•'bion of ·contacit water li.n the sea 
sediiments. The -usefuliness of ,the method ·i.s empha:si,zed becauise lin can some­
times gi,ve ipQ~~or to borrng for -oi,l dimpo,r,tant :iinformaition:s whiich .regard the 
content of ,oil tin t he s trata. 

The way how to reckon the values of two new parametars is given also. 
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U radu je opisana nova metoda koja je u stanju da, između raznih tipova 
prirodnih voda (marini, kišnički, sulfatni i neprozračni tip) pronađe petrolej­
sku ili fosilnu vodu tj . vodu koja u svom kemijskom sastavu pokazuje da je 
nedavno bila u dodiru sa uglj ikovodicima. U tu svrhu je potrebno odrediti 
dva važna isvojstva svake primdne vode; ande'kis prozračenja (IA) i sulfatrni 
bilans (SB). Ovi se mogu izračunati iz podataka normalne kemijske analize. 
Upotreba ovih dvaju parametara je rastumačena kada se oni ponašaju bilo 
kao pozitivni indiktori bilo kao negativni indikatori za prisutnost nafte u 
slojevima. 

U tabeli br. 1. su dati podaci (stupci br. 4 i 5) koji ukazuju na jaku kore­
laciju koja postoji između visokih negativnih vrijednosti SB s jedne strane i 
pojave ugljikovodika u slojevima odakle su bili uzeti uzorci voda. 

Metoda ima oceanografski pečat pa je iznesena mišljenje da je upravo 
ova marina orijentacija donijela nove mogućnosti kod rješavanja problema 
kao što je traženja nafte koja je i sama proizvod marine sredine. 

Opisana su i druga svojstva metode između ostalih i to da nekada može 
da dade važne ,informacije u vezi sadržaja ugljikovodika u nekom terenu ti prije 
bušenja na nafitu. 




