
Ld
brrl
I.r .tu
tJ

...;f,
s; q:,

r-J

r+rr*l

:-tt!4

;laSi;
s

'1 t"."-i":i

raF* 'b6

1B

DEI

EdF
*"J

Hffiffitirbffi X{tEp
Lu{t Effidinry



r*+.
riF-

LF*r
;.qFafr

tE-.

-il

rff6q

rrli*-

PHEFACIE

Rotc af wlefiE* tr.d techrrqrfngH ir Efir-s€*tq:r fnr minotu] mrrl
ffiEr,Hr rlsffxlroes elryrl*ration and *rpf uiiufinn is..suffiuiend hnrt nnt erilrush
[o giuc nrs*imuln m*eelt, $ rr*lr:'* fudcrr:slicmrt scr*ilrur sumrnittoe th*nli$
of minc'ml r*c'futtul*rtrpro UF$I oYstsrbrr- TogrnJc+rta irltrilrtad thi* neminnr
ff, hriry tngrthr*, uuur.t+rniear fmcrlfldFftfr.$ und policy nrahrr fu i*tr .orn
mlc sf tcr& s*lsltsp *rrl tnsttrwlrlEs tn rrrppcrting scr*lrrst lwr +rf *i*"*
nrd mnrgl ncB{rtthftr:-rt ccru#rr'slinn fJ[hrr ,snu{ffi th*t nr*rl te bs sFFold*rl
in this r$ninar i* gqanlegisot arrd nrinipg hccitrm i$ TSG timinlcrf tcnse, Itni6s. io $lr*hl*irg qnd dsv*rophrg, {r[ tJryEs of gcr*trgl$ql md rnFning
hrritagc to bc the gmlrqficnl md nrlnlEs hfis'ism HrEEn amd *iy616 huring*
ItrruL r:en pr*vidc h,*nefitr h tbc pc*pl*r.-

Thu+ $srnin*r flnnrnriFlrc '*unld like tn rqy tlurk yrru ts the
donsrcr ffld ntryT'ortur ftu*t *l[ of uidc jn thi* r*m++asfld esi,"insr.

"fognahrrgg, tlil' +f lrlarffrn hcr t0 I I
tnmmitlee l*p*1{,

rasl.
tr
ilBs

re

-
re -..&t

F*.1

lm

--,'

r.d

&r<
fl

r*-j+

*
rffi

FF
tri

iE
tr

E*
a-t

-5.

q-,#
ni/Jg,

I)r. lr- llirrrlnnrro-vn Sl't., i*["g-



#4F

ffi.
ir,€,
-.t#-
hF
*tI *"

TXE fiH.,!L-l $"&LL ilIr : IlE "Jfl .{.HJiiL.tl,tl$ I t-! Hf,,STH
'5lui iflrulsrHlnrr Hslfimt & $nl*r*nll*id ln

ar*-+1
rfr"\*

--

ll-rF!

nil*.
k

-I 4J

-t *.

-***

r,lrrr #FilEiAHT,E*l'f TAFAE IltfF4H tdfqTlT{}nn' fiEJRl.[ HIIftITIII,*-!!" LnH{?q{ghTl, Em,fttr; tufrtt.rtrYFl"f,: BUIf,Tl l^fi,T$fidfH guf
Fgnjdu$jfr"sll\:

ffi. $Lilmh HhibuJ $xrffisb i*l*ohlrtarH*ldin ?l

F TI{E ffihTTl.{Urr"l' ffF qtU$.*IE t'flJ{$, $A$.El[.t r:ru TtftAtrlUf,f,

-9. syETEId. {]{d,1JA.b$ ll{ -THS t grJL iltt lff,l -. il0n Fr I}* F$firJt($R
rLR&r, FfJfirIR RFfiElrdf,Y, e'ri$T tfir/L

q Ifuru SiEit ftirqmntn & I{rtr-r Risnundi !l

r* * THFLTIEH{:g fiS' }'trT'AL tr'lIhlHEArS Cr}HTEHT {llrl .tt{g . 
Tlld"b

-|s rlfrl.ttrH fniTlTrfTin Flol.f1$lrylilLlt\' {ru$l HEfrltH$H;
fBETJ}ifEH,.*.RT NESULT
Tfllisb flnffin, Ir,flL i.cs{rqsra A.

ws'TTF frF[]q1t{F}dTr:AI ,{r'i-Af,"!Ff,IH ETITIIH' .&tfi. KLlHlifiR

-
*.f fi$ffTTffiR1l,.f/tl, rl.llilA lgf HFTFAT L+Wi*l{ti lJl$ttilllT ftmnH,

tiJlt'ti''flt6
f. riirynr, fiorpr*q *df ltfurg,.rtgur So 1l'uhyrvJr., Snlmbr+ {1, f,ur+tastp t,{

f It $tEH I'nTI{lri,+,T HEltlrtA.tt It{Jq }t $s {iH $ I Jl{: rc lL DG F*Ft Ffm $r
{ItrJtIURIT/[fiH H.f,Ft]tfRf;lF*q qTnIIH FrtIL4I+{i IUYSR BrtlIlH:
HIfiIJ5613{*11tr STUSF gl{ IIIEUT fiU$r'*Ln-lrthL[i pFfrIFfrIE}tEt\i I
F{ITBTTITTAT,
I4utd" Sril"keir Lnrnan, Hffnd FrsLc. &*ubmsil. JLLhbr[ ]dtr*t Tdihir, ltildlrd
Rnd Tlrtmr, *fttAstn Ali*'lnmt ijt{flt !5

tru,+ liIuLtI A.llttsul' se[5hut{ ttrt+lt&Ltt ul'l'e.ft. HHt} l+H{r CEffiHltfftt}l*€ st.trrtATxtnri rrrutr1tTt {nrrtt;tc FnHTHTIIA;II t:tsrrusu$t ll$\H" EItAt.I"t"s# RgsHrtv$1t]l

= 
Eatna hrrri ,*,5rl l;srffir"talg51tn tl,lrqdfio ll*nnlnrrg "l'rfrrrihrnrrl

ln

:.- TIIF HftfuL {Jt T*RLY w*I{FiIIF{ff Sh:rrgH AqjTTYfTTET .EE&IETIIJ*g_ trlf.trut$Is rrrrr thtrtlfff,,l'ftqn IH'ltREI"[r"gs Effi.os- llrrrur{mH : IH
srLTtlf

fg. Yudirn'q Ir,, T$l$.rnro, tr,fi.r l#$rn lL-h,, dk fflmnrn+

TFlrq. li $uLurtilh F.qTTEIilt u*' 'rufiJdl'lu-t.l.tFn{ f,lIEr.L

-"-lE" ]lfi0Rrilfrl-s#T rr .l*v4 HHL*TI$H q$nH fiffi{}ffrRffi{t}r'Lr{rltjA.L
rslrhtrTs

-f,'i, Iri$ Psn*hn. Ya$di i{!im,Jts*'rul& Yutrtlest
*!

lTffFl.rlll"lut3 nxlrrr fr8fi!{ERTT*ftE: TffE LJ-eE-I'rrd,s ilt' *.t{ *HclriFfrcj

-rl T ol.f flt{Tfl .r EU (]J J-*,VArt-
L;llr.u*ladi

{F.*1.

--I *.

13

'r$

'ls

TS

ra-q
ff.**

-
{F\.-...*rF;

L

1+



u 4r IR {3 Sfl|trlil lLYr L .*!{*l"tHlf lt'l'r'ltllt fr.ll{ EL] ]l $,i il rifi trftJ * n fH t' l.
.rIf.A. r!" EFTF.+I Ltr**'ilt'.It&Ttilf,T SFUf H SL'.lt_t't'S*.

I . :\+r" Ift t rf *d*ii**i!rr*.-:4r1'
!.3lgi"r.* F+t Llf CtrlJr.lt;dr tn'*rnq'

I. ;+g.'rx& l:'ry Fd *rrprqrlini*:ni1'
4 .rl"d :* f qgrpbfl r I lltl Li*r;*rtid"$tdJ

-?r.*.oL{,$.d$ty.{fln

J{tdrat

Ji'.*nLl..rrtml *u.rlerr .f.rr rxar r1;1fdi11sd ,fl iirf,tli $*ltrhr d rln'.e gr.rlnrs.l
nr.rrl{r.r'.r1:,ru us tor:llri,a ,tr+ .fi'tt{'r+a' l,{rlq.!r. f '.lt *t$f- Frtwf &uaq a'lrrt'rr .lrrrtt
.trnr$+. Lffirr*h* rrri[gsl ql "nlp. ** trrrrrnJJrrlr-. iur rlsfrrrf nr} {*'l*iiEtfr'ff$*'
*r*'rt tr *rrr.rrr{ly riF fnrFr+$lry.'tn'ltr -llyrrrfr.lrr$..r ,# ifr' ru,fffrpt" Ffrr *r "ttrrn
lrrn,uflt{d. ortnrrndrftd d.,t*rpotitr",*r +fdr"filirlrrn.lrriitdrtrd t.trir" u.rlri:,lftrtnf. Ji1rr. I&ir
rslslr.l lh.r.r 111'.ld I l{Lt rnr1t{;1ryrt "tft'Sh r[..,&r.lnrri. nd;r:lrrrr iHt{L. da- lrlrtr+lqJ
.-i11a-trli 1t!*tld.yrfri.rt JFitr,n r,tltt'

frq,H.r"{+' i$r* rl:rn rrrt, ..r utt,V * l tt gp grfit rro: rr . lt". 6rz,|tdlt n &.r rgrlr,{ ti

;!.hdrrh

I rhr +1lrh*l*rnriir; rudrhri*'rir. +;hnrf r *rfiSf," rbtrrilRE'i.ht ?amt::tfF irr:g wntl,l il.
rlrl { riil:rr, kJ.'rllirrr Er6l Llor5' gfdf l!}? !+!rnn .+t:li,;t rrrl'rniq. rir rr*rryrur.r"rl+
Ir(lJd0 :ioj{rrJd;rtif, {alrirJt:lrFtt tflr :rtn L'sririllsnitr uslrh tu.rr:rlrlr,r hrilr;rr!;,r rifi
lcndrtcrir rli rs,:r*r+ ,,1*qrr yu*rx!r* Il'ri prdp[Jlrf- i]n {ll#r,lrfi lstiq..t lrttrFt*:i x r
plr#*nJ ..lurlitrtw ,t.fllh lr:,r +lrgrlr 'ihl ni rrrrrisEorilErr lrir*'lr ri- 1r*ru lxttrid dr r

renff'nrru hr"!r rrrrg l:trih ll:-$,Jlrc*rrr L.rp:rdrr. rcftrr"furr iignti *:lr'"J, +ff ;]rtltl'

lifilr kalf(l fi:!*urtn 'ltfft iun- ptrJnrrTr};r, 1'"'"ir rlle*':r' lrstt'*rlr

1+



WATER GEOCHEMICAL ANALYSIS WITHIN AIRKLINSAR
GEOTHERMAL AREA IN EMPAT LAWANG DISTRICT OF SOUTH

SUMATRA INDONESIA

F. Virgol'z, Karyanto?, Ady Maraa, Agus Sf, Wahyudi?, Suharnoi, W. Suryanto?

l. Physics Dept. of Science Faculty, SriwijayaUniversity
2. Physics Dept. Of Science Faculty, Gadjah Mada University

3. Geophysical Dept. Of Engineering Faculty, LampungUniversity
4. ChemistryDept Of Seienee Faculty, Sriwijay'a Llniversity

5.Geophysiscs Dept of FI'IvI, YogyakartaUPN Vetsran University

fvirgo@mailcity.com
MP.081532650502

ABSTRACT
Geochemical analyzes have been conducted on several
samples of water geothermal manifestations. They are

lqcated Airkliusar vrllagq tnu M.usi subd.lstrrat, E--mpa.t

Lawang district, South Sumatra. Water Geochemical
analysis is used by geoindicator, ion balance, and
geothermometer methods to determine the chemical
characterization, hot water type, and temperature of the
reservoir. The result of data processing shown that the
composition of Airklinsar geothermal water was chloride
typg, It r,eflests that the origtn of h9! watgr from an old
hydrothermal system and fluid migrated from the old
basement rock. Airklinsar reservoir temperatures obtained
more than 320'C.

Keywords: Geochemical, geothermal, geothermometer,
geoindicator, reservoir.

INTRODUCTION
The Empat Lawang District is located in 3o25'-

4'lt' qI= c44102"37'- 103%5' EL, Flgtlre L The-rq ary
many hot springs with a variety of temperatures. They are
located in Airklinsar village with temperature ranging up to
65"C $H=7). The country is in the main tectonic belt of
Sumatra Fault System and Musi-Keruh Fault, precisely
located in the area ofactive faults and volcanoes.

In regional geology, Empat Lawang distict
_exJgn& alo.ng Su!!!aJ{e Fault gyste,m b.etweelt Be.qCkllhr
and South Sumatra provinces. Airklinsar geothermal fields
are located near the Bukit Nipis from the Middle Oligocene
to early Holocene. Geothermal area rock types can be seen

in Figure 2. The country rocks mostly composed of
sedimentary rocks of Tertiary age volcanic, including
Gumai Formation (Tmg) that composed of celcareous

shale, marls, claystones with tuffaceous sandstone and
calcareous sandstones intercalations. Then, Seblat
Formatim (Toms), composed of sandstone containing
silisified wggd, qlay-stgqg, qorglqme!4liq qandFto4q,

Iinestone, shales, marls, tuftceous claystone with
sandstone intercolations (Gafoer, 2007). Based on the
geology analysis, it can be presumed that the Gumai
Formation is a cap rock and Seblat Formation is a reservoir
of geothermal systems.

Based on geological informdion end th€ facts of
surfb.ce tgmpqature is reladvely hig!, Thg gqothgqqal
fileds will be interested to study further. Among other
related to the origin of the hot fluid, characteristic and
geothermal temperature reservoir. Therfore, water
geochemical surveys have been conducted in the vicinity
of manifestation.

METI{ODS
The geochemical study is based on discharge

water samples collected from the several hot springs These

&1nple,s we.rc 99lle"ct€d in Juqe ?812.Qh9mig4! analyceC sf
N4 K, Ca, Mg B, Li, and SO4 were carried out in the
laboratory of Lampung University, and the SiO2, Cl,
HCO3, in laboratory of Sriwijaya University (Palembang).
The results can be seen in Table 1.

The data processing was carried out by several
methods. First, geoindicator method, it is used by using
CI-SO4-HCOr, Cl-LiE, an{ Na-K"-Mg trianCu!41 drpgrams,
They are being used to determine chemical
characterization, hot water t5ryes, and temperatures wi&in
reservoir, Then, Ion balance method is being used to check
the equilibrium of molal concentration within the hot water
types. The result may indicate the origin formation of hot
water typ€. Further, the geothermometer m€thod, it being

U"Sqd tq dptermine temperaturg qf reqe_rvoir end



equilibration temperature with basement rock (Simmons,
lees).

BESULTS AND DISCUSSION

C}IEMICAL CIIARACTERIZATION AND TYPE OF
HOT WATER

Based on the CI-SO+-HCOr triangular diagram
(F'igure 3t plotting of chemical conpositions ofAirklinsa
hot springs lie in nuEtral chloride waler (in the Cl area). It
reflects that the geothermal waters are chloride type. As is
typical of deep water. Chemical compositions of waters
indicate that the reservoir is located in the liquid dominant
zone and geothermal waters come from an old geothermal
system.

While Airklinsar eool waters fall in the HCOr
area. It shows that the water contains low chloride with
carbonate as -the major anion plus variable sulfate. In
systems dominated by volcanic country rocks, carbonate
waters typically form in the marginal and shallow
subsurface region where CO2 gas is abiorH and steam is
condensed into cool ground water. The carbonate waters
form beneath the water table where they are weakly acidic,
but loss ofdissolved CO2 during ascent to surface increases
the pH of the natural discharge to neutral or slightly
alkaline.

Tabel 2 shows the values of ion balance of each
sample. Ion balance is good to within 5% (Simmons,
1988). Airklinsar hot springs have a value of ion balance
more than l5o/o. lt indicates that the molal concentration
does not balance due to volcanic acid water. It is consistent
with CI-SO+-HCOr diaeram.

Cl-Li-B triangular diagram are the most powerful

try.qe,f 9f tbe edcll ef the geathe.q!!4l sv$!€ms
(Armannsson,2007). They are conservative elements in the
geothermal system. They are fixed in fluid phase and have
not equilibrated. The conservative elements are the best
geoindicators for the origin of the geothermal system.
B/Cl rario and Cl-Li-B temary diagram were used to
indicate the source of the fluid.

Bqsed qn th,e Q!-Li-B diagrarn (Figure 4), pl-ottin.g

of chemical compositions of the Airklinsar hot waters are
located in near the Li-Cl line, the area oflow absorption of
B/Cl steam. It may reflects the origin of geothermal water
is old hydrothermal systems and the water migrated from
the old basement rock (Mnjokavq 2007).

The Na-K-Mg triangular diagram shows the
pqu.ilibrium bct\ryeen tle ge,otherual flqids ?nd rqsk eod
reservoir temperature (Figure 5). In this diagram all the
samples have not gained equilibrium with rockn

presumably due to fast circulation of fluid through the rock
fractures, It causes the water to be immature, considering
the ion exchange processes thal equilibrium has not been
reached yet with rock minerals because of circulafion flow.

Figure 5 shows that the Airklinsar estimated reservoir
temp€rature above 320oC.

SUBSUBf ACE TEMPERATURE E STS4.4TION
Chemical geothermometers are used to estimate

the subsurface temperature. Based on the result of Na-K-
Mg diagram (the reservoar temperature is more than
300oe), so the chemical geothermometers are used by Na-
K (Foumier, 1979 and Giggenbach, 1988) and Na-K-Ca
(Foumier and Truesdell, 1973> geothermometen. The
result can b9 segn in Tab.le 2.

For the Airklinsar geothermal water, Na-K
Foumier geothermometer suggested subsurface
temperature in the range 308oC to 340oC. Na-K
Giggenbach geothermometer estimated subsurface rangng
from 316oC to 344oC. Meanwhile, Airklinsar Na-K-Ca
geothermometers give zubsnfaee temperatur€ befween
42oC to 48oC, it is too low. They indicate that the
geothermal water is much more saline than the diluting
water.

If we compare, the value obtained from the
reservoir temperaturd diagram with values obtained from
geotermometer temperature. They appear that Airklinsar
had the same reservoir temperatures above 30fC. This
proves that there are a good correlation between the two
methods which used above.

CONCLUSION
The results of water geochemical analysis shown

the compositions of Airklinsar geothermal water is chloride
type. It reflects that the hot water coming from old
hydrothermal systems and the water migrated from old
basement rock. Airklinsar reservoir temperature are
estimatd more than 320'C.
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Fig. l Modification of Geological Map of Bengkulu Sheet
(Gafoer, 2007). The red circle indicates the location ofthe

manifestation.
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Fig. 2. Map location ofhot springs manifestations (take
from Modification of Geological Map of Bengkulu Sheet;

Gafoer, 2007).
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