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Abstract
The Itumbula salt dam of the Rukwa Rift Basin is a depression formed through extraction of
springderived salt crystals. Brine yield by springs which is the primary cause of significant
amouns of salt inthe damrequiredfurther geological investigations to understand yield controls.
In this study, detailed field geological investigations in the salt dam and its surroundings were
conducted to ascertain brine discharge controls. These included documeaotditbology and
surface manifestations of brine deposition. Geophysical methods (i.e. magnetic and electric
surveys) for studyinggeologic structures associated with brine deppaitd laboratory analysis of
cations and anion@.g. chlorides, bicarbates or sulphategssential to characterizemposition
of waterswere also performedThe information on the springs discharge rate was retrieved from
the previous studie§.he magnetigrofile revealeda very low magnetianomaly acrosthe salt
dam trending NW to SHlirection which isinterpreted to béhe main structure that controfkiid
movemend in the dam Electric resistivity surveyresultsdelineateda low resistivity bodyin the
central part of the dammterpretedasporous formatiorwith saline waterHydro-chemistryof the
hot spring brines indicatiehigh levelsof sodiumand chloride ions contestthan magnesium,
calcium, potassium, sulphatend carbonatand bicarbonate ioninterpreted to benature water
with minimal water mixing. The structurally controlled brinesf approximately 2.5 kg/s are
dischargd in the study area.

Keywords. Geologic $ructures, BrineSalt ProductionMomba Rukwa Basin

Introduction springs around the shorekthelakesthat carry
Beyond the wealth of othermineral significant salinity loads into the lakesnd
resourcesthe Tanzaniansegment of theéeast basin (Philip and Mosha 2012)The salt
Africa rift system is dominatedith salt lakes reserves increase through repetitive
having an overall hydro-chemical equilibria evaporatiorconcentrationin seasongbhases
governed by Na> K" > C&* ~ Mg*": (CO;* + The Itumbula salt dam is situated ithe
HCO,') > CI' > SQZ~ F ionic concentration Lake RukwaRift Basin (western Tanzanja
(Philip and Mosha 2012)The mechanism of within the western branch of the East African
salt accumulationis suggested torely on Rift System. Inthe Lake RukweRift Basin, salt
thermemechanical disintegrativstrairs of the is one of the important natural resources that
geochemistry sources either by rains that havebeen exploited since the early™i@ntury
chemicdly interact with rift terrains hence at Ivuna area currently knownas Itumbula
transportdissolved salts to the lakes andhmt  project area where operations of salt extraction
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arebeing carried out at a local scale untlee to be 0.3 MW (Hochstein et al. 2000Jhe

Momba District. ltumbula area has beesarmarked tolikely
The Rukwa Rift Basinis known to have havea potentialfor brine-derivedsaltresulting

small hot springs that occur near Lake Rukwafrom the presenceof hot springs and its

including the Ivunasprings (Figure 1) The position in the East African Rift System

springs discharge 2.5 kg/s of NaCl at B0°C  (Figurel).

(pH = 8), while the heat discharge is estimated
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Figure 1. A map of Tanzania showing occurrence of hot springs, and location of the study area,
Itumbula depression in southwestdranzaniamodified from Mnjokava et al. 2015).

Springs in ltumbula have beeliverted into seas and underground deposits whereas it can
evaporation ponds to sustain a small, local salte harvested directly either from sea water or
industry in Momba District, and are reported tanatural brine or from rock salt deposit formed
discharge gases with almost no carbon dioxidey evaporation of earlier seas that left a layer of
(CO,)) gas but consisting of mainly nitrogenrock salt commonly known abalite (Briggs
(Np) gas (James 1967). It is known that salf996)

(sodium cloride; NaCl) occur naturally in the
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Brine discharge control at Itumbulsalt estimation and calculation that Wifinally
dam is still inconclusive despite increasingguide in setting priority sites.
trends of local scale brine production at the
area. The latter has prompted a plan to upgradgeological Background
salt extraction operations from small scale to The Rukwa Rft Basin is completely
medium scale operations. It is this plan that hasnclosed, fed by an internal drainage system
further promped geoscientific investigations in with Lake Rukwa covering large part of the
the area aiming at precisely delineatingbasin floor (Wescott et al. 1991)The study
geological controls of brine production, area overlies the PaleoproterozoicUbendian
including its hydrechemical properties. Belt that is predominantly characterized by
Multidisciplinary investigations were large masses of metamorphosed mafieeous
conducted and involved geologic, geophysicsocks complexrangng from metaanorthositic
and hydregeochenistry to figureout how the to metagabbroic batholithgBoniface 2020)
geology of the area influences brine dischargéAt various placesurrounding the study area
The findings of this study are expected to laghe meamorphosed silicic granitoidsvere
grounds for further exploration and prospectinglocumentedBoniface 2020)Figure 2)
phases, including decision to carry out resource
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Figure 2: Regional gological mapof the southern Ubendian Belhowing the Rukwa Rift
(Adoptedfrom Boniface 2020)
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Ages of therocks of the Rukwaift Basin

were obtained from biostratigraphic analysifield geologic

and they reflect alLate Permian to ate

PlioceneHolocenerange(Wescott et al. 1991).

In the study areathree main groups of gneess
forming the basement systeraverlain by
poorly consolidatedCretaceousred bedsand
soft sedimentsgandsand clay} of Quaternary
period(Spurr 1951)

The Itumbula salt dans on the floos of
the Rukwa trough near the sowtkst corner of
the Lake Rukwa and 10.5 krfrom the Lake
shore and in a flat bottomed stesiged,

Methods
mapping and hydro-
geochemicalsurvey

This study applied geologic, geophysical
and geochemical approacheSield geologic
mapping involved documenting lithologies
around thdtumbula salt damvith approximate
size of 420,000 . Traverses wereglanned
along NS direction in order to crossut the
major structure As part of gologicalmapping
demarcabn of surface manifestatienof the
brine aquifer zoneand geologic structural
analysis were performed Furthermore,

roughly rectanglar depression about 457 m inmapping was conducted to determine the

length, and 244 macross (Spence 1953)
Around the eastern half of the depressisan
irregular semicircle of smooth hillocksf the
metamorphosed mafigneous rocksising to 9
m above its floor and 5 @bovethelevel of the

relationship between known hot springs in the
area.

Hydro-geochemical  survey involved
measurements gbH and temperatures in hot
springs and surroundisgby using portable

surrounding plain whereas the walls of the pH/temp probgto quickly examine the
depressiorare composed of soft sand and clayambien temperature of the ame hot springs
being eroded bywater action aided by land temperatures and salliy propertiesof water
slips(Spence 1953)heinterpreted lineamest through pH analysisHot spring vatersamples
from regional scale low resolution were collected diregtl from the hot spring
aeromagnetic and shuttle Radar Topographgischarge zonesusing plastic bottles by
Mission data,indicate the major lineaments immersingthembelow the surfacéo ensure a
that cross the study area trends MBE freeflow from the sample spot Before
following the major trend of the western arm ofsampling sample bottles were cleaned using
the East African Rift System (Figure 1). distilled water. The hot spring water samples
aimedto constrainhydro-geochemistryof hot
springs, examine water mixing up by
Materials determinng salinity distribution around thealt
A number of typical geologic and geochemicadam The hydro-geochemical analysis of
field gears were used during geologic andations and anions ofhe colleted water
geochemical survey including a global samples was carried at the laboratorytiod
positioning system (GPS), geological hammerGeologcal Survey of Tanzanjdodoma.
magnetic pencil, geologic compasspriable
temperatire/pH meterplastic sampling bottles Magnetic surveys
and distilled water for cleaning plastic bottles The aim of magnetic surveys was to
before sampling The geophyisal equipment determine the magnetic susceptibility of the
were magnetometer and IP instrumentafion area and inference on subsurface structural
the magnetic and resistivity surney features. The structures are very important
respectively. because they indicate permeability that may
probably demarcate fracture basement aquifer
system from which brine peolates.Magnetic
data were aguired using two magnetometers
GSM-19TW Proton Precision Magnetometers,

Materials and Methods
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as rover and base station for recording diurnal The data was thedowrloaded by GEM
variatiors. Both magnetometers were mounted.ink software andprocessed using Geosoft
with Global Positioning System (GP8ceiver Oasis Montaj software for noise reduction, map
for recording psition or location of data processing and filtering such as analytical
collection The magnetometemeasuredthe signal, horizonthand vertical derivativesThe
total magnetic intensity with accuracy of-+/ acquisition of ground total magnetic intensity
0.1 gamma (nT), and the GRS8ovided the data in the project area were basedwa key
position of a point with respect to tliea r t tpérameters: line spacing of 58 between
surface and elevation of the point above seprofile lines and sampling interval
level. The minimum rate of data samplingas measurements of continuous record{Rigure
three B) samples per second. 3). Atotal of 8km lines were investigated
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Figure 3: Map showing survey profile lirsat Itumbula salt dam

Electrical survey method dipole array with line spacing and sampling
The induced polarization (IPglectricsurvey interval of 50 m (Figure 4. Large spacing
method was conductedso as to determine between electrodes aimed to increase
electrical properties of the subsurface rocks. penetration depthThe set up of equipment is
total of 8km lines were surveyed using dipble shown in therigure4.
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Figure 4: Field photos showing the layout of IP cables (A and C), receiver setup and data

acquisition (B and D)

Geochemicalanalysisof hot springs samples
All geochemical analysewere performed

at the Geological Survey of Tanzani@ST)

geochemical laboratoryThe purpose was to

classify hot spring waters into either chloridecation and Cl anion

sulfate or bicarbonate water types using
ternary plot diagram Analyses included
chemical compositios of the ot spring
samplesi.e, catiors (Na', C&*and M¢™*) and
aniors (CO”, HCO,, SQ” and Cl)

concentrationsAnalyses involved treatment of

the hot spring water samples with dilutétric
acid (HNOs). This was doneto prevent
precipitation and adsorption to minimize
microbial degradation tccontainer wal, as
well as todigestthe samples before carrying
out atomic absorption spectroscopy (AABY
destpbying the matrix whichmayinterferewith
atomizationprocess

The analyses were done BAS for Na',

an indication of mixing relationships ptotg in
the C&* or Mg?* cations and HCG' anion
regions Mature waters that indicate no or
mininal mixing were expected t@lot in N&
regions (Stober and
8ucher 2013). This analysis was further
expected topoint out any existing genetic
relationshig between data points including
maturity, mixing lines or environment of origin
(Lajwe 2014).

Results

This part presest the field observations and
geology of the aredyydro-geochemistry of the
area,andgeophysicafindings.

Geologicalfield results

Geologically, the area is dominated with
irregular hillocks of the metamorphosed mafic
igneous rocks rispup to 10 nmabove its floor.

C&* and Md" cations, chloride electrode andThe wallsof the depressiomre composed of

probe for CI anion, titrations for C¢' and
HCO;,' anions. Thautravioletlight was used to
analyse SG¥' anion. Ternary plotwas used to

soft sand and clay being eroded by water
action. From field observatios, it looked like
the materials from erosionwere gradually

distinguish different types of thermal watersfilling up the dam gradually making it wider

whereas immature wateras expected to give

and shallower.
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Threemajor groups of springshat trend in
the NWSE are documentedht the middlepart
of the depressigntwo of which produce
slightly saline hot waterwith temperature
values ranging between 30 to 32 and pH of
8.5 to 9 However,a few othersmall spring
bubblesare noted inthe southeastern paxf
the damwith slightly low temperature up t86
°C. Therefore,the Itumbula salt dancontairs

several cold springs in the salt dam
particularly in thesoutheastern part (Figurg.5
Further observatios reveaéd that salt
extraction atthe Itumbula area is mainly by
solar evaporation method whereby the natural
brine evaporates up to the saturation point in
the open basin by action of sun and wind
(Figure §.

Figure 5: Influx of cold water at ltumbulgalt damthat may probabl result intolay of salt

crystal formationin the area.

Figure 6: Sal vaora| pongs u ul’a whi ti’]j r meank exsaction.

Hydro -geochemicalresults

Results fromanalyses otatiors (Na", C&* and
Mg®) and anios (COs”, HCO4, SQ” and
Cl') of hot springs and salt damwaters are
presented inTable 1 The results indicate

elevatedconcentration®f sodiumcatiors and
chlorine anios in all springsamplescollected
than cations(calcium and magnesiymand
anions(sulphateand bicarbona)erespectively.
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Table 1: Laboratory results of collected samples

Sample Na' ca’ Mg cl' so” co” HCO;
No. (ppm) (ppm) (Ppm) (ppm) (ppm) (ppm) (Ppm)
IVUOO1 18900 1599.36 225.79 16700 3839 50 125
VU002 21000 1881.® 28224 21700 4263 75 100
IVUOO3 86200 3245.76 141.12 74200 4629 175 75
IVUOO4 273400 1646.0  112.9 14600 3610 75 50

The cationsanions data are presenteth while aniors plot in the chlorine areawith
Na-Mg-Ca and GISO;-HCO; ternary diagrams minimal sulphate waterand none of the
in order toshowfluid compositiors (Figure 3. samples showedaffiliations to the regios of
Samples col | ect ed from magnesium galicand regiars @ bisarbonate
indicated that all cationsplot in the sodium anions
regionwith minimal concentration of calcium

0100 0_ 100

0 20 40 60 80 100
@ Na*

Figure 7. Ternary plot diagrams for catisnand anios in Itumbula salt dam(a) cation
concentratios, Na" dominatefollowed by C&" other catios (b) anion concentratisthat indicate
Cl' be the dominant in the dafollowed by sQ*

Geophysicalresults The suthwedern corner of the study area
Resuls of the totalmagnetic intensityare indicates a relatively strong magetic
presentedn Figure 8. The data show that the susceptibility whereasoutheast of the area has

area has high and low magnetic anomaljes avery low magnetic susceptibilityigure 8. It
whereby the low magnetic anomaly(blue can also be seen thatv magnetic signature is
colour) is situated between the two highfalling under hot springdischage zone and it
magnetic anomaliefink colaur) in the south is trendng NWiSE as shown in theotal
and north of the arethat trendin NW-SE magetic intensity inage (Figure B The
direction The white colouredfield represents strength of the magnetic signature is relatively
anarea from whichdatawas not collected due high in the NW than irthe SE of the study
to inaccessibity. area.
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The groundresistivity survey resudt show (Figure9a).Line 442473apparent resistivitys
high resistive body is indicated by pink colourhigh at9068200 td®068400at a depthof more
and low resistive body by a blue colourthan 150 m ard low at 90681509068475
(Figures 9, 10, 11 and 12 The results for the (Figure 9b). Line 442523 appears highat
surveyed profile lines are indicated filgures 9068200 t09068350 around aepthof more
9, 10 11 and 12Pseudo section magFigure than 150 m andis low near 9068120 to
9) show that the apparent resistivity variation®068475 (Figure9c). The hgh resistivity is
are high along lines 442423 at 9068200 to shown by pink colar (zone B, low resistivity
9068300 an®068375 to 9068475 atdepthof is shown by a blue colar (zone A and
more than 100m, and the lowest apparent moderate is shown by reddish catqzone G.
resistivity appears at 9068325 t©068375
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Figure 9: The pseudo section mafa) Line 442423; (b) Line 442473 afc) Line 442523. The
high resstivity is shown by pinkcolour (zone B, low resistivity by a blue colar (zone A and
moderate is shown by reddisblour (zone G.

561



Maswiet al.- Geologicalcontrols on brine discharga ltumbulaSal t Dam é

Hot spring is centered in low resistivity resistivity at 9068020 t®068200 around a
body at442728/9068366 (Fige 10b). In line depth of more than 120 m as shown with pink
442973high resistivity isobserved to appear at colour (zone B) while lowest apparent
9068040 tP068150 at depthf more than 120 redstivity appears from 9068360 8068480 at
m as shown by a pink calo (zone B) while adepth of more than 10 and near surface at
lowest apparent resistivity appegoartially in 9068200 t09068280, 9068350 and beyond as
south and mostly in northern siebfthe profile  shown in bluecolour (zone A)with moderate
from 9068150 near surface as shown in blueesistivity variation coversa large area of the
colour (zone A, moderate resistivity variation profile (zone C)(Figure 11b). Line 443123
covers a large area of the profildzone G shows high pparentresistivity at 9068020 to
(Figure 10c). 9068200 and 9068380 to 9068470 around

In Figure 1Q the pseudo section of line depthof more than 120 m as shown by pink
443023 shows high apparent resistiviat colour (zone B, while lowest apparent
9068180 to 9068290 and arouB@68350 to resistivity appears from 9068100 to 9068200,
9068530 neara depthof more than 150 m as 9068300 td@068520nearthe surface and from
shown by pinkcolour (zone B) while lowest 9068250 t09068290 ata depth of more than
apparent reistivity appears from 9068230 to 100 m at the center of the profile as shown in
9068580 neathe surface as shown in blue blue colour (zone A)and noderate resistivity
colour (zone A). Moderate resistivityaviation variation coversa large area of the profile
covers a large area of the profile (zone C)(zone C)(Figurellc).

(Figure 11a). Line 443123 shows igh
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Figure 10: The péedo section map; (aline 442573; (b) Line 442608 NEW and (c) Line
442973 The high resitivity is shown by pink colar (zone B, low resistivityby a bluecolour
(zone A and modeate is shown by reddish caio(zone Q.
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Figure 11: The pseudo section map; (a) Line 443023; (b) Line 443073 and (c) Line 443123. The
high resistivity is indicated by pink calp (zone B), low resistivity by a blue calo(zone A) and
moderate is shown by reddish cai@zone C).
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