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15. GEOLOGICAL INVESTIGATIONS, SAMPLING AND DIAMONDE ) °
DRILLING AT MANYEGHI HELIUM-BEARING HOT SPRINGs, § ‘) ™
SINGIDA DISTRICT e ou

By 1. ¥, Harws, Mining Geologist 'h::f; Ilalltegx

I. INTRODUCTION

A number of the hot springs in the Mponde River area emit gas containing from § to il
per cent. helium. The gas with the highest percentage of helium comes from the Mponds 3
Springs but the much more extensive springs at Manyeghi about 15 miles to the north wen
considered more suitable for the detailed investigation which it had been decided to undert:
as part of a campaign to develop a Commonwealth source of helium for the UK. atoul§
power programime.
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The object of the investigation, some aspects of which are summarized in this reporl,
was to ascertain whether an increased flow of helium could be obtained over and above
that naturally escaping from the spring vents,

Most of the work was done during the period May to December, 1958, The investigaling

HIE Vi
included the drawing up of a detailed topographic map (G.S. 1276, in pocket) of the arca of P 5
the springs; an examination of the geology of the area immediately adjacent to the spring Hasic d
an appraisal of the structure of the area by means of air photographs; a search for hitheitd § siliinly b
undiscovered spring vents; an extensive programme of pitting which supplied informutiof lp hornble

on weathering, bedrock geofogy and ground-water conditions; detailed measurement of (i
brine and gas flow from the spring vents and a study of variations in these factors; and variolg
other measurements, including sub-surface temperatures in the spring vents, radio-activlly
associated with the spring vents, and the effect of changes in hydrostatic pressure on gas :uli

brine fiow. Six diamond-drill holes totalling 1,043 feet were drilled under Vents 3 amd 4 .':.,hcl;fl_

in an attempt to find out the nature and orientation of the structure which channels the MMow -“ l‘._“' ] [S‘

of gas and brine. Some magnetometer traverses were aiso done. -:{ ‘:l(l: l:o
sl

I1. LoCATION AND ACCESS

Manyeghi Springs are situated on the eastern side of the Mponde River valley, abouif
85 miles north-west of Dodoma and about 4,000 feet above sea-level. The springs are abuy
3 miles south of the Kwa Mtoro-Singida road, from which they can be reached by a turu'nl%
about 2 miles south-east of the village of Msughaa.
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III. GeoLOGY OF THE MANYEGHI AREA f 4l rilt

(a) Regional Setting .

The Mponde Valley is a south-south-east-trending trough about (wo miles wide. I
represents the downthrown block to the east of a strong rift-fault system (the soutlawin]
extension of the western boundary fault of the Kenya Rift Valley} which forms a prominej
scarp rising about 700 feet above the valley-floor along its western side. No compuitli
topographic feature occurs on the eastern side of the valley, but a low scarp marks a zon
fracturing which may be an antithetic fault system dipping to the west and making conncerin;

at depth with the main rift fauit. Manyeghi Springs extend over a stretch of about a nilg
and a half of this zone of presumed antithetic faulting,
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(b) Rock Types

ping, r

The area around Manyeghi Springs is part of 3 Precambrian migmatite complex in wli _!mn_ggfsstﬂ
granitic material greatly predominates over the unmigmatized, metamorphic host ro i Iracty
Four main components of the migmatite complex can be distinguished in the field: inplics a

86 rings is



() Foliated biotite gneiss, often with large, oriented feldspar”porphyroblasts.
{Iiy Medium-grained migmatitic granite with a noticeable content of biotite.
{lli Leucocratic migmatitic granite, apparently without biotite,
(Iv) Pegmatites and aplites.

The outcrops in an area of about one square mile immediately to the east of the springs
live been examined in some detail and the following sequence of events is sugpgested as a
jumitble explanation of the field relationships observed in that small area.

The biotite gneiss (i) is thought to represent a member of a suite of ancient, regionally
tumorphosed rocks. These rocks were subjected to a Feriod of migmatjzation duting
hioh large feldspar porphyroblasts were developed parallel to the foliation {about 260
leprees) of the biotite gneiss, much of which was completely made over to biotitic migmatitic
fplte (ii). At some Jater stage a Tesurgence of migmatization affected the area and much
{-the earlier migmatitic granite and aimost all of the remaining host rock remnants were
iilaced by the leucocratic migmatitic granite (jii). This phase of migmatization was more
hignse than the earlier one and was accompanied by local mobilization of granitic material.
ich of this mobilized material recrystalized more or less in place to form large masses of
ghrse-grained pegmatite pervading the leucocratic migmatitic granite, but some was injected
long planes of weakness in the earlier migmatitic granite and the remnants of biotite gneiss,
jrming veins of pegmatite and aplite.

Basic dykes also occur in the area. They follow various strike directions and are almost
flainly later than the migmatites. The original pyroxene of these rocks has been converted
hornblende, actinolite or epidote, indicating that a relatively mild regional metamorphism
# affected the area at some time since the emplacement of the basic dykes.
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(¢) Structure

The salient structural feature of the area is a system of strong south-south-east-irending
ft faults with a downthrow to the cast. A zone of faulting, probably antithetic to the main
ft faults, runs parallel to the major rift scarp about two miles to the east, forming the
slern boundary of the broad, flat Mponde Rift Valley.

- The rift faulting cuts ancient migmatites which exhibit a well-marked system of pre-rift
ffructural lines (joints, dykes and fractured zones) which have, in many cases, been the loci
' renewed movement during the later faulting.

The joint system in the migmatites can be tentatively interpreted as indicating a more or
Jows cast-west compressive state which may have caused a gradual gentle doming of the area.
1 sudden release of this stress may have been the cause of the large-scale normal faulting

the rift episode.

A rather unexpected feature shown up by the air photographs is that the predominant
Hlructural directions in the areas to the east and to the west of the rift fault do not appear
i be the same. The dissimilaritics in the structural pattern on either side of the fault may
jossibly indicate that the two areas have behaved differently and independently since very

#heicnt times on account of some fundamental tectonic difference, since emphasized by the
formation of the rift faulting along the boundary.

The faulting which produced the main rift scarp in the Manyeghi area strikes between 340
#d 360 degrees, the latter trend probably being the earlier one.  To the north of Manyeghi
|'rings the main rift becomes mote variable in strike and splits into two or more parallel
fysiems. This area is considered by Gherardi (Unpubl. rep., 1958) to typify a moderate-
[pping, normal fault system with its step and splay faults. The character of the rifting
hunges further south to more or less straight, uninterrupted lines with sudden offsets along
Id fractures; this Gherardi considers to be characteristic of true collapse structure and
mplies a very steeply-dipping fault. The character of the rift directly opposite Manyeghi
prings is infermediate between these two extremes.
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The structure of the eastern boundary of the rift valley appears to be that ol antil

faulting resulting from cast-west tension brought on by the major downfaulting further 1ihg
west.
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To the south of the springs the antithetic faults strike mainly at 340 to 360 e
(parallel with the main rift fault) but in the area of the springs and for a few miles (o the mth
the adjustment scems alsc to have taken place along old lines of weakness striking a il
and 290 degrees, giving a zone of faulted blocks which has no doubt been the main lucafiing
feature of the hot springs. To the north of the Singida road the main rift trend com iy
strongly again on a strike of 350 degrees.
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IV, GENERAL CHARACTERISTICS OF THE SPRING VENTS e helwe

Warm dilute brine with bubbles of gas containing just over five per cent. hehune wig

emitted at intervals along a streich of about a mile and a hailf of the eastern side of (g I}:“a:fii
Mponde Rift Valley. The outflow from these springs, Manyeghi Springs, runs ol it ‘huc
wesiwards (owards the Mponde River, forming a large swamp some two miles long by hall m'm"ilim'
mife wide in the floor of the valley. The ground walerlogged by the bring is charictene it Jircell
here, as at other helium spring localities, by a lush growth of round-stemmed grecn e iilersecti
{Cyperus rotundys, or “Ndagu™). '
The appearance of the spring vents is nearly always similar, the brine escaping lron: thi Three st

top or flanks of low, humped-up areas of mud and sand covered with a growth of Mday
reeds, In some cases the natural vents were dug out to form artificial peols of clear wats
in order to facilitate measurements of gas and brine flow,
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The sand filling the vents is coarse, in some cases grading downwards into an aggiop o brino Ml
of angular rock fragmenls as much as two inches across.

The volume of brine emitted from the different vents varies enormeusly, ranging [y
flows in the region of 10,000 gallons per hour from each of the two most active groupa It was fc
vents to scarcely perceptible seepages in the case of some of the dying vents,  Inall, 35 poml o drrifling
of emission of brine are known, of which 11 are strongly active. pectly cor
The temperature of the brine varies considerably from vent to vent, being generally liplu w from t

(50 to 100 degrees I.) in the more active vents. Some of the feebler old vents arc wull k) pailor
cold (60 to 70 degrees F.). Lo
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In most cases the flow of gas from the vents is roughly proportional to the rate of cniiu
of brine.

V. DiamMonD-DRILLING
Six diamond-drill holes totalling 1,047 feet were dzifled under Vents 3 and 4.

The purpose of the drill-holes was primarily to investigate the nature and disposition .
the structure up which the gas and brine is supplied to the springs, though at the sunw iy
it was hoped to obtain interesting information about variations in brine temperiiurn
cormposition, pressure, gas content, etc., with depth. If a clear picture of the struchu
could be obtained it was hoped to site a deep hole to intersect this structure at a depth whw
a marked increase in the rate of flow of gas and brine could be expected.

At the start of the drilling programme it had been thought that the brine channels below
certain groups of springs where the points of emission of gas and brine showed a nunbod
linear distribution (e.g., Vents 3 and 4 and Vents 7 and 8) might be in the form of mee ai
less simple planar structures which could be positively identified in a borehole. 1l sucha
structure could have been intersected in three points at succeedingly greater depths, il miphi
have been possible to predict its downward extension by normal geometrical meilhindy

feel (vertict
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The first hole, G.8. 10, was drilled at an inclination of 45 degrees on a bearing nonnad parth walls
to the line of gas/brine emissions in Vents 3and 4, and actually served to confirm the geneial
impression of the structure as stated above. It tapped a large flow of hot brine al | W
feet below surface just to the south-west of the spring, the increase in flow occurring ulniss
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tely within a 20-foot stretch of the hole. There had been no appreciable brine flow

that ol aintit
Aing further foilg) [ this point, and although the hole was extended anather 75 feet beyond it, no further
' gi|wse was obtained. This seemed to indicate a well-defined structure dipping steeply
0 1o 300 I south-west, so a second hole, G.3. 11, was drilled from the same site and on the same
miles i.u . ..‘:.g q i, |hut at an inclination of 70 degrees, in an attempt to mtgsept the assumegi struct}xre at
53 Strikinn ”' » W) Jeet below surface.  Unfortunately, this hole (300 feet inclined depth) did nothing to
B n3ain fo i Birm the idea of a simple, constant-dipping planar structure and it was necessary to drill
ift trend <o 'I'z Ird hole (G.S. 12, 275 feet inclined depth) from the other side of the spring to see if the
e il structure perbaps dipped to the north-gast rather than fo the south-west. Although
v seconid and third holes both intersected strong flows of hot brine with gas, the inflows’
‘ jeurred at several points in each hole and there seemed to be no logical correlation in
! duo between the brine-bearing channels intersected in the three holes.
- cent. helem
astern side “,' :&i: It had originally been intended to drill below Vents 7 and 8 as weli as 3 and 4, but, as
ings, rans ol I-surface conditions were likely to be essentially similar for both groups and no clear
tites fong Nyl ffure had emerged from drilling at Vents 3 and 4, it seemed unlikely that definite
12 is clirn :rnmj f_‘iﬁﬂ'm:atioﬂ would be obtained at Vents 7 and 8 either. It was thus decided instead to
mmed green 1eadg ill directly beneath the main area of gas and brine emission in Vent 3 in the hope
Itersecting the feeder channel within 40 or 50 feet of the surface,

‘Three short, inclined holes, G.S. 13, 14 and 15, mutually at right angles, were drilled under
i urea of gas bubbles and not one Intersected the main gas/brine channel(s) although
tleveloped moderate flows of pas and brine which increased gradually with depth. 'This
wkes it fairly clear that no definite planar structure exists (at least near surface), and that
4 Drine flow foilows a zig-zag path within a fairly wide zone of intersecting fissures. The
ih of the brine probably changes continually as certain fissures become plugged with the
pn bentonitic clay which is so characteristic of the vent areas.

eseaping oy i
growlh ol Milag
s0ls of cleas way

into an arpieas

sy, ranging hag
it alcmjcl 3;‘.“”‘"' il 1t was found impossible to inlerpret the detaited upward path of the gas and brine from
nall, 35 pudi fli¢ drilling results. ~ The brine channels intersected in the different holes may or may not be

wetly connected; certainly in no case was the flow from one hole affected by changes in
low from the others, and, even when the first three holes were flowing at a total of about

ng generully TR
(K0 gallons per hour, the flow from the spring itself was only slightly affected.

i vents wie i

Brine issued from the three deeper boreholes under considerable pressure. Daily
hnsurements made by screwing a pressure gauge on the top of the casings showed average
wisutes of 9% pounds per square inch for boreholes G.8. 10 and 11, and 6 pounds per

ware inch for G.S, 12, These pressures are equivalent (o heads of about 22 and 14 feet

3and 4 J water respectively (the difference between these two figures being approximately that of

) fio difference in height of the two borehole sites). These figures were found in all cases to

hock almost exactly with direct measurements of the height fo which water rose in the
fsing when it was pulled.

The small flows of water from the short holes G.S. 14 and 15 rose respectively 9% and 7
oot (vertical height) in the casings.
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showed a nuntwl

> fl‘)flm of mane of (a) Measurement of Brine Flow

rehole, 1M s . . .

1 depths “\:::E:,'i:: ‘ The rates of flow of brine from most of the principal spring vents were measured by
; W oling the height of water in a 90 degrees V-noich set in the outlet streamn. The figures

nefrical melholy, ! . . ; .
rical mctiods, blained may be slightly too low owing to loss by lateral seepage under the impounding

irth walls of the peols.

The flow varies somewhat from time to time and the figures quoted below are the maxima
nd minima of the normal range.
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RaTe OF FLOW OF BRINE FROM PRINCIFPAL SPRING VENTS, MANYEGHI

The p
Vent No. 1 3,140 to 3,580 gallons per hour it e
Vents Nos, 3 and 4% ... 10,700% 1o 11,700 gallons per hour 31"‘ the s
Vents Nos. 7 and §* 8,175 to 8,745 gallons per hour 4 M_”” i’)
Yent No. 9 3,250 to 3,930 gallons per hour Fraei _”
Borehole G.S. 10 ... ... 3,275 1o 3,335 gallons per hour AftEes 1
Borchole G.S. 11 ... 2,906 te 3,275 gallons per hour
Borchoje G5, 12 ... 2,730 to 2,800 gallons per hour

«Combined flow for both vents. tFlow from spring when Boreholes G.8. 10, 11 and 12 all flowiny fren

| Heinewl
‘The physical characteristics of the other major venls made it Impossible to il o and.
V-noiches but it is estimzted that they flow at from 2,000 to 5,000 gallons per hour euch. “The «
Hiculw

The tolal volume of brine being emiited from the known points of emission at Manycnli 1y |
kpiice.

estimated at about 50,000 gallons per hour.

gher U
(b) Measurement of Gas Flow ‘]

e belc
The gas was coilected by displacement of brine in a two-foot-square perspes uig
gradualed in fractions of a cubic foot.  Fach vent was pegged out into two-foot squaies nl
each square where there was any observable fiow of gas was measured a sufficient numbed nf
times to ensure a reasonable average figure (three to five times in the case of those s
whers the gas low was relatively large), each measurement being of the gas evolved dering i
30-minute period. The average rates of emission for each individual position were (g
summed to obtain the total flow from each vent.

A HEY
Fiyures o

In the case of the deeper boreholes no visible bubbles of gas issued with the brine, whi *
gushed oul under pressure from the top of the casing.  Gas oaly appeared when the brine wig 2
led through a hose into a large pond and alfowed to flow genlly away; under these condifiong 21
the water in the pond became clouded with innumerable minute gas bubbles which caused g 84
sparkling as they escaped from the water surface. The gas emission over the whole suiliwe of 91
the pond was determined by a large number of individual measurements with the perspey hay a.
as described above, and the figure obtained, plus & correction to compensate for the sl g
amourt of gas which may stiil have escaped after the brine had left the wank, is believed 1o wa o
fair estimate of the available gas associated with the borehole brine flows. 0.

The gas-fiows from the major vents range between 11 and 24 cubic feet per hour wd the :

deeper boreholes yiclded about 8 cubic feet per hour. The estimated total flow of gax g !
known points of emission at Manyeghi is about 130 cubic fect per hour, represeniing abont | 1L will
cubie feet of helium per hour. Nitrogen
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(¢} Compositicn of the Brines

All known points of brine emission, active and dying, were sampled and the samples wore
analysed in the Geological Survey Laboratories.

The Manyeghi waters have a composition unlike that of the majority of thermal walog
from other arcas. Their characteristic feature is the presence of the three anions chilardy
bicarbonale and sulphate, all in considerable amounis. The relative propertions viny
considerably, but a typical average sampic would contain chloride, bicarbonate and suiphuti
in the ratio 700:500:350,  The pH of the brincs varies from 75 to 9-5, L.e., slightly athating,
The metallic ions consist almost entirely of sedium, with only very small amounin ol

; . . . X asu

potassium, magnesitm and calelum.  Total dissolved solids make up between 2,000 wuil 1\1}140‘15

3,000 parts per million of Musorr
, : .

nitrogen t
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but the ¢l
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The other helium-bearing springs in the locality, e.g., Mponde and Takwa, emit watcr ol
a somewhat different composition, where chloride is miuch more the predominant anion
the relative abundance of the subordinate anions is reversed, sulphate being greater thun
bicarbonate.
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™S, Manvesh he general composition of the brines from the various vents at Manyeghi is sufficiently

llar to indicate that ail are supplied from the same system of uprising mineralized waters,
Ithe slight differences in composition are probably a relatively near-surface effect brought
Bout by variations in temperature, pressure and degree of dilution dependent on the
meability of the feeder channels, and by differences in reactivity of the wall rocks. The
islires in the strongly-fractured, near-surface zone are probably filled with static or slowly-
persing brine which has percolated laterally from the main channel-ways and cocled off.
Ip main uprising flow of brine may thus be contaminated to a varying extent with cooler,
rsurface brine which could, by virtue of the different physico-chemical conditions, be of
imewhat different composition from the main flow. In this way, differences in tempera-
and composition at the different vents could be produced.

The composition of the brines from the three deeper boreholes differs considerably,
itticularly in the C1/804 ratio, although all three draw from fissures not far removed in
¢0. These holes obviously tap fissures in the helerogeneous zone of mixing, which
ounts for the fact that the temperature at this depth (150 feet or less) was not significantly
er than that at surface. A borehole which intersected the main channel-way of uprising
ne below this zone of mixing would most probably show much higher temperatures.

ns per hour
ns per hour
1§ per hour
ns per hour
ns per hour
ns per hour
as per hour

5. 10, 11 and 12 all flowing: five, -
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ts ofemission al Manyerhi |

‘o-foot-square perspey lug

At into two-foot squates ang d s
: I Cormposition of the Gases
:SUI‘Cd a sufficient nuimhe of ¢ .) P , ool ® ;
in the case of those s Analyses of gases from ten different points of emission at Manyeghi are reported below.
; of the gas evolved dhniy gures are given as percentage by volume.

dividual position were 1l

Vent He Ny A HoS {COp [ CHy | Op H;
issued with the brine, whigli' 1* 52| 916 12| @5 1-3 02| Wil| Nil
ippeared when the brine w 2* . 541900 12| 06 18; 04| 03| 03
way; under these condinong * 14 014 141 021 13} 02} 04 —
gas bubbles which vl § - siloal 3 1] ezl Sl om
on over the whaole suifu e, at ... 550 923 1851 Nit] 05| o2 M| 004
:ments with the PErspes fug G.&. 10% 671 893 16 01 i4 — 1 001 07
0 compensate for the uny G.S. 11t &7 | 902 1-6 0-02) 12 —_ 0-01 0-01
-the tank, is believed 10 g gg, 132,;[ 2& g%:é ig ﬁ:} 83 g% ﬁﬁ ggg
ne flows., oV, &% 541924} 151 Nilt 06 001 Wi 01

*Analyses: December, 1957; Government Chemist, London.

cubic feet per hour and iy
tAnalyses; September, 1958 and January, 1959 ; Atomic Energy Research Establishment, Harwell,

wated total! flow of g

bour, representing ubont It will be seen from the above analyses that the composition of the gas varies very little.
Nitrogen always makes up about 90 per cent. of the gas, helium composes a little over half
he remainder and argon and carbon dioxide together contribute about another 3 per cent,
‘he remaining 1 per cent. or so is divided up amongst hydrogen sulphide, hydrogen, oxygen

nd methane in differing proportions.

A close similarity in composition is found in helium-nitrogen natural gases from springs
1 other parts of Tanganyika, Where the helium content is higher (up to nearly 18 per cent.
N some cases) the nitrogen content drops proportionally, the content of the other constituents
ilmost always being in the same order as in the Manyeghi gases. In a few gases of this
pe the carbon dioxide content is as much as 3 or 4 per cent. and in such cases the helium
_gontent is lower in proportion. Asgon content seems to show little variation with changing
helium content. :

Measurements of isotopic ratios in the gases from the hot springs in the Maji Moto area
of Musoma District show that the nitrogen possesses a ratio identical fo that of atmospheric
nitrogen but that the argon has a ratio very different from atmospheric argon.  This implies
(hat the nitrogen in the gas is probably atmospheric but that much of the argon may be
sudiogenic or original. No such measurements have been made on the Manyeghi gases,
but the close similarity in environment and general composition of the gases from the two
ireas makes it likely that the same thing is tree.
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At Manyeghi, gas from Vent 3 contained 55 per cent. helium and 90-3 per cent. nitropen,
whilst gas from borehole G.S. 10, from an inflow of brine at about 130 feet below surlicq,
contained 67 per cent. helium and 89-3 per cent. nitrogen.* It thus seerns likely that the
nitrogen in the gases is of atmospheric origin and that it decreases in depth, probably i
the extent that, if gas could be tapped from great depth (below the point where it is picked up
by the circulating waters) it would contain virtually no nitrogen.

The relative proportions of nitrogen and helium in the gases from different vents arw
remarkably constani.  The most likely explanation of this is that meteoric waters circuinte
to depth carrying & fixed propostion of nitrogen arnd oxygen from dissolved air,  That pad
of the water following fissures which exiend 1o the greatest depths meets an uprising mixtuia
of super-heated magmatic steam, alkali halides, helium, carbon dioxide, hydrogen sulphula
and possibly other gases, and reiurns to surface as heated saline water carrylng nilrogen
and helium; the oxygen in the circulaiing waters will be used up in oxidising hydropan
sulphide to sulphate and in various reactions with wall-rocks. Variations in the relani
proportions of belium and nitrogen will probably be fairly small in the zone of circuinimg
ground-waler, being caused merely by dilution of the deepest, heliumecarrying walcr weily
less deeply circulating water containing sitrogen only.

(¢) Relationship Between the Gas and Brine

The helium-bearing gas typically appears with bring in the spring vents.  Itis connideici
unlikely that significant volumes of gas are being evolved in places other than the xpiuy
vents, although a gentle emission of gas over large areas of the swamp could easily be tuhniy
place vnnoticed.  Gas rising from a desp source through crystalline rocks must trave! up
some sori of fissure system, and, in all probability, any fssure system which is capuble ol
channeliing a flow of gas will, in this area of circulating thermal waters, already be unilinul
by a flow of brine. Thus the gas will normally follow the same path as the brine right up
fo its point of issue at the spring vents.

At depths greater than about 30 feet below surface the agsociation of gas and brine i
thought to be fundamental, the gas being transported in solution in the brine.

The flow of brine from the deeper bereholes ((G.S. 10, 11 and 12) contained no viahla
bubbles of gas; gas only appeared when the brine was allowed to come Into equilibinu
with the almosphere by relatively slow outfiow from a reservoir, indicating that the gas was
in solation in the brine under conditions of increased pressure at the points of inflow (o tha
boreholes (between 80 and 280 feet below surface) and that the escape of gas in respe
to the reduced pressure at surface requires some time to take complete effect. By conlnwil,
the gas in the spring vents rises from the sand as definite, well-formed bubbles because tha
brine, percolating slowly upwards by devious paths in the near-surface zone, has time lo
adjust itsclf to the lowered pressure and a separation of gas starts {0 occur some distiinu
{probably 50 feet or s0) below surface. The small flows of brine from boreholes G.5. 1,
14 and 15 entered the holes mainly at depihs of less than 50 feet and the gas assoclated with
them rese up the holes as definite, small bubbles,

Measurement of gas and brine flow from Vents 3 and 4 and boreholes G.S. 10 :unl 11
gave a similar figure in all three cases for the volume of gas emitted per unit volume of biw,
(about 0-015). These were the first points of emission to be measured accurately and it way
expected that the same constant gas/brine relationship would be found to apply at the ot
main vents. This, however, was not so. In the case of Vent 1 and Vents 7 and ¥, the
gas/brine ratio was almost twice as much, while Vent 9 gave an intermediate ligur,

A probable explanation of these differences is that a part of the main upward How «f
brine from depth may be diverted laterally away from the main channel through side fisstie,
especiatly in the broken, weathered zone very near surface. Gas which bubbles ofl iy

At Maj-i-Moio, Musoma District, gas from the natural spring vent contained 132 per ¢cent. helium awd
86-3 per cent, nitrogen, while gas entering the borehole at not greater than 400 feet below surface containd
17-5 per cent. helivm and 78:0 per cent. nitrogen,
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i§ brine in response to lowered pressure in the near surface zone, being of low density, will
ill to rise verticaily and appear in the actual spring vents along with only a part of the
e which had held it in solution, the remainder of the gas-depleted brine flowing away
lorally below surface to appear at a lower topographic level out in the swamp. This
1i4oss is exemplified by Vent 9, where laterally-diverted gas-poor brine appears in Vents
) 94, 9e and 9f out in the swamp, several hundred feet to the west of the main point of

iliston of gas in Vent 9 itself.
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: VII. Rocx ALTERATION AND WEATHERING ASSOCIATED WITH
APIISING niurs g '

THE SPRINGS

S;;?;f’ ;E"'f""‘l‘;’ 5 (a) Alteration in Hard Bedrock
3 Adcap . . . ; . .
> " Microscopic study of thin sections of Manyeghi rocks indicates that almost all the rocks
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if the area have suffered some degree of alteration. The degree of alteration is perhaps
filhor greater in the case of rocks known to be more or less intimately associated with the
itising hot brines, although the type of alteration does not seem particularly distinctive.

The brines, as they appear at surface, have a particularly low X/Na ratio (about 1:100).
;s seems likely, the alkalis are supplied from a deep magmatic source in which the K/Na
#ilo is higher, the paucity of potassium in the brines at surface is probably the result of
iilon of potassium in the rocks traversed by the uprising brines. This could be effected

Itis considers e : . f

than iﬁ:‘l\:}!,: ;; guch processes as sericitization of soda-feldspar, though fixation of potash in certain
< MR RTEST] - . R s

casily be Ll ey minerals is probably more important.

must (rived o)

s capuble of (b} Green Bentonitic Clay

:nd.yl be utitiend A very characteristic feature of the rocks near Vents 3 and 4 is a green clay found in

> brine right b ljsures in both weathered and undecomposed bedrock.

~ The clay is a soft, wax-like material, blue-green when wet, grey-green when dry. On
drying it develops symmetrical shrinkage cracks and finally curls up into flaky crusts. It
bworbs a very large volume of water to form a thixotropic gel and is certainly one of the
flonimorillonite group of clays.

© This clay was encountered commonly in the boreholes, both as fragments, up to an inch
it more across, brought up in the water flush and apparenily derived from banded or layered
musses filling large fissures, and also as adherent coatings, often mixed with sand and rock
rapments, in many small joint fissures, especially fairly near the surface. The same green
iy occurs in fissures in the zone of deeply rotted bedrock to the east of Vents 3 and 4.

Neither in the drili core nor in the pits does the green clay appear to be confined 1o any
sirticular rock type and it would seem that the clay has been brought in by circulating waters
nd deposited on the walls of the fissures, rather than having been formed in situ by alteration

pf' the wall-rocks.

~ The origin of the clay is not known with certainty. It is unlikely to have been derived
rom the normat quartz-feldspar migmatite, but may have been formed by the decomposition
inder alkaline conditions of biotite-rich rocks or basic dykes at a depth where the brine is at

ther temperatures than at surface, and carrjed in suspension in the uprising waters as

Iil
-mhwte, probably colloidal, particles.
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wediate i, (c) Rock Weathering at Surface
The 91 pits dug in the region of the spring vents gave interesting information as to the

sward Tow ol pIon
depth and nature of weathering in the area.

h side fissuiey,
obles oft fromy Three main types of weathered ground occuri—
(i) Grey or brown, sandy clay without coarse rock fragments. This is redeposited

material and is characteristic of the fairly shallow pits on the sand flats along the edge of the
swamp,
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(i) Grey, yellow or red, sandy clay, full of more or less rotied {ragments of R
rock types.” This heterogeneous type of weathered mantle can be considered nornul i ihg
area.

{iiiy Completely decayed bed-rock retaining the textural character of the rock from whie
it was derived, i.e., a decomposition i situ.

This third type of weathered ground, which seems to be more or less confined to th g
cast of Vents 3 and 4, may possibly be produced where the tocks have been extein
roicen and exposed to processes of hydrothermal alieration, thus rendering them particvlaily
susceplible o deep weathering from the surface. The presence of fissures filled widh (he

green bentonitic clay may indicate that the rocks have at some time been affected by Howe
brine.
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(d) Weathered Rock below the Spring Vents

The diamond-drilling al Vents 3 and 4 provided useful information about the deptliung
nature of weathering in the immediate area of that group of springs.

Weathered rock was found down to 50 feet below surface on the north-east side of ik
spring and fo 83 [ect on the south-west side.  The biotite gneiss is the most casily weatl
rock fype, the migmatitic granile is less so and the coarse-grained pegmatite is (e nimnil
resistant. Thus, in boreholes close to the spring, paiches of unweathered pegmatitc we
found only about 15 feet from surface, whereas the first appearance of cohercn!, [l
biotite gneiss more or less marks the lower limit of weathered rock.
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Further interesting information was provided when a 4-inch diameter open pipe wig
driven 18 feet into the bed of Vent 3 by water-jetting, The material brought up consie
of angular, flat-sided fragiments of quartz-feldspar migmatite, often up to a couplc ol telug
across, and much green clay, This seems to indicate that the spring vent is underlain vod
the surface by a breccia zone (pertly of tectonic origin and partly broken up by ot
weathering), up through which the brine percelates by a tortuous path, following, Il
fissures which are the least clogged with green clay,

Pl

VIII. VARIATIONS In PHYSICAL CONDITIONS AT THE SPRING VENTS

(a) Day-to-Day Variations The rate

. . . . .. . cusurement

Daily measurements of brine flow, brine temperature, radic-activity, air temperatin b .
{wet and dry) and barometric pressure were made at each of the main spring venls over g Changes !

period of about four and a half months. The thice deeper boreholes, G.S. 10, 11 and 1)
all flowed free for about six wecks and daily measurements of brine flow, temperalurce ath
pressure were made on them during this period.

Yect on the

Brine temperature and rafe of flow vary from day to day, more erratically and over 4 In the fol
wider range in some springs than others, Changes in air temperature, humidity wmf | { the supply
barometric pressure appear (o have no consistent effect on these variations. ll'lg'l?f'ledsel

§51D211LIES .

Erratic changes In temmperature are presumably due either io a non-constant supply of 0
hot brine to the vents, or to variations in the relative proportions of cool surface wahw
and deeper hot brine. Tt is significant that the most erratic figures were obfained in the vl Manveehi
feebly active vents, where the channel ways arc obviously thoroughly choked and hioly yeg

to favour an inconstant raie of supply of brine. It might be expected that vents closoly
adjacent on the ground, such as 3 and 4; 3a and 5b; 6 and 6a, would show similur 11w
and falis of temperature, but this was found not to be so.
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Changes in the rate of flow of brine occurred in the main vents at about the same line,
although the smaller fluctuations may be merely the result of observational error in readuy
the V-noteh. A main period of erratic changes in flow affected all the vents during May we
early June,
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- permeability!
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Iliere appears to be no seasonal change in the rate of flow from the springs. Apart from
jior fluctuations, the V-notch readings remained the same throughout the dry season of
Al und continued thus through the rainy season months of January and Febroary 1959,
in body of ground-water supplying the springs would appear to be a very large one and is
ulbly subject to considerable recirculation.
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(b) Diurnal Variations
The data discussed below were obtained during a 48-hour session at Vents 3 and 4.
gmurements were made every 30 minutes of gas flow, brine flow, brine temperature,
lip-ctivity, air temperature (wet and dry) and barometric pressure.
The figures for the rate of flow of gas were obtained with the gas box kept in a constant
lan over an area of active gas emission in Vent 3. Variations in the gas flow in this
¢ position can probably be faken as a fair indication of the shape and magnitude of

¢ or less confined (o 11, Wik
rocks have been cxien v
3 renden’ng them pari s!,uf
¢ of fissures filled wul 1k
me been affected by thog

‘ents k ; i .
. iilitions in the total gas emission from the spring. The flow varied continuously between
mation about the deprl: wigg ind 3% cubie feet per hour with no particular petiod of high or low readings.
5.
& ‘The temperature of the brine in Vent 3 showed extremes of 94 and 98 degrees F.  There

v continuous fluctuations of a degree or so and certain periods of altered average
npetature could be distinguished. In general, brine températures seemed to be slightly
Hyhor during the day than at night.

Brine temperature in Vent 4 ranged between 90 and 96 degrees F., but most of the time
very constant at 92 degrees F. A sudden anomalous rise of 4 degrees during the period
10 p.m. to 4.00 p.m. on the second day seems to be real as it occurred also at Vent 3
fl in the temperature of the outlet stream. It presumably indicates a period of inflow
hotter brine, though if should be noted that no increase in the rates of flow of gas or brine
ned to occur with it.

The fact that both Vents 3 and 4 showed this sudden increase in temperature seems to
iiply a close connection between them. They are less than 100 feet apart at the surface
gl the brine emitted from thern is at quite different average temperatures (97 and 92 degrees
)3 this is thought torindicate that, at depth, the two vents draw from the same uprising
isw of brine but that, nearer surface, the channels divide and one branch suffers greater
joling than the other, either through following a less direct path or through greater
idmixture with cold, near-surface waters.

~ The rate of flow of brine remained quite constant throughout the 48-hour period of

WHisurements.
~ Changes in air temperature, humidity and barometric pressure seemed to have no definite

floct on the behaviour of the springs.
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IX. GENESIS OF THE GAS AND BRINE

In the following paragraphs certain suggestions are made as to the fundamental aspects
' the supply of gas and hot brine to the springs. Some of these ideas are well supported
y the evidence obtained in the investigations, while others are suggested merely as likely

1usibilities.
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(a) Location and Mechanism of the Springs

Manyeghi Springs are located on a zone of fracturing (probably an antithetic fault system)
{0 the cast of a major rift fault. Spring vents cccur at various points in this zone over a
airike length of more than a mile and a half.

There seems little doubt that the zone of presumed antithetic faulting provides the main
locus of uprising thermal waters. The actual spring vents may be located at points of
excessive fracturing in this zone, perhaps at points of intersection with other zones of
weakness, their positions in detail probably being influenced by focal variations in

jermeability in the surface material.
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The localization of the springs within a small section of the antithetic fauit e
is considered to be an indjcation of the existence in the Manyeghi area of especially will
developed and deeply-extending fissure systems which make connection with & source of fua
and magmatic emanations at depth,

Gherardi (1958) has explained the occurrence of the springs on the antithetic fault o
rather than at the base of the main rift scarp by the fact that the main rift fault is now 4 ronig
of compression and will consist mainly of tight fractures, whereas the antithetic fault von g
a region of tension and, hence, of open fissures and brecciation, which provides a conycunal
channei-way for the passage of large flows of water.

{b) Source of the Spring Water

'The large volume of water emitied fron: the springs and its comparatively low tenpevitig
and concentration of dissolved solids are indications that the water is mainly ol nwien
origin.

The springs are thought to be of artesian type, the main source of the civculating watig
being precipitation on the high ground of the main rift scarp and further (o the wesl. Wl
percolates downward through fissured ground associated with the rift faulting and . alsg
introduced into fissures below the clays in the floor of the rift valley through alluviat Lo i
the base of the scarp. The ground-water moves through the joints and fissures Delow 1]
impermeable clays, partly penetrating to considerable depths, and, on entering the caully:
permeable, antithelic favit zone, rises through open fissures to find outlet at the spuy
It emerges under a hydrostatic head resulting from the difference in height between tic wali
table in the fault scarp area and the ground at the springs.  The effect of heat and asdiliti
of gas to the circulating water at depth may also aid in causing it to issue under e
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. . . ‘ Helium is known
A very small proportion of the spring water is probably derived from the mugnw
emanations by the condensation of superheated steam.

(¢} Source of Heat

The heat supplied to the Manyeghi hot springs is considered most likely to be of valas
{magmatic) origin.

Some of the reasons for this supposition are as follows:

The quantity of heli
w lazge, but a simpie
yolume of brine being

fay Recent volcanic rocks appear at the surface not very far away (at Hanang, 6 il
to the north-east) and in the same rift-faulting association.  Hot springs, some of whic | sy
helium-bearing gas, occur in probable genetic association with such recent volcinnuy |
a number of places, e.g., Golai, Lake Balangida (James, 1953).
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(b} 4 high-temperature volatile phase given off from a body of magma, besides leiny
likely source of heat, constitutes at the same time a convenient explanation of (lie ~wnp
of the dissolved material in the hot waters.

Normally gaseous
dlssipated on their jou
hlarge area of the eartl
amount of helfum is co
has entered a system o
ol issue at surface.

(¢) The presence of a plug of magma pushing its way upwards along the decp csletmin
of the rift fauit below the general arca of Manyeghi provides a partial explanation of (l§
localization of the springs in that area.

(d) Source of the Dissolved Salts

High-density magmatic steam carrying alkall halides in solution, along with cailw
dioxide, hydregen suiphide and other minor constituents, is considered by White (115 |
be the original material which gives rise, by mixing with circulating meteoric witer an
undergoing various pressure and terperature changes and reactions with wall-rocks, 1o i
various types of warm mineral waters found in hot springs of volcanic origin.
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At Manyeghi such uprising high-temperature magmatic emanations probably fiest i
into contact with deeply circufating ground-water somewhere near the junction of il
antithetic and main rift-fault systems (at & depth estimated to be in the order of 5,000 i
below surface). The ground-water becomnes heated and charged with dissolved mata iy
and rises through the open fissures of the antithetic favlt system to emerge at the spriny: veu
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wtic funll o The waters described by White often contain refatively high proportions of silica, boron
“especially wall: tel Tithium, and he considers that these constitute criteria for the velcanic origin of the
a source of lugf slers.  In the Manyeghi waters these constituents are all very scarce and the K/Na ratio is

seeptionally low, but this may well be due to the special character of the source magma.
thetic fanll nid fiv volcanic rocks of the Central Rift Valley are essentially an under-saturated, soda-rich,
LIS 0w 0 i #lkaline group (phonolites, nephelinites and, exceptionally, carbonatites) which would be
etic faall fomm i ipected to give off a silica-poor volatile phase. Insufficient analytical data are available

) suy what sort of boron and lithium content would be expected in emanations from such

fdes & comiun, mugma, but a fairly low K/Na ratio might be expected.

(e} Source of the Helium-Bearing Gas

low termpeinig

inly of icioo Ii has been suggested in an earlier section of this report that the essential non-reactive

mstituents of the gas at great depth may be helium and argon only, and that the nitrogen
hich makes up the bulk of the gas at surface is atmospheric nitrogen from air dissolved in

reulaling wa (éf he circulating meteoric waters.

he west. AV

iti;%n‘:':: l' m’i ) _ The belium and argon are most probably original trace constituents of the high-pressure,

ssurcs bl "“ | i:igh-temperature magmatic emanations. Th'e main gaseous constituents of the emanations,

rering the call¥ probably carbon dioxide and hydrogen suiph;de, will dissolve in the cold ground-water and

O ?h- c o Pivc rise to various chqn_"ucal reactions, whilst the superheated steam will condqnse and
i weome part of the uprising stream of heated ground-water. The inert gases helium and

tween e walw

eat and i asgon alone will remain unchanged.

unger ey . . .
neer Helium is known in volcanic (fumarole} gases from various parts of the world, but
1 the mupoud ually occurs only in small proportions, seldom exceeding 0-01 per cent. of the dry
The quantity of helium being emitted in the gas from the Manyeghi spring vents appears to
to be ol volo i bo large, but a simple calculation will show that it is by no means exceptional. The total

yolume of brine being emitted at Manyeghi is roughly 50,000 gallons per hour, containing
hout 350 p.p-m. 8O4 and 500 p.p.m. HCO3. If these constituents are considered to be
dorived entirely from HpS and CO; in the magmatic emanations, then it can be calculeted that
{he total weight of HzS and CO» being supplied per hour (ignoring any recirculation) is more

P

{anang‘ O5 113

1¢ of whi i i han 100,000 grams. The total flow of helium from the springs is not more than 7 cubic feet

at voicamaiy wr hour, or about 35 grams; thus helium can have composed only about 0-0035 per cent.
bl the dry gases in the magmatic emanaticns.

, besides heiing . . . ;

o of the nigg Normally gaseous emanations from depth, hehum-b(;armg or otherwise, become
Blssipated on their journey upwards and the uareactive constituents are lost unnoticed from

& deep cater large arca of the earth’s surfage. The unusual feature at Mar}ycghi is not that an excessive

- P exferid fmount of helium is contained in the source gases, but the fortuitous way in which the helium

planalti i . . - .
planation o i jus entered a system of circulating waters and been transported upwards to a localized peint

of issue at surface.

~ Many volcanic gases contain virtually no helium and it is probably the nature of the source
mugma which determines whether or not helium is present. Helium is the end-product of
yurious processes of radio-active decay taking place throughout the earth’s crust and is
jontinzously being given off into the atmosphere in very small quantities. Magmatic
smanations relatively enriched in helium may well be derived, therefore, from magmas which
ure particularly rich in radio-active constituents. The Central Rift Valiey volcanic province

ng with il
White (197) i
JOLIC Witler g
ali~rocks, 10 1l
M. '

ably firsl cong: b typified by anomalous radio-activity, present in primary form in carbonatite bodies and
unction ol 1k heir associated pyroclastics, and in a number of secondary or unexplained forms such as
er of 5,0un Iu:ai urface-coatings, phosphate rocks, strontianite, etc. Thus the idea that Manyeghi is under-
olved ity nin by a sub-outcropping magma unusually rich in radio-active constituents is not entirely

e spring valifly without foundation.
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X, CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

It is estimated that the total amount of helium being given off naturally from the «pning
vents at Manyeghi is about 7 cubic feet per hour, or almost 68,000 cubic feet per yeur  Hhy
helium is believed to be transported from depth in solution in the spring waters and 1 js
unlikely that significant quantities of hefium are being given off anywhere other than from 1y
spring vents.

By building simple collecting domes over the seven main vents a continuous gentle fhow of
helium-bearing gas containing about 5 cubic feet of helium per hour could be obtaine!, wik
100 per cent. separation this would yield 43,000 cubic {eet of helium per year. Wy
installation and running costs of an extraction plant and the cost of transportatin of
cylinders of helium to UK. are considered, this natural output is clearly quite unceononiie
It is estimated that the flow would have to be increased at least one hundredfold to nutd.« tha
prospect anything like an economic proposition.

In view of the apparent absence of any reservoir structure, the rate at which heliu Jg
being given off from the spring vents must be the same rate at which hefium is being st
to the system {rom its deep magmatic source. It is thus highly unlikely that there voany
way of artificially increasing the output of helium, and almost certain that this cunnal 4
done by near-surface work. The shaliow drill-holes produced a small amount of helinyi
but only as much as was contained in solulion in the brine which flowed from them li
more than & relatively sieall number of such holes were driiled to tap the brine supply Holow,
the springs, the flow from the springs themselves must begin to fall off and the totl vl
of helium would not be increased significantly above the present figure.

The possibilities suggested for the source of heat and gases in the springs and o
mechanism by which they reach the surface are largely hypothetical. The oniy posaili
way in which these ideas can be confirmed or disproved is to drill a large-diamclur, dig
borehole into a zone several thousand feet below surface, where conditions of temperaty
pressure and chemical state can be expected to be markedly different from surface.

It has been suggested that the rate of supply of heltum from the source is slowed dow
by the back-pressure resulting from the path of escape of the gas being, not a simple 1410
channel, but a system of narrew, imperfectly connected fissures which permit only a il
rate of flow of fluids, If the main stream of uprising emanations could be intersceiel |
a large-diameter borehole, the free path so provided would remove the restraint which g
previously been operating on the syster and might cause an accelerated evolution o
magmatic cmanations; thus, although the necessary berehole would be very expensive
the chances are, in fact, against it paying for itself in terms of helium it would certain
provide invaluable information as to the mechanism of Manyeghi and other hot spily
systems; moreover, until such a hole is drilled, Manyeghi can never be definitely written o
as a potential source of helium,
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{ GEOPHYSICS
{l6. GEOPHYSICAL INVESTIGATIONS AT MANYEGHI HOT SPRINGS

By A. 1. King, Geologist-Geophysicist
ABSTRACT

; §  Ashortaccountisgiven of the preliminary geophysical surveys carried out at Manyeghi in
$Ungida District. The objective was to investigate the possibility of using geophysical
§ mothods to obtain information regarding the structural control locating the helium-bearing
{iprings.  No directly useful information was forthcoming and the causes of the failure of the
fivestigation, which lie in the abnormal nature of the superficial deposits, are discussed.

- Itis concluded that the probiem is not susceptible of geophysical treatment by any means
iid that reliance must be piaced on exploratory drilling.

T Lt AT

L INTRODUCTION

Since the first description of the helium-bearing springs at Manyeghi by T. C. James in
ember, 1957, more detailed examination by J. F. Harris has shown that little useful
formation regarding the mode of occurrence can be obtained from the surface geology. It
s hoped that geophysical investigation might produce some indication of the structures
pntrolling the location of the springs and to this end a prefiminary survey was carried out by
¢ writer In April and May;-1958.

In his initiaf assessment of the problem, the writer considered that it is not one that would
nd itself to satisfactory treatment by geophysical methods in view of the close proximity of
jp suspected structural feature to the swamp and the probable saline condition of the surface

terial. This proved to be the case and the operations were abandoned after the

feliminary programme had been completed.

II. THE PROBLEM

At Manyeghi the active brine and gas vents are distributed along the eastern margin of a
amp over a distance of about 6,000 feet. They occupy a belt about 300 feet wide, running
proximately 20 degrees west of north, in which some dozen major and numerous minor
{ of emission are Jocated. A number of extinct vents and weak seepages lie beyond the
rthern (higher) end of the swamp but none are known atits southernend. A general plan
Jate XVILI) of the area (based on the topographic survey by J. F. Harris) and of the lay-out
eophysical operations, accompanies this report.

he extent of the swamp and the isolated extingt vents are marked by “ndagu’ reeds which
y typical of this type of spring. Natural areas of open water are not common (the ponds
rrounding Veats Nos. 1 and 2, 3 and 4 and 7 and 8 are artificial) but, in general, the reeds
ow in very thin, watery mud over most of the swamp. Although most of the major points

mission have been located it is evident that seepages and gas-vents are distributed over the

hole fength of the swamp at least on its eastern margin.

ocal patches of sand border the swamp and where these have narrow selvedges of sand
d short grass they are separated from the normal, coarse grass by a distinct erosion line.
¢ belt of coarse grass varies from 200 feet to 1,000 feet in width and extends to the limit of”
ck bush which, where natural, marks a slight increase in slope.

. Outcrops are few and consist of a number of varieties of granite and granitic gneiss,.
nging from fine-grained to porphyroblastic, with numerous aplitic and pegmatitic veins.
outcrop of relatively undisturbed, although strongly veined, granitic gneiss occurs right on.
edge of the swamp (400 feet north-west of Location Beacon B).
- 99

srn e
3, T
frutin )




e
HIH
(184}
el

The quasi-linear distribution of the known vents certainly suggests that they rise alony 4
dislocation. It is reasonable to suppese that the dislocation, if it exists, would take one ol
three forms:—

(ay a narrow fracture zone following the main trend of vents, the departures liom g
linear form being caused by transverse faults,

{b) a similar narrow feature, departure from linearity being due to selective selutiai
along (probabiy basic) bands in the bedrock, or,

(¢) aDroad, virtually linear belt of shatiering, more or less embracing all the muin veni

mh
B
(o
un

The main problem at Manyeghi is, therefore, firstly to prove the existence of i nujuj
dislocation and then to defermine its nature and attitude and that of any transverse leating
displacing it. Only when this information is available would it be possible to site prodis g |
boreholes with any reasonable chance of obtaining an economic gas yield.

lexe
res

The amount of gas delivered at the observable vents is well below that requited tuf

. . h of
economic development. The widespread occurrence of gas trapped in the reeds, howe s

. res
suggests that only a portion of the total supply can be measured. The best chanvo uf e
obtaining an economic quantity of gas is to tap the total flow where, and if, it is lovalized ot
at depth. It may be assumed that the main supply would rise along a major dislacating, o
if such exists, and would be prefercntially located near transverse features. Accorg airt
knowledge of these structures would, thercfore, greatly reduce, but not entirely clinsmg of
the degree of uncertainty with which the course could be predicted. The depth from whig G
a concenlrated flow might be expected has been variously ¢stimated at anything froni {4
to 10,000 feet; the need for accurate information regarding the controiling structure wilf ity
be appreciated. :;pil

N
There are three possible ways of obtaining this data: from the surface geology, i o
geophysical evidence and from exploratory drilling. There is no direct geological vvidi g
for the existence of a major dislocation and, as will be shown in the succeeding section ¢ ;,m
this paper, geophysical methods are inapplicable, so that reliance had finally to be plave
ratory drilling.
on exploratory dr g ror
1ne
TH. Tur GEOPHYSICAL APPROACH fine
The three possible forms which the controlling structure could fake require investipaii *ﬁ;;
by different geophysical techniques:— bt
(a) Narrow fracture, transverse fauits :— e
Electromagnetic, (7) P.D.R.* and (7) Resistivity profiling; eon
: tha
(b} Narrow fracture, basic bands:---
Electromagnetic, (?7) P.D.R. and Magnetic;
{¢) Wide fracture:—
Resistivity profiling and P.D.R. cire
The detection and investigation of vertical or near-vertical features is a recuricnt hyf “'l‘;f'

particularly difficuit geophysical problem. Where the feature is wide compared wirh i 0*;

depth of burial (case {c) above) it can usually be considered as a pair of OPPOsing, veilly Lt‘ ‘

inlerfaces and where there is a sufficient physical contract between the feature and the oy “I “’

rock, it can usually be trealed satisfactorily, Where, as is the case with most frachues, (] l' ‘L

feature is relatively narrow, even an extreme physical contrast is difficult 1o detecr. uji

il
Two techrniques bave, however, proved of value in dealing with narrow features wii e
possess a fairly strong resistivity contrast with respect to the country rock.,  Enslin {194 Inc¢

describes a method embodying measurement of the horizontal component of the i il s 4

field set up by an alternating current applied to the ground through a point electrode st —

L
*Poten;iiéwli-'c?z‘sb_rﬁ;t"ig--i;;ethod in one or other of its forms. ol tl
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near the feature, the return earth being at a considerable distance. When observations are
made on concentric circles about the electrode, the undisturbed magnetic field would be
uniform. A low-resistivity zone lying within the excited area causes a concentration of
current flow in the zone and this is revealed by peaks in the field profile,

Measurements of the distortion of the potential distribution due to a point electrode
plong a line perpendicular to the suspected feature have been shown by Sumi (1956) fo be
susceptible of accurate quantitative treatment. Reliable determinations of the dip, depth
to top and vertical extent have been made on very narrow features by this method, but only
under ideal conditions.

The use of magnetic surveys to delineate lithological variations which might control the
location of springs needs no amplification here except to note that if narrow bands are to be
resolved, the magnetic susceptibility of the “normal” bedrock must be uniform.

It was decided that the Enslin technique should be used in the preliminary examination
of the Manyeghi area to determine whether a narrow fracture zone is present. If positive
results were obtained, Sumi’s method would then be applied in order to obtain, if possible,
more precise information about the nature of the structure. If the Enslin technique did
not indicate a narrow zone, resistivity and P.D.R. profiles were to be observed in an attempt
to locate at least one margin of the wide shattered belt, should this be the appropriate
structure.  Only if the presence of a major dislocation were established was the possibility
of transverse features to be investigated, the method to be used being determined by the
earlier resulis,

The chief difficulty in geophysical operations at Manyeghi is the lack of adequate working
space. The distribution of the observable vents suggests that the controlling structure
lies very close to the edge of the swamp over much of its length and it is thus difficult to
make observations on both sides of the inferred structure. Furthermore, since all the main
geophysical methods appropriate to the problem involve the measurement of electrical
properties, interference was expected from the saline nature of the superficial deposits.

As the initial approach at Manyeghi, it was decided to attempt to trace a conducting
zone between two of the main vents. For this purpose, a section between Vents Nos. 5b
and 6a, where a small embayment in the swamp affords some space on the western side of the
line joining the vents, was chosen. This was termed the Manyeghi South area. Should
the investigation here fail for any of the reasons stated above, a second area, Manyeghi
North, was chosen Iying beyond the northern extremity of the swamp between Vents Nos. 1
and 2 and the extinct vents further north-west. Here more working space is available and
the effect of saline ground conditions might be less. Investigation here, of course, only
concerned possible extensions of the controlling structure but there is no reason to suppose
that it is truncated at the northern end of the swamp.

IV. GEOPHYSICAL ResuLts, MANYEGHI SOUTH

It will be seen in the accompanying plan that it was possible to complete only one full
circle of electromagnetic observations (r == 200 feet on S. 1). On the partial circles, which
were observed first, it was found that the Hr-curve® descends from each end of the arc
observed to form a broad minimum about a point roughly opposite the line joining the
centre to the distant earth. On the complete circle and on those at Manyeghi North, this
was confirmed when it was seen that two broad minima occurred, separated by peaks at
the overlapped portions of the curve. That this was not a statistical effect was proved by
recomputation on several bases and the form of the curve was shown. to be unrelated to the
actual position of the return cable. A posteriori, therefore, this effect must, in some way,
be due to the change in current distribution when the position of the distant earth is moved.
In other words, the current flow cutward from the centre electrode, instead of being radial,
is almost entirely concentrated in a path directly back to the distant earth. This might

*This is Enslin’s term for the profile round the circle of relative values of the horizontal component
of the tangential magnetic field.
io1




happen if the two electrodes were connecled by an extremely good conductor which doo
not extend beyond the centre. In this case, however, one peak would be present when the
second distant earth were used. If the conductor extends beyond the centre two peike
would be present because, even though much of the current would return along the direct
path, some wouid be concentrated in the portion of the conductor remaote from the distan
earth. In this case the broad minima would be present but wouid have peaks imposed o
them in the appropriave positions.

The observed field distribution would, however, be produced if the immediate surlace
material were of extremely low resistivity compared with the deeper rock. Current llow
from the centre electrode would then be radial only for a distance roughly equal 1o (I
thickness of the surface layer and would then be sharply distorted back towards the distant
earth in both the horizontal and vertical dimensions. This tendency would, of course,
be accentuated by the “skin effect” which would be appreciable at 1000 c.p.s. in conditivny
of low surface resistivity, The electromagnetic field distribution under such conditivns
would be independent of any less extreme, deeper resistivity changes and a narrow conducting
zone would prebably remain undetected.

The remaining work at Manyeghi South was performed with a view to obtaining
corroborative evidence for the above conclusion and to determine whether any of the o(hel
available methods were applicable.

A series of resistivity profiles at constant electrode separation of 25 feet were abserved at
an angle of about 50 degrees to the suspected line of fracturing.  All these showed a murked
decrease in resistivity from north-east to south-west, values at the north-cast end being
between 2,000 and 5,000 ohm-cm. dropping to less than 500 ohm-cm. near the swamp. I
greatest range was found on Line P-6 where the resistivity dropped from more than 5,000
to Jess than 200 ohm-cm.

The contact between high and low resistivity zones is not clearly defined, the decruie
taking place in a series of steps.  Particular events in each profile could, however, be correla-
ted and their traces in plan are irveguiar and roughly follow the contour lines.  One line win
re-observed al & separation of 50 feet, producing a profile not substantially different from
shallower observations. Values were somewhat higher than those for 25 feet at the norili-
eastern end but only slightly higher nearer the swamp. This indicates that the nornwl
working ruie of penetration equals separation is probably not {followed and that the resistivity
decrease marks the increase in salinity of the superficial deposits. It should be noted ihal
values of 200 ohms-cn. are extremely low and almost certainly result from saturation ol 1w
deposits by highly saline solutions.

1t is probable that the resistivity decrease also indicates a bevel in the bedrock surfuce
which may or may not have a structural significance. 1t is obvious, however, from its form
plan and in the variations of resistivity in profile, that it has been modified by weathering.

Potential-drop Ratio profiles over the same series of traverses using point electrodes al In,
and Es were observed.  Anomalies of the type associated with vertical interfaces were locuted
on all the profiles, but these were found to coincide closely with the positions of the main
resistivity contrast. It was thus demonstrated that the potential distribution is entircly
controlled by the disposition of surface resistivities.

Resistivity depth-probes were observed to 100 feet at the positions shown on the plan.
Conditions are such, however, that interpretation in terms of depths is only approxinii«
Nos. 1 and 2, which are probably on “normal” ground, show that weathered bedroch i
within about 10 feet of the surface. Nos. 3 and 4 are situated at intermediate positions on
the resistivity profiles and both show an interface, at between 25 and 30 feet, which probabiy
marks the base of a zone of mixed weathered rock and saline deposits.  All four (icp(li
probes show a fairly sharp interface between 75 and 80 feet which is interpreted as being the
top of partially unweathered bedrock.
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Anattempt was made to observe a depth-probe on the sand-flats near the swamp, but low
contact resistances and high natural potentials precluded accurate measurements. The
results obtained suggest that at a separation of 100 feet the resistivily is still less than 400
ohm-cm.  Under such conditions, however, penetration must have been very much iess than
100 feet even though direct current was used to avoid “skin effect”.

Magnetic observations were made over four of the resistivity traverse lines and the central
iine. The variation of intensity is small (maximum range about 100 gamma) and so distribu-
fed as to indicate that it arises from the slight differences of depth to bedrock. The
unomalies, however, are too small to be of diagnostic value in locating accurately the position
ol the bedrock bevel. No magnetic indication of the presence of basic rocks in the bedrock

Wwis SCEI.

V. GeopPHYSICAL ResurLts MANYEGH! NORTH

In view of the disappointing results obtained at the southern area, attention was turned
to the section north of the swamp where there is more working space and where, it was hoped,
Fround conditions might be less saline. Here it was possible to lay out complete circles
or the electromagnetic survey, but the profiles obtained were identical to those at Manyeghi
South. The complete Hr-curves available made it possible to study the statistical aspects
of the results exbaustively and the conclusions reached at Manyeghi South were confirmed.

The Hr-curves indicate that, notwithstanding the apparently drier ground conditions,
the surface layers possess as low a resistivity as those to the south. Three resistivity profiles
were measured to confirm this, an electrode separation of 50 feet being used since a greater
thickness of superficial deposits might be expected. Except at the eastern end of Line
R-1, all the values measured lay below 400 ohm-cm. and, at one point on Line R-3, even
dropped below 200 ohm-cm. The profiles are uniform and show nothing that could be
construed as being due to a fractured zone.

The three depth-probes measured at Manyeghi North are interesting in that they are all
substantially different despite their close proximity to each other. D.P. No. 6 is more or
less normal, the apparent resistivity at & = 10 feet being 225 ohm-cm., dropping slightly as
the water table is reached at about 17 feet and then rising steadily to a value of 485 ohm-cim.
ot a == 100 feet. Interfaces were detected at 34 feet (base of surface deposits) and 72 and 90
feet (transitions to unweathered bedrock). The surface values at D.P. No. 7 were extremely
high, 1,325 ohm-em. being recorded at ¢ = 10 feet, dropping rapidly to below 300 ohmi-cm.
ut the water-table which is at about 22 feet. In the saturated ground the resistivity rises
only slightly to 325 ohm-cm. at 100 feet, a weak interface at 90 feet showing transition to
bedrock. Surface values are again high inD.P. No. 8, 1,530 ohm-cm. being recorded at a =
10 feet. These high values decrease slowly with depth indicating a poorly defined water
table, the main change occurring at 34 feet. Between 50 and 80 feet the apparent resistivity
Is about 300 ohm-cm., but at 82 fect there is a sharp discontinuity and a sudden rise to just
over 400 chm-cm. -

The conclusion drawn from these depth-probesis that, although conditions in the northern
area are variable, in general a dry crust overlies ground which js saturated with saline waters
to considerable depth. Superficial deposits are probably of the order of 25 feet thick and
are underlain by a considerable thickness of eluvial material and decomposed bedrock.
The deep interfaces detected in the depth-probes probably only represent stages in the
transition to unweathered bedrock which probably lies at a greater depth than 100 feet.

The variations in magnetic field, which were observed along the three traverses, are
cven smaller than at Manyeghi South, the maximum range being only 70 gamma. There is
no indication in the magnetic profiles of any deepening of bedrock in the suspected position
of the fracture zone, nor any sign of important lithological variations.

The investigation at Manyeghi North served only to confirm the conclusions reached
at the southern area and to suggest that the springs may have migrated southward leaving

behind a few extinct or dying vents,
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YI. CoNCLUSIONS

. The preliminary geophysical work at Manyeghi has shown conclusively that the problen:
is not one that can be resolved by such methods. The reason for this is to be found in tho
abnormally low surface resistivities which prevent any effective penetration of either direct
alternating current. Unfortunately the nature of the problem is such that all the appropriute
geophysical methods involve electrical parameter.

The geophysical work has led to a few conclusions which may be of value. It has been
shown, in the southern part of the area at any rate, that the surface of bedrock forms a bevel
close to the swamp where the superficial cover increases in thickness from a few feet to about
25 or 30 feet. The results in the northern part suggest that the depth to weathered bedrovk,
even under the main portion of the swamp, may not exceed this figure significantly. Th
is in conformity with experience at similar swamps at Maji Moto in Musoma District il

others in North Mara District*.

It seems probable that the swamp has migrated southwards to some extent; a conclusivn
which is in agreement with the observed distribution of old vents.

The fact that the geophysical surveys have failed to reveal any indication of a major
structuee controlling the location of the springs cannot be inferred to mean that no such
structure exists. The quasi-linear distribution of foci of emission strongly suggests that (he
gas and brine reach the surface along a planar feature, probably a major fracture zone whicl
it has not been possible to detect geophysically. The magnetic results, however, have not
revealed any major transcurrent basic bands or dykes such as would locate vents preferentially
along the trace of the major structure. In fact, the writer is of the opinion that there is t
need to suppose that there is any such lateral control. It is believed that the gas and brine
may rise at random anywhere along the whole length of that part of the structure at presen|
covered by swamp and that the detailed distribution of vents at the surface is determined by

local conditions in the superficial deposits.
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*Descriptions of these occurrences are contained in unpublished reports by T. C, James, the presend
writer and members of the staff of the Dodoma office of the United Kingdom Atomic Energy Authority.
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APPENDIX A

LIMESTONE ANALYSES DONE IN 1958

/ that the problem
to be found in the
of either direct or Composition
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No. insol | Rp03 | CaQ | MgO igri;'- Total Age 11:;([)&
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ignificantly. Thiy ‘ { 5
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© itent; a conclusion AW.IT2| 3611 04 211 ] 126 | 294 | 996 X/6182
AW.AT3 ] 28| 04 311 183 451 ] 977 X/6176
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: - AW.ATS | 406 020 1961 121 271 | 996 X/6182
E?u"’:h"f a majoi AWITG | 49 ] 02 288 194 | 448 981 X/6176
an that no such AW.177 | 1651 061 256 1701 390§ 987 X/6176
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REAEARIEAEasel s
?é:l\:’ever} have not AW.I8t| 461 03] 29041 1921 448 983 X/6176
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on that there is no AW.183 1 04 03| 304 200 472 983 X/6176
- the gas and bring AW.1841 161 03] 304 197 4601 990 X}'6182
. AW.I85 | 149 | 04 ] 269 171 398 991 X/6182
.g?f Elurte at prescnt AW 186 | 72| 04 202 | {87 | 450 |100:5 X/6182
’ etermined by AW.187 | 68! 03| 276 | 201 | 440 | 988 X[6182
Aw.ass | 201 o3l 294 | 209 | 4681 994 X/6182
AW.ISS | 147! 07| 253 176 391 ] 974 X/6176
AW.190 | 06| 03] 307 2041 459 ] 97.9 X/6182
AW.101| 33| 06 307 ] 1861 443 976 6176
AW.192 | 160 | 041 266 187 368 | 985 X/6182
» No. 2, pp. 318-334, AW.193 | 591 O3} 304} 187 440 893 X/6176
aphysical Prospecting,
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APPENDIX B

COMPLETE ANALYSES OF Rocks CARRIED OUT IN 1958

During the year 3§ silicate analyses of rocks were carried out, all by W. H, Herdsman, Esq., ¢ hiemhat 7. Garne
and Metallurgical Laboratories, 141, Bath Street, Glasgow. In the follewing tables the analva asp DNS. 149 Py
arranged in nine groups — Collected by D.

; i ; : t gra
L. Granulites and Charnockites—10 analyses of granulites and charnockites from Ulup W 3. 419, Gamne
Songea, d ¢ ' wpne i 15/9/49. Analyst
IL. Metamorphic Rocks—Various—35 analyses of metamorphic rocks, 2 analyses of acid paviis, I, 712 Mi%mﬁ'“ie‘
one of an amphibolite, one of a phyllonite and one of a metasomatic albitite, 92 NE. o ec.e
1l Meramorphosed Igneous Rocks—3 analyses of meta-anorthositic and metagabbroi ks J-ézfi-cci‘g‘g;n;d’g
's) .
IV, Basic Igneous Rocks—Kapalagulu—4 analyses of the various members of the Kapalagola B
Complex,

V. Bukoban Eruptive Province—Doleriles—6 analyses of dolerites from the Bukoban 1inpth
Province, all from the Ukinga and Ubena chiefdoms,

V1. Bukoban Eruptive Province—Gabbroic Rocks—35 analyses of rocks from the Nkenwa Ciatdii
Eruptive (3 anorthosites from Phase I and 2 gabbros from Phase II),

VIL Sedintents—Bukoban—An analysis of a greywacke from the Buanji Series.

VI, Kimberlitic and Carbounatitic Rocks—2 analyses of rocks associated with kimbeilite i
carbonatite intrusions.

IX. Neogene Volcanics—Rungwe—2 analyses of olivine basalts from the Rungwe Volcanic I'oviie

of south-western Tanganyika.
AL B WRiGH!

L—GRANULITES AND CHARNOCEKITES

i TR S T ;
| DNS, | DNS, ' DNS, | DNS, | DNS, ! DNS. | DNS. | L 3.
| 1066 | 1089 | 1568 | 1050 | 1488 | 1572 | 1497 | 419 | 712
$i0z.. .. .. 1759721 5503 [ 5901 | 60-97 | 74-99 | 58:85 | 59-72 | 5962 | 519
TiO» ool o104 0S8 11675 0771 028 106 0781 1081 0%
AlO; vo e 1642 | 18:56 | 1610 | 17-69 | 13-59 | 14-65 } 17-43 ; 22-23 { 2594
Fex Oy wo i 191 162] 214 1SR 006 433 169 | 143 | 520
FeQ... .. ... 506! 53 53| 406 231 317! 476| 818 618
MnQ ee e 006|018 011} 005 0050 008 008! 016| 010
MzO ee et 304 5030 2840 255 0541 427 317 33| 390
Cal.. .. .. 708 841 602] 639! 213 3561 691, 0731 0w
NazO o] 388, 2831 3581 411F 408 | 2261 381 0590 1ov
K0, ... .. g2 | 087 | 306 1231 £35 248 119 239 407,
H:04 .. .. 0590 0394 029 | 038] 041, 302| 039, 027] 01y
HyO— ... .. Nil | 010 Nit | 011 Nit | 055 Nili 019 ] 023
CO, Nil Nil | Traces | Traces | Traces | Traces Nil 0-08 0:05 5 D
PO ve e 017 {Traces| 41| 018 005] 008 Traces| 00f | 0021
d L - - - - B R Zh .y .
S .. .. ... 008 008] 013} 008 - -] o005 - “ :
100-17 | 9998 1100-16 1 100-15 9999 : |
Less O for $ i 0020 002 003! o002 ;002 | i
| ¥ 3 H
Totals ... 100-15‘ 9996 {10013 100~13‘ 5994 100-1:;i 9997 1100:10 [100:06 | 1
! ( 3 e
$.G. .. 2810 291, 285, 280 E 274 | 2721 280 282 | 269§
E | . 1 H

DNS, 1066, Biotite-hornblende granulite, 3 miles S, of Mkololo,'Mbakana Valley, Uluguru, Macayog
District, Quarter Degree Square 64 NE. Collected by D. N, Sampson, 28/7/55. Analysed by W |
Herdsman, 26/6/58.

DNS. 1089, Pyroxene granulite. 2 miles NW, of Bwakira Juu, Uluguru, Morogoro Districe, () 1}
64 NE. Collected by D. N, Sampson, 4/8/55. Analysed by W. H. Herdsman, 26/6/58.

DNS. 1568. Meclanocratic pyroxene granulite. Kihunza, Ulugure, Merogoro District, Q.D.8. &l N
Collected by D. N. Sampson, 17/8/57. Analysed by W. H. Herdsman, 26/6/58,

DNS, 1050, Banded garnet-pyroxene granulite. $ miles N, of Kisaki, Uluguru, Morogoro |haihij &
Q.D.S. 64 NE. Coliected by D. N. Sampson, 25/7/55,  Analysed by W. H. Herdsman, 26/6/58.

166




IDNS, 1488. Banded pyroxene granulite, Hela on the Matombo-Tawa Road, E. Uluguru, Morogoro
District, Q.DD.S, 64 NE. Collected by D, N, Sampson, 29/7/57. Analysed by W. H, Herdsman, 11/7/38.

NS, 1572, Garnpet-graphite granulite, Kihunza on upper Mvuha River, E. Uluguru, Morogoro District,
QD.S. 64 NE. Collected by D, N, Sampson, 18/8/57. Analysed by W, H. Herdsman, 11/7/58.

{INS. 1497, Garnet charnockite, Bwakira Juu, Southern Uluguru, Morogoro District, Q.D.S, 64 NE.
Collected by D. N. Sampson, 31/7/57, Analysed by W. H. Herdsman, 26/6/58.

1,419, Garnet granulite, Ndongosi River, Songea District, Q.1D.S. 93 NW. Collected by T. C, James
15/9/49. Analysed by W, H, Herdsman, 26/6/58. ’

1, 712. Migmatised sillimanite granulite, 2 miles E. of Chulela Hili, Matengo, Songea District, Q.D.S.
92 NB. Coilected by T. C. James, 22/10/49, Analysed by W, H. Herdsman, 26/6/58.

1. 426, Intermediate (grancdioritic) charnockite, 2 miles 8. of Mitua, Songea District, Q.D.S, 93 SW
Collected by T. C. James, 15/9/49. Analysed by W. H. Herdsman, 26/6/58. '
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IX.—NEOGENE

VOLCANICS—-RUNGWE

DH. 1149 DIH. 1195

5i0z 4521 44:32
TiOz 1:58 091
AlO; 1595 17-03
Fe,O3 274 301
FeQ 929 826
MnO 0-31 032
MgO 8-37 702
CaO 12:39 13:13
NaO 212 2:51
Ka0 0-45 0-68
HaO+ 0-9% 1-89
HpO 019 29
CQO; il Traces
P»0s 0-52 0-72
Totals ... 100-11 100-09

S.G.... 2-78 298
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DH. 1145, Ofivine basalt. Tukuyu-Njugiro road, 6 miles S. of Niugiro, Tukuyu District, Q.I>.5. /n Ml
Collected by ID. A. Harkin, 26/%/51. Analysed by W, F. Herdsman, 4/4/58.

DH. 1196, Olivine basalt, Kiwiru Valley, just N. of Makete Leper Settlement, Tukuyu District, {3 13
78 NI Cotllected by D, A. Harkin, 10/10/51.  Analysed by W, I, Herdsman, 4/4/58.

APPENDIX C

ANALYSES OF NATURAL (GASES AND ACCOMPANYING SrRING WATERS

During the year nine analyses of natural gases from springs were made by the Government Chemsli
Landon, Al of the accompanying waters, with the exception of one, were analysed by W. K. L. Tl
Chemist; the other water was anaiysed by A. P. Muley, Assistant Chemist. One gas and acconipanyiigg
water, I, is from ltebu Spring below the western fault scarp of the Iramba Plateau, Iramba District A
of the other gases and accompanying waters, II to IX, belong to the Mponde River group of springs, Ninnh
District. These springs were the subject of an intensive investigation, including diamond-drilling, (¢ usi
their potential as sources of helium.  All of the gases are of the pitrogen type containing between » 1 al
102 per cent helium; the argon content, ranging between 12 and 1-6 per cent, is also appreciable 1}
spring waters aze all of the mixed sodium sulphate-sodium carbonate type and are remarkable in shuwh
the rapid variation of thes¢ components in waters that come from localities very close together.

Examination of these analyses and of analyses reported in previous years (Records, Vol. VIL {95 w
Vol. VIL, 1957) suggoests that the helium content of the nitrogen gases may be related to the temperature ol o
juvenile spring waters. It is noticeable that spring waters with a high temperature at the surfacc invi b
contain a high proportion of helium. The converse is not true, but this may be explained by the juve
spring waters being diluted and cooled very near the surface by a large volume of cold groundwiiter f
this latier case the helium content of the gases would not be immediately affected.

T. C. James

L Itebu Spring, Main vent.—Nitrogen gas and sodium carbonate water, Sekenke, Singica [
Quarter Degree Square 29 NW.  Gas collected by Commander Bicchieri, Kirondatal, 18/1/55.  wa
collected by B, G. Haldemann, 31/8/59.  Gas analysed by Government Chemist, London, 14/5/58 (Xjuith
Water analysed by W, K, L, Thomas, 23/9/59 (X/6745).

L. Manyeghi Springs, Vent No. 1 —Nitroges gas and mixed sodium carbonate and sodium xuljdim
water. Mponde River valley, Singida District, Q.D.5. 41 NW. Gas and water collected by T. .
16/10/57. Gas analysed by Government Chemist, London, 12/12/57 (X/5891). Water anaiyud ¢
W. K. L. Thomas, 11/57 (¥/5891).

1L Manyeghi Springs, Vent No. 4.—Nitrogen gas and mixed sodium carbonate and sodium sulphi
water. Mponde River valiey, Singida District, Q.D.S. 41 NW, Gas and water ¢ollected by T. €, Jame
16/10/57, Gas analysed by Government Chemist, London, 12/12/57 (X/5891), Water analyw| I
W. K. L. Thomas, 11/57 (X/5891}.
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uyu District, Q.12.5, /1 4§
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nt, Tukuyu District, ) (1§,
sman, 4/4/58.

IV. Manyeghi Springs, Vent No. 3,—Nitrogen gas and mixed sodium carbonate and sodium sulphate

© wuter, Mponde River valley, Singida District, Q.D.8. 41 NW. Gas collected by J, F. Harris, 2%/7/58.
. Water collected by J. F. Harris, 4/9/58,  Gas analysed by Goverament Chemist, London, 4/9/58 (X/6269).
| Wauter analysed by W, K. L, Thomas, 11/58 (X/6318).

! Y. Manyeghi Springs, Vent No. G.§, ll.—Nitrogen gas and mixed sodium carbonate and sodium
“mulphate water. Mponde River valley, Singida District, Q.D.S. 41 NW, Gas collected by J. F. Harris,

29/7{58. Water collected by J. F. Harris, 4/2/58. Gas analysed by Government Chemist, London, 4/9/58
(X/6269). Water analysed by W, X, L. Thomas, 11/58 (X/6318).

V1. Manyeghi Springs, Vent No, 2—Nitrogen gas and mixed sodium carbonate and sodium sulphate
wuter.  Mponde River valley, Singida District, Q.D.5, 41 NW. Gas and water collected by T. C, James,
16/10/57. Gas analysed by Government Chemist, London, 12/i12/57 (X/5891). Water analysed by

- W, K., L. Thomas, 11/57 {X/5891).

VII. Manyeghi Springs, Vent No. G.§. 10.—Nitrogen gas and mixed sodium carbonate and sodium

s sulphate water. Mponde River valley, Singida District, Q.D.S. 41 NW. Gas collected by J. F. Harris,
- 29/7/38.  Water collected by J. F. ¥Harris, 28/6/38. Gas analysed by Government Chemist, London,
4958 (X/6269). Water analysed by A. P. Muley, 28/7/38 (X/6226).

VIIE. Talwa Springs.—Nitrogen gas and mixed sodium carbonate and sodium sulphate water, Mponde

“River valiey, 8 miles SE. of Manyeghi, Singida District, Q.D.5, 41 NW, Gas and water collected by T, C,

Jumes, 16/10/57. Gas analysed by Government Chemist, London, 12/12/57 (X/5891), Water analysed
by W, K. L. Thomas, 11/57 (X/58%1).

IX, Mponde Springs.—Nitrogen gas and mixed sodium carbonate and sodium sulphate water. Mponde
River valley, 15 miles 5. of Manyeghi, Singida District, Q.D.8. 41 SW. Gas and water collected by T, C,

by W. X. L, Thomas, 11/57 (X/58%1).

“Jumes, 16/10/57, Gas analysed by Government Chemist, London, 12/12/57 (X/5891), Water analysed

ANALYSES OF GASES AS VOLUME PER CENT AND OF

WATERS IN PARTS PER MILLION
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1 I 01 v v A%1 YII VI IX
GASES:
CO, 4:2 1-3 13 1-4 1-2 1-8 1-4 16 02
HoS 0-4 05 02 2 02 06 01 09 Tr.
CO 0-1 Neg, Neg.
02 04 Neg. 04 01 001 03 001 01 02
H . Neg, 0-8 001 03 07 05
CH,, ete. 16 02 0-2 04 141 0-4
He 074 52 501 55 67 54 67 70 102
A 1-:02 12 1-4 15 16 -2 16 1-3 1'5
N2 916 916 91'4 %03 %02 900 893 875 875
WATERS:
NaCl ... 26 1,437 1,556 1,569 1,534 1,442 1,551 1,010 1,189
NazC0s 27 32 130 110 27 42 27 48
MNaHCO; 396 810 854 730 150 819 840 277 264
Naz80y4 30 592 450 630 930 392 620 649 530
MNaF 2 23 27 20 23 30 28 9 24
KCt ... 9 19 17 15 1% 19 15 Il
Ca{HCO3)2 89 53 40 40 40 32 32 88 20
Meg(HCO3), 151 18 18 18 i8 18 24
pH 75 85 85 85 9.0 85 9-5 ¢
Temperature ... L 22°C, 225°C. 33°C. 36°C - ¢25°C, - 38°C. 42°C.
Estimated flow of water in
gallons per hour . 7204+ medium  ¢.10,000 ¢.3,000 - ¢3,300 - -
Estimated flow of gas in litres
per hour . medium small 640 200 ¢. 100 240 . 100 ¢ 200
Tr.=Trace.
Neg, =Negtligible.
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MANYEGHI HELIUM-BEA
SINGIDA

by J.F.Harris Minin
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MANYEGH! HELIUM-BEARING HOT SPRINGS
SINGIDA ,, DISTRICT

by J.F.Harris Mining Geologist December 1958
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