~ RECORDS (ANNUAL REPORT
| PART II) OF THE
GEOLOGICAL SURVEY
~ OF TANGANYIKA

VOLUME VII
1957



CONTENTS

REGIONAL GEOLOGY: PROGRESS REPORTS AND NOTES

Pace
— 1 ArrkeN, W. G.—Quarter Degree Sheet 55 SW., Kidugallo 1
GO o AL 0t ! Nnown, P B.—Quarter Degree Sheet 70 SW., Mbeya ... 5
! 1 lozzarp, P. M. H.—Quarter Degree Sheet41 NE., Kelema ... 8
: 4 Mexrming, R—The Serengeti Plain: Quarter Degree Sheets 12 SW. and 11 SE. i1
e A—— £ MalLteaN, R-South Kigoma and North-west Mpanda Districis: Quarter
j _ Degree Sheets 35 SE. and NE. and 36 SW. ... 14
Y Ai ;4 Harvom, J. R—The Upper Mbarali River Area, Ubena Quarler Deglcc
: B — Sheet 79 NW. Kipengere . 21
f : 5 1 Hameson, . N.—The Ulugura 'Mountains and their Environs: Quarter
; P ‘ Da,brce Sheets 64 NE. and NW, and 54 SE. ... 26
e R B Whrrivanay, J. Ke—Parts of Mpwapwa and Kilosa Districts: Quarter
23 2 . Megree Sheets 53 NE. and SE. ... 29
vor i U Wiaaur, A. E—North-castern Ulugurus: Quarter Deoreﬂ Sheet 54 SE. 3|
y 0 B L W::l:itNGHAM J. K.—A Note on the Ndembera Series .. 35
.11 Hanpum, J. R.—Notes on Structure: The Chimala-Igawa Area (Q D. S 71 SW ) 38
e | ECONOMIC GEOLOGY
z
o i} Cawrsr, G, S.—Diamond-drilling, Liganga Titaniferous Magnetite, Njombe
Pistrict 41
i 14 Ylarws, ) F— Progress in the Mineral Survey of Njombe and Mbeva Districts 43
= (4, Yawiny, A P—Mwahanza Hill Nickel Deposit, Central Province 89
@‘ - 15, Fawrey, A. P.—Method, Results and Costs of Diamond- dr1i1mg Pegmatltes
I M at Jumbadimwe Mica Mines, Kilosa District ... 55
gt | G © ENGINEERING GEOLOGY
\ i B i lHaLpemann, E. G.—Rufiji Basin Survey: Geological Investigations, 1957 ... 60
LN - SPECIAL INVESTIGATIONS
T '\19 e 17, Jamis, T. C.—Helium and Hot Spring Investigation—Progress Report... ... 64
83 | 8dv1 =z {4, Jamss, T, C.—Carbonatite Investigation—Progress Repogt ... 63
vy twm\:-, ' o - {4, James, T, C~-Occurrences of Helium-bearing Gases in Musoma and North
anigeen 7(;4&;%\*;;" 5 Muara Districts, Lake Province ... 66
"5"31? e0 | Al Hl. Jamis, T, C.—Carbon Dmx:de'bcarmg Hot Sprmgs in the Songwe River Valiey,
o] s N....vfsw“_efrf'"':;&{l - Mbeya District ... 13
£ o7 | T | GEOPHYSICS
s | mewno | 4| 1), King, A, J—Geophysical Invest:gatmn of the Hefium- beaung Sprmgs of
$O%AF R1C A0 .l 41 ] Fustern Lake Province ... , . 78
R 4 PETROLOGY AND MINERALOGY
1%, UHarpum, J. R.~~The Ruaha Soapstones ... 80
ItarpoM, J. R.—Tectonic Quartz Veins ... 84
#. Hareum, ). R.—Socapstones in Tanganyika 87
1. Haurum, I. R.—A Camptonite from Lemagrut ... 93
APPENDICES
A+ Limwstone Analysesmadein 1957 ... ... 94
i Complete Analyses of Rocks carried out in 1957 . 96
i Analyses of Natural Gases andaccompanymgSprmo Waters ... 104




SPECIAL INVESTIGATIONS
17. HELIUM AND HOT SPRING INVESTIGATION=-PROGRESS REPOI]

By T. C. JaMEs, Geologist

A detailed survey was made of the helium-bearing springs of Musoma and North Mij
Districts for the United Kingdom Atomic Energy Authority who are investigating (i
occurrences as sources of helium. The natural rate of emission of helium from Maji Mal
hot spring is about 25 litres per hour and from Nyamosi and the Mananka group aboul
and 4 litres per hour respectively. Driiling at the spring vents is in progress with the obj
of increasing the yield.

During the year a number of helium-bearing springs were discovered in the area belw
Dodoma and Singida. Some of these springs have considerable natural rates of enuisslif
of helium; that of Manyeghi springs in the Mponde River valley is estimated to be of the ordg
of 50 litres per hour while that of Mponde spring is about 20 litres per hour.  Other heliu
bearing springs occur at Takwa, Singida District, Gonga, Kondoa District and Saranly
Manyoni District, but the natural rates of emission of helium from these is less than 20 li
per hour. The spring waters at all of these occurrences are saline and contain between 1
and 3,060 p.p.m. total solids, The low concentration of the brines together with thd
unsuitable chemical composition renders them useless as sources of salts. :

There is little doubt that most, if not all, of the hot springs in Tanganyika are volcunj
in origin and it is possible that geothermal steam exists in depth beneath them.
is debatable if the steam could be tapped by boreholes within a reasonable depth, but ¢
theoretical grounds the most promuising occurrence is the hot springs in the Songwe R
valley, Mbeya District.




19, OCCURRENCES OF HELIUM-BEARING GASES IN MUSOMA AN
NORTIH MARA DISTRICTS, LAKE PROVINCE

By T. C. James, Geologist

ABSTRACT

Gas containing an exceptionally high proportion of helium js emitted from the hot
springs at Maji Moto, Musoma District and Nyameosi, North Mara District.  Analyses
have been made of the gases which are found to consist almost entirely of helium and
nitrogen, The yield of gas through the springs is at present low but might be improved
by drilling at er near the spring vent,

The springs are thought to be volcanic in origin and fumarolic in nature,

1. INTRODUCTION

During an investigation of hot springs and surface salt deposits in the territory, vislig
were made to Maji Moto, Musoma District and Nyamosi, North Mara District in Oclobe
1954. Mot springs have been known at these localities for many years. Samples of ji
emitted from the springs were taken at both places and subsequently analysed by (he G(wuli
ment Chemist, London,

1. SrruaTion AND COMMUNICATIONS

Maji Moto hot spring is situated on the south side of the Mara River, 39 miles east of't
town of Musoma, at Latitude 1°37" and Longitude 34°20°. There is a motorable track
within a short distance of the hot springs; Maji Moto rest-house is about half a mile (o ti
cast.

Nyamosi hot spring is situated a few miles north-west of the town of Tarime, the distlj
headquarters of North Mara District.  From Tarime, the road to Kenya is followed nor
wards for a distance of about 3 miles. A cattie-track branches off {o the west and this
followed for a distance of about 2 miles. The hot spring appears through a rock platlon
in the bed of the Rekirato River, a left bank tributary of the River Murare.

111. GEOLOGICAL SETTING

The area in which the springs occur has been geologically surveyed by G. M. Stockly
and his findings are recorded on Map. G.S. 159, Eastern Musoma Goldfield (Stocklayg
1935). Much of the area is granite which has intruded members of the Musoma Scrl A
Kuria Volcanics and North Mara Series (Muva-Ankolean*). The regional trend of (he
Precambrian rocks is east-west.  Relics of the Katanga System (Bukoban) overlic the carl
formations at some points. To the south of Tarime phonolitic lavas of probable Tertiurg
age are displaced by a fault scarp, the Utimbaru Scarp, which has a minimum throw
of approximately 1,000 feet.

Maji Moto hot spring appears through a wide valley-bottom infilled with alluvium which
is set in acid and basic volcanic rocks of the Musoma Series. There is no apparn
relationship between the structure of the Precambrian rocks and the location of the sprm“;
Stockley records no recent faults in the immediate vicinity,

"‘Thc Muva Ankolcan System is now known as the Karagwe-Ankelean System,  Quennell, A.
1957, Lexigue Strafigraphique Inter., Vol. 1V, Fasc. 8¢, p. 76.

¢




Hymmosi hot spring is located approximately on the boundary of basic volcanics of the
panniit Series and granite but again there is no obvious relationship with the structure of

Yepnmbrian rocks.

FASES IN MUSOMA AN

"ROVINCE A hot spring occurs at Mananka at the foot of the Utimbaru Scarp to the south of Tarime

I, ulthuugh this was not visited personally, a sample of the water was collected by a local
Hillant.

1V. DESCRIPTION OF THE DEPOSIT
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(a) Maji Moto Hot Spring

T the west of Maji Moto rest-house a river valley runs northwards between hills
Al of rocks of the Musoma Series. North of the road to Musoma, in a flat valley-
1, Iv @ marshy area, about 250 by 300 yards, covered by a thick growth of coarse, round-
miml reeds, A number of hot springs rise to the surface in this area, One large spring
fila uiy open pool, about 15 feet in diameter, in the reeds. Much green weed and a little
| sicrtiylation can be seen on the soft surrounding sand and in the bottom of the pool.
whole vicinity is marshy and soft under foot and care must be taken when approaching

#tdjpe of the pool.
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illvally over the whole area of the pool. An analysis by the Government Chenist,
uin, of a sample of gas from the centre of the pool gave the following composition:
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t¢ helium content of the gas was checked by mass spectroscopy methods at the Atomic
ity Wesearch Establishment, Harwell, UK., and found to be 13-5 per cent. by volume.
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Vi (juantity of gas liberated from this spring was found during a subsequent investiga-
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% ol examined.

The pool of water supplied by the spring appears to be about 18 inches above the general
I ol waler in the swamp and is held up by a surrounding rim of coarse, round-stemmed
Iy ixed with sand,  The overflow foilows a channel to the south-east and is estimated to

hout 1,800 gallons per hour.
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1o (emperature of the water in the middle of the pool is 130°F. and around the edge,

‘The temperature of the sand in the bottom of the pool appears to be 135°F, ‘
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Samples of water were taken from the pool and also from a river-bed situated aboul !
miles to the south-west of the springs; it is thought that the river-water is probably typi
of ground-water in the area. These were analysed by the Geological Laboratory Services snd
the results are given below.

Maji Moto

Hot Spring Ground-water
pH approx. . . 95 7:0
Total solids (dmd at 180°C) 5,170 ppm o ... 180 ppm
Cl.. . . ... 1,170 ppm ... 6 ppm
304 430 ppm ... ... Nil
F.. 23 ppmt ... ... 14ppm
COsz. ... 330 ppm ... ... nd.
HCO; ... «. L720 ppm... we ... 140 ppm
510, 100 ppm ... <. 40 ppm
Ca approx. 1 ppm... we .. I5ppm
Mg less than 1 ppm... v 4ppm
K approx. 10 ppm ... approx, 3 ppm

Corresponding to the following approximate composition:—

NaCl ... . 1,920 ppm... ... 10 ppm
Na,S04 ... 640 ppm ... e
NaCOs ... 940 ppm ... v —
NaHCO;... . 2,370 ppm... ... 104 ppm
NaF 50 ppm ... 3 ppm
Ca(HCO3)2 — ... 6lppm
Mg(HCO3); . 24 ppm
SiGy 100 ppm... .. 40 ppm

(G.S. File X/4158 Analyst R. A. Sutton).

{b) Nyamosi Hot Spring

At the point where the cattle-track crosses the Rekirato River, there is a wide roc
platform composed of well-jointe¢ micro-amphibolite; most of the surrounding count
side appears to be formed of migmatitic gneisses and granite. Several small hot spril
rise in the joints in the amphibolite where they have dissolved out shallow depressions al
a foot in diameter and three inches in depth. The rock is warm under-foot and there ap)w
to be 30 to 50 small vents in an area of about 30 by 100 yards, The water delivered from |
springs is immediately mixed with the river-water but it is estimated that the total flow
of the order of 100 gallons per hour. The flow of water from individual vents is suflicie
to lift quartz grains 0-3 mm. in diameter in the vent. The highest temperature of spri:
water recorded in the group was 100°F.; the temperature of the river-water was 68°F. I
sand in the bottom of one of the vents had a temperature of 105°F.

A sampie of gas was collected from one of the farger vents and subsequently analysed
the Government Chemist, London, who obtained the following composition:

% by vol.
Carbon dioxide ... oo 02
Hydrogen sulphide ... ... Less than (]
Carbon monoxide ... Less than 1
Oxygen ... v 02
Hydrogen . ... Less than 0-1
Hydrocarbons (as methane) ... *¥0'5
Helium ... . . .. 179
Nitrogen and other inert gases .. 812

(J. 3675)

*Presence doubtful, within limits of experimental error,
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The helium content of the gas was checked by mass spectroscopy methods at the Atomic
liergy Research Establishment, Harwell, UK., and found to be 18-2 per cent. by volume.

The quantity of gas emitted from the springs could not be estimated but during a subse-
tent investigation the flow was found to be 55 litres per hour.

A sample of the water was obtained from the same spring-vent as that of the gas. The
giple was poured directly into a bottle and was completely filled with the ground-giass
lopper in place. It was then noticed that minute bubbles of gas were separating out from
i6 water and gathering beneath the stopper; the sample at this time had & temperature of
!{:roximately 35°C. On return to the laboratory the volume of gas was measured (by
flerence), corrected to 35°C,, and found to be 6 ¢.c,  The volume of the sample bottle was
135 c.c. Thus the sample of water from the spring contained about 0:006 per cent. gas
ther dissolved in the water or contained therein as minute bubbles. Since the gas-sample
4s taken in a similar manner over spring-water displaced from an inverted bottle, this gas
wuld have approximately the same composition as that quoted above.

A sample of what is believed to be typical pround-water was obtained from a seepage
wut 100 yards to the east of the springs. The analyses (by the Geological Laboratory
orvices) of this and the spring water are quoted below.

Nyamosi
Hot Spring Ground-water

pH approx. - ... e 95 70
Total solids (dried at 180°C.) ... 3,480 ppm . 105 ppm
Cl 440 ppn approx. 1 ppm
$04 . 200 ppm Nil

F 23 ppm 0-6 ppin
CO4 480 ppm e —
HCO; 1,680 ppm 90 ppm
Si0, 90 ppm 30 ppm
Ca Approx. 2 ppm 10 ppm
Mg less than 1 ppm .- 4 ppm
K approx 13 ppm ... lrace
Nitrite ... e
Nitrate —

Corresponding to the following approximate composition:

NaCl . 725 ppm approx. 2 ppm
Na,S04 ... 250 ppm e —
Na,COs ... .o 830 ppm —
NaHCOs... . . 2,310 ppm 35 ppm
NaF ... ... 30 ppm 1-3 ppm
Ca(HCO3)y . . —_ 40 ppm
Mg(HCO3)2 ... e 24 ppm
Si0y .. 90 ppm 30 ppra

{0).8. File X/4158. Analyst: R. A, Sutton)
Herds of catfle visit the hot springs to drink the saline water and the small quantities
ol nitrite and nitrate shown in the analysis are probably caused by contamination from their
grereta.
(cy Mananka Hot Spring*

This hot spring is situated at the foot of the Utimbaru Scarp, about two and a half hours’
walking time to the south of Tarime. The spring was not visited personally but a local

A subsequent investigation of this spring showed it to be one of a group of springs which in total are

vont, helium,
tiklcurama to the west of Mananka,
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about the size of Maji Moto hot spring, and which emit a similar nitrogen-type gas containing 5 to 9 per
In addition two small areas of spring vents of similar type were found at Nyarukamu and



inhabitant kindly collected a sample of water, From his description of the occurrence the O Kb
spring appears to be bigger than that at Nyamosi, but it is thought to be not so hot; the TN
temperature is inferred to be about 80°F. The water sample, on receipt, was cloudy ; !

(sulphur?) and smelt strongly of hydrogen sulphide. It is not improbable that gas is akw fi the o
etnitted from this spring. fieonh

i\'FE’H iit

The analysis of the water, by the Geological Laboratory Services, is as follows,

pH approx. ... 95
Total solids {dried at 180°C.} .. 1,730 ppm
Ci .. 355 ppm
504 ... ... 130 ppm
E Il ppm 1 ant
COx .. .. 130 ppm “.i'!“ i
HCO3... .. .. . . .. T0ppm 1 -
Si0, 50 ppm ;
Ca .. approx. 2 ppm
Mg .. less than 1 ppm
K . aApprox. 10 ppm
Corresponding to the following approximate composition:
MaCl ... ... 385 ppm
NazSO4 .. 190 ppm
NayCOs .o 230 ppm
NaHCO; .. ... 1,000 ppm
NaF .. 24 ppm
8i0, - . 50 ppm

(G.S. File X/4158. Analyst: R. A. Sutton)

Y. ORIGIN OF THE HoT SPRINGS

An examination has recently been made of the analyses of gas and brines from all know,
hot and cold springs and also of some ground-waters in the territory.  Springs with simik
composition of gas and brine to those at Nyamosi and Maji Moto are known from nine othe
localities, although at these the gases contain a lesser proportion of helium. From the 3
location; and distribution of these other occurrences it is inferred that the gas-bearing spring
are of volcanic origin and that they are probably fumarelic in nature,

Day and Allen (1925), quote analyses of gases from hot springs and geysers in
Yellowstone National Park, U.8.A. Here a similar range in composition is found and l:
analyses of what are considered to be two end members of a series are quoted below. Twi
gases from Tanganyika showing the same range are placed alongside.

i3 4

i§ gnn ¥

Jig vn )y

i ot o
gl |

1 1* 131
Carbon dioxide - e 1320 02 ... 9368
Hydrogen sulphide ... .. 0 .. Lt01 0-46 .
Carbon monoxide ... L.t. 0-1 gt
Oxygen i Ve . 3350 e 08 v 0-06 Wi itic
Hydrogen ... S 1) (U 02 L 017 '
Hydrocarbons {expressed as methane) 0 L.t 01 0
Helium 37
Nitrogen and other inert gases . 9508 L 831 .. 0-63

T.t. 0"1=Less than 01
N.d.=Not determined
I. Artemesia Geyser, Upper Geyser Basin, Yellowstone National Park, U.S.A.

1. Hot Spring on the east shore of Lake Eyasi, Mbulu District, Northern Province
Tanganyika.
*Anatlyses by Government Chemist, London,
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Hl Mummoth Hot Springs, Yellowstone National Park, U.S.A.
IV, Maji ya Yeta hot spring, Morogoro District, Eastern Province, Tanganyika.

w the examples quoted above of the gases from the Yellowstone National Park the
s conlent is not given and it is possible that it was not determined, If this is so it will

» hison included in the figure for nitrogen.
hiro seems ittle doubt that the gas from the Tanganyika springs is of volcanic origin.

VI. HeLruM CONTENT OF THE (GASES

Tl puses at Nyamosi and Maji Moto contain the highest content of helium found so
Hiveeenerences in Tanganyika,  Bxamples at Ivuna, Lake Balangida and Uvinza contain
; #7 and 25 per cent. respectively, but at these places the quantity emitted is small. The
Hplomdate reference, available in Dodoma, of helium occurrences in other parts of the
bt Ls eontained in Geochemistry (University of Chicago Press} by Rankama and Sahama
1%) who state, “the gases from some mineral waters in France contain 10-31 per cent.
i)', “Very notable helium contents may be found in petroligenic natural gas, the
piim being 16 per cent. He by volume in natural gas from the eastern slope of the
ghy Mountains in the United States. However, noteworthy helium contents have been
ji!_(uu]y in the nitrogen-rich gases, and, even among these, gases containing more than
wi vent, He are relatively uncommon.  Total helium reserves in the United States are

iinilodd ot over 200-106m3",

" the occurrence i
be not so hot; (he
seeipt, was cloudy
ible that gas is alw

as follows.

53828888888

VII. Uses oF HrriuMm

Mu up-to-date information is available but it is believed that helium is used in the
firgy of titanium. The only available information on price is given in the text-book,
mirial Minerals and Rocks™ (1949) which quotes approximately $10-00 per 1,000

i dn 1941,

BEEH8S8

VIII. FURTHER INVESTIGATION OF THBE DEPOSITS

Ji sesims unlikely that the present quantity of gas emitted from the Maji Moto occurrence
thi warrant expioitation, and it is suggested that the deposit might be drilted with a view
ilronsing the yield. A drill-hole for water at Esegeri, Kenya, was sited in volcanic rocks.

wivi first encountered at a depth of 450 feet. The hole was abandoned at 530 feet
e the drilling tools would not drop down the hole.  The hole was capped and pressures
Weon 40 and 80 Ib, per square inch were reported during subsequent tests. The composition
he gus was found to be 978 per cent. carbon dioxide and 2+2 per cent oxygen.

1 oxperience at Esegeri is the only information on which an estimate can be based. The
it 0 1 drill-hole cannot be suggested on geological grounds and must be determined by the

enl possibility of drilling through a hot spring.
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868 IX. CoNCLUSIONS AND RECOMMENDATIONS
0-46 fhe occurrence of helium in the gas-bearing springs at Maji Moto and Nyamosi cannot
F jejjutclod as anything but a scientific curiosity at present. However, if the yield could
0-06 fereised, the occurrences might become economic sources of helium and nitrogen. The
017 il composition of the spring gases would seem to indicate that relatively-pure products
0 i o obtained.
063 - i would appear that the best method of increasing the yield is by sinking a drifl hole
e o or close to the spring-vents in the hope that more gas would be liberated and also
the Now of gas could be controlied.
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#. UARBON DIOXIDE-BEARING HOT SPRINGS IN THE SONGWE
RIVER VALLEY, MBEYA DISTRICT

By T. C. Jamss, Geologist

= : : ADSTRACT

(ias, containing 99-2 per cent. carbon dioxide is emitted from a hot spring vent in the
Kongwe River Valley. The yield of gas is very roughly estimated to be of the order of 1
wubic foot per minute. Other hot springs in the vicinity also emit gas and at one other
oceurrence the gas is rainly carbon dioxide. It is concluded that if a market for liquid
und sclid carbon dioxide exists in the Territory, these occurrences would possibly be
worth further attention with a view to ascertaining the maximum yield, possibly by
dellling.

I. INTRODUCTION

Purlng an investigation of hot springs and surface sait deposits in the Territory, a visit
ido to the Songwe River valley, Mbeya District, in December, 1955. Hot springs

# buon known in the area for many years and were first described by Bornhardt (1900).

il of the gas emitted from the springs were taken and subsequently analysed by the
ment Chemist, London.

I1. SrruaTions AND COMMUNICATIONS

Ve springs are situated in the bottom of the wide gorge formed by the Songwe River
dimtunce of 17 miles due west of the town of Mbeya. They are reached by following
muin road to Rhodesia from Mbeya for a distance of 21 miles to the bridge over the
iy River where a minor track branches off to the north and can be followed for 5%
§ {0 0 point overlooking the gorge at the bat-guano caves.  From here a descent
ity on foot into the gorge and hot springs are found along the bed of the river and in
£ viulnity of the left bank for a distance of 2} miles. The springs are recorded on map
i |2 125,000 Sheet South C36/D111. A track could probably be constructed from the
Ho coves to the vicinity of the springs.

- Four spring vents are described in this report and their location is given on Plate XI.

1. GEOLOGICAL SETTING

Vo peology of the Songwe River area is described by Spurr (1954). The Songwe River
ihis point flows in the floor of the south-east segment of the Rukwa Trough (Rift Valley)
il i cut a steep-sided gorge in soft, red sandstones of probable Cretaceous age overlain
F tiby deposits of travertine limestones of Pleistocene to. Recent age. Basalt lava flows
werlle (he red sandstones to the east of the gorge. To the west, Karroo conglomerates
il sundstones are found along the “rift” escarpment and are thought to lie unconformably
it (he Basement paragneisses which form the escarpment. The carbonatite at Panda
Hill s yltuated some 74 miles to the south-east of the area in which the springs occur.

All of the hot springs rise through vents in the Pleistocene travertine limestone in the
it of the gorge. . The four springs described are situated along a line followed by
¢ tiver, running in a west-north-west direction. Rambo Spring is situated in the flat
illey-boltom close to the river and about 4 mile north-north-west of the bat-guano caves.
i noxt spring, named River Spring, is sitvated in the river bank about 14 miles down-
gisumny (o the north-west.  The Gas Spring is about 200 yards to the west-north-west of this
wing und the Main Springs are a further 300-400 yards in this direction. It is possible
Jul tiiese springs are located on a fault buried beneath the travertine. Photographs of the
werronces are to be found in Plates XII and XIIL
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It is believed that the springs are volcanic in origin and fumarolic in nature and (i
they may belong either to the volcanism at Rungwe or to a dying phase of the volcanivily
attached to the carbonatite intrusion at Panda Hill.

IV. DESCRIPTION OF THE DEPOSIT
{a) Rambo Hot Spring

This spring is situated in the flat bottom of the valley of the Songwe River and appens
in a soft, marshy area about 100 yards in diameter on what is probably an old river teri,
A number of small spring vents giving rise to pools 5 to 10 feet in diameter are found in thi,
marshy area. The immediate vicinity of the pools is covered by a short, round-stemine
reed which is characteristic of hot salt springs of this type and close at hand are Phoen
palms, considered by Bornhardt to be always found around such springs, e.g., Maji ya Wi
Tagalalla See. These features can be observed in the photograph, Plate XII, Fig. 1.

The flow of water from the numerous small vents is canalized into a stream and it
estimated that the total flow is of the order of 4 to 1 cusec, The temperature of the wal
from the largest vent in the group is estimated to be about 150°F. The water can be se
to be bubbling up forcibly in the vents and sandy material and calcareous concreliol
formed at the bottorn of the pool are lifted about 3 inches by the flow, An analysis of th
spring water by the Government Chemist, London, gives the following composition:—

Parts per million

Total dissoived solids dried at 180°C. e 2,340
Total Hardness, as CaCQs3; ... 82
Calcium, as CaCOs3 ... 62
Magnresium, as MgCO; 20
Total Alkalinity, as CaCOj (including that due to silicate) 1,570
Sulphate, as SO4 163
Chloride, as Cl 223
Nitrate, as N ... 03
Fluoride, as F ... 82
Phosphate, as P,O5 ... 02
Silicate, as Si0, 90
Sodium, as Na... §35
Potassium, as K 114
pH. Value 84

Corresponding to the following approximate composition:—
Parts per million

NaCl 196
Na»S04 ... 241
NaHCO; ... o 2337
NaF 18
KCl 218
Ca(HCO3)» 100
Mg(HCO3); 35
5i0, 90
(1.4059)
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Plane 2. Gas Hot Spring.  The pool is abour 3 feet in diameter. Two areas of bubbles caused
by gas rising to the surface can be clearly seen in the centre of the pool. The edge of the
pool is composed of travertine limestone.
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c ' Vigure | River Mot Spring. The cone is composed of caledreous twffa covered with greer
and red adpac,  IC s set against the south-cast end of a travertine limestone ridge.

top of the water spout is just visible at the base of the Phoenix palm in the centre
picture.  The Songwe River is in the foreground,

Figure 2. The Matn Bot Springs.  The three spring vents are sitwaied on the top of the seary ami
overllow down iis face depositing Wi and causing the growth of green weed and i lpaw
in vertical streaks,  The scarp is 30 to 4G feet in height.
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Hubbles of gas are emitted intermittently from various points in the pools. In the
silto of the largest pool gas is emitted fairly constantly and a sample was collected over
Inlue from this point. The rate of delivery of the gas cannot be estimated but can be seen
W lw small. An analysis by the Government Chemist, London gave the following
fnnposition :—

% by vol.
Carbon dioxide ... .. 972
Hydrogen sulphide .« ... not detected
Carbon monoxide less than 01
Oxygen 0-7
Hydrogen ... less than 01
Hydrocarbons {(as methane) less than 01
Helium ... less than 01
Nitrogen and other inert gases (by difference)... 21
(J. 4058)

(b} River Hot Spring

This is the most spectacular of the springs in the area. The spring waters have built
9 ymall cone of calcareous tuffa about 9 feet high and 15 feet in diameter, situated at
the ond of a long ridge of travertine in which numerous active and also old vents are to be
fisind,  In 1952, hot water with an estimated temperature of 170°F. and containing bubbles
Fna {lowed out from the top of the cone and a small spurt of water was emitted from a
i[:!i'{ t about half-way down the side of the cone. Visitoss to the occurrence placed stones
il vitrious debris 1n the main vent and this was completely sealed when the occurrence
Wiy rovisited in 1956,  The whole outflow from the spring is now from the subsidiary vent
il half-way down the side of the cone. At this point a mixture of gas and hot water
,yurm upwards to a height of about three feet. A photograph of the cone is shown in
iate XIIL, Fig. 1. No analyses of either gas or water are available.

(¢} Gas Hot Spring
~"T'he spring vent is situated on the crest of the rocky ridge of travertine limestone and is
it 100 feet above, and 300 feet from, the Songwe River to the north.  On the south side
if the ridge at about 10 feet below its crest the ground is flat for a considerable distance
i i strewn with fragments of travertine limestone. The gas bubbling in the spring vent
i alidible for a distance of & hundred yards or so.

A photograph of the spring is shown in Plate XII, Fig. 2. The poot is about 3 feet in
fimeter and set in travertine limestone. The water level appears to be static and the
gmperature of the water is that of a hot bath, ie., about 130°F. A sample of gas over
wilor was taken from the pool and subsequently analysed by the Government Chemist,
Anlon, who obtained the following composition:—

zous tufla covered with green o
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e Phoenix palm in the centre ¢ 1he
n the foreground,

% by vol.

Carbon dioxide ... 99-2
Hydrogen sulphide wr e e .. mot detected
Carbon monoxide less than 0t
Oxygen ... .. .. 02
Hydrogen ... .. .. .. less than 01
Hydrocarbons (as methane) less than o1
Helium ... less than 0-01
Nitrogen and other inert gases (by difference) ... 0-6

(J. 4060)

Using an ordinary 670 cc. brandy bottle inverted over the gas bubbles in the water it Is
anllinated that 500 cos. of gas were collected in about three minutes. The gas bubbles
sover iwo areas in the pool continuously and these are estimated to be about one foot and
#itw inches in diameter respectively. Probably fifty per cent. of these areas are covered

situated on the top of the scarp «ad 75
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at any moment by gas. The chances of collecting gas bubbles was probably increied
by two by moving the sample bottle about in the pool. The quantity of gas emitted fivmj i agren
this pool is thus estitnated to be of the order of 20 to 30 litres per minute or about 1 cubly
foot per minute. This is an unsatisfactory method of calculating the yield and a mow
exact measurement could be easily obtained by capping the pool and measuring the amon
of water displaced in a large receptacle.

{d) Main Hot Springs

The Main Springs occur on what is possibly a small fault scarp about 30 feet in heiph
overlooking the Songwe River at a distance of about 300 yards to the east. The escarptics
is about 150 yards leng and strikes to the north-west, see Plate XIII, Fig. 2. There
three large spring-vents situated at or near the top of the scarp and from each of thew
deposits of calcarecus tuffa have been laid down over the travertine limestone throug
which the springs rise. Some older deposits of tuffa have been laid dowsn from vents nos
extinct.

The temperature of the water issuing from the springs is estimated to be 1307 to 1507
A few bubbles of gas were observed to issue from two of the vents, The other vent is lovules
in a horizontal joint and the point of issue cannot be observed. The total flow of wie
from all vents is estimated to be of the order of 2 cusecs.

VY. OriGIN or THE HOT SPRINGS

An examination has recently been made of the analyses of gas and brines from all know
hot and cold springs and also some ground-waters in the Territory. Springs with simily
composition of gas and brine to those in the Songwe River valley are known frem ten ol
localities, although at most of these the gases contain a higher proportion of nitrogen ani
other inert gases,  From the location and distribution of these other cccurrences it s inferiv
that the gas-bearing springs are of volcanic origin and that they are probably fumiruli
in nature.

Analyses of similar gases from hot springs in Tanganyika are quoted below.  The
from the Kondoa cold spring is included to illusirate the nitrogen-rich type; that from the el

Yeliowstone National Park is an example from a well-estabiished voleanic area.
I pitn

I* I 1* v

Carbon dioxide ... .. 899 .. 124 . 39 . 981G b
Hydrogen sulphide w. nd 25 { g; e
Carbon monoxide ... ond n.d. el
Oxygen UTR 1 5] 02 2.7 i
Hydrogen .. . nd n.d, P
Hydrocarbons .. nd 0-8 n.d.

(expressed as methane)
Helium P 1 025 03 ot o
Argon, (Krypton, Neon, .

Xenon) ... 1-0
Nitrogen and other inert

gases (by differencey ... 938 83:9 91-5

jlad pa
Eﬁll wl

fide

n.d, ==not detected.

I. Maji ya Weta hot spring, Morogoro District, Eastern Province, Tanganyika.
II. Utete hot spring, Rufiji District, Eastern Province, Tanganyika.
III. Kondoa cold spring, Kondoa District, Central Province, Tanganyika.
IV. Sulphur Spring, Mammeth Hot Springs, Yellowstone National Park, U.S.A. (4
Day and Allen, 1925).

Gases of similar composition are known from various parts of the U.S.A, and New HORT
Zealand and in every case the hot springs are ascribed to fumarolic activity closely connecly
with nearby voleanism, The usual type of gas emitted at these occurrences is compose
principally of carbon dioxide.

*Analysis by Government Chemist, London,
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Tl welcano, Rungwe, active in historic times, is 32 miles to the south-east of the Songwe

it :?nmg; several groups of hot springs are known in its vicinity. The carbonatite

| Panda Hill represents an eroded voleano of considerable antiquity, but the hot springs
p [ dying phase of this volcanism,

VI. Uses or CarsON DIOXIDE
t whon dioxide has a wide variety of uses and the reader is referred to suitable text
siski on the subject. A good summary is contained in the text book, “Non-metallic
thernde™ by Ladoo and Myers, 1951, and the section on Utilization is quoted in full,

"Muow uses are continually being found. The most important are the carbonation of
higes and refrigeration of perishable products, Liguid carbon dicxide is commonly
| it the preparation of soft drinks.  This is transported in steel containers to the bottling
i» for conversion to gas and introduction in the botfle. Solid material is extensively
kiyad in the protection of ice-cream and in the refrigeration of trucks and cars used to
arijiort perishable commodities. It is employed as a chilling agent in many industrial
wiitllony, as an inflator of life rafts, fire extinguisher, agent for the manufacture of cellular
ilures, raw material for the preparation of soda ash and other carbonates, explosive
foml mining, and as an aid to cause precipitation and induce rainfall.  Direct application
the F,ns {0 the soil to accelerate plant growth has been studied for years, In 1948 consump-
st ol liquified gas was reported at 244,184,000 1b. while use of the solid amounted to
4,926,000 1b.  Liquified gas in cylinders sells for about 6 cents per pound” (about 40
fie er pound East African currency).

Additional uses quoted from other sources are, in the preparation of blood plasma,
4 tanulacture of penicillin and of synthetic rubber. It is also used in the manufacture
snralsh and sundry chemicals, to stop the flow of water in pipes, shafts, etc., and to kill

{a wnd vermin.
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VII. FURTHER INVESTIGATION OF THE DEPOSITS

Hiwilar natural gas wells are being used extensively in other parts of the world for the
nluetion of solid and liquid carbon dioxide and are considered to be good local sources.
ha ecunomic future of the Sonpgwe gas wells will depend firstly on the internal demand in
# Territory for such a product and secondly on the yield of gas from the wells,

are quoted below.  The pas
ogen-rich type; that from i
s volcanic area. .
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3 PARIT The *Gas” Hot Spring is evidently the best occurrence and an attempt should be made
U B Vit the pool and make accurate measurements over a period of time of the flow of gas.

nd. 1 s not anticipated that any difficulty will be experienced in capping the pool. The yield
27 6 i Might be increased by enlarging the vent, but this should be done with extreme caution
n.d. 0 ihve the spring channel is almost certainly sealed with secondary tuffa. If this seal is
nd. 0 lithon the flow of water and gas may be divested and dissipated underground.

03 Uther springs in the area, such as Rambo Spring, might profitably be drilled since the,

ild of gas is at present small.
0 VIII. CONCLUSIONS AND RECOMMENDATIONS
915 001 ~ W n demand for solid and liquid carbon dioxide can be found within the Territory,
‘ {ip “CGias” Hot Spring in the Songwe River Valley is possibly a suitable source. The spring

lietates pas containing 9%-2 per cent. carbon dioxide, 02 per cent. oxygenand 06 per cent.

Province, Tanganyika, !
urnte measurements made of the yieid.

anrrai:aylkaL
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{leogen at an estimated rate of I cubic foot per minute. The vent shouid be capped and-



