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GUANO MINING IN KENYAN LAVA TUNNEL CAVES

Jim W Simons ”

ABSTRACT

Commergial mining of bat guano for agriculiueal fertilizer only becime possible in Kenya theough dis-
convery ol major deposits i the Liva tunnel coves of MUSuswa and the Morth Cliyalo Fiills i the early [960Fs
This paper provades histerical informagion Teading up o the gune mining, describes the cave deposins, outlings
M mining unader-takings, and provides informiion on the guame producing bars sl msect faoonas, The realis
af gama msalyses, details of the the onnaeges exttacted pwd sodd fo recipionts beoween 19406 o 1984, and sonw
benefits which resuled from ils wse on crope are given. A bricl oatling of attempls o conserve the areas and
itk b g1l ingluded.
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HISTORICAL INTRODUCTION

More vsually associated with caves in limestone, bal guano has long been recog-
nised worldwide as a source of fertilizer. It has also been mined for less peaceful pur-
poses, s in the LLS A, where it was dug ow of caves 1o extract nitrates for the manu-
facture of gun-powder as carly as the 1780, and was in demand for the war of 1812
and for the American Civil War in the 1860 (Halliduy, 1966).

[n Tanzania, guano was extracted from limestone caves along the Songwe River,
mear Mbeya (Teale & Oates, 19351 Here, no dess than 2500 wns of high phosphate
material was sold o local agriculre between [934-1962 (Source - Annual Reports of
the Mines Division, Tanganyika), A scamble 1o obtain the rights over guano i the
Machinga Caves of Kilwa, along the Tanzanian coastline, also led to g "Guano Rush”
{Bulpin, 1962

Guano was first extracted in Kenya sometime in the 1930 or %940 Tor personal
farm use by an enterprising European settler, the laie Renshaw Mitford-Barberton, from
several caves on the slopes of MUElIzon. 1t was not, however, until exploration in the lva
tubes of MySoswa from 1963, and of the northern Chyulu Hills from 1965 onwirds
(Fig. 13, was il discovened that Kenya possessed substuntial guano deposits of valoe,

Recognising their potential, and that it would not be wo long before the sccumula-
Hons attracted the attention af miners with linde or no knowledge of caves and their
conservation, three of the original cave explorers registered 3 company, Kenya Guano
Lach., and made plans for extraction and sale of the deposits while hoping 10 otherwise
minimise damage 1w the caves and afford them some profection until they could be con-
served within National Parks,

As ba guano was then unknown to Kenva's agriculure, and by its nature was o
variable product, the new venture had a high investment risk, However, initial laborato-
ry analyses indicated that the deposits were rich in orzanic matter and contained N.PK,
clements of sufficiem percemages that might be sold 1o Kenya farmers and save on the
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then scarce forcign exchange needed for the import of chemical fertilizers. Tt was con-
sidered that a ready market could be established with coffee estates norh of Mairobi
which were convenicnt 1o the rail network,

To be able w commercially extract the deposits under the Mining Act (Laws of
Kenva-CAP 361 it first hecame necessary through the Mines and Geology Depurt-
ment, for guano o be gazetted as a new Kenya mineral based upon its phosphate con-
tent, and 1o abtain a Prospecting Licence. A Consent o Prospect and Mine from Provin-
cial Commissioners and the local district councils was followed by the pegging of Lode
Claims, regist-ration of Locations, and authority 1o proceed to production. The caves
were collectively 10 become refered 1o as the Kiboko and MuSuswa Mines, The compa-
ny was also obliged to follow the Mining Regulations and file monthly and bi-annual
returns of ore produced and sold, s value, and o breakdown of Tabour and other costs,

At each cave “mine”, surveys of the wnnels and the guanos were under-taken. To
arrive ab estimates of available tonnage, many hundreds of auger-drill holes were lubori-
ously hand-bored into the guano accumulations and samples tiken For analyses,

THE LAVA TUNNEL CAVES AND GUANO DEPOSITS

Lava tunnel caves of intermational significance were first reported i Kenya on
M Suswa Vodeano o the Rl Valley in 1963 (Williams, 1963, Glover et al., 1964),
This promoted the formation of the Cave Exploration Group of East Alrica in 1964
(Simons, 1964, which led w Turther studies of that complex system and a search for
vaves in the Chyulu Hills voleanoes, near Tsave National Park, where large tubes were
soon located in the northern part of the hills (Simons, [903A, 1972, 1974),

MNewth Clvarfre Caves

Clusters of steepesided ash cones of the Tindima-Migululu and Kimabui Hills
(1AO0-1.500 m. s L), Form a lower extension of the main Chyuls range of veleanoes,
6 km. south-east of Nairobi, In the pabochoe lava fows of this northern outlier lie o
series of lava wnnel caves which are south-north trending segmems of what was origi-
mally o long single tube fnoa Now which originated from the Makukani P Crater o the
central cone cluster (Simons, 1974, 1998), Three widely seperated caves were found 1o
comain bat bar guano deposits of significance (Fig. 2).

Kimeafkin Cove (hndn Mine-Locations 13001 & [35/10)

A an altutude of 1120 me, an the foot of the Kimabui Hills near 1o the lthundo
Come. Kimakia Cave was one of the first major fava tubes 10 be found in the Chyulu
Hills in November, 1963 {iNGR-4 15563 ). Although it has a woial of 14 km. of passages,
the cave is mainly composed of a 100 m. Tong main wnnel which is blocked at both
enls. Generally 10 m.across, the wbe is freqoenily "canyon-like” i cross section with
roof heights reaching between 12 and 15 o In the cemral sector there are three tubes
levels, one above the ather, with several collapse holes into the upper part. The larpest
entrance conveniently divides the cave imto a 300 m. long northem segment (lmperial
Canyon) and a 600 m. long southern segment with a great guano sccumualation and was
named Mew Maxwell House from the strong aroma of ammonisi.
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Claims over the guino were registered in April. 1966 and May, 1968, There were
ihree dusty puano sechors, seperated by boulder piles, which were Tound o be deepest
under the principal bat ronses (Fig, 3);

A - A short guano sector started 30 man from the Muin Entrance and exiended
Fame to a rond dome justat the linits of daylight, where there was @ mjor bat roost, and
reached Toin deple

B1 - The largest accumulation occured between 80-270 m. along the wanel, Initial-
I, the depth increased inwards from more than T, 10 2m, at the narrows, and attaaned
a maximum depth of 4m. where the twbe widened and Tormed a 15mehigh domed area
and the principal roosting place Tor thousands of Evemops bats, Here, ithe accumulation
covered a hill of breakdown and then sloped steeply down (o continue inwards as o [m.
deep accumulation before being replaced by a long boulder section vccupying the mid-
tunnel arca. Before the narrows, o Ldm, section of the guano showed some stratificu-
tion with an 0.8m. basal layer composed of comparmtively loose guano pellets, Con-
versely, at the deepest level below the dome where there was o smaldl rool hole allowing
the ingress of water, the guano formed o wel, grey, clay-like liver of similar thickness,
When Tirst augured-into, this released the very pungent odour of sulphuretted hydo-
sen! Two minera)s with probable zuano origins were collected, Radiating crysials from
the wet clay-like layer were tentively identified by the Late Professor lgor Loupekine as
Bobierrite - Mg PO 8H 00 A delicate and almost transparent stalactite. illed with
bloed red liquid. was found at an overbung under a puano-covered ledge and was con-
sidered to be o caleium phosphate (Simons, 19749,

€1 - A | 20mulong boulder section, which had small guano patches up o Tindeep,
wis followed by o 133m, long sector of guano ending at 325m.in (rom the entrance
where rough lava forms an invading flow. Bats have a series of roosts along this fine part
of the tnpel and goane viried between 03mw 1.2m, deep, with an average of 0.6m.

Meerhgioni Ceve i Mathiens |- Locarion 3600 -4)

Mining of the Kimakia Cave guano deposits was already underway when other
nearby guano tubes were discovered in July, 1966, 2 koo the north st the fool of the
Mathaion Cone (Simons, 19721, These deposits were held in reserve and extraction did
not fuke ploce until 1974,

Mathaioni Cave (NGR-430347) 15 an extension of Kimkuaia Cave, the two being
seperated by a pap of roughly [, The cave has around 1.9 ko of passages distributed
along a main-line length of 1.4 km. Thene are also several tube levels one above the
other, with three entrances providing entey into the uppermost level, The Main Entrance
collapse divides the cave into a ab0m. long southern section (Cairn Passage), which
wis opened as an attrction i 1974, and an 800 m, long northem section {Boulder Pus-
sage). Part way along this segment lies a smaller collapse into o short upper level
{Muathaioni Uppery, while half-way along there is o depression which was cleared 1o
reveal an 8m, pitch into the last part of the cave (Exit Pitch), Small insectivorous bats
and rather damp 2uanos were found in humid sections of the cave over which a block of
Your claims were registered in Joly, 1974 (Fig. 4

From “The Pit”, roughly o third of the way along the southern tube, o 2800 m. long
lower wnnel runs beneath Cairn Passage and under the main entrance collapse for
fiminto the northern wbe section, Three guano piles oceured:
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Ay - The first pile commenced athe foot of “The Pit", formed a distinet mound.
and ran for 30muto peter oul at a Z4medrop. Tt was a linle over 2m, deep and excavation
revedled an alternative crawlway into the downstream continuation of the el A
monolith of the guano hill was left stinding for further scientific research and as a
demoenstration section for planned tourist visits imo the cave, It remained undisturbed
for many vears. but in the early 1990 the entire section was regretably stalen by per-
soms unknoen amd s value 1o science and posterity Torever lost!

B-Ci-Roughly mid-way along the lower tunnel were two, rather wet, Im, deep
piles, with B) being 6Om, and C) nearly 40m. long.

-Ei-The Exit Pitch led o a 73mudung upper level Noored with guano 15-6(1
cms.deep (D) and below into the 290 mulong final segment of the cave, Damp guano
(EL locally up to lm.deep, covered a long boulder breakdown, ending as a deep sloping
pile. Remowal of this opened up a low crawlway into a1 30m. extension of the tunnel,

Stud! Cove ( Mathaioni H-Location 32708

Cna lower plain, | km. north of Mathaioni Cave, are two collapses between which
is d 250m, Jong passage making up the bulk of Skoll Cave. Much of this 1m. wide tun-
nel was covered with dry guano up w 60 oms, deep over which a single claim was reg-
istered in May, 1976 (Fig, 4).

M Suvwn Caves

MSuswa s 2 shield voleano sitated in the middle of the Great Rift Valley, 30 km.
north-west af Mairobi. Centrally within its caldera 15 an inpressive collapse graben
Forming & moat surrounding an “island” block which is unigue wmong the world's vol-
canves (MeCall & Bristow, 1965),

[na bavas flow which spewed out of the caldera on the eastern flanks of the volcina
lic a braided and multi-level system of unnels which were already well known prior o
the commencement of guano extraction in 1970, Nearly 70 collapse cnirances provide
access 1o some 4 seperate caves which represent segments of what was a mammoth
system totalling more than 1 lkmeol passages (Simons, [998)

Principal among the wnnels, is the 14-18 Series or Grand Central System. This
complex, of 10-20m diameter wbes, totals around 3dkm. of passages and has no less
than 8 entrances, several of which segment the system. The series has two upper lunne|
sections, those aff the 14A-14C collapses and that connecting the 18A- 180 and 28
entrances, and o lower level which conneets the 14 and 18 upper passages by means of
several pitches, Guano deposits of various sizes occured in the wbes (Fig. 51

I8 Upper Series ( Suxwe £ - Location J5547)

Guuno in the 18 Upper Series was located in two parallel wnnels amd o single
clamm over them was registered in January, 1967

A= Many thousands of bats reside in Oomops Passage and, 100men from the 1RC
codlapse, dry guano formed a 140m long pile at o bend in the wonel o end just before o
low craw] near a small ool hole (Mo 288 In places between boulders, it reached depths
of more thim 24m, One 3m.deep trench was dug into the south side of the pile by the
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author and DeP S Martin in January, 1966, and samples were collected ab every 20cms.
lor pollen analyses and some went o Geochron Laboratories of Tuscon, UUSA, for possi-
ble CI4 dating. Unforunmely, no feedback on the samples was ever received.

By - Emtered through boulders off the 18B collapse, Silica Passage s o long and
rather humid wbe which had several small and damp guane piles and colony of hun-
dreds of small insectvorous bals.

HA-C & f- 08 Lower Sevies {Siower fl-Locasion 324/0-1)

Three upper level wbe sepments contained various guano areas worthy of extrac-
tion. with that in a lower level being significant. A block of three claims over the
deposits was registered in September, 1972:

C) - One of the 14A MN-E Circait tunnels contained small insectivorous hats and o
Jhmlong area of guano with an average depth of Title more than 35 cm, and reached o
maximum of 0.5mein depth.

133 - The 14A- 148 Water Tunme] is the seasonal roost of many small insectivoroos
bats and contained a Timlong section of diy guano which increased i thickness
imwards from 10cms, up to o maximoam depth of 1.3m. where it formed a hill over the
last 30m. Beyond. a thin and "caked” guano layer had been deposited in what had Tor-
merly been a water poal in the mid- 19600

Ei - The 365m.long Paddington Station passage has Crowmops buts and had three
areas of damp guuno supporting a fairly prolific beetle population. Guano commenced
[05mein from the 14C entrance and made op 17m0, 97muand 77mulong sectors with
depths reaching (,735-0080m.

Ladder pitches from Links Passage in the 14 Series or from the "Balcony Passage”
ol TEA entrance provide access to the T00m long 14-18 Lower Series which had sever-
al guine sectons!

Fy - A small area beneath the pitch in “Links Passage” had dry guano inbetween
boulders from which mummified carcasses of Hyaena, Civet Cat, Rock Hyrax and a
were recovered (Simons, [Y82)

G = Extensive arcas lay mid-way along the passage, cither side of a massive houl-
der fall m the 25m, wide "Great Chamber™ where there is a large colony of omeps
bats, On the west side it formed a steep dusty hill covering rocks (oan average depth of
T, over o 30m, distunce and reached 1.3m. deep in places. Lower down on the east
side, was a i dong by 12me wide area where guapo coverad the floor s general
depth of 0.7 and reached o maximuom of L4me deep, A nearby 10m, wide bench had
avana averaging omadeep. while a gully below was filled to a depth of over Tm. A
sl [ pile, up o 0.75mudeep, also by almost dicecily beneath o hole in the Noor of
the higher level Balcony Passage,

Hi - At the very end of the 14-18 Lower tunnel, was o 40m Jong accumulation with
an average depth of 0.5m.

GUANO EXTRACTION

Although each site or cave presented its own problems, mining of the accumulba-
tions was basically similar. The guano was first shovelled into sacks (Fig, 6A ) moved
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to entrances and then carried or wire-winched from the caves 1o surtace shelters (Fig.
6By They were then tems-ported to storage. either near the Makindu or w the Kijabe
railway stations, weighed. loaded imo waggons and railed to the customer (Fig. 6C). In
latter years, some orders were transported directly o extanes, Individual sacks and small
bags for Mairobi were delivered by company vehicle.

To permit access it was necessary 1o upgrade bush-tracks into the Kiboko fava
Mows, up the slopes of Suswa mouniain, and pioneer new roules o certain cive
emrances (Mathaioni Cave/Hole 28-MiSuswa). The caves required preparation o
enithle removal of the filled sacks by making entrance and tunnel paths, Gxing <airs or
ludders, installation of ariel rope-ways (Mathaioni Exit/l4- 18 Lowerl, and placing of
surface platforms and windlasses over convenient roof holes ( Kimakia/ 18 Upper,

Al labour was locally contracted and gave work in arcas where there was little
alternative employment, Berween 10010 50 men might be eraployed in any one month
depending upon orders. At Kibokeo, the men camped at the caves, while al Suswa they
lived oo compound at the mountain's base,

Asoa protection against guano dust, miners were supplicd with face-masks and in
the early years were skin-tested Tor Pulmonary histoplasmosis by members of the Med-
ical Rescarch Laboratory. Nairobi, and guano sumples checked for fungal spores. all
with negative resulls.

Mining of the deposits was undertaken in stages. Once the readily availuble guano
hisel been removed from a particular wonel, then another would be opened, As the the
resources diminished, so some of the carlier ites would be re-worked and areas
“Tarmed” of new accumulations,

Linle reatment of the guanos was necessary beyond seiving out of stone close 1o
the cave floors, and of bat carcasses, beetles and larvae from the top 10 oms, of some
aecumulations. Seiving and pellet break-down was undertaken when re-working the
caves of "fresh” accumulations and prior o the Olling of small packets destined for
Mairobi retul markets. Due o its rather high moisiure content, it was considered desir
able o sun-dry the guanes from the Mathaioni Cave prior o re-hagging and sale.

THE GUANO PRODUCING BATS

The lurgest known colonics of the African Giant Free-Tailed Ba, Ovomops srae-
sieseserrad, ovenr only in the North Chyulo and MUSuswa va tunnels and it is these bats
that have been responsible for the greatest guano accumulations. The biggest single
Chropreps colony with many thousands of bats is that in the Kimakia Cave in the Norh
Cliyulu Hills. Those in the 18 Upper, 14-18 Lower and Paddington Station Passages on
MiSuswa, are perhaps next in order of size, Stadies of the larger colonies wok place
during 1970-1972 and it was demonstraded that peak pregnancies oveured between
October and January, with the largest number in November coin-ciding with peak rain-
Full amad & higher abundance of Tood (Muiere, 19730

Smaller specics of insectivorous bats were also seasonally responsible for the
guane aeenmulatons in the other wonels ab both localities. A the Mathaoni Cave,
Mimopreras inflates was present as colonies in the Lower Guano Passage. Probably, it
is Lhe same species which occurs in large numbers inothe Exit Passage, although a dif-
feremt ban, Minioprerns solvetbersi arengrius, was collected a Skull Cave and was pre-
sumably responsible for the guano accumuolations in that tube.

Many hundreds of Mimiopiens (sp,) occupy the 14 Water Tunmel, on M Suswa,
and this bat probubly sccounts for much of the suano i thae whe, although a species of
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fhinefophies has also been collected and may have been a contributor. This bat has also
been noted in small numbers at both the Kimakia and Mathaioni Caves, while at the
end of the New Maxwell House tunnel was another species, Triauaps persiens afer,
which occur in some numbers and may have also comributed to the guanos there,

THE GUANO INSECT FALINAS

Except in certain tunnels where the Crameps bal predominated. insects on the
guanos were suprisingly sparse. In Kimakia Cave, parocularly under the major but
rowests and especially within the first 200m. of the south twbe, many thousands of car-
nivorous beetles were present feeding off dead and moribund bats, Adult, and even new
born, bats which had lost held and fallen 1o ihe foar became mired in their own escre-
ta, cither 1o become bured and mummified, or were quickly consumed by the beetles
and their larvae 1o leave gleaming skeletons!

A study of the Tthundu beetle population was undertaken prior w guano removal,
From a series of irmsect samples it was estimated that the densest concentrations prob-
ably contained around HHIO beetles per 30 cm, square! Three species af tenebrionid
beetle were identified. in order of abundance, as Vilfersia rrivialis, Afpdiceedias dicpoeri-
stex andl Pegenbasis (peristepnis) marginedis, Less numerous were also one or possibly
two species of o dermestid (Atreeenuy sp ) and o caribid beetle {Somopfetus
sarfupriesus ). All of these species were also recorded as occuring in the MUSuswa caves
iMcFurlane, 1971 While Pogonbasis was not as numerouos al the Kimakia Cave,
observalions by this author suggest it was the predominant species al M Suswin al least
in the Paddington Stution twbe where beetle concentrations were found 1o be greatest.

Al the Kimakia Cave, mummificd bats, the adult beetles and their larvae, were
seived from the suano and returmed o the cave Hooe, Mot only was this done as a con-
servation measure, but it was also considered thar the beetles were important o the
breakdown of fresh guano pellets through their movement and ingestion. Alhough
numbers have diminished since guano removal, many sl do occur in the New
Maxwell House segment.

Chher speeies of inseets present on the guanos in both cave localites incloded
many Tleas, b parasites, large numbers of acalypterate fys which were attracted 1o
lizhts, tineid moths, pale crickets with long antennae, small collembola, and pedip-
ulpids {ur whip scorpions).

GUAND ANALYSES

It has 1o be recognised that Bal Guano, as an entirely matural product and by s
focation e caves. 15 o very variable maenal with the levels of ils constituents being
influcneed by many factors, Among these may be the nature or abundance of the food
cimen by the bats, the type of reck mowhich the caves occur, and the weathering and
environmental processes aking place underground at coch individual cave, A single
deposit of cave guano may vary greatly both laterally and o depth, with the degree by
which the acewmulation has been locally "leached” or otherwise affected by percolating
waters probably playving a mapor role.

Initially, zrab samples were analysed by several Mairobi laboratories o obtain an
indication of constituents, For the most part, however, cores from auger drill-holes from
the magor deposits were "quartered” o as w obtum samples for analysis which would
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be representative of the accumulations as g whole and were submitted w the Gover-
menl Chemist which department provided a "Centificate of Analysis". The guanos were
sold largely upon their high organic content and reasonably balanced percentages of
N.PK. Avernges of content were publiscised and bulk-buying cusiomers provided with
ranzes of analyses on request.

While il is unwise o driow oo many conclusions from the analyses, several inter-
exting results have emerged through comparing the suanos of the two localitics and
from the different types of bts (Table 1, 25

Table 1= Analyses of guano feom the Kilokoe Mines, Morth Chyulo Hills

BATS (it M- Otomogts
CAVE Kinkahia Cine Matsioni Cave | Sholl
Cine
PASSAGE South Tunael Exit passage [T | M
e SAMPLES e SAMILES RANGE [ Y
ANMYSES S o T [7aan | WANOE | AV T [ [ e
Crgun ml 5% | 60 A0 sadof 57 ) 75 | XS [ 410 | Mod 204l 5] 455
Al 14} 286 | 1TE JITS256]) 207 | 100 | DEd | i | TR -T2 280
Manisisre wl | 226 | ik [ RG] 204 S0L | PRl | dHe | 73 | T4d86 | 2nE
Nilrowen N P32 [ a9 |10 [ esgi2) Ind | 76 | b3 3% 3 | ARTH [ bh
Phcesplune 10, 12| 121 E IR (P L I O X fufy 5.h 7.3 A0-7.3 bt
Putitssinm k-A} i3 1.3 1l |.3-35 b 24 |07 23 23 | s | L
Magiesinn M) 24 1% L1l 8-24 B L3 1.3 1.5 .7 13018 (X E
Calcium Catd 110 [ 1 {E- 1.0k oy 2 4 1.4 1% 121 4 7
Sulplur Sa R L P N P e LT 27 | Db | 02T ] 24
Sundiiom Magld ml 1%} {5 (LIS 15} L5 n2 1.5 1Lt 0. 2-41h 1k
pH m [ e I % I b7 44 f.l | dbT | A8
Taulile 2- Analyses of gozmos from the MG Soswo Sioes, Biln Yalley
BATS o Set-Dhpimiop
CAVE T U pper Senes 145 Lameer Seanes !':::;:r LiE:
) . Series Lippor
[RLERTEE (s [Frage Liecal Chamber ?:J:;:LI 'I'Ltl.#ri'rl
. SAMPLES — SAMPLES . .
ANALYSELS | m m v 1 3 1 m EANGE | AN T RANGE | A,
gz Th | 5| A0 [ S8 ) 563 | S50 | 358 | A58 (404 A AR | AN | B34 M RERS) T
Ash IS0 10 | 404 [ 430 ) 202 200 | Moh | [ | PotedS ) 250 | 325 | 23h | 236325 150
Muwsture 2] 74 [ WA 33 | 225 33 55 (205 | S 16) | 327 Xa0|20-527 278
Nitogen N G | U | B | 94 | RO RS | 56 [ KD | RO | 85 | 34| 7T ARSI | AT
Phueplte P25 U O S R R T O I T AL T e o e 08 L O B LR S T o
Pualzssium K20 B L e O N O vl (L T O I i et
Muogoesiam dMed [ 37 ] L [ 19 30 ) 20 2207 [ L] LTAT L 2E [ ] 20| k20| LY
Calcium Catd X N Al LS04 oS5 | 08 |08 [ 0405089 ) 28] L LI28 ] 1Y
ﬂulpllul’ Sad LI I I e N O I P O R I O 0 | O TR | e
Sevlamm NaZik [P I VG e I O . S I e AL O A S0 O W T
il TA 178 | 6a | nd | 66| 66 [ G [ 68 [ G5TE | 68 | 6l [ 67 [ 667 [ 6.3




ARG RMINING IR KERYAN LAVA TUNKEL CAVES 45

The guanao of the Cwarapy bt al both localities is Tound overall o have similar
percemages of high organic matter (58%), Nitrogen (8- 10% ), Phosphate (10 [ 1% and
Potassium (2-3%0, The Magnesiovm. Sulphur und Sodivm contenl. however. appears o
have been somewhat greater in the Mt Soswa guanos, with the Sulphur element in par-
ticular beimg twice the amount found in the Kiboko Caves, at 3.7% as opposed to | 3%,
This is larsely doe 1o the high percentages in the samples from the 14-18 Lower aecu-
malation, The results may perhups be attriboted w differences in the cave lavas and
feaching of & presumed higher Sulphure and Sodivm congen Trom the M Suswa plono-
Ines than from the Kiboko basalts,

While the guanos of the smaller insectivorous bats are also sl between the two
localities, these appear overall o contain less organic matter (44-45% 3 and Nitrogen (6-
T than those of the Erermeps bats. The differences might be due 1o these bas capor-
ing smaller insect prey and contributing less sumounts of Food with lower nutrients o the
caves, or because it so happens that they have Tavoured wnnels which are linde ventilat-
ed and humid where higher moisture comtents, as in Mathaion Cave, could have resuli-
ed in the leaching-out of the water soluable portion of the Nitrogen clement. A lower
Phosphate content is indicated in the Mathaioni guanos bui the difference is less
muarked at MUSuswa, As with the Ctomops guanos, the analyses also show that the
Magnesium, Sulphur and Sodim clements are higher in the M Soswa aceamulations,
With o range of between 6-7, there was little differcnce in the ph. values between the
puimos by buoth but type or locality.

GUANG PRODUCTION, SALES RECIPIENTS & CROP RESULTS

Procloctiom

The first guano exiractions and sales came from the Ithundu Mine with the greatest
bulk being removed between April 1966 and Apal, 1970, following which o move wis
made o mine the MiLSuswa caves,

A lemporary suspension of activities at [thundo, howoever, took place during 196775
due o o crisis an the collee indusiry when large orders were cancelled. On resumption
al mining, stacks of filled sacks which were lefl in the cave bepeath the roof hole hod
rotted due 1o the ingress of rainwater and the bags and goano were steaming and hot 1o
the towch! It is known that guano can "burn® and it would seem that the sacks were, like
in o haystck, m the process of imernal combustion?

By August, 19700 mining from the M Suswa Mines was onderway and lasted
until 1974, These 5 veurs were the period of gredtest extraction with 1971 and 1972
heing the highest period of deliveries, The increased business may be anributed 1o the
success of sales promotions and the product gaining o reputation as heing highly bene-
ficial o crops.

The greater part of the |8 Upper deposit was removed hetween August, 970 and
Jupe, 1972, The whole area was worked over in the latter half of 1972 and again during
1974, The guano accumulations on Location 324/ 1-3 were manly worked during 1972-
P4, although small amounts were Eter extracted and sold m 1977, 1979 and 1984,

With the depletion of easily won material a1 Suswa, o return was made 1o the
M.Chyvalu where sectors of the Ithundu Mine woere re-worked from 1973 onwards and
extraction at the Mathaioni Cave was commenced late in 1974, The guano piles in this
cave were largely exhaosted by July, 1977, although further re-working of the areas
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ook place in 1978, Extraction at Skull Cave run during 1976-8, with the guano being
sold together with that from the Mathaioni Cave. These two caves were (o provide 6045
of the sales lonnage over the 5 years up to 1978,

Mining of Bat Guano continued lor a period of 19 years from 1966 o [YE4,
although really significant sales only lasted until 1976, by which time most of the easily
won deposits had become exhavsted, some wnnels had been re-worked. amd e busi-
ness had already become un-economic due to the higher extraction cosis. Sales over the
following six yvears were insignificant and barely covered the production costs,

A total of 3,618 metric tons were sald, realising nearly UK £ 91,000, with almost equal
amuounls coming from each cave region (Table 3.

Tauble 3 - Kiboko & Mt Suswa Mine production, sales and values
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Some 1462 metric lons wus produced and sold from the Kiboko Mines, which
repre-sems just over 50% of the production from all caves, 500 wns of this, or more
than 484% of all production, came from the Kimakia Cave alone and this is probably a
reflection of the greater stee of the Chomaopy bat population in that single winnel, Nearly
o0 wns was exiracted from the Mathaioni [ & [1 concessions, representing around
10% of tatal production, From the Mi.Suswa Mines, over 1750 metric 1ons were
extracted, of which mare than LOOK tons or nearly 30%: of the entire production, came
from the 18 Upper tunnels. The 14 and 14-18 Series of tnnels made up the remaining
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20%. with at least two-thirds of this being extracted from the 14-18 Lower passage.
Again, the largest gquantities came from the three Cveseyges bat tunnels which, all
wogether. produced as much material as the Kimakia Cave.

Sefex Recipients & Crop Resufis

The principal value of guano lay in the fact that it was an emirely naiural material
containing a high organic content and balunced N.P.K, elements. The breakdown of the
organic malerial enabled plants to more readily take-up the other bepeficial mineral
constituents than would have been the case with applications of manufactured fertilizer.

One drawback was that heavier application rates were generally necessary when
compared o chemical fertilizers in order to meet the N.EE, requirements for a particu-
lar crop or farm. This was counteracied by providing the material at a competative price
based upon the average N PK. percemages in the guanas,

Ciuano sales may be divided ino that which wem largely in bulk and direct 1o the
clicnt Tor the two monsoon rain seasons when fertilizer was generally applied, and
anounts which went through Mairobi retailers for onward sale and was mostly in small
bag gquantitics, For the bulk sales, markets were established with Coffee, Tea and
Flower arowers, which were prepared 10 pay a free-ol-rail price of K.Shs 4200 per met-
ric ton. Discounts were affered on lirge orders of 50-100 tons,

Ower the vears, guano was supplicd o almost 70 coffee estates in the Nairobi.
Kiambu, Kahawa, Ruiru. Thika and Mukuyu areas, and as far north as Nyeri, NooJess
than 3,200 maons, or nearly 90% of wial guano production, went to coffee with the
arders being supplied almost equally from the two mine arcas ( Table 4),

Tub. 4 - Approximate guanoe tonnage sold by location and recipients

RIBOKC MINES BT, SUSWA MINES GRAND TOTAL
METRIC TONS

ITHUNDU [MATHAIONI [ SUSWAT [ SUSWA 1L

DIRECT SUPPLIES

Collee Estates 1, 33250 30850 LI o573 320705
Ten Estanes R5AH 9750 15,000 147,500
Flower Farms 36,50 15401 [EAEE [t K530

Simall holders, Gold Clihs, Hone
Ciierdeners, Trial & Chanty Gilts
120K

250

750

I i

4550

RETAILER SUPPLIES

Large Savks (40-30 ks b I 175 - .75 21K
Small Packers 03,5, B Kes b 2550 5 - - 5135
TOTAL SALES 1.A04.00 EREELT [RIEENE] TI M EXOEELY

Guano was generally applied o coflee during the rains at a rate of Hb (003 Kb per
tree, often without the addition of any other chemical lenilizer, and would usually be
used o provide an erganic boost o poorly yeilding blocks. Estate managers requently
commented on the general improvement of the trees, darker and shinjer leal colour,
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increased socker growth and “spiking”. More importently. iU was not umcommon Lo
hear that guano reated blocks were producing the best coffee on the estate and giving
lagher yields!

Actrial undertaken on Manyika Estate in 1969 (o compare guano applicd ot o rabe of
1.5 T 00 7kasy against N.PK. chemical fertilizers with ratios of 170717 & 252540 m
standared applications, resulted in o slight increase by 12 dehbies (standard size Lin
cans) ol coftes per acre on the guane irealed blocks. Again, when companng the results
of cattle manure and bat guano, both applied at o rate of | b (0.5ke. ) per tree and
mized with busic slog, Kathangi Estate found that the guano block produced o quicker
heavy flowering, the trees were in excellant health with no signs of disease or siress,
and warried un estimated 1,25 1005 of colfee, or well in excess of twice the norm,

A disasterous attack by a fungus, known as C.RB.D0Coffee Berry Disease). in the
Late 19605 put many coffee estates on the verge of bankruptey and caused o wemporary
closure of mining aperations during the worst period, However, some estates noted
blocks on which guano had been applicd remained healthier and were less affected. The
assistance of b guano in combating the discase probably contribied 1o the higher
volume of guano sales o that industry in the early 1970,

A smaller market was found with Tea Estates in the highlands of the Limurne area,
north-west of Nairobi, where a little over 190 mutons were supplied. Smaller quantitics
of | o cach, also went o the Tea Research Instinute and several estates in the Kericho
anmd Sotik area, as well as 142 ton 1o the Tea Research Institute in Tanzanii, but these
were largely for experimental purposes.

Response tothe vse of Bat guamo on tea was similae i ihat on coftee. Nyara estale,
Limuru, reported that during the period September, 1968 - June, 1969, poor plots treat-
ed with guano at a rate of 0.5 won per acre showed a distinet boost, improved leaf, and
anincreased yeild of 90 [bs.of made tea per acre aver plots of similar age and condition
treated with chemical CAN. at 135 lbs. of Noper acre. In TO70, 10 was reported that
guano treated blocks were then the best on the estate and were yeilding an increase of
over 30 Ibs. of made lea per acre!

Ome costome, near Limury, annually placed orders for 3-100 tons of guano for
intensive Mower production and ook no less than 85 wns for this purpose. Around (.5
kg, of guano per sgam. was mixed with lime. manure and phosphates as reguired by soil
analysis. Porformance on carnations was reported to be good and very good on roses
and gladiali,

Variows African small-holders, goll and sports clubs, schools, plant nursuries, knd-
scape gardencers and home gardeners placed orders ranging from a few sacks up o sev-
eral wons af materiol for use in growing vegetbles and fruit, for greens and lawns, gen-
eral flower beds, potted plants and even for growing orchids! Small wmounts went
eratis W osome prowers For trials and, by way of promotion, w charities, Sacks were also
supplied to a number of Nairobi Garden Centres, usually for onward sale. and account-
ed Tor a little over 20 moons of production.

Small packets of seived guano from the Kiboko Mines, aimed at the home garden-
er, were introduced in 1968, Up to 1973 over 2,000 polythene bags, of 3kg. and
Skeoweipght were sold direct o retail Garden Centres and vegetable shops in Nairobi,
with sales increasing from 1971 as the guano became more widely known. A specially
primted and lined 8ke. paper bag, with a bat emblem (Fig, 6D was marketed in 1974
angd mearly G were sold to retal outlets via a sole distributor up to 1977 when sales
werne discontinued, During the ¥ vears, over 8,000 packets were purchased and this
alone accounted for nearly 33 muons of the production from the Kiboko Mines and
made a significant contribution to the company revenue.
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Controlled plots of various vegetables, specifically for small bag sales. were set-up
by the company in the Nairobi area in 1968, Guano was applicd w he plots al increas-
ing rates from 0o 5 oz, (gm, ) and marked growth differences were noted. This led o
suggesting a mean rate of around 115 gmsdd oe) por square meter, well-watered imo
the soal, as an optimum application, Too heavy an application could result in “scorch-
ing" of the plant roots, stems and leaves, Many home sardeners spoke highly of the
resulis acheived on o wide mnge of plans and several producers of strawberries were
impressed with their vields,

CAVE AREA CONSERVATION

Mining by Kenva Guano Lud. provided a temporary means of protecting areas of
owstinding natoral beaoty, their caves and bats, Tor a period of nearly 20 vears, Howev-
er, it was obvious that this would diminish along with the guano deposits and o perma-
nent means of area and cave conservation has long been sought by this author under
VIO S 2Uises,

The uniguencss of M Suswa was recoenised as carly as the mid- 1960 and, while
reports Lo Kenya Govermment departments calling for the caldera and caves o be set
aside us a Mational Reserve have been submitted {Brown & Glover, 1969 Simons.
[H6SE, 19T 1980k these have sofar gone unheeded, The principal problem lies in the
Fact that the caldera is divided between two Maasai group ranches Iyving in differen dis-
Iricts and agrecment on aliernative Lmd use i difficalt o acheive,

Boundarics to create a national park along the eastern part of the main Chyulu hills
were surveyed in the 1970%, but these ommitied the northern wilderness arei and is bat
caves, Gazettment occured in 1993 after Turther area studies and consultant recommen-
datiens (Simons, 195800 Inbetween time, the impressive southern segment of the bMath-
aioni Cove was developed for visitors in 1974, It remained open a semi-wild atieaction
until 1975, during which time it had received over MK visitors, This not only added
protection o that cave for o time, but also lent weight o calls Tor the conservation of
the are as a whole.

Further attempts were made with the Kenva Wildlife Services o have the northemn
area protected and the Mathasoni Cave re-developed (Simons, 1992, 1993), Renewed
interesl was aroused and meetings ook place with Government officials dunng [9492-
1993 which resubied in an agreement that the Chyulu Nanonal Park should he extended,
Bul, even as boundary work progressed, illegal squatters invaded and ploughed the area
and spoiled s wilderness aspect, In 1996, greetiement was ultimately acheived and the
sguatiers were evicted from the National Park extepsion. The area, with its caves, is
now protected by a ranger sub-station but further deselopment avwaits o retarm 10ols nat-
ural state,

CONCLUSIONS

Commercial mining of Bal Guano as g source of fertilizer in Kenya became possi-
hle through the discovery of significant deposits in the Lva unnel caves of M Suswa
Wolcano and in those of the Nodbern Chyulu Hills, Mining of these accwmulations by
Kenya Guane Lud, wis s pioneer venture which ran from [966- 1984 and, over this 19
year period, no less than 3,500 merre wons of 2uano was extracied and sold with almost
cquul amounts coming from the mejor deposits of the two distint arcas,
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Guano was introduced to imponant sgocoltural industries, and in the ahsence of
any other purely focally available organe N.PEL fertilizer, Kenyu greatly benefited
through the saving of much needed foreign exchange which otherwise would have been
spent en chemical fertilizer imports, In addinon, the local populaces of the outlying
arcas also directly benelited through employment. transport hire and general porchases
during the period.

Coffee estates purchased the largest guano tonnage and signilicant amounts also
wenl o Tea and intensive Mower farms, Smaller. but no less important, tonnages wenl
1o small-hobders of various crops, goll clubs and home gardeners, either as directly or
as sales through retl garden comtres in sacks and small packets of various weights, In
all cases, the resulls of use ol the mtural organic fuano were luded and wis found 1o
be at lewst ax hepelicial as some chemical Tertilizers and defnitely improved crop
headth, quality and yiclds.

In the process of minng. much new information concerning the areas and the
caves, their bas, guanes and inscets was obtained. The company initiated various scien-
Nifie projects and is activities not only afforded a temporary measure of protection 1o
the principal cave and Bat locations, but otherwise brooght 1o Government attention the
necd for cave area conservation and the concept of cave tourism, some of which has
heen acheived in the Clyulo Hills, but alas not on M Suswa,
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