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Abstract
Mining activities begin with mineral prospectingdamxploration, which can be quite expensive. A bemof
mineral prospecting methods are known such as eficawof soil for analysis, phyto- prospecting, amgtro-
geochemical prospecting among others. Ants amditees are known to burrow up to 55 meters to wtbles. In
the process, they bring up debris, which may canteaces of minerals in mineralized areas. Qualgatnd
guantitative analysis of anthills’ and termite mdusoil samples can be used as preliminary testprimspects of
finding a given mineral. Termitaria sampling hagmeised in other parts of the world such as Auatraidia and
Ghana. The study sought to find out whether thezesmnificant levels of iron and titanium in adithisoil samples
compared to top soil samples from Kwale, Kathwand HKithiori, which are mineralized areas in Kenjame
atomic absorption spectroscopy was used to detertiia metals under study after acid digestion. @tatrol
samples had lower concentrations of iron for adltiiree areas; 20.63+0.09 mg/g compared to mearentation of
anthill of 25.3+0.06 mg/g in Kwale, 90.53+0.00 mgfmpared 98.53+0.29 mg/g at Kathwana and 82.62+40@g
compared to 89.46x0.00 mg/g at Kithiori. Titaniuomtent in termitaria samples was higher than therobfor all
the three areas; 14.94+0.24 mg/g compared14.72+h@fy at Kwale, Kithiori18.47+0.03 mg/g compared
t015.93+£0.03 mg/g at Kithiori and 14.52+0.03 mgfgmpared t013.13+0.00 mg/g at Kathwana. These sesult
demonstrate the potential for use of termitarid sampling in mineral prospecting. For conclusiesuits of iron
and titanium mineralization, multimedia samplinggsommended.
Keywords: Termitaria, Mineral Prospecting, Flame Atomic Alyg@dn Spectroscopy.

1. Introduction
Minerals and metals are a critical part of deveigpa modern society providing essential producesgltl, jobs and
other opportunities (Hodge, 2011). Mining has beand in many cases remains, important to the ec@nom
development of a number of industrialized countsesh as Australia, Canada, Sweden, and the USitatks,
which in many ways based their development on thaiural resources. Prospecting involves seardingineral
deposits with the view to mine it at a profit (wvatlascopcoexploration.com/1.0.1.0/354/TS3). Exjtiorais the
term used for systematic examination of a depdésihineral prospector looks for surface exposurenoferals, by
observing irregularities in colour, shape or rodmposition. The recovery of metals from the eattrts with
exploration. Biogeoprospecting of minerals involwas study of plants and animals activities that tzad to
indication of occurrence of minerals (Horsnail R. Z001). Use of plants in prospecting for mingral phyto-
prospecting while use of animals is geozoologicakpecting. In phyto-prospecting, chemical analgdiplants is
carried out in order to detect the presence of ralimtion beneath the earth surface. It is a cheapethod except
that it requires identification and characterizatiof hyperaccumalators of minerals. Phyto-prospgctias an
advantage over conventional soil sampling in thadoes not disturb the environment very much ay enhall
amounts of soils are dug for analysis (Nkoane, 2003

Chemical applications for mineral exploration héen greatly developed and applied since at feasnid-1900s.
Gold and uranium deposits were found in Canadautiircanalysis of vegetation (Nkoane, 2003). A vemgé
deposit of uranium was discovered 150 meters béhevsurface at Wollaston,Saskatchewan where tliacgusoils
gave no indication of the element but twigs of klapruce (picea mariana) accurately delineateddéyosit
(Brooks,1998). Plant analysis has also been useddémtification of copper in Zambia, Zaire and Soéfrica
(Brummer J .J. and Woodward G.D., 1999). The samgptif plant materials in phyto-exploration prograesnis
relatively well developed and accept@@unn, 2007), especially compared with geozoological techniqfas
mineral exploration.

The study of insects and animals as they interg@bttiveir mineral environment is called geozool¢Byooks, 1983).
Ants are known to bring grains of rock up to thefate (Ralph, 2003). Anthill prospecting theory vpaeposed in
Zimbabwe in 1965, following assay results of 2.88fdd per tonne of ant heaps built up on overburndalahari
sand (Ralph, 2003).This unique prospecting metisodery different from the conventional approachiesed at
looking for a mineral occurrence. The normal seancthe field involves outcrop sampling, float exaation, the
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search of old workings, and tracing known faultshafé valuable minerals lie completely covered bgrburden
there is little chance of discovery using only thesandard visual practices. Kalahari sand covershnof south-
central and southern Africa, effectively concealingcrops (Ralph, 2003). Termitaria have potentidde developed
as a mineral exploration sampling medium for tHefang reasons.
(i) They are widespread and abundant across largensegfcsemi-arid tropical savannah regions in Africa
making them readily available for mineral explosatprogrammes.
(ii) They result from subsurface burrowing activity efrbites and therefore their chemistry may reflbet t
chemistry of subsurface materials.
(iif) They can be relatively conveniently and easily dach@at the land surface in a manner that minimizes
environmental and cultural impact.
Termitaria are utilized at present in mineral exation programmes in Africa, largely as a resulpablished
accounts of termitaria there hosting indicator mafe such as ilmenite(weakly magnetic titanium-imade)
from subsurface mineralization, such as in the Kalia Geochemical soil and termitaria sampling ige¥, West
Africa, has been used successfully in the seanciydtd in this arid environmer{tGleeson and Poulin 1989;
Freyssinet et al, 1990; Roquin et al, 1991).

1.1 Anthills (Termitaria)

Anthills are piles of earth, sand or clay foundh& entrances of ant colonies (Roja, 20@8jthills are
formed by industrious legions of worker ants foretneg a variety of their needs such as dwellingtimgaand
storing food. In the construction of a termitariater and soil are essential.

Termites go for water through soft slickensides alwhg talc-coated vein walls (Ralph, 2003). Thegw their
way into the easy stuff and carry it to the surfagats and termites operate above the water tablé¢he
oxidized zone, where rock alteration has led téesrig. They do not actually fracture quartz whkit clasping
jaws. Natural freeze-thaw cycles, earthquakes, @hdr invasive events crack vein material over ggichl
eons, permitting the ant to pick up broken piecemfthe mother rock (Ralph, 2003)ermites are known to
mine passages down to water, carrying the debadk bp to the surface. They dig up to 55 metersdtentable

in some places (Ralph, 2003). Termites build moumsdshing heights of four feet and they are sigaift
agents of ecosystem processes. They can have moonads than mammals on some African savannas and ca
remove and digest the majority of plant-originalitter. Termites have the ability to burrow to thebsoil and
contribute to the development of soil profiles thgh bioturbation. Termites and their bioturbatiénhe regolith
during termitaria construction have long been reimed as a significant influence on the chemical physical
properties of soilg§Nye 1955; Williams 1968, 1978; Lee and Wood 1971; Holt et al., 1980; Aspandiar, 2004).
This may include chemical additions to surfacesstiitough the upward transport of buried componehtse
regolith such as key ore indicator minerals. Mobudeling activity of termites results in an upwarédnsfer of
clay, silts and fine particles to the ground sweEf@@oms and Webb 1961; Watson, 1979; Surya Prakash Rao

and Raju 1984). Termites also facilitate the upward movement ays| silt and sand particles as this material is
deposited in termitaria, and observed micro-agdesgaf kaolinite and quartz derived from the upgegprolite
(chemically weathered rock) in the soil surfaceelaffreysinnet et al, 1990). Other researchers have noted that
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the silty material in termitaria is derived frometmottled zone or the top of the saprolite withftageritic’ (iron
oxide rich) profile(Boyer, 1973). Consequently, termite nest structures have bsen used as geochemical and
mineralogical sample media for the discovery of deposits buried beneath weathered cover and shallo
sediments. In this study use of termitaria as semgpphedia for iron and titanium prospecting is expt.

20MATERIALSAND METHODS
2.1 Sudy Areas

Sampling for this study was carried out at Kwald diaraka Nithi counties where iron and titanium
are known to occur. Mining of titanium is done at&e by an Australian company, Base Titanium Lichit€he
mining area is 50 km south of Mombasa a regioniwithe coordinates 4°19 39°27E. Kwale County is in the
former Coast Province of Kenya which is mainly atamnd county, but has coastline south of Momba&a.
Tharaka Nithi two locations, Kithiori and Kathwamdnere iron and Titanium had been mined on smallesca
were chosen. Tharaka Nithi County is located i fitrmer Eastern Province of Kenya on tdwerdinates
0°18S 38°E; it borders Meru County to the North and tNdEast, Kitui County to the East and South East,
Embu County to the South and South West. The dhirsfages between 200 mm and 800 mm per annum. The
county is on the leeward side of Mount Kenya andris for better part of the year so it is a seni-a@rea.
Temperatures in Tharaka Nithi range from a mininafril° C to a maximum of 25.9° C.

2.2 Sample Collection

Ten anthills were selected randomly and sampldsatetl from various sections of the termitariaate
the bottom, inside, mid-way up an anthill and &t thp of an anthill. For control, soil samples weodlected 5
metres away from each termitaria picked for sangpli§oil samples were collected in nonmetallic aomrs to
avoid contamination. All samples were labeled byspeontaining nonmetallic ink.

2.3 Reagents

All reagents used in this study were of Analyti€®dagent (AR) grade. Distilled water was used to
prepare all extracting reagents, preparation ahdiat of all solutions used. Aqua regia used igedtion was
made by mixing nitric acid and hydrochloric acidthre ratio 1:3 by volumeHydrofluoric acid was used as
received from the supplier. 5 M boric acid was mhygealissolving 65 g of boric acid crystals in 1 f.veater. All
reagents were procured from ChemTech Analytical )(L8€ock solutions of commercial standards were used.
For titanium Mount Royal Gabbro, rock standard wasd, while for iron Syanite rock standard was used
Calibration standard were prepared by serial dihgiof the stock solutions.

2.4 Instrumentation

Acid digested samples were analyzed for iron ataghitim using flame atomic absorption spectrometry
(FAAS). A Spectra A10 spectrometer was used atrtimes and geology laboratory in Nairobi. Hollowhzzde
lamps were used as excitation sources with resenhines at 248.2 nm and 364.3nm for iron and titami
respectively. For the determination of iron, aretylene fuel system with a flow rate of 1.2 L/mias used. In
the determination of titanium nitrous oxide —acety with flow rate of 4.5 L/min was used. Lamp msigy and
band pass were used as recommended by the mamafactu
2.5 Determination of iron and titanium

The soil samples were oven dried at °l@0for six hours. Large particles including stonesl @lant
remains were removed manually. Dried soils samplere separately pulverized to about 100 pm by @iskso
mill pulverizer.

0.10 g of the sample was weighed and transfeoetD® ml plastic bottle. 3 ml of hydrofluoric acid
and 1 ml aqua regia was added. The mixture wasvatldo stand overnight. 50ml of boric acid was added
mixture allowed to stand for 1 hour. It was thends& volume with distilled water. Dilutions wereade using
a mixture of boric acid and distilled water (1:khn and titanium were determined using FAAS.
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Results
Table 1: Concentrations of Iron in mg/g
1 2 3 4 5 6 7 8 9 10
KWALE A | 23.15+0.01| 20.66+0.00 20.64+0.]5 20.11+0/00 19.82( 20.92+0.00| 20.74+0.10 19.35:0.00 20.11+0[10 732€D.00
B | 23.27+0.00| 25.84+0.13 23.67+0.00 27.71+0[13 28043 | 24.95+0.15 21.31+0.00 21.43+0.15 21.67+0.150.92+0.00
| | 27.92+0.00| 28.85+0.11 27.26+0.25 28.82+0J10 260286 | 27.2+0.00] 25.63+0.00 25.96+0.20 26.74+0{00 .5260.20
M | 19.52+0.14| 20.68+0.2Q0 20.27+0.17 24.72+0J11 280236 | 24.45+0.00] 24.9+0.09 25.32+0.00 23.78+0[17 .628.16
T | 23.28+0.07| 21.98+0.00 23.94+0.0023.2610.20| 25.62+0.13 24.31+0.08 24.05:0/00 26.370 25.72+0.00, 25.47+0.0
KATHWANA |A | 705+0.10 | 95.2+0.16] 38.71+0.1f 67.41+0.) 109.9+0.00] 109.9+0.13 81.2+0.0 142.8+0]17 93180 96.6+0.00
B 140+0.03| 110.2+0.09 36.89+0.14 85.33:0[19 950@(. 122.7+0.00] 87.5+t0.06 90.3+t0.06 1155+0/00 1015
I | 107.1+0.13| 122.1+0.00 37.73+0.00 80.01+0[14 88.9% | 157.5+0.00 83.3+0.00 84+0.18 114.8+0[27 10BG%
M | 88.9+0.00| 103.6+0.09 37.92+0.30 134.4+0/13 86.08d 131.6+0.19 88.9+0.08 91+0.0 121.1+0J10 107.83(
T 108+0.15| 107.8+0.18 38.3+0.00 98.7+0.p0  88.9+02116.9+0.02| 119.7+0.00  88.9+0.17 109.2+0/00 10923
KITHIORI A | 63.7+0.11 142+0.21  67.9+0.0p 81.69+0.18 81.69+0.125.11+0.19| 71.33+0.00  87.5+0.00 74.97+0/00  80.302:Q.
B | 71.4+0.00| 150.5+0.00 65.8+0.19 85.33+0.00 79.6880 83.44+0.07| 85.68+0.00 81.97+0.00 75.39+0[18 2BK.16
| | 64.890+0.17| 152.6+0.12 84.91+0.d0 80.01+020 8¥0297 | 60.27+0.21] 121.1+0.28 80.08+0.08 76.86+0.0228.8+0.00
M | 158.7+0.14 98+0.00 65+0.08  67.4+0.15 77.77+0[005.18+0.18| 68.53+0.00 140.7+0.05 71.54+0/00  79.640.
T | 63.3+0.00] 100.1+0.10 82.95+0/0 84.21+0/15 80.38@0 81.48+0.07| 68.88+0.2]  85.8+0.14 144.2+0[00 BMDA6
Table 2: MeanConcentrations of Iron in mg/g per study area
Kwale Kathwana | Kithiori
A 20.63+0.09| 90.53+0.00 82.63+0.22
B 23.63+0.10| 98.51+0.22 86.74+0.23
| 27.12+0.06] 97.90+0.31 93.68+0.30
M 23.05+0.00| 99.13+0.28 90.24+0.03
T 24.40+0.01| 98.56+0.10 87.18+0.22
MEAN CONCENTRATION OF ANTHILL | 25.3+0.06 98.53+0.2P89.46+0.00
KEY
A: Adjacent (control)  BBottom of an anthill | Inside of an anthill

M:

Middle of an anthill

T:Top of an anthill
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Table 3: Concentration of Titanium in mg/g per study area
1 2 3 4 5 6 7 8 9 10
KWALE A| 14.02+0.00| 13.38+0.17 15.04+0.00 15.24+0/07 13.20 15.28+0.00| 14.52+0.21 16.23+0.00 14.34+0/17 81H.00
B| 14.46+0.06] 15.62+0.00 15.24+0.07 16.02+0/00 16.5030 17.21+0.00] 16.12+0.1f 14.23+0.19 15.760/08 73#D.00
| | 13.38+0.06] 14.26+0.19 15.18+0.15 15.04+0j01 160630 | 15.47+0.16] 14.98+0.0p 16.81+0.04 16.71+0.005.74+0.00
M| 13.14+0.00| 12.08+0.2] 15.7+0.00 12.68+000 13.5P3(. 16.29+0.00] 14.11+0.22 12.46x0.00 12.89+0[20 3IKAB5
T| 14.04+0.23] 16.43+0.00 15.84+0.00 14.14+0[21 16.416:0 13.44+0.05 16.38+0.1p 15.34+0.00 14.55+0/00 22+D.17
KATHWA | A| 8.94+0.21 | 22.08+0.00 13.62+0.11 8.74+0.00 10.08%0.211.52+0.14| 12.36+0.04 12.48+0.00 16.92+0/21 HO®D
NA B| 8.94+0.00 | 16.68+0.25% 10.9+0.19 | 9.54+0.05| 9.3+0.22 14.76+0.p00 5.88+0.00 0.5#0.19 | 14.28+0.07 12.54+0.1
| | 15.2440.01] 21.12+0.08 7.96+0.00  11.12+0.00 14(8P& | 12.54+0.00 17.94+0.1B 18.54+0.03 11.7+0.00 22#D.22
M| 12.66+0.00] 14.22+0.0) 11.4+0.13  12.17+0/00 18.48x0. 13.56+0.07] 18.12+0.22 14.34+0.]0 13.44+0[02 &DDH0
T| 20.7t0.00 | 8.52+0.00| 10.2+0.00 8.94+0.1p  12.66+0.083.44+0.07| 14.82+0.00 14.28+0.00 13.5+0.18  13.41020.
KITHIORI | A| 226+0.22 | 27.0+0.18| 10.62+0.17 15.84+0.p4 17.042Q.®3.04+0.11| 9.54+0.12| 12.0+0.11  11.58+0.00 10.0P3(
B| 31.86+0.00] 19.68+0.11 8.34+0.06 21.6+0.00 18.4830.018.48+0.14] 22.32+0.00 12.12+0.22 13.68+0/08 HOEM
| | 14.4+0.07 | 44.04+0.00 18.84+0.00 16.86+000 16(®B&| 15.06+0.22] 12.72+0.21 9.3+0.00 18.18+0[00 APV
M| 21.86+0.24| 19.0+0.17] 28.04+0.J0 20.34+0/07 13.0830 14.82+0.00] 26.9+0.06] 21.12+0.09 28.36+0[16 #H2D
T]11.76+0.00] 25.4+0.03| 17.1+0.09 15.84+016 14.4+0.p02.6+0.19 | 18.86x0.00 10.7#0.17  16.54+00P4 13.58&4.
Table 4: MeanConcentrations of Titanium in mg/g per study area
Kwale Kathwana Kithiori
A 14.72+0.00 13.13+0.00 15.93+0.03
B 15.59+0.33 16.91+0.08 18.34+0.07
| 15.42+0.04 13.38+0.01 17.86+0.00
M 13.65+0.02 14.29+0.01 22.00+0.00
T 15.08+0.00 13.5+0.03 15.68+0.08
MEAN CONCENTRATION | 14.94+0.24 14.52+0.03 18.47+0.03
OF ANTHILL

Discussion of Results

The samples were analyzed in triplicates and thenmalues of concentrations calculated. Resultg wer
summarized as shown in Tables 1-4. In Kwale thérobsample had 20.63+0.09 mg/g of iron while theam
concentration of the termitaria was 25.3+0.06 mfpg,Kathwana samples the control sample had 9@B8:
mg/g of iron while the mean concentration of themiéaria was 98.53+0.29 mg/g, for Kithiori samplig®
control sample had 82.63+0.22 mg/g of iron while thean concentration of the termitaria was 89.48x6éhg/g.
Likewise, titanium levels were found to be highetérmitaria samples than in the control samples.semples
from Kwale the control sample had 14.72+0.00 md/ttanium while the mean concentration of the titana
was 14.94+0.24mg/g, for Kithiori samples the cohsample had 15.93+0.03mg/g of titanium while theam
concentration of the termitaria was 18.47+0.03 mfg Kathwana the control sample had 13.13+0.0Ggmg
while the mean concentration of the termitaria dasywas 14.52+0.03 mg/g of titanium.

The higher iron and titanium content of the sailgermite mounds compared with the surroundings
confirm previous findings that soils had been tpamted from deep subsoil with a high content of the
underneath material to build the mounds. (Rus83), ( Brady and Weil, 1999) found significantligher
content of clay in termite mound soil compared wor@unding soils. (Gleeson and Poulin 1989) repbthat
gold content of termitaria is high in soils withlganineralization.

Conclusion

The focus of this study was to compare the levEison and titanium in termitaria soil samples tols
samples collected from near termitaria from Kw#ghiori and Kathwana where the two metals are kndw
occur. Termitaria samples mean concentration@f ivas found to be 25.3+0.06 mg/g, 98.53+0.29mgd) a
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89.46+0.00 mg/g for Kwale, Kathwana and Kithiorspectively. The control sample concentration ofi ireas
found to be 20.63+0.09 mg/g, 90.53+0.00 mg/g and6®®.22 mg/g. Kwale, Kathwana and Kithiori,
respectively. Termitaria samples mean concentraifditanium was found to be 14.94+0.24 mg/g, 14%GQ3
mg/g and 18.47+0.03 mg/g for Kwale, Kathwana antthildii respectively. The control sample concentratbf
titanium was found to be 14.72+0.00 mg/g, 13.13@0mg/g and 15.93+0.03 mg/g Kwale, Kathwana and
Kithiori respectively.

There were elevated levels of the tmetals in termitaria soils compared to the sumding soils.
Termites are very important bioturbators and aspoasible for the higher levels of the metals imitaria soil
samples having brought debris containing the mdtala underground. Termitaria sampling can thewefoe
used as preliminary step in mineral prospectingesithey provide an indication of the potential lnd positive
anomaly, and enables a judgment on the scale arthenetal accumulation.

Recommendations

It is necessary to carry out analysis of the vt in a mineralized area to find out the levals
metals in the plants since termites are known éad fen organic matter which could result in elevdeels of
elements in termitaria. In addition, geologicalvayr by systematic boring and prospecting undessthisurface
of the proposed promising areas for metal occuggnis recommended. The study further recommends
multimedia sampling approach the first step be@rgitaria sampling where they exist.
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