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The aim of the pa per is to de scribe how in ex pen sive/sim ple phys ics equip ment was
fab ri cated and used in the de ter mi na tion of ther mal con duc tiv ity of rock sam ples.
We used the ex per i men tal tech niques known as tran sient method of mea sur ing ther -
mal prop er ties of rock sam ples at am bi ent tem per a ture. 
We in ves ti gated sam ples found in five lo ca tions/re gion (Ewekoro, Ile-Ife, Igara,
Ago-Iwoye, Abeokuta) in South west ern Ni ge ria. Those sam ples are lime stone,
dolerite, mar ble, gneiss, and gran ite. Al though the sam ples are multi-min eral as re -
vealed by pho to mi cro graph, the ther mal con duc tiv ity re sults ob tained 1.40, 1.50,
1.57, 1.75, and 2.94 W/m°C, re spec tively, are found to be con sis tent with the ones in 
lit er a ture where highly ex pen sive and so phis ti cated (not eas ily af ford able in de vel -
op ing na tion) equip ment are used.
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In tro duc tion 

Ni ge ria lies be tween lat i tudes 50 and 140N and 30 and 140E lon gi tudes. Crys tal line
base ment rocks of Pre cam brian age un der lie about 50% of the coun try. These are un con form -
ably over lain by sed i men tary rocks of Cre ta ceous to re cent age (fig. 1). Sam ples used in this
study were col lected from south west ern Ni ge ria com pris ing rocks of the Pre cam brian base ment 
(gran ite, gneiss, dolerite, and mar ble) and lime stone from the Ewekoro for ma tion gen er ally con -
sid ered to be of  Paleocene age [1]. This re gion of the coun try is highly in volved in geo log i cal
ex plo ra tion ac tiv i ties es pe cially bore hole con struc tion and well-log ging. 

It is a known fact that the heat form of trans for ma tion and trans fer of the Earth’s in ner
en ergy de ter mines such fun da men tal pa ram e ter as the tem per a ture of depths, which in turn in -
flu ences the phys i cal prop er ties of depth, their phase con di tions, meta mor phic pro cesses and
other fun da men tal prop er ties of the Earth [2].

The lo cal vari a tions of the ter res trial heat flow are very small within the same geo log i -
cal re gion and con se quently the dif fer ences be tween geo ther mal gra di ents within ar eas of the
same tec tonic char ac ter are mainly due to dif fer ence be tween the ther mal con duc tiv i ties of the
rocks [3]. 

In ves ti ga tions of ther mal prop er ties of rocks us ing var i ous meth ods such as steady-
-state di vided bar tech nique, nee dle-probe method, tran sient meth ods, etc., had been car ried out
[4-7]. 
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Tran sient method based on one-di men sional heat flow in side the sam ple was adopted
in this study. It di rectly de ter mines ther mal diffusivity that is not im por tant in its own right but
of fers a con ve nient, eco nom i cal and ac cu rate method for de ter min ing the ther mal con duc tiv ity
(the most im por tant ther mal prop er ties of rocks). 

This study there fore is aimed at de ter min ing: (1) the ther mal pa ram e ters for each rock
sam ples, (2) the phys i cal char ac ter is tics of the sam ples by vi sual in spec tion, (3) rel a tive ra tio of
min eral com po si tion by thin sec tion anal y sis, and (4) com pile ther mal con duc tiv ity data for the
rock sam ples used from ther mal diffusivity mea sure ments. 

Ma te ri als and method

The ory of method

The the ory of ther mal con duc tion de scrib ing the 1-D sin gle-slab is given by  Middle ton
[7] and Carslaw and Jae ger [9]. They con sider a slab that is ini tially at zero tem per a ture, that is in -
su lated at the sur face x = 0, and has a con stant heat flux in tro duced at the sur face x = a at time t = 0. 

They showed that the tem per a ture T at a dis tance x within the slab, and at time t (af ter
the in tro duc tion of the con stant heat at x = a) (fig. 2) is given by:
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Fig ure 1. Gen er al ized geo log i cal map of Ni ge ria [8]



Also:
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where a is the ther mal diffusivity, k – the ther mal con duc tiv ity, and a is the thick ness of the slab.
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If the mea sure ment is made at the base of the slab (x = 0), the ex pres sion for tem per a -
ture be comes:
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For times large rel a tive to aP2/a2, the tran sient terms are neg li gi ble, and the tem per a -
ture vs. time be hav iour be comes lin ear; the in ter cept ai on the T = 0 axis is:

t
a
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2

26a
(4)

where a is the thick ness of the sam ple.

Heat ing de vice 

A nickel-chro mium 22swg (0.6426 mm) wire is used to de sign the heat source (coiled
wire el e ment) at the De part ment of Phys ics, Olabisi Onabanjo Uni ver sity, Ogun, Ni ge ria, to
sup ply a con stant heat flux when placed at about 1 cm above the ex posed sur face of the sam ple.
The coiled wire (heat source) placed at about 1 cm above the top sur face of the sam ple amount to 
an “oven ef fect” [9] and as such the prob lems of ther mal con tact re sis tance are avoided at the top 
sur face, hence the ne ces sity to pro vide a fairly smooth sur face. 

The con stant heat flux was main tained with the help of a trans former which steps the
220 V down to 12-15 V through which a con stant cur rent flows. Once a con stant cur rent is flow -
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Fig ure 2. Di a gram show ing 
con stant heat flux F at the top
sur face of one slab



ing, the wire will ra di ate near con stant heat flux [9]. A sta bi lized low volt age and steady cur rent
power sup ply unit pow ered the heater. The cir cuit di a gram of the sup ply unit is as shown in fig. 3

The cir cuit is made-up of op er a tional am pli fier used as a vari able volt age ref er ence by
wir ing it as a volt age fol lower and ap ply ing a suit able ref er ence to its in put. The op-amp has a
very high in put im ped ance when used in the “fol lower” mode and thus draws near-zero cur rent
from the im ped ance and can sup ply sev eral milliamps, out put load ing cause lit tle change in the
out put volt age value. The cir cuit then was made to act as a high-cur rent reg u lated volt age
(power) sup ply by wir ing Cur rent-boost ing tran sis tor net works into its out put. 

In this cir cuit the avail able cur rent is boosted by the Dar ling ton-con nected Q1and Q2

pair of tran sis tors, the cir cuit gain is fully vari able from unity to ´10 via RV1 and the ZD1

pre-reg u la tor net work en hances the sta bil ity of the 3 V ref er ence in put to the op-amp. 
The cir cuit also in cor po rates an au to matic over load pro tec tion, here R6 senses the

mag ni tude of the out put cur rent and when it ex ceeds the max i mum cur rent the re sult ing volt
drop starts to bias Q3, thereby shunt ing the base drive cur rent of Q1 and au to mat i cally lim it ing
the cir cuit’s out put cur rent. 

The out put of the sup ply was set at 15V by RV1, so there was a con stant 15 sta bi lized
volt age at the out put. 

Es ti ma tion of ther mal con duc tiv ity 

Ther mal con duc tiv ity, a ba sic phys i cal prop erty of rocks var ies with changes in rock
com po si tion. It is in versely pro por tional to ther mal gra di ent and a tem per a ture (gra di ent) log in
a well in ther mal equillibrum shows the ac tual vari a tion of geo ther mal gra di ent (i. e. ther mal
con duc tiv ity) with li thol ogy [10].

How ever, the ex pres sion in eq. (4) was used in this study to find the ther mal diffusivity 
di rectly from a se ries of tem per a ture vs. time mea sure ments. 

In prac tice, tem per a ture is plot ted against time (fig. 4a-e), the in ter cept ti is read from
the re sult ing graph and the ther mal diffusivity is cal cu lated us ing eq. (4)

The re la tion ship be tween ther mal con duc tiv ity k and diffusivity a is given as:

k = rCa (5)
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Fig ure 3. The circuit di a gram of a
sta bi lized low volt age and steady
cur rent power sup ply unit



where r is the den sity, and C – the spe cific heat. Equa tion (5) forms the ba sis for mea sur ing ther -
mal prop er ties us ing this tech nique. 

The spe cific heat and den sity are mea sured while the ther mal con duc tiv ity is then cal -
cu lated us ing eq. (5).

Den sity and spe cific heat mea sure ments

The mea sure ments of the spe cific heat ca pac ity of the sam ples were made by sim ple
cal o rim e try ex per i ments in the lab o ra tory while the den sity mea sure ments were de ter mined
from the mass-vol ume mea sure ments of the sam ples. 

Sam ple prep a ra tion and tem per a ture mea sure ment 

A block of ap prox i mately 0.4 m ´ 0.4 m ´ 0.1 m is cut and lightly pol ished to achieve
flat sur faces. Sur faces other than the top are ther mally in su lated with very low ther mal con duc -
tiv ity ma te rial (glass wool). 

The tem per a ture is mea sured with a K-type ther mo cou ple probe cen tred at the base of
the sam ple rock for 150 s in 10 s in ter val. The K-type ther mo cou ple plug is con nected to a dig i tal
multi metre (AVD890G). The K-type ther mo cou ple probe has a tem per a ture range of –50-400 °C,
an ac cu racy of ±0.75% of rgd ±3 °C, and a res o lu tion of 1 °C. 

A thin leaf of alu mi num foil of 0.00002 and 0.00003 m thick ness is placed above the
in su la tion layer be neath the rock sam ple to im prove the ther mal con tact and to pro duce a uni -
form basal tem per a ture since the ma jor sources of er ror is the base con tact be tween the rock
sam ple, the K-type ther mo cou ple probe and the basal in su la tion. 

In ef fect, the alu mi num foil, which is a much better ther mal con duc tor than the rock
sam ple or in su la tion, will dis trib ute the basal tem per a ture around the tem per a ture probe “al most
in stan ta neously”. How ever, the er ror due to us ing the alu mi num foil at the base of the sam ple
slab is less than 1% and as such can be ne glected. The ex per i men tal set up is as shown in fig. 4. 

Ther mo cou ple is ca pa ble of de tect ing 0.05 de gree change above the am bi ent tem per a -
tures. When us ing this sen sor sev eral pre cau tions are re quired such as the sen sor must be fo -
cussed at the cen tre of the base of the sam ple and the sam ple must be well in su lated. 

The mea sured tem per a tures are re duced by sub tract ing the ini tial am bi ent tem per a ture
ef fec tively, mak ing the mea sure ments rel a tive to zero ini tial tem per a ture. This re duced tem per -
a ture is plot ted against time and the lin ear seg ment and in ter cept time ti are then iden ti fied to de -
ter mine the ther mal diffusivity. 

In or der to ob tain a rep re sen ta tive av er age value for a large vol ume of rock it is al ways
nec es sary to mea sure a num ber of con duc tiv i ties from dif fer ent sam ples of the same rock type.
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Fig ure 4. Di a gram show ing the 
ex per i men tal con fig u ra tion for a
sin gle sam ple rock (one-slab 
so lu tion)



Hence, all the ther mal prop er ties were de ter mined for 4 slabs per each rock sam ples and the
mean val ues ob tained ex cept dolerite (where we had only 3 slabs avail able) in this way more re -
li able data of mean con duc tiv i ties were ob tained.

Re sults and dis cus sion 

Rocks ana lysed

Lime stone: 
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Dolerite: 

Plate 2: Pho to mi cro graph show ing the
fine-grained, por phy ritic tex ture of the dolerite.

Mar ble:

Plate 3: Pho to mi cro graph show ing the
coarse-grained, granoblastic tex ture of mar ble sam ple.
Crossed polars (XP). Long di men sion of the pho to graph rep -
re sents 4.55 mm.

Plate 1: Pho to mi cro graph show ing the typ i cal tex ture of the
lime stone sam ple. Crossed polars (XP). Long di men sion of
the pho to graph rep re sents 4.55 mm

 Gneiss:

Plate 4: Pho to mi cro graph show ing the
coarse-grained and fo li ated tex ture of the gneiss.
Crossed polars (XP). Long di men sion of the 
pho to graph rep re sents 4.55 mm.



The re li abil ity/ac cu racy of the method was as cer tained by the com par i son of the re -
sults ob tained from this study with those ob tained by [3].

The lin ear re la tion ship of the tem per a ture-time plot (fig. 5a-e) to give the in ter cept on
the time axis from which the ther mal diffusivity is de ter mined for the sam ples agrees well with
Middle ton, [7]. 

Graphs of tem per a ture aginst time for the sam ples
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Gran ite:

Plate 5: Pho to mi cro graph show ing the
coarse-grained, gran u lar tex ture of gran ite
sam ple. Crossed polars (XP). Long di men sion of the
pho to graph rep re sents 4.55 mm.

Fig ure 5. Graphs of tem per a ture-time
(a) mar ble, (b) gneiss, (c) lime stone,
(d) gran ite, (e) dolerite



The phys i cal char ac ter is tics by vi sual ex am i na tion, min eral con tent es ti ma tion from
thin sec tion anal y ses (Plates 1-5) are sum ma rized on tab. 1. While den sity, ther mal diffusivity,
spe cific heat ca pac ity, and ther mal con duc tiv ity of the five sam ples are sum ma rized in tab. 2. 

All of the sam ples were multimineral, with den sity rang ing from (2.04-2.29E+03),
(2.2-2.33E+03), (2.39-2.56E+03), (2.30-2.73E+03) and (2.04-2.24E+03) kg/m3 for lime stone,
dolerite, mar ble, gneiss, and gran ite, re spec tively. 

Ta ble 1. Sum mary of the de scrip tion of ma te ri als used

Sam ples Col our Grain size Fabric Min eral contents

Limestone Light grey Fine Isotropic Cal cite (95%), quartz (3%)

Dolerite Dark grey Fine Foliated
Ol iv ine and pyroxene (45%),
Plagioclase (40%),
Opaque ore and cal cite (15%)

Marble Light grey Coarse Isotropic
Cal cite (99%), palagioclase and
opaque ore (<1%)

Gneiss Dark grey Coarse Foliated
Quartz (40%), plagioclase (30%),
opaque ore and sphene (5%)

Granite Light grey Coarse Isotropic
Quartz (30%), microcline (35%), 
Plagioclase (30%)

Ta ble 2. Ther mal prop er ties of sam ples ob tained and com par i son re sults Kappelmayer and Haenel

Samples
Den sity
[kg/m2]

Ther mal
diffusivity

[m2/s]

Spe cific heat 
ca pac ity
[J/kg°C]

Ther mal con duc tiv ity
[W/m°C]

This study
Kappelmayer
and Haenel

Limestone 2375.7 6.59E-07 978.5 1.40 1.69

Dolerite 2496.0 9.06E-07 973.6 1.50 1.60

Marble 2454.7 9.60E-07 664.6 1.57 2.65

Gneiss 2553.7 9.32E-07 735.4 1.75 2.08

Granite 2114.0 1.78E-07 781.0 2.94 2.95

The ther mal con duc tiv ity val ues of the sam ples com pare well with the pub lished data
[3], with a lit tle vari a tions which could arise from the fact that the sam ples were cut per pen dic u -
lar to the fab ric which is said to give much lower val ues of con duc tiv ity than sam ples that were
cut par al lel to the fab ric [11]. 

Con clu sions 

It can be seen that these ob tained val ues are con sis tent with the min eral com po si tion
and their rel a tive abun dances. Rocks are, as a rule, poor con duc tors of heat and have a com par a -
tively nar row range of val ues of ther mal con duc tiv ity (0.1-7 W/m°C), which agree fa vour ably
with this study. 
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The dif fer ences ob served in the pres ent re sults and pub lished work could be traced to a 
num ber of fac tors: (1) dif fer ences in the rel a tive abun dances of the min eral com po si tions and (2) 
fab rics of the rocks. The ac cu racy of the ther mal diffusivity in this study is strongly re lated to
strict ad her ence of the above-de scribed ex per i men tal pro ce dures. The er rors of the tem per a ture
and thick ness mea sure ment on the sam ples is ap prox i mated to be from 1-2% and that of ther mal
con duc tiv ity, spe cific heat and den sity about +15%. 

How ever, the ther mal con duc tiv ity val ues ob tained will help in the study of the orig i -
nal ther mal con di tion in the sur face of the study area, and the in crease in tem per a ture with depth
can also be de ter mined by the ter res trial heat flow and the ther mal con duc tiv ity of rocks. 

More over if the mean ther mal con duc tiv ity can not be ac cu rately pre dicted, even the
most so phis ti cated and ap pro pri ate mod el ling tech niques for ana lys ing ther mal his to ries and
mat u ra tion lev els may fail when ap plied to real bas ins. 
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