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INSTRUMENT FOR MEASURING THE GEOTHERMAL 

GRADIENTS THROUGH THE OCEAN FlOOR* 

The present period of geothermal research is charac­
terized by the transition to investigations of inhomoge­
neities in the thermal field a nd to determinations of a 
r elation between the inhomogeneities and the conclusions 
drawn from other geophysical and geological investiga­
tions. Measurements of the heat flux are difficult 011 the 
continents, because boreholes must be drilled and shafts 
must be sunk, ·,,'rJ.ch consi derablv disturbs the natural 
temperature fi eld of the Earth ati:d its crust. The heat 
flux is in..fluenc ed by numerous factors which are hard to 
bring into accoWlt. These difficulties are not encountered 
in oceanologic a l o03ervaticns which are further charac­
terized by the advancage that toey can be made along 

, selected profil es find that they can be combined with 
topographical 'sor[;. and with seismic a nd magnetic pro­
filing, in a rr:1.;ch 3lmpier way than observations made on 
'the continents , 

The preser.t J. r tlc Ie describes the recording PTG-3 
instrument des~-ued for oc <!=olcgi cal measurements of 
the geothe rmal flu;:;. . \-Y-r,€n the thermal gradient meter 
PTG-3 was de'lelooed f lj, t~H' ,~xpe ri2 !J.Ce gathered in 
the opera ti on ,:: 01.1:- pre'iQ1l3!Y de veloped PTG [2J and 
PT N:l [3~ i!lS t r.L!1el!t 3 ~".3.= i :1cludeo £r the design \vork. 

}'Ieasurerr. t:::nt ~Y'lew.~o ;:i . TJ.e g~othermal nux is mea­
sured wito. cr." .P'I"J- ;; Lnstn.L-nent llcc()!'aing to the usual 
method in w}~ch the tampern.ture g:::~iient and the thermal 
COndl.lcti"'tti t;:y O)f serti !'Irents 3. re s :?pars.teiy meas ured; the 
thenr.al flux i::; th_e n detC! l"!T'ined fronl tr:e formula: 

where vT denotes the teIDDerature cradient and }, the 
,th'ermal conductivity of the oc ean-floor sedim ents. 

( 1) 

\Vhen the instru:merrt is lower ed, the probe is driven 
into the soft layer of bottom sediments by the force of the 
fall. The sensors, which are mounted at the lower and 
upper ends of the probe, m easure the temperature dif­
ference . Knowledge of the temperature difference can be 
used to determine the vertical temperature gradient in 
the sediments from the expression: 

1',,-T1 
\T~--

1 CO" 'l. 

where T u and T 1 denote the temperature of the upper and 

the lower sensor, respectively; I denotes the distance 
between, the s ensors; and" denotes the angle between the 
direction in which the probe was inserted 'and the v erti­
cal. 

The thermal conductivity of the 'ocean-floor sediments 
must be measured in the laboratory. To do this, samples 
of the sediments are lifted with the aid of a bottom tube 
attached to the probe of the instrument. The accuracy 
with which the thermal conductivity is measured, de ­
pe nds upon the methods selected and amounts to 3-1(P,b 
[.'3]. 

Th e error which can be made in the measurement of 
the vertical te mperature gradient, depends upon the 
angle under which the probe entered into the sedime nts 
and upon the errors with which the temperatures and 
t e mperature diffe r ences were measured , Repeated tes ts 
have s hown that the hydrodynamic features of lhe PTG-3 
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instrument, which is attached to a cable with the diame­
ter of .'3 mm, guarantee that the probe enters practicallv 
in vertical direction into the sediments. The error was 
determined from the deviation of the temperature differ­
ence from the average value obtained on the ocean floor 
at several points spaced 100-500 m. The measured val­
ues were recorded on the surface with the aid of accurate 
te lemetric equipment. The error determined in this 
fashion was usually less than 3-5% . Exceptions were 
cases in which the probe did not enter at all into the 
s ediments so that the instrument was lying on the ocean 
bottom. This occurred on very compact 'sediments. 

An accuracy of the order of 0.005°C could 'be obtained 
in the measurements of temperature differences with the 
PTG instruments . However. this accuracy could be 
reached only when thermistors with identical parameters 
wer e selected for the temperature sensors. When the 
parameters of the thermistors differ, the equilibrium of 
the bridge is disturbed not only by changes in the tem­
perature of one of the sensors but also by changes in the 
temperature of both sensors. For;J small temperature 
interval, the dependence of the thermistor resistance 
RT upon the absolute temperature T is given by the for-

mula: 

12) 

wher e A a nd B denote characteristic thermistor con­
stants. It ca n be shown that bridge equilibrium is ob­
ta ined under the condition (Fig. 1): 

(3) 

When the right hand side of this equation is expanded in­
to a power series, we obtain: 

RIR ---- 1---'-- --- + 1 [ AlIA, B, (.1.T .1.8) ] 
, ,- l + lI, f , l , t+ .... l f ,! , T.. T . 8. . .. . 

(4) 

where Bo and To denote the average values of thermistor 
parameters BI and l3z of similar magnitude and of tem­
peratures, TI and T2, respectively. It follows from Equa­
tion (4) that temperature variations from 0 to + lO'C, 
which occur during the measurem ents in the water sur­
rounding the probe, can noticeably disturb the bridge 
equilibrium even when the parame'ter differences BI-B2 
= :18 are very small. In practice, nonidentica l thermistor 
parameters shift the line corresponding to the recordlng 
of the zero of the temperature differ ence. Therefore , 
whe n actual measurements were made, a preliminary 
r ccording of the zero-line was made before the recording 
of the geothermal gradient. To do this, the instrument 
is kept for some time in the water layer close to the 
ocean floor (20-50 m above the ocean floor), where the 
vertical gradient usually does not exceed 2-4 x 1O-~ 
d egree/m . Thcn the probe is lowe r ed into the bottom 
s ediments. In order to d etermine the geothermal 
gradient, the stationary value of the temperature differ­
ence reckoned from the zero line is used. In order to 
compensate for shifts of the zero line , the recording 
range must be close to to. 5°e; the accuracy of r ecord­
ings . with which a measurement e rror of 5;[, can be 
r eached at normal geothermal gradients, must be of the 
order of 0. 2% . When the line of the recording trace has 
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Fig. 1. Scheme of the PTG-
3 instrument; [1 " and II r, de­
not e the resistances of the 
thermistors; they a od R 1, 

R" 1'1' and r2 form a bridge \ 
for measuring the tempera­
ture differe nces. A - ampli­
fier; RM - reversible motor; 
Rec - recorder; AM - feed 
mechanis m of the recorder; 
P - slide - wire r esistor; 
D - drum with graph paper. 
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-'<:,:,, ;0 :, ,i f c_:; ;: l!U , :l C~~lTt with f1 viidth of 200-300 
,", :.:: i ('quir20 t·or obtaining this accuracy . In the l'e-

I :.!:~ n C' ~· the bri d ge . 

I
' Figure 1 shO· .... ·5 the scheme of the PTG-3 instrument 

',:. j-? !' of the PTG -;1 L'lStru.m ent7 thE' chart is extended, 
. : ~lu .::: e a mult i - turn slide - \Nire resLstor is used to 

J2ra'io!l . The automati c regulator adjusts the drum 
: :. [110 position ill which th e bridge is balanced. The 
:2g !e f{ of drum rotation referring to the zero line, can 
: ,0 obtained from Equation ( ;3) , and is app roximately equal 
:·l : 

,here a denotes the radius of the slide-wire reSistor; 
' :lei : denotes the resistivity per unit l e ngth of the wire 
:-:"Ol11 which the slide-wire resistor is made. 

The sensitivity of the instrument depends upon the 
:ridge resistances R and can be modified, if necessa ry . 

The ma."{imum angle of rotation is 1400° in the four­
)Jrn s lide-wire resistor of the PTG-3 recorder . The 
:i:rnperature diffe rence is recorded as a function of time. 
To this end, the recording device is slowly and con­
ti nuously shifted parallel to the axis of the drum. The 
::1axlmum rate of drum rotation and the rate of the 
p"aclual shift of the recording device are adapted so thn.t 
t~e recording device must pass through a distance corre-
5ponding to several times the thicknes s of the recording 
line during a single drum rotation. When this ratio of 
~d\'ance rates is obeyed, it is easy to calculate on the 
QJagTam the number of drum revolutions effected before 
:! depa rture from the zero line occurred on the record­
ing; once the probe has been calibrated, the correspond ­
lng temperature can be determined. 

Figure 2 is a sample r ecording obtained in the mea­
sUrement of the geothermal temperature gradient on the 
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Fig. 4. Design of the recorder: 

1) hou3il!g; 2-3) electric motors; 4) bearing; 5, 7, 17) slide-wire rheostat; 6) drum; 8) junction for the probe; 
9, 1 .~) friction sleeves; 10) drum of wire; 11) clirectionalizing wires; 12, 20) reduction gears; 13, 16) com­
pon6r.ts of the recorder unit; 19) battery of bridge; 21) shaft; 22) supply junction; 23) vibrator; 24) printed cir-

cuit board of the amplifier. 

~, 

I 

~ 
'" ' 1 
I 

... l 
I ' 
1 

Fig . 5 . Design of the con­
tainer of the instrument : 
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1) housing; 2) lid; 3) rubber 
p<icbng; 4) electrical inputs; 
5) protective cover; 6) con­
nector for recorde r; 7) screws 
for att::lChing the flange; 

8) sleeve. 

chart of a n instrument with a spiral slide-wire resis tor. 
The ring, which is formed by the chart, was cut so that 
the process could be more easily inspected. The Jines 
at the beginning and at lhe end of the diagram result 
from the drum rotation while the temperature of the 
surrounding water changed with depth. The sections aa' 
and bb' are the zero line. Section a'b is a typical re­
cording of a geothermal gradient measurement made 
with the probe lowered into the ocean floor sediments. 

The circuits of the instrument are shown in Fig. 3. 
Ad. c . -a. c. conversion with the a id .of a VPM-2 vibrator 
is effected in the amplifier. The a . c. required for the 
vlbrator coils is generated with the third and fourth con­
tacts of the vibrator. This generator principle makes 
it possible to use the mechanical resonance of the oscil­
lations of the vibrator armature. The power required 
for the elcctromagnet of the vibrator is therefore sub­
stantially r educed. The initial push to set off the 
armature of the vibrator is obtained from the energy 
supplied by the charge of capacitor C 12. Synchronous 
detection is obtained with a switch consisting of trans is tor 

PP8. The d.c. a~plifier works on an IDR-6 slave 
motor which rotates the drum. The insmlment recei .. ~ 
its power from a battery consisting of 8 D-O, 2 storage 
batteries or FBS-O. 25 cells. 

Figure 4 shows the design of the instrument. In orC<': 
to make better use of the space, the two electric moron 
with the reduction gears are in~erted in a tube which is 
placed inside the drum. The fact that the moving con­
tact of the slide-wire resistor is fixed at the drum wittr 
the paper and the design of the recorder without an air 
gap mean that the recording errors are of the same oree7 
of magnitude as the thickness of the recording line. 

The recorder is inserted in a container which pro­
tects the recorder from the water. Figure 5 shows thi.' 
design of the wi re inlets and the hermetic sealing of the 
container top. 

Testing of the instrument. In the laboratory tests, 
sets of resistors with resistances close to the actual 
resistance of thermistor operation (3.6 kohm) were co~­
nected in place of the sensors to the input of the instru­
ment. The following tests were made . 

1. The sensil:ivity of the recorders was measured~ ;­
deviation from the resistance valuc .of one of the sensor;· 
at which deviation the shift of the recording line is tw ic·: 
as high as the noise strip. Thc sensitivity did not ex­
ceed 0.1 ohm for a\l sets tested; this corresponds to a 
change of less than 0,002'C in the temperature of an 
l\Il\IT -1 th ermistor. 

2. The time--<.\ependent drift of the zero line was me!­
sured for 60-80 min; the drift of the zero line did not 
exceed the noise strip in all instruments tested. 

3. The zero line drift resulting from the ini1uence ci 
external temperature changes lIpon the instrument did 
not exceed a value corresponding to 0_ 005°C at temper­
atures between - 15 and +25°C for all instnlments. 

At temperatures from -1. 5 to +8°C the drift of the 
zero line did not exceed the noise lev:el. 

4. The accuracy of the recordings was measured OJ' 
cstablishing the value to be measured from a value 
slightly greater than the actual value and from a value 
slightly smaller. The magnitude of the variations did 
not exceed the noise. 

Three instruments were tested under fi e ld conditions. 
The instruments were used to measure the heat flow 
through the bottom of the Arctic Ocean, the Black Sea, 
and the bsyk-Kul I Lake. 

The instruments worked satisfactorily in the field 
tests . Therefore a network of stations could be built 
[4). We estimated the instrument--<.\ependent error of 
measurements of the heat flow at less than 10-15%. 
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