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Abstract The thermally induced fracturing appeared in the boundaries of mineral grains of 
rocks due to the different thermal expansion of different minerals while heating the rocks. When 
the microscopic fracturing connected like a network, the macroscopic permeability and the fluid 
transport properties of the rock changed remarkably. The implication of thermal fracturing to 
petroleum industry, earthquake process and transport modeling have been discussed. 
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ROCK fracture and fluid transport are important subjects of rock  physic:^, which deal with the following 
problenis : How car1 fracture be located, identified, and characterized? How do flow and transport occur 
in the fracture system? And how can changes in fracture systc:ms be pnxiicted and controlled? Wong and 

Brace found that the thermal expansion of m k s  is typically irreversible under high pressure['1 . Chen and 
Wang detected thermally induced acoustic emission from heated rocks[2', and proved such acoustic emis- 
sion is caused by the microcrac:ks in n)c:ks. Later, most studies concc:ntrated on the granular rocks be- 
cause qanular materials are vc:ry important for resc:rvoir genphysics. Thennal pn~perties of pore, rather 

than crack, were investigated in detail["51 . In this note, the experimental results of thermal fracturing of 
rocks are presented and the implications of thermal fracturing to petroleum indust? are discussed briefly. 

1 Acoustic emission during heating rocks 

Westerly granite was chosen as the test material becausc, most of its properties are known12] . Six test 
samples were drilled from a single block of rock and signed as G14, G12, G3, G4, G7 and C2-1 respec- 
tively. All the samples were 1 .91 cm in diameter and 3 .81 cm in length. Fig. 1 ( a )  shows the experi- 
mental setup. Sample (3) was heated in a furnace (4) with its temperature measured by a copper-con- 
stant thermocouple ( 5 ) .  A cylindrical piece of alumina ( 2 )  \\-as used to insulate the acoustic transducer 
(1 )  from heat. To insure a good acoustic: coupling, all contact surfaces were cemented with a high tem- 
perature epoxy. 

The acoustic emission of Westerly granite subjected to temperature changes up to 1209: at various 
heating rates from 0 . 4  to 1 2 . 5  T/min was studied. A significant observation result in the experiments 
was that a temperature value ranging from 60 to 709: seemed to be the threshold temperature for Westerly 
granite, above which acoustic: emission began to oc:c:ur with the increase of temperature. Such a threshold 
temperature did not change with different heating rates. We suggest that there is an equilibrium state of 
the thermally induced fractures which is a function of temprature, hut is independent of the heating 
rates. ' h e  acoustic emission results from the thermal fracturing of the boundaries of mineral grains due to 

the diffemnt thernlal expansion of different minerzlslZ1 . 
2 Thermal fracturing and rock permeability 

Test carbonate sample came from Ilongying City of Shandong Province with the size of 12.5 cm in 
diameter and 25 .4  cm in length. First, the rock sample was heated to a given temperature, then cooled 
to room temperature, finally, the permeability of carbonate was measured in laboratory. The experimental 
results of permeability as a function of temperature are shown in fig. 2 .  There appeared to be a threshold 
temperature for carbonate at 1 10-120T , above which the permeability of carbonate increased remark- 
ably about 8-10 times (figure 2 ) .  

A significant feature of rock permeability during the heating process is the abruptness of its changes. 
Below the threshold temperature, only very little changes a p p e a d  in the heating process, while a re- 
markable change occurred once the threshold temperature was reached. When the temperature was in- 
creased, very little changes appeared again above the threshold temperature. The abrupt changes of per- 
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Fig. 1 . (a)  Furnace and acoustic emission assemble. 1 ,  Acoustic emission transducer; 2 ,  alumina piece; 3 ,  rock sam- 
ple; 4 ,  fum'ace; 5, thermocouple; 6 ,  cover. (b) Acoustic emission rate ( n) as the function of temperature for 6 granite 
samples. 

meability as a function of temperature can be explained 1 
with the percolation model. According to this model, 0.9 - 1 

the thermal fracturing begins to occur in the heating 0.8- 2 
process below the threshold temperature, but the per- 3 o.7 
meability as a macroscopic parameter of rock properties , 

0.6- does not increase evidently. The remarkable change of 
permeability occurs only when the temperature reaches .2 0'5- 

the threshold value at which the thermal fracturing con- 5 0.4- 

nects as a network. The fracture connection is depen- 6 0.3- 
dent on many factors, such as original density of the 0.2- 
fracture system within rocks and the type of rocks. No 0.1- 

obvious changes of permeability for granite, with very o L m  - 
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low permeability, were observed during the temperature T 1°C 
range from room temperature to 2009: in our experi- 
ments. Fig. 2 .  Thermally induced fractures connected as a net- 

work in the temperature range 11-1209: , resulting in the 

3 Discussion increase of permeability of carbonate about 8-10 times. 1 
and 2 show the experimental results of two samples. 

The properties of rocks dominated by fracture sys- 
tems are rather complex. The fracture system parameters, such as irregular geometric shapes, fracture 
density, etc. , have great influence on macroscopic permeability, scale dependent and anisotropic behav- 
ior of rocks. In the past few decades, many efforts focus on how to change the fracture system of rocks in 
the studies of rock fracture and fluid transport. 

The hydraufracturing technique is widely used to change the fracture network of rocks in petroleum 
industry. The hydraufracturing can increase the length of cracks of limited number (including both exist- 
ing cracks and newly created ones), while it prevents the expansion of major cracks. There is an urgent 
need to look for a new method which can increase both the length and the density of fractures. 
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Many studies on thermal fracturing of. nonlinear optical rnatcbria~s'~ '  , fir(.-prevcxntion materials[" have 

been performed, but there were very few studies about that of rocks.  The preliminary experimental msults 

of thermal expansion of rocks indicate that thernial expansion can change the micn)structttre of rock interi- 

o r ,  not only incmasing the  length of cracks but also thickerling fractun: density[81. O u r  experiments pro- 
vide a new possibility to change thc: fracture system of roc-ks which has potential implicatiorl to recover 

petroleum, nuclear waste disposal,  geothermics , environmental prevention, and understanding of earth- 
quake process. 
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