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Abstract: Deeply buried shale formations (vertical depth > 3500 m) that are rich in shale gas are 14 

abundant in south China. The primary problems in the exploitation of these formations are the 15 

relatively small stimulated reservoir volume (SRV) and low production rates in comparison with 16 

their shallower counterparts. These issues are attributed to the high fracturing pressure, limited 17 

fracture extension because of sand plugging, significant horizontal stress contrast, and 18 

discontinuities produced during hydraulic fracturing. To accurately evaluate and improve the SRV 19 

in deep shale formations, the mechanism of fracture propagation must be understood and 20 

described. In this regard, a series of large-scale true tri-axial experiments with acoustic emission 21 

(AE) monitoring were conducted to characterize the fracture initiation and propagation in a 22 

selected deep shale formation. It was found that the difficulty in the complex fracture network 23 

formation was because the high stress contrast controls the fracture propagation path to generate 24 

large main fractures instead of activating discontinuities. The hydraulic fractures initiated either 25 

from open-hole positions or stress concentration locations on a wellbore wall that displayed two 26 

types of intersection in terms of crossing and deflection. In general, four types of fracture 27 

morphologies were identified: transverse fracture, transverse fracture with bedding planes, natural 28 

fracture with bedding planes, and transverse fracture with bedding planes and natural fractures. In 29 

addition, the horizontal stress contrast, fluid viscosity, pump rate and fracturing procedure on 30 

fracture propagation were evaluated for their effect on the resulting SRV. A low-viscosity fluid can 31 

activate discontinuities to form a complex fracture network, whereas a high-viscosity fluid is 32 

likely to produce large fractures under a high contrast in the horizontal stresses. On the basis of the 33 

above-mentioned analyses, a fracturing procedure applying a periodically varying pump rate and 34 

shut-in using a low-viscosity fluid was suggested to be an effective approach to enhance the 35 

interaction between the hydraulic fractures and discontinuities as well as to increase the fracture 36 

length. 37 
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