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Geology of the 1350m Boring Cores from the
OYO CORPORATION TSUKUBA OFFICE (6)

Microcracks in Faults and Their Surrounding Damage Zones
Yutaka Yoshida, Tadashi Araya, Makoto Yamane and Ikuo Hara

Abstract

In psammitic gneiss core from 677.65 m depth of the 1350 m Boring drilled in the OYO CORPORATION
TSUKUBA OFFICE (TSUKUBA TECHNICAL RESEARCH AND DEVELOPMENT CENTER), Tsukuba, Japan
are found microfaults of conjugate sets (Set - I and Set - II), whose acute angle is ca. 45° on average. It consists of
quartz, plagioclase, K-feldspar, garnet, biotite and graphite associating coarse-grained quartz veins with a little
amount of biotite. The veins and host rocks show weak gneissosity of a single set defined by preferred orientation
of biotite. Most of the microfaults are recognized as graphite-filled cracks, though they are partly filled with white
flaky minerals. Microstructures of the microfaults consisting of graphite-filled cracks and deformation properties of
their host rock, as observed on their cross sections under the microscope, are described and discussed in this paper.

The Set - I and Set - II (the first order planar structure) of the microfaults consist of the second order and the
third order planar structure. The second order ones are R1 (or T) graphite-filled cracks of one to several mm length,
and the third order ones are graphite-filled cracks forming internal structures of the second order ones, which are
of three types: A Type = the second order planar structures formed by a single to a few long graphite-filled cracks
oriented along their trend. They may be referred to as T, though oriented at low angles (7 to 20°) to the first order
planar structure; B Type - I = the second order planar structures as R1 (proto-shear zone) formed by both R1 (or T)
and P graphite-filled cracks closely spaced and oriented in en echelon fashion. It is not clear whether graphite-filled
cracks oriented at low angles (10 to 20°) to the second order planar structure are referred to as R1 or as T; B Type
- II = the second order planar structures formed by both T and P graphite-filled cracks oriented in en echelon fash-
ion. Graphiteilled cracks referred to as T in this type are oriented at middle angles (ca. 40°) to the second order
planar structure. Strictly speaking, origin of graphite-filled cracks referred to as P on the basis of their orientation is
not yet clarified, but they may be T cracks along the second order planar structures which appear during the later
stage of deformation.

The second order planar structures consisting of the A Type and the B Type - I graphitefilled cracks are
developed as conjugate sets in psammitic gneiss, while those consisting of the B Type - I graphite-filled cracks are
found in coarse-grained quartz. The tip of the first order planar structures (Set-I), which are oriented at high angles
to the gneissosity, shows splaying of horsetail type of graphitefilled cracks, while that oriented at low angles to the
gneissosity shows splaying of bifurcating type. Such the structures of the tip and central part of the first order pla-
nar structures are not related to process zone deformation for the growth of fault proposed so far by many authors,
but to deformation corresponding to the strain picture around the end and the central part of proto-shear zone
respectively.

Faulting related to the formation of both SetI and Set-II is associated with various types of deformation
throughout their host rock (psammitic gneiss and quartz veins). Such the deformation can be read from the occur-
rence of an index microstructure as graphite-filled intercrystalline cracks in feldspar-quartz aggregate, though it is
also characterized by the formation of grain boundary cracks filled with graphite. A first type deformation is of slip
plane type as subordinate microfaults with their ends of horsetail type or bifurcating type splaying. A second type
deformation is the formation of deformation bands as narrow bands defined by high-density aggregate of graphite
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grains, which are short in length, quite thin in width and wavy and branching in form, and show dimensional orienta-
tion along their trend. Within the deformation bands occurs size reduction of quartz and feldspar grains associating
the formation of graphite-illed cracks. A third type deformation is related to the occurrence of domains (named here
high-density domain) with wide width, which contain graphite-illed cracks in higher-density and the deformation
bands. The deformation bands and high-density domains are developed parallel to the SetI and Set-II, though away
from both sets, and to the trend of the acute bisectrix of both sets. The microstructures of both bands and domains
are characterized by dimensional orientation of graphite-illed cracks oblique at low angles to the gneissosity and by
feldspar and quartz grains coated by graphitefilm. And areas of a fourth type deformation (low-density domain) are
defined only by the occurrence of graphitefilled intercrystalline cracks in feldspar-quartz aggregate, though they
occur in lower density than in deformation bands and high-density domains.

The faulting mentioned above occurred under a physical condition near the brittle-ductile transition of
quartz. The distribution pattern of graphite grains (graphite-illed cracks) in this specimen is not correlated with
damage zone structure as process zone for growth of faulting proposed so far by many authors. It is a relict of fluid
flow during faulting, showing complicated distribution of open cracks, ie. complicated fluid flow structure, developed
in the host rocks and suggests that the faulting was associated with hydofracturing and/or dilatant deformation.

Keywords: fault, damage zone, crack distribution, graphite
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Fig. 1 Locality of the Tsukuba 1350m Borehole and geological

columnar section of the boring, showing locality of the
specimen described in this paper.
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Fig. 2 Sketches of conjugate faults, Set-I (red lines) and Set-II (brown lines), subordinate faults (slip plane type;
blue lines) and deformation bands (green lines) as observed on cross-sections. a) data from the thin setion-1
(Plate 1), b) data from the thin section-2 (Plate 2).
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Fig. 5 Rose diagrams illustrating the orientation direction of the
third order planar structures (graphite-filled cracks). a)
data from the SI-2 in Plate 6a(b), b) data from the SII-2b
in Plate 7a, ¢) data from the SII-3a in Plate 6c(d). Dt:
trend of the second order planar structures forming the
Set-I and Set-II as measured within plates.
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Fig. 6 A sketch of graphite grains in a part of Plate 1, showing high-density domains (pink) and low-density
domains (yellowish green) of graphite-filled cracks distribution. For fuller explanation see the text.




O A HAENIB0MAR—1) ¥ 7 a7 oGS (6)

Wikg & & A — VHIEET By 5 v 105

WC, 79774 NEHEZ T v 7 5ADIRAY LERE
fREAT 5 2 L3, WIBRERDOS A—-VDIEDY) (=5
279y 75/ LEDOHEDIREICE > T, MHDTE
ERERZL-6TIDEELIONS, 22T, T,
75774 NOEKT HHEEOF S, EWTE L ORI
FHIRSEME. B D VIZERB ORI b BI85 & D
BMEMEIC BN T, COERED b O ER A S
ARSI S L) b OR#INT A L EREA L,
F7:757 74 NOBRESAOAEITER &b,

3. 1 {g=mnEE

(1) AV ER
EWRE I & . ERTBHEEBICEN T 28

DT T 7 A MNBERL TR D > THMT AHhDE S
HEZHT, FTRDEIRTS 774 O i
A END, TNHIE, Wihd, FERB LY b
GG CTH B 7D ARD 12 WS, R TH S, £
DOEDIF, FHEAr — VTR GERTHAEVWT T 7
7AVEHEZ Sy s (Ss) Thb, B—-3 (K- 7).
HAR—13. B —14a 2. ZOREFIIIRENT W5,
ZDEH%SST Ty IHOFTHERDOW, -2 a
L2bIZBVWT, FHEOBMTREINTVE, WEDED
i K-2a&2blilBOTRHREOMTRENZLDT
Hbo ZHL HAEZOHENT T T 74 MHBEBES
T 5 e LT ZOFE OISR S aHErE (Sd)
THbo H—15. K —1612, ZDREFIATRENT
Wb, SBOEHE EZ T, B (Ss) %W HmEEL,

c)

20 10 0 10 20 20 10 0 10 20
(%) (%)

-7 a) BEM-3OFIIICBITE ST 774 bR, Ct () &Cg (B#). AT v Fo b) CgDELFIHMERS 10— XM,
c) CtoORFIAMZRTE— Mo Av: HEWE Ly b-I&ty b -1 (RHAVER OFifA 50

Fig. 7 a) a sketch of graphite grains, Cg (solid lines) and Ct (red lines), in the central part of Plate 3, b) rose diagram illustrating of
the orientation direction of Cg, c) rose diagram illustrating of the orientation direction of Ct. Av: acute bisectrix of conjugate
Set-T and Set-II (solid lines with large width).
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A sketch of graphite grains forming three deformation
bands in Plate 16, and rose diagrams illustrating their

orientation direction within a deformation band of the

right side (b) and that of the left side (c) of Fig.10a.
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Fig. 11 a) a sketch of graphite grains distributing within and around the deformation band oriented oblique to the
gneissosity which is shown in Plate 17a, b) rose diagram illustrating their orientation direction within the
deformation band of Fig.11a, c) rose diagram illustrating the orientation direction of graphite grains within
the deformation band along the gneissosity which is shown in Plate 17b.
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Plate 1  Microphotograph of cross-section (thin setion-1) of conjugate faults, Set-I and Set-II, observed as

black planar structures.
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Plate 2 Microphotograph of the thin section-II which is parallel to and away by ca. 5 mm from the thin-
section L. The conjugate faults, Set-I and Set-II, of Plate 1 are also observed in this plate.
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Plate 3  Microphotograph of the intersection zone of the SI-2 and the SII-1 fault as graphite-filled cracks
and its surroundings.
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Plate 4
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a) microphotograph of the lower part of the SII-2b which consists of graphite-filled crack and
white flaky mineral-filled crack, b) microphotograph of the intersection zone of the white flaky
mineral-filled SI-2 and graphite-filled subordinate fault Ss, ¢) and d) microphotographs showing
relationship between graphite grains and white flaky mineral in the SI-2 (c: under crossed nicols,
d: under lower nicol only).
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a) and b) microphotographs of the second order planar structure of the SI-3 consisting of single
or two graphite-filled cracks of A type (a: under lower nicol only, b: under crossed nicols), ¢c) and
d) microphotographs of the second order planar structure of the SI-4 consisting of single
graphite-filled crack of A type and its intersecting subordinate fault Ss filled with graphite (c:

under lower nicol only, d: under crossed nicols).
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a) and b) microphotographs of the third order planar structures of the SI-2 which consist of
graphite-filled cracks (a: under crossed nicols, b: under lower nicol only), ¢) and d) micropho-
tographs of the third order planar structures of the SII- 3 which consist of graphite-filled cracks
(c: under crossed nicols, d: under lower nicol only)

Plate 6
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Plate 7 a) and b) microphotographs of the third order planar structures of the central part of the SII-2b,
which consist of graphite-filled cracks (a: under open nicol only, b: under gypsum plate).
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Plate 8 a) and b) microphotographs of the second order planar structures of the SI-1 which consist of

graphite-filled cracks of A type with en echelon arrangement. The end of the SI-1 as the first

order planar structure shows a horsetail type splaying of graphite-filled cracks (a: under gyp-

sum plate, b: under open nicol only).
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Plate 9  Microphotograph of the second order planar structures of the SII-4 which consist of graphite-filled
cracks with en echelon arrangement. The end of the SII-4 as the first order planar structure
shows a bifurcating type splaying of graphite-filled cracks along the gneissosity (under open nicol
only).
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Plate 10
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Microphotograph of the second order planar structure of the SI-4 and its intersecting graphite-
filled cracks. The graphite-filled crack of SI-4 straightly runs throughout quartz-feldspar aggre-
gates, in contact with biotite flakes being shifted along their grain boundaries, though their
average trend does not change forming approximately straight SI-4 (under open nicol only).
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a) microphotograph of the second order planar structures around the linkage of the SII-2a and
the SII-3. The second order planar structures consisting of graphite-filled cracks are mainly ori-
ented at high angles to the gneissosity, while those consisting of white flaky mineral-filled
cracks are mainly along the gneissosity, b) microphotograph of the second order planar struc-
ture at the end of the SIT'-2b which consists of graphite-filled cracks, and shows a horsetail type
splaying in coarse-grained quartz-feldspar layer and bifurcating type splaying in the biotite-rich

layer (under open nicol only).
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a) and b) microphotographs of granite cataclasite from 768.7 m depth of the Tsukuba 1350 m
Boring, showing graphite-filled cracks (upper part) and white flaky mineral-filled cracks (lower
part), ¢) and d) microphotographs of graphite-filled cracks of crushed quartz in pelitic gneiss
from 693.3 m depth (a and c: under crossed nicols, b and d: under lower nicol only)
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Plate 13 a) and b) microphotographs of subordinate fault cutting across coarse-grained quartz, clearly
showing a single sharp straight graphite-filled crack of A Type in its central part and horsetail
type splaying in its ends, (a: under lower nicol only, b: under gypsum plate), ¢) microphotograph
of two subordinate faults along the gneissosity which cut across the SI-4, showing fairly planar
graphite-filled crack, partly with en echelon arrangement cracks, and bifurcating type splaying
in their ends (c: under lower nicol only).
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a) microphotograph of subordinate faults Ss which show en echelon arrangement with bend
type steps. Ss in quartz-feldspar aggregates is oriented in en echelon fashion and at high angles
to the gneissosity, and Ss in biotite flakes is parallel to the gneissosity, forming bend type step,
b) microphotograph of deformation band in biotite-rich layer which is characterized by aggre-
gate of many wavy graphite-filled cracks along the gneissosity (a and b: under lower nicol only).
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Plate 15 a) and b) microphotographs of deformation bands defined by aggregate of graphite grains in
high density (a: under lower nicol only, b: under gypsum plate). Deformation band in the
microphotograph of (b) corresponds to that found in the right end of Plate 16.
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Plate 16 Microphotographs of five deformation bands defined by aggregate of graphite grains in high den-
sity whose localities are shown in Fig. 2a. (under lower nicol only)
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Microphotograph of deformation band oblique to the gneissosity which is developed in a quartz-
feldspar layer surrounded by biotite-rich layers (under lower nicol only). Graphite grains in
biotite-rich layers are preferably oriented along the gneissosity. b) and c¢) microphotographs of
deformation band in a fine-grained biotite-quartz-feldspar layer (b: crossed nicols, c: lower nicol
only). Graphite-filled cracks crushing quartz and feldspar grains are preferably oriented at low
angles to the gneissosity.
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Plate 18 Microphotographs of microstructures shown by graphite grains in high-density zones A (a) and
C (b) in Fig.6 (under lower nicol only). The high density domain A is formed only in right upper

side of Plate 18a. For further explanations see the text.
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Plate 19
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a) and b) microphotographs of microstructures shown by graphite grains in high-density
domains B (a) and F (b) in Fig.6 (under lower nicol only). Sinistral en echelon graphite-filled
cracks found in the central part of Plate 19a correspond to the SI-3b, and graphite-filled crack
oriented at high angles in the left end of Plate 17b corresponds to the SI-4.





