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ABSTRACT: The term “beef” refers to fibrous minerals in bedding-parallel veins, where the fibers form
approximately perpendicular to the bedding planes. It mostly appears within organic-rich black shale layers in
sedimentary basin. Although the veins can consist of white gangue minerals, such as calcite, gypsum, or quartz,
the commonest mineral in the fibers is calcite. According to the worldwide localities of calcite beef, they
concentrated in some areas, especially around the Atlantic Ocean. However, they have been rarely reported in the
western Pacific margin, except Australia and New Zealand. Recently, calcite beefs have been found in the
Cretaceous Jinju Formation, Gyeongsang Basin, Korea. As far as we know, this is the first report of calcite beef
in Korea. In the study area, calcite beefs were commonly found in the organic-rich lacustrine black shale layers.
The vein thickness is anywhere between a few millimeters to maximum 3 centimeters, and their length ranges from
a few centimeters to several tens of meters. The interval between successive veins is from a few centimeters to
about 1 meter. Most of them occur parallel to the bedding planes, although some of them are developed along fault
planes or within deformed layers. In case of relatively thick beefs, the center of veins often shows a dark grey to
black central median line, defined by fine-grained calcite grains, fluid inclusion lines, or wall rock particles. Based
on the orientation of fibrous calcite, they can be divided into two types: straight and sigmoidal types. The fibrous
calcites are thought to have been symmetrically grown from the median lines to top and bottom of wall rock. Based
on the microscopic observation, the calcite beef in the study area is interpreted to be antitaxial. The formative
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mechanism of horizontal fractures and the formation temperature of beefs remain as a matter to be studied further.
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(Sujin Ha, Yong-Un Chae, Moon Son, Kyounghee Yang and Hyoun Soo Lim, Department of Geological Sciences,
Pusan National University, Busan 46241, Republic of Korea; Gi Young Jeong, Department of Earth Environmental
Science, Andong National University, Andong 36729, Republic of Korea; In Sung Paik, Department of Earth
Environmental Science, Pukyoung National University, Busan 48513, Republic of Korea)

o

Al T FE A9 sk}
T, oY, 2 E Y o5
£l digt S23 FEE AlFstr] dizol v+
-85t -z 0|t}(Bons et al., 2012 and references
therein). B] I (beef)= F™ Foll A 32|12 FaPgt
A9 Il (bedding-parallel fibrous vein)&
Aot ulmE AR 44 2REY A4
WL Felo] 291 A% BTk A4 27
olgk Zol/Z ¥(>10)7} 7 hehie] Aol 4%
uFeES wel Zo] 2717} A9 glojob gtk (Fisher
and Brantley, 1992; Bons and Jessell, 1997; Elburg
et al., 2002). H| Z= 2 FRS0] AR gol2
A9 FEo] 2F 0|29 8 A | b
of vlZeka B¢l EAdoll= 19417] S E
B = QtHSorby, 1860). H|Z = =2 "3 o|Lt
M1, 4T} 2L 8140 w4 BE (white gangue
mineral) 52 FEA|T, RpH o2 2] Fol
U oHEE, 3k, 9A -2k (pitchblende),
v Edl(bitumen) 5= Z3517| = it

H|Z= B AER] o] 217, ofehs] HIlE vt
Fst7] W2ol| 71 Aol Ale A A Q] theFgl 5
HEA oA DA == ¥ ZE 7|5k, A4 EE
o] AE, A4 2 IAZREY B, g E
Aoy ALY 5= o835t Bz Pzt
F712-E o)A} sk A7 2 o] Rt
(Taber, 1918; Durney and Ramsay, 1973; Ramsay,
1980; Means and Li, 2001; Wiltschko and Morse,
2001; Elburg et al., 2002; Cobbold and Rodrigues,
2007; Rodrigues et al., 2009). T3t H|Z= 22 57]
E0| SR A A Lol A TERE L Ao Y

ol g} AxtE]o] 917 wizell HRF Talo] FokA|aL gL
o, FZofli= H|ZE o] 837 AFA|AE (petroleum
system) A7} Tk B =11 QIT}(Stoneley, 1983;
Zanella and Cobbold, 2012; Cobbold ef al., 2013;
Nomura ef al., 2014; Zanella et al., 2014). Z| 271X
WA v 2= W= XS AAA 110 Lol A
WA YA FHOPAoFe] AL = o] oAM=
B31E v} gltk(Cobbold et al., 2013). o] H-Lof A
=3 Az Wopy| AT AFSA T
H WA Bz o] At sl 71estal I S84
of| 3} =25t =} gt

2. 97X

WA H|Z= A E AFA 359 Fefal
EE2 AFFA L AFAEF APHA] AZH HE
ST} =Tl A AAE T o] X H2] EA e
2 BT FSHE 529 AsSse JF

Aol sttt 32 Wolr] Ao
I3t  E A 545|220 2 (Choi, 1986) A%
S FARE ASolth x5S M A7 AR,
S WA 3l ARG mlALY, A MY o
oj¢tolm 7Y HA =S st AMd 53
A Agro] REAo=2 HAstal, Aie ARHEY
A Aol AIsHA Witk (Choi, 1986). X5
39 B-A7Ie A AAEE 34 (Kobayashi
and Suzuki, 1936)3 3HZ(Choi, 1985; Choi and
Park, 1987; Yi et al., 1993, 1994) A1-E E& o2k
27] Wepr)of sFshe Aoz A oy,
< HEAR Ao o183 U-Pb A 4L
3l Fu]HAlbian)o] thH|E= Aoz HIE]
t}(Lee, T.-H. et al., 2010; Lee, Y.L et al., 2010).

ol AtollAl= WA vj=7h A E 29 A
A A Y FollA vz IFAH =7t LAIRE AFAH
< THOE ZARIFTH ™ 1). AFFARY A

i)

(¢}

e ofy



UAE YoM B|=oi| CHet ofjd| A 599

Fig. 1. (a) Location map of the study area. (b) Outcrop photograph showing the major fault lines. (¢) At outcrop, calcite
beef veins (white color) are parallel to the bedding in the Jinju Formation.
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Fig. 2. Stratigraphic section of the Jinju Formation at
the study area. m: mud, ms: medium sand.

2} rgste] 32 AAstAY AlsHA HE = o mek
£ 2o A% Lrehech(1 3b),

T3 Aoz FEA EER HZ YolA=
23] M E= B 0] FkA (median lines)& S9FS
= 2}elg 4 932 3, 3d), B 1] BB
=°] H|Z Yol &3] ZETHZH 3¢, 3d). X-A
AR AT ATAG MY FEL T
£ Wo| WA o2 o]Ro|A QSS Hof Eoh &
0|7 o]-§3F Bt ES ol ST A 24
B2 o A8 BET 5 Uk, FYAL v
oA Yehe Bl o] FA4Hof et iR
of FopHL o] Wk Byt Asdos w




600 ot - S - Y1 -

olxg BEe Sy Mo W] ofa) AerElc)
(7% 4a, 4b). TNE] A WY 2HEL A
2 Zeo] 5o e WO 2 HASHE et
Ho|n, FoPHS 71202 A5 Yeirh oA
ol BAS Rtk 4. A Pl 25
g e A HAE SHYe) 2711 gz
viehde 48 thal Felol ulna S35t A
3 AR08 U, 27 B AA 4 3

Fig. 3. (2) Five layers of calcite beef (arrows) within bla

rk

MO
0%
N
ok
=
O
0z
jiked
rot

4
I
N

Bh5o] T w]zo] FEel|E BEHAH 4). B
Q) Z4 A ele) o2 o] 2ojH | EHEES
A wraa ) A4S B Afolxjolo] E3E)
of it} LA E4ESL Seie YT o
27 oz Widsel YA, weld 2550l
Aol et 2o x7ko 2 BalEl EgBE] A
ko 2 Wi g == Z/E Y= (inclusion band) 2]
el S EQITH( 1 4a, 4b).

ck shale, the Jinju Formation. Note the different thickness

of each calcite beef. (b) Upper shale beds above the fault are gently inclined, but calcite beef layers within the upper
beds are still bedding-parallel. (c and d) Close-up view of calcite beef in study area. Note the solid inclusions (host

shale fragments) within beef.

Fig. 4. Thin-section photographs of calcite beef. (a and b) Solid inclusions (shale fragments) arrangements within
a single beef, showing the evidence for shortening. (¢ and d) Microstructures of fibrous calcite veins, showing the
multi-stage growth pattern. Calcite fibers are perpendicular to the bedding in the upper part, but oblique in the lower
part. Two median lines (arrows) can be observed in the upper and lower part. a and c: plane-polarized light; b and

d: cross-polarized light.
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