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A new method for ascertaining the shape of isoclinal folds in multiply-deformed
metamorphic zone: The application of porphyroblast inclusion trails

CAO Hui"?, XU Zhi-qin", LI Hua-gi', CAI Zhi-hui' and XU Cui-ping'
(1. State Key Laboratory for Continental Tectonics and Dynamics, Institute of Geology, Chinese Academy of Geological Sciences,
Beijing 100037, China; 2. School of Earth and Environmental Sciences, James Cook University, Townsville, Qld 4781, Australia)

Abstract: It is usually difficult to ascertain the shape of folds in multiply-deformed high-grade metamorphic
gneisses and schists. If such rocks contain porphyroblasts, a new approach is possible because of the way through
which porphyroblast grew was affected by crenulation versus reactivation of compositional layering. Isoclinally
folded rocks in Texas Creek, Arkansas River region of Central Colorado contain relics of fold hinges; neverthe-
less, it is very difficult to ascertain whether they are antiforms or synforms because of the effects of younger re-
folding and the locally truncated nature of coarse compositional layering. Using the asymmetry of overprinting
foliations relative to the five FIA sets in this region, the authors have revealed that an isoclinal fold, which was
previously interpreted as a synform, is actually an antiform, which was developed during the first stage of por-
phyroblast growth (around 1 500 Ma).

Key words: fold development; porphyroblasts; inclusion trails; foliation intersection/inflection axes (FIAs)

1996 Bell ez al. 2003

2013-08-11 2013 -08-26
41202153 201211093
J1101

1982 - E-mail caohui(@cags. ac. cn



32

752
Aerden et al. 2013 foliation
intersection inflection axes FIAs
Hayward
1990 Bell et al. 1995 1998

Texas Creek

Five points gulch-Hindman Gulch

2001

Gartner

Bell et al. 2003

1.1
Texas Creek

Front Range Wet Mountains

Yavapai 1800 ~ 1700 Ma Mazatzal
1700 ~ 1600 Ma Karlstrom and Humphreys
1998 1
Five Points Gulch-Hind-
man Gulch -
2 A

B Five

Points

1700 ~ 1400 Ma
2000 3a
1705 1663 1474 Ma

Siddoway et al.

Noblett

1987 Bickford et al. 1989 Siddoway et al.
2000 Wobus et al. 2001
3b
Sid-
doway 2000 1700 Ma
1 400 Ma 3 2
Cao 2009
5
U-Th-Pb
1 5 1506 ~
1366 Ma
1.2
4
4
Gartner
2001 Five Points Gulch-Hindman Gulch
50° Five Points
Gulch-Hindman Gulch
2
2 AB
2
2.1
1993 Bell and Hickey 1997 1998
Bell and Welch 2002 Ali 2012
Foliation Intersection Inflection Axes FIAs
1997

Bell 2010 Sanislav and Bell 2011 Cao 2012 Aerden



5

B SRR R AR B T R B R I N TR A 753

Texas Creek

[ ] mmmemiss a4 v

[ ] #msios v

[ #a#i0sva N
L

[ ] #emx

o

B1 SREFRD 52 M I Texas Creek i b5 i B[ B Siddoway %5(2000)F1 Wobus 2£(2001) 5% ]
Fig. 1 The location of the area described herein within a regional geological map of the Texas Creek, Arkansas River Canyon and
relative to Colorado and New Mexico (modified after Siddoway ez al.» 2000 and Wobus et al.» 2001)
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Fig. 2 Geological map of the east Texas Creek, Arkansas River region of Colorado, USA (modified after Cao and
Fletcher, 2012)
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Fig. 3 Photo of steeply-dipping outcrop (a) and cordierite porphyroblasts (b) in Texas Creek, Arkansas River
Colorado, USA
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Fig. 4 Geological map of the area showing the strike and dip of the foliations and stereonets show equal area projections of the

poles to foliations for the four areas marked with boxes(the area “a” is shown at a larger scale in the inset in the top RH corner)
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a—the geologists on either side sec the opposite asymmetry for the same fold in a cliff face, they have no idea of its trend in 3-D, the geologist at the
center sees the fold on both cliff faces and knows it must trend from one to the other; b—the asymmetry on a series of differently-striking vertical
sectionss the asymmetry flips across the compass viewed in the same direction; c—asymmetry of a sigmoid axis in two sections cut 90° apart; d—
the sigmoid axis of (¢) in two scetions cut 10° apart lying on either side of the axis, the switch in asymmetry between them defines the location of
the axis within a 10° range
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Fig. 6 Crenulation cleavage and crenulated cleavage in cordierite porphyroblast (a) and anticlockwise inclusion trails in
plagioclase porphyroblasts (b) from Texas Creek, Arkansas River Canyon, Colorado, USA
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