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ABSTRACT

Paleomagnetic declination data were collected from Cenozoic strata of the southern rim of
the Tarim basin to address whether the Altyn Tagh fault has undergone significant rotation dur-
ing the Indian-Asian collision. Results from the eastern and central Altyn Tagh fault zone sug-
gest that it has undergone no significant rotation since the Oligocene. This implies that the
boundary between the Tarim and Tibet has remained relatively stationary during most of the
Cenozoic. In contrast, declination data from the western Kunlun Shan on the eastern limb of the
Pamir orocline, where the Karakax segment of the Altyn Tagh fault system terminates, suggest
that the range has undergone clockwise rotations of between 19.3° + 8.6° and 27.8° + 5.8°. Such
rotation is in mirror image with the documented counterclockwise rotation of 20°-50° in the
western Pamir orocline and implies relatively small displacements on the Karakorum fault. Our
results also suggest that the Karakax fault may have formed as an accommodation zone between

the western Kunlun Shan and the Karakorum Mountains.

INTRODUCTION tude rotations we can better ascertain whether tigene significant rotation, paleomagnetic samples
In the past two decades, extensive paledmportant tectonic boundary has remained relavere collected from Eocene strata at Puska and
magnetic results have been published concernitigely stationary (with respect to Tarim) through-from Oligocene strata at Aertashi, Jianglisai, and
central Asia and, in particular, the Tarim andut most of the Cenozoic. Subei (Fig. 2). The age determinations and lithol-
surrounding regions (e.g., Pamir Ranges and theln order to address whether the Altyn Tagh fautbgies of these stratigraphic sections were de-

Tien Shan; Li, 1990; Chen et al., 1992, 1993and the western Kunlun thrust belt have undescribed in detail by Rumelhart (1998).

Bazhenov et al., 1994; Gilder et al., 1996). Despite
these studies, the Cenozoic rotational histories

two significant tectonic features, the Altyn Tagl
fault and the western Kunlun Shan, remain poorl
understood. The late Cenozoic Altyn Tagh fault i ] : ,
central Asia bounds the north edge of the Tibete /. g
plateau and terminates in the Nan Shan and t . o >\/

western Kunlun thrust belts at its eastern and we:
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ern ends (Tapponnier and Molnar, 1977; Burchfie
et al., 1989; Fig. 1). Documenting the magnitud:
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slip faults to accommodate the motion (e.g., th
Karakorum fault). Second, by determining if the
Altyn Tagh fault has undergone significant magni

Figure 1.Tectonic map of central Asia showing
extent of Altyn Tagh fault system and location

of Figure 2.
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Figure 2. Simplified tectonic map of Altyn Tagh fault system and vertical-axis rotations along southern rim of Tarim basin. Dashed arrows indicate
expected declinations; short solid arrows indicate observed mean declinations; shaded wedges indicate confidence limits. Western Kunlun Shan
localities show clockwise rotations, whereas southeastern Tarim locations show no significant vertical-axis rotation.

DATA COLLECTION AND
EXPERIMENTAL PROCEDURES

is located in a north-dipping Cenozoic sequenceach site (= stratigraphic level). However, sev-
the deformation of which is associated with theral sites (i.e., Aertashi and Puska) were collected

At Puska, Aertashi, and Subei, samples werdevelopment of the late Cenozoic northern Altyispecifically for rotational analysis, consisting of

collected from stratigraphic sections that havé&agh fault (Cowgill et al., 1997; Fig. 1).

~15 samples per site.

been incorporated into the western Kunlun and An original objective of the study was to The samples were stored, thermally demag-
Nan Shan thrust belts (Rumelhart, 1998; Cowgilletermine magnetostratigraphy and refine ageetized, and measured within a magnetically
et al., 1998). Thus, the Cenozoic strata where tlieterminations (Rumelhart, 1998). Thus, mosthielded room with average field intensity
samples were collected are allochthonous witsampling sites were distributed stratigraphicallys 200 nT. Generally, the ChRM (i.e., the direc-
respect to the Tarim basement. The Jianglisai siéd three to five samples were collected frortion used in the analyses) was revealed by ther-
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mal demagnetization between 650 and 680 °C,
suggesting that hematite is the primary rema-
nence carrier. For most usable specimens, the
ChRM could be accurately determined by the tra-
jectory of vector end points. Principal-compo-
nent analysis (Kirschvink, 1980) was used to de-
termine least-square fits to vector end-point
trajectories revealed during thermal demagneti-
zation. Site-mean ChRM directions were com-
puted using standard statistical methods (Fisher,
1953) applied to the site-mean directions, invert-
ing the directions from reversed polarity sites. All
of the sections pass the regional bedding-tilt test
(McFadden, 1990), and all but Subei pass the re-
versals test at the C level of McFadden and
McElhinny (1990). These site-mean paleomag-
netic directions are illustrated in Figure 3 and
summarized in Table 1. The analyses of vertical-
axis rotation (R + R) employed the techniques
of Beck (1980) and Demarest (1983), and used
reference poles of Besse and Courtillot (1991).
For a complete discussion of the procedures used
see Rumelhart (1998).

<
<<

Figure 3. Equal-area projections of paleomag-
netic directions used in tectonic analysis for
vertical-axis rotations. A: Plots in geographic
coordinates without correction for bedding
tilt. B: Plots in tectonic coordinates following
correction for bedding filt.
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PALEOMAGNETIC RESULTS tinguishable from our rotation determination atudes of right slip on the Karakorum fault. This is
Vertical-axis rotations inferred from paleomag-Aertashi. Similarly, the data of Gilder et al.consistent with recent studies of the fault that sug-
netic declinations are illustrated in Figure 2. Th€1996) from early Tertiary strata of Duwa neagest between 66 and 150 km of displacement
paleomagnetic results from the Altyn Tagh faulPuska (Fig. 2) imply ~43° of clockwise rotation.(i.e., Searle, 1996; M. Murphy, 1999, personal
zone suggest that the fault has not rotated mo#dthough different in detail from our results, thecommun.). The Karakorum fault has been used as
than 8° since the Oligocene (i.e., 7.4° + 7.8° aibservations of Chen et al. (1993) and Gildea conjugate to the Altyn Tagh fault to accommo-
Jianglisai and —7.3° + 7.6° at Subei; Table 1; Figet al. (1996) are consistent with clockwise rotadate large magnitudes of continental extrusion

2). Given the range of uncertainty for these location of the western Kunlun Shan. (e.g., Peltzer and Tapponnier, 1988); our study
ities, there is no evidence for significant rotation. suggests that this is unlikely.
This inference is consistent with data from CheBISCUSSION AND CONCLUSIONS The left-slip Karakax fault, south of and sub-

etal. (1993), who concluded that the Tarim basin, Paleomagnetic data from the western Kunluparallel to the western Kunlun thrust belt (Figs. 1
which is the northern bounding block of the AltynShan suggest that it has rotated as much as ~28fd 4A), has been interpreted to be an extension of
Tagh fault, has rotated <7° since the Late Cretalockwise since the late Eocene. In order for ththe Altyn Tagh fault (e.g., Avouac and Tapponnier,
ceous. Unpublished paleomagnetic data from JGenozoic strata to rotate, they must have bed993). Alternatively, our study suggests that clock-
rassic rocks exposed in the Qaidam basin alonigtached from the Tarim basement along wise rotations in the western Kunlun Shan may ex-
the Altyn Tagh fault also show no evidence of rothrust fault dipping beneath the Kunlun Sharplain left-slip motion along the Karakax fault. This
tation (S. Gilder, 1998, personal commun.). Thus hese strata were deposited within a forelanf@ult, separating the western Kunlun Shan to the
left slip along the Altyn Tagh fault must have rebasin in front of the evolving western Kunlunnorth from the Karakorum Mountains to the south,
sulted from translation of the Tarim block relativeShan thrust system, and were subsequently imay have been an accommodation zone for the
to the Tibetan plateau, with little block rotation.corporated into the Kunlun thrust belt, deform<lockwise rotation of the two blocks (Fig. 4B). If
The results from the western Kunlun Shaning independently of Tarim (Rumelhart, 1998)true, the Karakax fault is not genetically related to
however, suggest that this range has rotatédur analyses suggest that data from Chen tiige Altyn Tagh fault and probably did not accom-
clockwise since the late Eocene. The discorakt al. (1992) Yingjisha location should not be inmodate large magnitudes of eastward extrusion.
ance in paleomagnetic declinations from the excluded for determination of a paleomagnetic Our data indicate that the Altyn Tagh fault has
pected values varies from 19.3° + 8.6° at Puskaole for Tarim, because that area was deformetbt rotated significantly with respect to the Tarim
to 27.8° + 5.8° at Aertashi. Although these rotaand incorporated in the foreland thrust belt ofhroughout most of the Cenozoic. This implies
tion values are statistically indistinguishableghe western Kunlun Shan. that the location of the boundary between the
from one another, they suggest that the mag- Following the proposal by Burtman and MolnaiTarim and Tibet has remained fixed during the
nitude of vertical-axis rotation of the western1993), we suggest that the clockwise verticalfertiary. This is a crucial understanding in any
Kunlun Shan increases to the northwest. axis rotation of the western Kunlun Shan waattempt at paleotectonic reconstructions or geo-
Chen et al. (1992) reported paleomagneticaused by northward indentation of the Pamiogic modeling of central Asia.
data from Yingjisha, directly north of AertashiRanges into southern Asia during the late Ceno- Furthermore, because the Altyn Tagh fault has
(Fig. 2), which they used in conjunction withzoic (Fig. 4A). This rotation is a mirror image ofnot undergone significant rotation, the pivot point
other sites to obtain a Cretaceous paleomagnetiounterclockwise vertical-axis rotation in thefor rotation of the western Kunlun Shan may have
pole for the Tarim basin. We reevaluated thesgestern Pamirs (Bazhenov et al., 1994). This iseen located at its eastern end, near Pulu (Fig. 2). If
data from Yingjisha to obtain vertical-axis rotaimportant because the rotation of the westerthis is the case, a simple geometric relationship
tion information. Our analysis suggests that thEunlun Shan provides a mechanism to acconmay be used to estimate the minimum amount of
Yingjisha location rotated clockwise 21.0° +modate the deformation associated with therustal shortening predicted for the western
10.4° since the Cretaceous. This value is indigadentation and reduces the need for large magiiunlun, assuming that the Tarim basin has not

TABLE 1. TECTONIC ROTATION ANALYSIS
Section Age Site location Observed direction  Reference pole p  Expectedinc Expecteddec  Rotation Flattening
(Ma) Lat Long In Dm s Lat Long s () k = 8 Dy = 8D R <+ AR F + AF
Ny ¢B) ) ¢ ) Ny (B) () ) 0O ) 0 00O

Yingjisha 80 381 764 371 76 99 762 1989 34 602 489 x 39 134+ 39 210 £104 11.8+85
Aertashi 30 381 764 369 176 50 810 1328 27 474 615 + 23 -102+ 37 278 = 58 246 +4.4
Puska 50 371 784 243 43 84 779 1490 43 498 594 + 38 -150+ 56 193 =+ 8.6 35.1+74
Jianglisai 20 38.0 865 396 3584 6.7 823 1476 3.3 486 604 + 29 -90x 44 74 z 738 20.8 +5.8
Subei 30 395 948 39.7 3447 66 810 1328 27 437 645 + 21 -80zx 39 -73 =+ 76 24855

Lat Long oys
ON DE o
Eurasia N8 )

Reference Pole™ 29 823 1476 33
30 81.0 1328 27
40 802 1454 38
50 77.9 149.0 4.3
80 785 178.7 3.9
70 772 1924 4.1
80 76.2 198.9 3.4

Note: |, is mean inclination; Dn is mean declination; p is colatitude; I, is expected inclination; 8l is 95% confidence limit on expected
inclination; Dy is expected declination; 3D is confidence limit on expected declination; R and F are the calculated magnitude of vertical-axis rotation
and flattening implied by the difference between the observed and expected directions; AR and AF are confidence limits on R and F.

*Besse and Courtillot (1991)
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Figure 4. A: Tectonic framework for development of Pamir orocline and its associated structures
on its eastern limb: western Kunlun thrust, Karakax fault, Karakorum fault, and Altyn Tagh fault.
B: Kinematic model for relation between western Kunlun thrust, Karakax fault, and rotation of
western Kunlun Shan and Karakorum Mountains due to northward motion of Pamirs. Western
Kunlun thrust belt and Karakax fault have rotated from original east-west orientation to north-
west trend. C: Geometric relationship between amount of crustal shortening and rotation of
western Kunlun Shan.

rotated (Chen et al., 1992; Fig. 4C). This analysBEFERENCES CITED _ ‘ ‘
yields shortening between 42 and 128 km at Puskycuac, J. P., and Tapponnier, P., 1993, Kinematic

. model of active deformation in central Asia: Geo-
and between 103 and 272 km at Aertashi since the physical Research Letters, v. 20, p. 895898,

Oligocene. The amount of shortening near Puskgzhenov, M. L., Perroud, H., Chauvin, A., Burtman
inferred from the rotational model is consistent

with the 50-100 km shortening obtained from
field mapping and construction of balanced cross
sections in this area (Cowqill et al., 1998).
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CORRECTION

A Pleistocene and still-active detachment fault and the origin of the Corinth-Patras rift, Greece

Geologyv. 28, p. 83-86 (January 2000)

Incorrect versions of Figures 1 and 3 were printed with this article. The

correct versions appear here.
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Figure 3: Four step sections in the development of the Corinth-Patras rift (location in
Fig. 1). A: Early rift, along active Khelmos fault. B: During activity of the Stolos fault.
C:When Akrata fault was active (300—400 ka). D: Present state, showing proposed
connection of the Khelmos detachment with the low-angle seismic fault beneath gulf.
1: Alpine basement. 2: Synrift sediments. 3: Microearthquakes, recorded along a north-
south section located ~15 km west of our geological section (from Rietbrock et al.,
1996, Fig. 1B). 4: Centroid location of Galaxidi (G) and Aigion (A) earthquakes projected
on the section.
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CORRECTION
Cenozoic vertical-axis rotation of the Altyn Tagh fault system
Geology, v. 27, p. 819-822 (September 1999)
An error was found in the calculation of vertical-axis rotation of the

Altyn Tagh fault system. The corrected results are shown in Table 1. Com-
plete details of the implications of the corrected data may be found in the

Data Repository.
TABLE 1. TECTONIC ROTATION ANALYSIS
Section Age  Site location Observed direction  Reference Pole p Expected Inc Expected Dec  Rotation Flattening
(Ma) Lat Long Iy Dm ags Lat Long ag (°) k + 8 D, £38D R * AR F + AF
CN By O ¢ O ¢Ny CB ) ) 00 00 () )
Yingjisha 80 381 764 371 76 99 762 1989 34 602 489 + 39 134 + 39 -58+ 104 118 + 85
Aertashi 30 381 764 369 176 50 81.0 1328 27 474 615 + 23 102+ 37 74+ 58 246 + 44
Puska 50 371 784 243 43 84 779 1490 43 498 594 + 38 150 £ 56 -107 + 86 351+ 74
Jianglisai 20 38.0 86.5 396 3584 6.7 823 1476 3.3 486 604 + 29 90+ 44 106+ 78 208+ 58
Subei 30 395 948 39.7 3447 6.6 81.0 1328 2.7 437 645 + 2.1 80+ 39 233+ 76 248 + 55
Lat Long oygs
CN) By ()
Eurasia Reference Pole 20 823 1476 33
Besse and Courtillot (1991) 30 81.0 1328 27
40 80.2 1454 36
50 779 149.0 43
60 785 178.7 3.9
70 772 1924 441
80 76.2 1989 34

Note: 1, is measured inclination; D, is measured declination; p is colatitude; 1, is expectected inclination; 8l is error in expected inclination; D, is expected
declination; 8D is error in expected declination; R and F are the calculated magnitude of vertical-axis rotations and flattening implied by the difference
between the observed and expected directions.

1GSA Data Repository item 200053, Correction of Cenozoic vertical-axis rota-
tion of the Altyn Tagh fault system, is available on request from Documents Secre-
tary, GSA, P.O. Box 9140, Boulder, CO 80301-9140, editing@geosociety.org, or at
Www.geosociety.org/pubs/drpint.htm.

The GSA Data Repository

Established in 1974, this is an open file where authors of arti- Be sure to include the reference number(s) for the item(s)

cles in our journals (and in an occasional book) can place informa-
tion that supplements and expands on their published article. This
supplemental information is not of broad interest and will not
appear in print. It may, however, be of interest to select readers
and may be obtained by them from GSA.

For each item placed in the Repository, a unique key number*
is included at the bottom of the first page of the printed article
(e.g., 9201 is entry 1 for 1992). Use this key to order Repository
items in either of the ways outlined below:

e Order paper copies for any entry (1974 forward) from the GSA
Editorial Secretary. Phone 303-447-2020, fax 303-447-1133, or
e-mail editing@geosociety.org. You may also write to Documents
Secretary, P.O. Box 9140, Boulder, Colorado 80301-9140, USA.

*QOccasionally a number may be missing from our lists; in such cases, the number
was not used, or the material is otherwise unavailable.

wanted.

e Download items from GSA’s Web site at www.geosociety.org.
From the home page, click on the Publications link, then the
GSA Data Repository link. Follow the instructions to locate and
download items.

Each annual edition of GSA Journals on Compact Disc from
1992 forward includes that year’s Repository entries, linked to their
related journal articles. Annual CD editions may be ordered by
phone at (303) 447-2020 (toll-free: 888-443-4472) or by fax at
303-447-1133. CDs also may be ordered from the GSA Bookstore
on the Web (www.geosociety.org).
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