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The Landers, California, earthquake of 28 June 1992 (magnitude = 7.3) is the latest of 
six significant earthquakes in the past 60 years whose epicenters and slip directions 
define a 100-kilometer alignment running approximately N15"W across the central 
Mojave region. This pattern may indicate a geologically young throughgoing fault that 
replaces numerous older strike-slip faults by obliquely cutting across them. These older 
faults, and perhaps also the bend in the San Andreas fault, may be losing their ability 
to accommodate upper crustal deformation because they have become unfavorably 
oriented with respect to the regional stress field. 

T h e  Landers earthquake provided several 
surprises. The southern segment of the 
Landers and the Joshua Tree [April 1992, 
magnitude (M) = 6.11 earthquake ruptures 
fell together on an -30-km line that had 
not before been recognized as a potential 
throughgoing, capable, and continuous 
seismogenic fault (1). This line was most 
clearly defined by the aftershocks, which 
crossed the left-lateral strike-slip Pinto 
Mountain fault, which runs east-west. The 
Joshua Tree-Landers fault system may 
therefore be a young fault that postdates slip 
on the Pinto Mountain fault (2). 

Furthermore, the rupture pattern was 
kinked 30", which is unusual (Fig. 1). The 
southern part of the Landers rupture was 
oriented about N15"W, but the northern part 
was oriented N45"W. Also, rupture formed 
along the five welldocumented faults, includ- 
ing the Camp Rock, Emerson, and Johnson 
Valley faults; some earthquake models assume 
that seismic rupture should stop at kinks or 
bends, not propagate through them (3). 

We suggest that the southern Landers and 
the Joshua Tree ruptures fell on a line that has 
had at least four other earlier earthquakes with 
similarly unexpected directions: the Galway 
Lake (1975, M = 5.4); Homestead Valley 
(1979, M = 5.7), Manix (1987, M = 6.5), 
and Calico (September 1965, M = 5.2) 
earthquakes (Fig. 2A). We call this line, 
which is over 100 krn long, the Landers- 
Mojave line. The Landers-Mojave line occurs 
in a broad region of distributed faulting that 
has been documented by geological (4) and 
geodetic studies (5) and is often referred to as 
the eastern California shear zone (4-7). It is 
widely thought that distributed faulting is the 
main mechanism for deformation in this wne, 
but the mechanics of this distributed deforma- 
tion is uncertain. 

In 1989, Nur et al. (7) proposed, on the 
basis of an earlier mechanical model of 
distributed faulting (8, 9), that a new set of 

faults trending roughly north-south may be 
in the Drocess of formation in the central 
Mojave region. The documented and geo- 
logically well developed strike-slip faults in 
the central Mojave region (10) have rotat- 
ed counterclockwise relative to the eastern 
Mojave region (I I), or, equivalently, the 
stress has rotated clockwise (10) over the 
past few million years. Consequently, most 
of these faults are today in a mechanically 
unfavorable orientation relative to the di- 
rection of maximum tectonic compression 
(Fig. 3), N1O"E to N30°E (7, 8), which 
makes an angle of 55" to 75" to the north- 
west-trending faults. As a result, faults must 
develop in a new faulting direction (Fig. 4) 
to accommodate crustal deformation in the 
future. The two right-lateral strike-slip 
earthquakes in the Mojave region, the Gal- 
way Lake and Homestead Valley earth- 
quakes, ruptured previously unmapped 
faults oriented roughly NlOW, not the 
well-developed northwest-trending old 

Fig. 1. Aftershocks of the Joshua Tree, Landers, 
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faults. These two ruptures were colinear 
and together define a possibly extended 
fault 30 km long (Fig. 2A). Although 
segments of this fault were recognized in the 
field before 1992 (lo), it was not recognized 
as a throughgoing, coherent, and seis- 
mogenic fault or a potential fault. 

The azimuth of rupture and the sense of 
slip of the Joshua Tree earthquake of April 
1992 were similar to the smaller 1975 and 
1979 events (Fig. 2A), and its epicenter fell 
close to the extension of their line to the 
south. Because the Joshua Tree rupture cuts 
across the east-west trending Pinto Moun- 
tain fault, we reconsidered also the Manix 
earthquake of 1947 (M = 6.2), over 100 
km north of the Joshua Tree epicenter. The 
focal mechanism for this earthquake, 
though not well constrained (12), is prob 
ably also consistent with right-lateral strike 
slip on an unmapped -N20°W-trending 
fault, not on the mapped east-west-trend- 
ing one. Furthermore, this unmapped 
Manix rupture also falls on the continua- 
tion of the line of the 1975, 1979, and the 
1992 events (Fig. 2A). And finally, the 
epicenter of another earthquake, the Calico 
event, south of Manix, also fell on this line 
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Fig. 2. (A) The fault plane solutions of the 
Manix, Calico, Galway Lake, Homestead Val- 
ley, Joshua Tree, and Landers events together 
define the Landers-Mojave line, which is prob- 
ably a new emerging fault. (6) All M > 5 events 
in the Mojave between 1932 and 1991. 
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and, like the other events, had a rupture 
azimuth of N15"W or so. Toeether. these - 
five events suggest an emerging, throughgo- 
ing seismogenic fault -120 km long. 

Some of the surprises of the June 1992 
Landers earthquake can be explained by our 
block rotation and faulting model. First, the 
southern part of its rupture is coincident with 
both the location and sense of slip of the 
previous N15OW ruptures and thus provides 
further evidence for the emereence of a " 

throughgoing fault. Second, the northern part 
of the ruDture occurred on the old N45"W- 
trending Camp Rock fault, giving rise to a 
kink in the earthquake rupture. Kinks and 
bends in seismogenic faults are thought to act 
as bamers to earthquake rupture, and the 
sense of this particular kink would inhibit 
rupture (3). However, the rupture propaga- 
tion throueh the Landers kink is consistent " 
with our model, which suggests that slip can 
be partitioned during the transition from old, 
poorly oriented, weak faults to new, optimally 
oriented ones (Fig. 4). 

The likelihood that the alignment of 
both the epicenters and the fault planes of 
the set of the six events that define the 
Landers-Mojave line is only a coincidence 
is quite low in consideration of the small 
number of M r 5 events in the Mojave 
during the past 60 years (Fig. 2B). Also, the 
six events on the Landers-Mojave line ex- 

Fig. 3. The nearly fault-normal orientation of the 
Mojave compression to the older faults and its 
optimal orientation to the Homestead Valley 
and Galway Lake ruptures, which suggests the 
emergence of a new fault line caused by the 
gradual locking of the older faults. [Reprinted 
from (7 ) ]  

hibit a systematic migration of epicenters 
from north to south, suggesting that they 
may be interrelated, perhaps as in an epi- 
sodically propagating crack, a pattern that 
has been observed for example along the 
north Anatolian fault in Turkey and the 
Bocono fault in Venezuela (1 3). An alter- 
native proposal (14) is that the Landers- 
Mojave line is a reactivated fault in the 
central Mojave that is older than the north- 
west-trending ones. This notion is incon- 
sistent, however, with the documented 
right-lateral offsets on the northwest faults. 
These offsets would have by now segmented 
such an older fault, rendering it kinemati- 
cally and mechanically incoherent. Finally, 
direct observations reveal new rock frac- 
tures on many of the north-south segments 
of the Landers rupture (15). 

On the basis of our model, we originally 
proposed (7) that the emerging central 
Mojave fault system was needed to accom- 
modate crustal deformation only on a rela- 
tively local scale, doing so by replacing the 
older faults only in the central Mojave 
region. However, the large magnitude of 
the Landers earthquake, geodetic data (5, 
6, 15), and the length of the Landers- 
Mojave earthquake line raise the possibility 
that this fault system is important on a large 
scale (16). Perhaps not only are the old and 
local faults in the Mojave region being 
replaced by newer, better oriented ones, 
but the emerging Landers-Mojave fault line 
may be competing to some extent with the 
San Andreas fault itself. Because the San 
Andreas significantly deviates in the big 
bend region from the direction of slip be- 
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Fig: 4. The origin of kinks. When blocks and 
their bounding faults rotate away from the di- 
rection of compression or shortening, they 
eventually lock up. Further deformation re- 
quires that a new set of faults develop. When 
the new faults begin to develop and the old 
ones begin to lock, slip can occur simultane- 
ously on both, leading to kinked slip, as illus- 
trated by the heavy line. 

tween the North American and Pacific 
plates, it presumably can accommodate slip 
here only because it is weak, as are many 
mature, major faults (17). And like the 
rotation of the smaller faults in the Mojave, 
the bend in the San Andreas has probably 
also rotated (and is probably still rotating) 
counterclockwise because of the north- 
south shortening of the transverse ranges 
and may eventually lock. The new Mojave 
seismic alignment, in contrast with the San 
Andreas bend, is favorably oriented but, 
because it is new, may be stronger and 
require higher shear stress to slip. Perhaps it 
is just becoming equally easy for a system 
such as the Landers-Mojave fault to form as 
it is for slip on the unfavorably oriented 
segment of the San Andreas. 
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Interaction Between Transcription Regulatory 
Regions of Prolactin Chromatin 

Katherine E. Cullen, Michael P. Kladde,* Mark A. Seyfredt 
The regulation of transcription requires complex interactions between proteins bound to 
DNA sequences that are oiten separated by hundreds of base pairs. As demonstrated by 
a nuclear ligation assay, the distal enhancer and the proximal promoter regions of the rat 
prolactin gene were found to be juxtaposed. By acting through its receptor bound to the 
distal enhancer, estrogen stimulated the interaction between the distal and proximal 
regulatory regions two- to threefold compared to control values. Thus, the chromatin 
structure of the prolactin gene may facilitate the occurrence of protein-protein interactions 
between transcription factors bound to widely separated regulatory elements. 

T h r e e  models have been urouosed to ex- . . 
plain the mechanism by which transacting 
factors act at a distance: the scanning mod- 
el, the structural transmission model, and 
the DNA looping model (I).  Data have 
been obtained in support of the DNA loop- 
ing model, in which the intervening DNA 
seauence between the DNA-bound trans- 
acting factor and the transcription initia- 
tion comulex is looued out, but it is unclear 
what dri;es the foAation bf the loops (2). 
Interacting proteins may extend and con- 
tact one another, bridging the distance 
between the proteins and forcing the inter- 
vening DNA to loop out (3). Alternative- 
ly, the DNA may be intrinsically bent, 
thereby allowing widely separated regions of 
DNA to be juxtaposed. Over short distanc- 
es (200 to 300 base pairs (bp)], supercoiling 
may provide enough bending of the DNA 
to allow association between DNA binding 
proteins (4). Over large distances, the 
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packaging of the DNA into chromatin may 
orient two widely separated protein binding 
sites to permit the association of the DNA 
binding proteins (5) .  

Expression of the rat prolactin (PRL) 
gene is regulated by a number of different 
polypeptide and steroid hormones that act 
through two distinct regulatory regions sep- 
arated by approximately 1500 bp (Fig. 1) 
(6). The steroid hormone estrogen (E2) 
induces the transcription of the PRL gene 
by binding to the estrogen receptor (ER), 
which in turn binds to the estrogen re- 
sponse element (ERE) (7). This element is 
located at the 3' end of the distal enhancer 
region between - 1550 and - 1578 bp (8). 
How the ER complex influences the activ- 
ity of RNA polymerase I1 located 1500 bp 
downstream at the promoter is unknown. 
Data from studies with a cell-free transcrip- 
tion system containing purified ER and 
templates with an ERE a short distance 
from the promoter led Elliston et al. (9) to 
suggest that the ER enhances transcription 
by facilitating the formation of a stable 
ureinitiation comulex. For the ER comulex , & 

of Wisconsin, ~ a b i s o n ,  WI 53706. to perform a similar function in the PRL 
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promoter becomes hypersensitive to nu- 
cleases after treatment of cells with E2, 
although the region between the ERE and 
the promoter remains insensitive to nu- 
cleases (10). This suggests that the ER 
complex does not scan along the DNA to 
the promoter nor does the activated ER 
complex initiate a change in the DNA 
structure that is propagated from the ERE to 
the promoter. 

To determine if DNA looping may facil- 
itate the interaction between the ER and the 
transcription initiation complex, we exam- 
ined the chromatin looping potential of the 
5' upstream regulatory elements of PRL (Fig. 
2A) (1 I) with a modified DNA looping 
assay of Mukherjee et al. (12). We used 
PRL-Tn5-bovine papillomavirus (BPV) 
minichromosomes as our source of PRL 
chromatin. These minichromosomes are 
packaged into nucleosomal arrays (10) and 
replicate extrachromosomally at a level of 40 
to 60 copies per cell in a stable, clonal cell 
line (GlI) obtained by the transfection of rat 
pituitary GH3 cells with the PRL-Tn5-BPV 
vector. The transcription of the Tn5 gene, 
which acts both as a selectable marker 
(G418 resistance) and as a reporter, is under 
the control of the PRL regulatory elements 
(Fig. 1) and can be induced by E2 (13). 
When nuclei isolated from GI1 cells were 
partially digested with Pst I, a number of 
different PRL-Tn5 chromatin fragments 
were produced that could theoretically form 
Pst I ligation products (Fig. 2B). Polymerase 
chain reaction (PCR)-mediated analysis 
principally detected only the formation of 
Pst I ligation products that correspond to the 
P3-P, and P3-P, PRL chromatin loops (Fig. 
2C, lane 5). 

The PCR products were analyzed by 
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Fig. 1. The PRL-TnSBPV minichromosome. 
The minichromosome contains the transcription 
regulatory elements (hatched) of the rat PRL 
gene (-1953 to -12), which controls the ex- 
pression of the Tn5SV40 reporter gene (solid). 
The entire BPV genome is present in the mini- 
chromosome (unshaded). Further details on the 
characterization of the cell lines containing the 
PRL-Tn5BPV minichromosome have been de- 
scribed (10, 13). 
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