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ABSTRACT

Shoberg, T, Stein. § and Karsten, J.. 1991 Constraints on rift propagation history at the Cobb Offset, Juan de Fuca Ridge,
from numerical modeling of tectonic fabric. In: A.F. Gangi (Editor), World Rift Systems. Tectonophysics, 197: 295-308.

Rift propagation has been proposed as the mechanism for the reorganization of the Juan de Fuca Ridge during the
Cenozoic. In particular, magnetic anomalies in the Cobb Offset region of this ridge have been interpreted in terms of a
complex “dueling propagator” history, in which rift propagation has accurred alternately in opposing directions on adjacent
ridge segments. Although the overall propagation history has been inferred from the magnetic data, these data are limited in
their resolution for the detailed history by the length of time during which magnetic polarity remains constant. We thus
examine whether more detailed resolution within polarity chrons can be obtained using seafloor tectonic fabric from acoustic
imagery By modeling lineations as isochrons, synthetic fabric can be generated for a given rift propagation history and the fit
of the model 1o the data can be compared numerically, For the Cobb, we used a propagation history model with a given
timing and direction of propagation. and generated synthetic fabric for different propagation rates. ‘The fabric is best fit for
propagation rates between 400 and 900 mm/yr. Slower { <300 mm/yr) propagation rates yield significantly poorer {its,
whereas faster {> 900 mm/yr) propagation rates yield slightly poorer fits. The fabric results are thus in accord with the
interpretation, based on magneties alone, that the rates of rift propagation signilicantly exceeded the spreading rates. An
interesting feature of the model is that the complex tectonie fabric is reasonably well fit on this scale (~ 1 km) by simple rift
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propagation models which do not invoke shear zone behavior and thus deviate from rigid plate tectonics.

Introduction

The geometry of oceanic spreading centers often
evolves by rift propagation (Hey, 1977, Hey et al,
1980), a process in which one ridge segment
lengthens at the expense of an adjacent segment,
which is preempted and ceases spreading (Fig. 1).
The locus of relative motion between the two
plates shifts from the dying rift to the growing
one, such that the rift tips are joined by a trans-
form fault which migrates with time, transferring
lithosphere from one plate to the other. Structural
discontinuities, known as pseudofauits, bound
seafloor formed at the growing ridge during prop-
agation. Seafloor isochrons between the propagat-
ing and failed rifts, which were formed prior to
rift propagation, are reoriented when they are
transferred between plates. The angle through

0040-1951 /91 /303 50

which the isochrons are reoriented depends on the
ratio of spreading rate to propagation velocity
(Searle and Hey, 1983; Acton et al, 1988). Rift
propagation thus gives rise to characteristic mag-
netic anomalies and seafloor structures oblique to
both spreading center and transform fanlt trends.
In this simple propagation model, spreading in-
stantly ceases on the dying ridge and begins on the
growing ridge. Thus the oblique structures result-
ing from the lineation reorientation form as a
consequence of rigid plate tectonics because, at
any time, motion occurs only at discrete plate
boundaries. Rift propagation has been used to
describe the tectonic evolution of a variety of past
and present midocean ridge systems, including the
Cocos~Nazca spreading center (Hey and Vogt,
1977; Searle and Hey, 1983; Hey et al, 1986;
Miller and Hey, 1986; Acton et al., 1988), the East
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Fig. 1. Schematic of rift propagation geometry showing ridge
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Pacific Rise (Mammerickx, 1984; Engeln and
Stein, 1984; Hey et al., 1985; Anderson-Fontana
et al, 1986; McKenzie, 1986; Naar and Hey,
1986; Francheteau et al, 1987; Engeln et al,
1988; Macdonald et al., 1988; Mammerickx et al,,
1988; Lonsdale, 1989), and the Gulf of Aden and
Afar region (Courtillot et al, 1980; Vink, 1982,
Acton et al.,, 1990).

In these studies, the overall propagation history
has been successfully inferred from magnetic data.
These data, however, are limited in their resolu-
tion for the detailed history by the length of time
during which magnetic polarity remains constant.
This limitation poses difficulties for studies of
small-scale propagating rift systems, perhaps in-
cluding overlapping spreading centers where all
the seafloor between the growing and dying ridges
Formed during the current magaetic polarity chron
{within 730,000 yr). It seems natural to attemnpt o
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derive more detailed resolution within polarity
chrons by assuming thal much of the tectonic
fabric in young oceanic lithosphere recorded by
imaging systems such as Gloria, Seabeam, or
Seamarc, represents structures formed at the ridge
axis. Seafloor features having trends that satisfy
this assumption can thus be modeled as isochrons,
and compared to the synthetic fabric predicted by
a model of the spreading history. This technique
has been applied with some success to regions
including the Galapagos propagator (McKenzie,
1986; Acton et al, 1988) and the Easter micro-
plate (Engeln et al,, 1988), and can provide val-
uable insight into seafloor formed by a complex
spreading history.

Our poal is to explore the constraints on rift
propagation history that can be derived from
tectonic fabric modeling. We focus on the Juan de
Fuca Ridge in the northeast Pacific, where marine
magnetic data have been interpreted as indicating
a complex propagation history (Hey, 1977, Hey
and Wilson, 1982; Johnson et al, 1983; Wilson et
al, 1984; Stoddard, 1987; Wilson, 1988; Atwater,
1989). A complex propagation history has been
inferred for the Cobb Offset (Fig. 2) along this
ridge. Johnson et al. (1983) demonstrate that an
unusual magnetic anomaly pattern can be inter-
preted as the result of two “dueling propagators”.
In this medel, propagation events repeatedly alter-
nated between two ridge segments which grew at
the expense of the other. We attempt to use the
tectonic fabric to verify and, if possible, refine this
model.

The Cobb Offset

At the Juan de Fuca Ridge, the Pacific and
Juan de Fuca plates are spreading apart at a full
rate of about 60 mm/yr (Raff and Mason, 1961;
Vine and Wilson, 1965; Vine, 1966; Riddihough,
1977; Nishimura et al, 1984). The ridge geometry
has evolved throughout most of the Tertiary by
rift propagation (Hey, 1977, Hey et al, 1980;
Carlson, 1981; Hey and Wilson, 1982; Johnson et
al., 1983; Wilsen et al., 1984; Karsten et al,, 1986;
Stoddard, 1987; Wilson, 1988). A portion of the
ridge of particular interest (Fig. 2) is the Cobb
Offset, at about 47.5°N, 129°W, which separates
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the Northern Symmetrical Ridge (NSR) segment
from the Endeavour segment. Currently, the two
ridge segments overlap for about 30 km, and are
separated by about 30 km in the overlap region.
For convenience, we use the term “overlap”
without implying that the overlapping ridge seg-
ments spread simultaneously.

A striking feature of the magnetic anomaly
data (Fig. 2b) is that the area formed during the
Brunhes normal chron is composed of two
wedge-shaped regions, one southward pointing on
the Endeavour segment and one northward point-
ing on the NSR segment. Hey and Wilson (1982)
identified the wedge boundaries as pseudofaults
indicating northward rift propagation. Johnson et
al. (1983), however, noted additional features
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3] Brunhes Normal Chren (0 73 - 000 Ha) 4830

which make it possible to refine the rift propa-
gation history. An anomalously wide zone of re-
versely magnetized crust (asterisk in Fig 2b) ad-
jacent to the Olduvai anomaly on the Pacific side
led them to infer that propagation occurred prior
to the episode indicated by the tapered Brunhes
anomaly. Second, Johnson et al. used locations
where unaltered basaltic glass was recovered by
dredging and where freshly extruded basalts were
photographed to define the present trace of the
northernmost active NSR segment. Based on these
observations, they inferred that the locus of active
spreading on the NSR trends northwesterly from
the center of the region of Brunhes normal crust,
A subsequent Seabeam study (Karsten et al., 1986)
also supports this interpretation. This model has
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Fig. 2 Data used to constrain the rift propagation models. (a) The patterns associated with the magnetic data of Johnson et al.

(1983). These are slightly different than that used in the subsequent synthetic models where it is possible to subdivide the Matuyama

reversed chron. (b} The magnetic data of Johnson et al. (1983). The inset large and small boxes represent the area of coverage of the

subsequent magnetic and fabric synthetics. The asterisk shows the location of the wide zone of reversed crust noticed by Johnson et

al, and the dot represents the location of the Surveyor volcano. {¢) The fabric data, interpreted from Davis et al (1987), with the
thick solid fine representing the current modeled spreading center configuration.
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TABLE 1

Parameters used in rift propagation simulation

T SHOBERG ET AL,

Propagation Starting Propagation Distance of Spreading Spreading Spreading,
event age azimuth propagation rate-JDF rate-PAC azimuth
(Ma} ("CW-N) (k) {mm,/yr) {mm/yr} {*CW-N)
250 0 00 29.0 250 270
1 1.70 150 360 290 250 270
2 1.35 0 280 2.0 290 270
130 80
3 099 150 8.0 200 290 270
4 072 8 13.0 290 300 270
330 12.0
5 040 180 280 290 300 270
156 8.0
6 01005 330 330 290 300 270

The propagation distances were taken directly from Johason et al. (1983). The starting time, spreading rates and azimuths and the
propagation azimuth were stightly modified from the Johnson et al. model to yield the best {it 1o the magnetics
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Fig 3. Dueling propagator history medified from Johnson et al (1983). (a) Magnetic timescale pattern used in this and subsequent
figures. (b—h) The sequence of propagation events modeled by Johnson et al for an instantaneous propagator Each panel shows the
magnetic isochron pattern at the end of its respective event (Table 1},

the unusual feature that the propagating NSR tip
does not bisect the wedge of Brunhes age crust,
and has no observable magnetic signature, pre-
sumably because it started spreading only very
recently.

Johnson et al. (1983) proposed two models to
explain these observations. The models require
both northward propagation by the NSR segment
and southward propagation by the Endeavour seg-
ment. In one, propagation has been predomi-
nantly northward, and both overlapping ridges
spread simultaneously and asymmetrically, such
that no spreading occurs on the overlapping flanks.
However, in their preferred model northward and
southward, propagation events alternate. In this

moedel, only one of the overlapping ridges is ac-
tive, and spreads symmetrically. This “dueling
propagation” behavior is unusual, as most propa-
gation events occur in & single direction {e.g. Wil
son et al.,, 1984).

Figure 3 illustrates the “dueling propagation”
model. A curved ridge configuration at 2 Ma is
postulated to accommodate the curvature of the
Olduval anomaly on the Juan de Fuca side of the
NSR segment and on the Pacific side of the En-
deavour segment. During a sequence of propa-
gation events (Table 1), either the southern seg-
ment propagated northward or the northern seg-
ment propagated southward. For each event, the
timing, azimuth of propagation, and distance
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covered during the event are specified. Some prop-
agation events were divided into two subevents,
during which the azimuth of propagation changed.
The magnetic anomalies strongly constrain the
propagation distance and provide a looser con-
straint on the time of propagation events, because
an event only needs to terminate before the next
magnetic reversal. Note that the wide region of
reversely magnetized crust adjacent to the Olduvai
anomaly on the Pacific side results from event 2
(Fig. 3d) and that the recent NSR configuration
forms in event 6 (Fig 3h).

Whether the overlapping portions of both seg-
ments are currently spreading is uncertain. John-
son et al. assume that spreading has recently ceased
on the overlapping portion of the Endeavour seg-
ment and has shifted to the new location of the
NSR segment. They note, however, that their
models are insensitive to spreading on both ridges
in the overlap zone at present.

An interesting feature of the Johnson et al
model for the fine ( ~ 10 km) scale features of the
Cobb Ofifset is that the rift propagation in alter-
nating directions was assumed to occur rapidly
with respect to the spreading rates. In contrast,
the Wilson et al. (1984) regional model descrnibed
larger-scale features with only northward propa-
gation at rates comparable to the spreading rates.
We thus seek to test how well the propagation rate
for the evolution of the Cobb Offset can be esti-
mated from the available data.

Data

Because our primary data are the magnetic
anomalies from Johnson et al, our models are
naturally a refinement on their work. Addition-
ally, we use seafloor fabric lineations. Fabric can
constrain tectonic models only by assuming some-
thing about its origin. The simplest assumption is
that the lineations are isochrons, so that their
trends can be predicted for a given tectonic his-
tory. If this is the case, tectonic fabric data are
more sensitive than magnetic data to the details of
the propagation within a polarity chron (Acton et
al., 1988). Hence by incorporating the lineation
data, we hoped to obtain more detailed resolution
than provided by the magnetic data alone.

T SHOBERG ET AL.

For this purpose, we used tectonic fabric taken
from a Seamarc acoustic imagery map of the
North Central Juan De Fuca Ridge compiled by
Davis et al. {1987). We digitized 157 lineations
which could not unambiguously be associated with
some extraneous volcanism, such as at a seamount,
and compiled the fabric dataset shown in Fig. 2c.
The lineations range from 2 to 15 km in length
and are less than 0.5 km in width

An important feature of the data is the large
number of lineations within the overlap region of
the Cobb Offset. These lineations are oblique to
the trends of the boundaries between polarity
chrons, except where chrons are truncated by
pseudofaults (Fig. 2b). The most useful constraint
on the propagation models comes from the linea-
tions oriented approximately NE-SW, which ap-
pear to have been reoriented by the propagation

The present positions of the ridge segments are
taken from the bathymetry (Karsten et al., 1986).
They show that Surveyor Volcano (Fig. 2b) has
been split into halves ~ 3 ke apart, implying (for
a 60 mm/yr full spreading rate) that this section
of the NSR has been active for about the last
50,000 yrs. Unfortunately, their data also indicates
the presence of three large seamounts and several
minor ones in the area, which slightly complicate
the fabric and magnetic anomaly analysis. The
lineations are not numercus compared to other
ridges, presumably due to the high sedimentation
rate in this area (Karsten et al,, 1986).

Model

We began by examining the fit of a variety of
models for the evolution of the Cobb Offset to the
magnetic data. The models covered from 2.6 Ma
to the present, which includes two normal polarity
chrons, one reverse polarity chron and two normal
polarity subchrons. As expected, the most success-
ful model geometry, spreading rates, and propa-
gation sequence (Table 1) are essentially those of
Johnson et al. At 2.5 Ma, the two ridge segments
trend N22°FE and are oifset by 30 km We as-
sumed symmetric spreading with a 58 mm/yr full
rate from 2.5-0.72 Ma, and a slight asymmetry
(3.5%) with the Pacific plate faster during the
Brunhes. This is well within the error limits associ-
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ated with the Euler vectors determined by
Nishimura et al. (1984).

To model synthetic isochrons from the propa-
gating rifts, we followed the Johnson et al. propa-
pation history. We assumed the simplest possible
propagator kinematics, in whic’ .ding is in-
stantaneously transferred from the dying to the
propagating ridge, such that rigid plate tectonics
applies, and neither a microplate nor a shear zone
forms. Because we used a time step of 1000 years
and generated synthetic isochrons every 50,000
years, events of duration of less than a few thou-
sand years would not be visible in the models.

After adopting the propagation history listed in
Table 1, we tested the effect of rift propagation
rates between 100 and 1000 mm/yr. Because the
age of the onsel of propagation, and the distance
covered during each event were kept fixed, the
propagation rate determined the duration of prop-
agation. Once the required distance was covered,
spreading was assumed to continue smoothly with
no propagation. Each rate was assumed to apply
for all propagation events, except for the 100
mm/yr case in which the final event required a
330 mm/yr rate to yield the present ridge config-
uration. Propagation rates less than 100 mm/yr
were excluded by the magnetic data because insuf-
ficient crust would be formed. For comparison to

Johnson et al's results, we generated a model with

an infinite propagation rate for all events except
event 5, which generated the tapered Brunhes
anomalies, For the other events, the magnetic data
alone provide only a lower bound on the rate.

Results

Figures 4, 5 and 6 show the model predictions
and the data, magnetic and fabric, for three prop-
apation rates. For convenience, the figures are
centered at 47.534°N, 129.07°W and rotated such
that N22°E is toward the top of the page. All of
the models fit the bathymetric constraints equally
well.

For the magnetics, the thick solid lines (Fig. 2b)
enclose the observed normal polarity chrons and
subchrons. The synthetic timescale pattern is the
same as in Fig. 3. As expected, the data are
generally well fit. There are, however, several diffi-
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Fig. 4. Comparison of the observed data to the synthetics for
the 160 mm/yr medel; (a) magnetics. {b) fabric. (Patterns are
the same as in Fig 3) Both plots show considerable dis-
crepancy between the synthetics and the observations in the
overlap region. The predicted fabric elements (dashed lines)
generally trend clockwise relative to the data {short thick lines)
within the overlap area.

culties. The predicted thin normal polarity (fara-
millo) zones within the offset region are not shown
by the data, but this situation is complicated by
the Surveyor Volcano (Fig. 2b). The predicted
Brunhes anomaly for the southern Endeavour seg-
ment is narrower than observed, perhaps indicat-
ing two stages of propagation during event 5.
Johnson et al. interpret the Olduvai anomaly west
of the Endeavour segment as continuous but off-
set with that west of the NSR. Neither their model
nor ours yield this continuity. The data used in
their model, however, are sparse in this area. The
SW Olduvai anomaly is predicted to be narrower
than observed, a situation possibly complicated by
a seamount in the area.
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Fig 5. Comparison of the observed data to the synthetics for
the 300 mm/yr model; (8) magnetics. {(b) fabric. {(Patterns are
the same as in Fig 3} Most of the fineations in the overlap
region are well fit by the predicted fabric. This constitutes the
best it

Comparison of the figures for the diflferent
propagation rates shows the resolution obtainable
from the magnetic data alone. The 100 mm/yr
model (Fig, 4) has the most difficulties. It predicts
a region of Olduvai age crust extending SW from
the southern tip of the Brunhes age crust on the
Endeavour segment, whereas the data show no
such normal polarity region. Similarly, on the
western sides of both segments, the predicted
Brunhes age crust protrudes beyond the observed
boundary. In contrast, the 1000 mm/yr model
(Fig 6) predicts a region of reversely magnetized
crus! within the observed Brunhes region on the
western flank of the NSR and Brunhes crust out-
side the tips of the observed Brunhes wedges. On
balance, the model shown with an intermediate
propagation rate, 500 mm/yr (Fig 5), yields a

T SHOBERG ET AL
better [it to the magnetic data than those with 100
or 1000 mm /yr rates.

Figures 4, 5 and 6 also show the predicted and
observed fabric overlays for these three propa-
gation rates. The fabric north and south of the
overlap region is essentially ridge-parallel and is
well fit by all the models, none of which include
propagation in these areas. This agreement pro-
vides some support for the assumption that linea-
tions can be treated as isochrons. The most inter-
esting difference between the models is in their
ability to predict the approximately NE~SW lin-
eations in the overlap region. These trends are fit
reasonably well by the 500 mm/yr model, less
well by the 1000 mm/yr model and significantly
worse by the 100 mm /yr model. This effect occurs
because these trends have been reoriented from
ridge-parallel by an angle inversely proportional
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Fig 6 Comparison of the observed data to the synthetics for
the 1000 mm/yr model; {a) magnetics. (b) fabric. (Patterns are
the same ins Fig. 3.) The synthelic fabric significantly misfit
the data in the overlap zone
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to the propagation rate, since the spreading rate is
fixed. Thus for the 100 mm/yr propagation rate
model, the predicted fabric generally trends clock-
wise from those observed, indicating that this rate
is too slow. In contrast, for the 1000 mm/yr
propagation rate model, the predicted fabric gen-
erally trends counter-clockwise from those ob-
served, indicating too fast a rate. Note that the
distance between isochrons is reduced after re-
orientation and the pseudofanlis appear only as
boundaries between lineation sets.

There are, however, some systematic misfits to
all models. The data show lineations along and
subparallel to the most recent trend of the NSR,
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Because the models assume that this segment
formed recently, as required by the absence of
Brunhes polarity crust, these trends are not well
predicted especially east of the NSR. A longer
period of spreading on the most recent trend of
the NSR would yield the observed lineations, but
this crust would be normally magnetized. It is
unclear whether this difficulty reflects the limita-
tions of the data, the model, or the complexity of
the early evolution of a propagating ridge. A less
serious, but interesting, effect is that the predicted
trends of the isochrons are systematically biased
clockwise to those observed, perhaps suggesting
adjustments to the initial ridge geometry. This
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Fig 7 Statistical analysis of the synthetic isochron {it to the {abric trends. (a) Total absolute value of misfit of the synthetic isochrons

1o the fabric. (b) Percent of synthetic isochrons paraltel to within 15° of the [abric elements. {c) Reduced x? values for this fit. The
solid line represents the 99% confidence limit.
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effect, however, does not have serious conse-
guences for propagation rate assessment.

Although the 100 mm/yr model is clearly a
poorer fit, the differences between the 500 and
1000 mm/yr models are more difficult to see
because the predicted fabric changes orientation
by only a few degrees. For example, the predicted
trends ir the Brunhes reoriented by event 5 change
from 217° (100 mm/yr) to 196° (500 mm/yr) and
finally to 191° (1000 mm/yr). The implication of
multiple reorientations of fabric for estimating
propagation rates is discussed in more detail be-
low.

We attempted to quantify the misfits to differ-
ent models using the difference between the 157
observed trends and the nearest predicted trend.
The fit of different models is estimated in three
ways (Fig. 7): (1) the number of fabric elements
well fit (within 15° of observed trends) by the
predicted fabric; (2) the total angular misfit to all
the fabric data; and (3) a reduced x” test. Figure
7a shows the total absolute misfit. Although the
500 mm /yr model fits best, the difference between
this total misfit and the highest value in the 400-
1000 mm/yr models is 171°, a little over 1° per
fabric element. Figure 7b shows the percentage of
fabric elements misfitting the nearest predicted
trend by less than 13°. The 500 mm/yr model
shows the best fit at 83%, but the difference be-
tween this value and the lowest value in the 400-
1000 mm/yr models is only 6%. Figure 7c shows

TABLE 2

T SHOBERG ET AL

the reduced x° values, assuming a standard devia-
tion of 13° for the observed trends. This value was
chosen in order to achieve a minimum reduced x°
value close to one. The standard deviation should
ideally reflect the uncertainties associated both
with interpretation and digitization of the imagery
and measurement of trends. The minimum value
occurs for a propagation rate of 700 mm/yr (Ta-
ble 2), and the 99% confidence limits include
propagation from 500 to 900 mm/yr

It is unclear which test of misfit is the best. The
percentage of elements fit is perhaps the most
subjective; a 15° misfit is “good” whereas 16° is
“had”. The total absolute misfit has the robust-
ness associated with the median (L,) norm,
whereas the traditional x* approach, while weigh-
ing outliers more heavily, allows for discrimina-
tion of the significance of model differences. Given
that all three tests yield essentiafly the same result,
and that this result seems consistent with the
magneltics, any one is probably suitable, given the
limitations of the data and modeling.

As is often the case with real dala, it is difficult
10 assess what the true errors of measurements are
and how well the error distribution approximates
the Gaussian ideal. Systematic errors can also be
present, e.g. fabric elements associated with
seamounts were not digitized. Inclusion of the
trends parallel to the most recent NSR trend does
not seem to present a difficulty; the results are not
significantly changed by deleting these data. Some

Different criteria for the fit of the synthetic isochrons from the various models to the fabric

Model Percent of Total degrees Reduced
{mm/yr) fabric + 13° of misfit x*
100 68 2833 462
200 69 2239 277
300 78 1781 172
400 81 1596 139
500 83 1486 114
660 82 1493 111
700 81 1487 102
800 80 1578 1.21
900 78 1612 123
1000 8 1657 131
Instanianecus 81 1626 146

The 95% reduced —x* confidence limit is 1.19 and that for the 99% confidence limit is 128
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Fig. 8 Histograms of residual errors of the synthetic isochron fit o the fabric trends for the 106 mm/yr r(r:mdcl {a). the 500 mm/yr
model (b) and the 1000 mm/yr model (c). Note the shilt in the asymmetric tails associated with each distribution The synthetic
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insight into the errors can be obtained from histo-
grams of the normalized residuals (Fig. 8), which
appear approximately Gaussian, with systematic
misfits that give the asymmetric tails.

Discussion

These results suggest that, despite the obvious
difficulties and Hmitations, numerical comparison
of predicted and observed tectonic fabric trends
can yield useful information on rift propagation
kinematics. We feel that these results support
Iohnson el al’s interpretation of the data as indi-
cating propagation rates significantly in excess of
spreading rates. This is gratifying given that their
interpretation was based on magnetics alone,
whereas Fig. 7 illustrates the effects of different
propagation rates using only the fabric. We inter-
pret our results as indicating that rates less than
300 mm/yr yield significantly poorer fits to the
data, whereas rates faster than 900 mm/yr yield
somewhat poorer [its.

These propagation raies are fast compared to
many of those reported (Hey and Wiison, 1982,
Hey et al, 1986; Caress et al, 1988; Naar and
Hey, 1986; Macdonald et al,, 1988; Mammerickx
et al, 1988). Figure 9 shows some of the rift
propagation and spreading rates reported at vari-

ous sites along the East Pacific Rise. The squares
represent rates averaged over a period of more
than 2.0 Ma, typically by identifying pseudofaults
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Fig 9. Representative propagation rates versus averaged
spreading rates from several propagating spreading centers
reported along the East Pacific Rise Squares denote rates
determined from features which required 2 my or more to
form. Solid circles denote rates determined from features which
required less than 2 my to form The open circle denotes the

average rate for the Cobb from this study.
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from the offset of seafloor magnetic lineations
(Hey, 1977). The circles represent rates averaged
over a period of less than 2.0 Ma, derived by
identifying pseudofaults in the acoustic imagery
(Macdonald et al, 1988), by offsets in rapid rever-
sals of the mdgnetic isochrons (Caress et al,, 1988)
or by using seafloor fabric data (Macdonald et al,
1988; and this study). It is intriguing to note that
studies using data which can resolve seafloor fea-
tures on short timescales, tend to show episodes of
fast propagation This may result from propa-
gation histories such as those inferred by Johnson
et al. (1983) and Macdonald et al (1988), in which
individual propagation events occur quite rapidly,
whereas the overall offsets evolve at slower rates.

Qur modeling illustrates an interesting possible
complication in estimating propagation rates for
dueling propagator systems. This is due to the
repeated reorientation of isochrons on lithosphere
which has been transferred back and forth be-
tween plates during the propagation sequence. For
a simple propagator geometry, in which the grow-
ing and dying rifts are parallel, the propagation
rate can be found from the tangent of the angle
between the reoriented isochrons and the rift trend,
which equals the ratio of spreading rate to propa-
gation rate {Searle and Hey, 1983; Acton et al,
1988). This is more complicated for dueling prop-
agators, since material can be reoriented more
than once.

Figure 10 shows a two-stage dueling propagator
model, for which the first event is northward

T SHOBERG ET AL

propagation at a rate equal to the spreading rate.
Crust in the region labelled A has been reoriented
such that the fabric trends 45° from its original
position. A southward propagation event then oc-
curs with a propagation rate equal to twice the
spreading rate. This propagation event transfers
crust in the region labelled B to the right-hand
plate and reoriented the isochrons there by ap-
proximately 26.5°. In addition, the original reori-
ented material is split into two sections, A4 and
A’, such that the A" region is transferred back to
the right-hand plate and isochrons there are reori-
ented even further. Propagation rates derived from
the orientation of fabric in the unprimed regions
would be correct, since the fabric has only been
reoriented once. In contrast, the apparent propa-
gation rate inferred from fabric in the primed
region which has been reoriented twice, would
equal 2,/3 of the spreading rate, less than either of
the actual propagation rates. Similarly, because a
portion of a pre-existing pseudofault has been
reoriented, an apparent propagation rate derived
from it would not only be incorrect (equal to 1/2
the spreading rate), but different from the ap-
parent propagation rale inferred from the multiple
reoriented fabric. A slightly more complicated
model is presented in Fig. 11. Here we consider a
model with three events, each of which propagated
at a rate equal to the spreading rate. As before,
crust is transferred back and forth between the
two plates within the overlap zone. Again, crust
which has been transferred twice {regions A" and

FABRIC REORIENTATICN BY DUELING PROPAGATORS
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Fig 10. Predicted fabric from # dueling model with two stages. Each stage propagates at 2 different rate. with the sccond stage

propagating to the south twice as fast as the first stage propagated to the north. Isochrons in region A’ have been transferred twice

between plates. and hence reoriented twice. An apparent propagation rate inferred [rom the orientation of these lineations would be
less than the true propagation rates. Heavy lines denote pseudofaults, and diagonally dashed lines represent active transform faults.



CONSTRAINTS ON RIFT PROPAGATION HISTORY AT THE COBB OFFSET. JUAN DE FUCA RIDGE 367

FABRIC REORIENTATION BY DUELING PROPAGATORS

Initial Ridge Geometry First Northward Propagation
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Fig 11 Predicted labric from a dueling propagator model with
three stages. all of which propagate al the same rate. Isochrons
in regions 4° and B’ have been transferred twice between
plates, and hence reoriented twice An apparent propagation
rate inferred from the orientation of these lineations would be
tess than the true propagation rates Heavy lines denote pseu-
dofaults, and diagonally dashed lines represent active teans-
form faults

B’) underwent two reorientations, so its orienta-
tion would imply spuriously slow propagation
rates. For this example, the fabric reoriented twice
would imply a 1:2 ratio between the apparent
propagation rate and spreading rate. Similarly, a
subsequent propagation event at the same rate
could reorient fabric three times and imply a 1:3
ratio, and so on. Reoriented pseudofault trends
predict propagation rates which are 2/3 of the
spreading rate. Given these complexities, careful
analysis may be required to correctly estimate
propagation rates for dueling propagators.

We believe that the numerical modeling and
compatrison approach used here for the Cobb will
be increasingly useful as additional lineation data
for propagators become available. In the case of
the Cobb Offset, in addition to indicating rapid
propagation rates, the modeling has the interesting
implication that the complex tectonic fabric does
reasonably well fit on this scale {—~1 km) by

stmple rift propagation models which do not in-
voke shear zone behavior and thus deviation from
rigid plate tectonics, These techniques may thus
be useful both in studying rift propagation param-
eters and in testing the level of model complexity
required to fit a given set of data
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