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controlled deposition of Miocene sediments and vol-
canoclastics, and deformed them. The minimum ver-
tical throw associated with the flexure-system is ap-
proximately 1,000 m. A N5!E-trending, subvertical
transcurrent-fault cutting Recent coluvial deposits, is
associated with the shallow earthquake occurred on
July 24, 2001 (Mw=6.3). In the north part of the
study region, several landslides formed at the front
of a W-NW-trending south-vergent thrust-fault. This
structure is a transfer-fault between two of the flex-
ures and it is still active. To the north, we correlate
the described flexure-system, to the Moquella Flexure
(Camiña valley), and at the latitude of Arica, to the
Ausipar Thrust-fault and the Oxaya Anticline. To the
south, it can be correlated to the Altos de Pica west-
vergent thrust-system (latitude of Iquique). The west-
vergent thrust-fault system along the Precordillera is,
at least, 300 km long, is still active, can be followed
in southern Perú, and accommodates the uplift of the
western part of the Altiplano in this region.
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The Western Gneiss region of Norway contains one

of the largest expanses of ultrahigh-pressure (UHP)
rocks in the world. Our new findings of coesite pseu-
domorphs increase the known width of the UHP ter-
rane to 100 km. In this same area, continental and
oceanic allochthons are folded into the Baltica base-
ment in complex patterns. To determine the role that
the allochthons played in the UHP metamorphism, it
is essential to understand the relationship of the al-
lochthons to the Baltica basement. To this purpose,
we have studied the temperature-pressure-time histo-
ries of the rocks along a 160 x 100 km E-W transect
from orogen core to foreland.

Allochthon pelites (garnet + biotite ± kyanite ±
staurolite) and garnet amphibolites record consistent
pressures of "1.1 GPa across the entire transect; this
contends earlier studies that implied a westward in-
creasing P-T gradient. Temperatures are high, ranging
from 650-800 !C. Basement rocks record similar tem-
peratures but lower pressures (0.6-0.7 GPa). In situ
eclogites in both allochthons and basement yield mini-
mum pressures of "1.5 GPa, and a basement orthopy-
roxene eclogite yields about 3 GPa and 825 !C. While
basement garnets are homogeneous, allochthon garnets
display prograde zoning. All garnets show retrograde
resorption, the effects of which were removed by re-
calculation using the Mn peak at garnet rims. The
Gibbs method of Spear was used to model P-T paths
for the rocks. Although the presence of in situ eclog-
ites requires at least 0.4 GPa decompression of the al-
lochthons, modeling of garnets across the area reveals
only uniform heating and mild compression. We tenta-
tively attribute the lack of decompression recorded in
garnet zoning to resorption of garnets during decom-
pression.

In summary, our observations suggest that: i) the
eclogites formed in a relatively warm subduction zone;
ii) the allochthon recrystallized as a subhorizontal sheet
that stalled at lower crustal conditions (1.1 GPa) af-
ter exhumation from the subduction zone, and iii) the
basement recrystallized at mid-crustal conditions (0.6
GPa) following a second stage of exhumation.
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The two paradigms most commonly invoked for the

exhumation of ultrahighpressure (UHP) rocks involve
large-scale extension: either the rocks are exhumed as
a coherent entity in the footwall of a single extensional
structure, or they are extruded as buoyant crustal sliv-
ers bounded by an extensional fault above and a con-
tractional fault below.

UHP rocks in western Norway formed during the
Caledonian collision between the Baltica and Lauren-
tia continental plates in the Late Silurian/Early Devo-
nian (425400 Ma). Previous tectonic models have as-
sumed that the UHP rocks formed the leading edge of

the Baltica margin, were subducted semi-intact to ex-
treme depths of 135 km or more, and exhumed in the
footwall of a large-scale extensional detachment, the
NordfjordSogn Detachment (NSD).

However, our work in the Nordfjord area has re-
vealed that at least the southern part of the UHP
province, on the Stadlandet peninsula, lies above this
detachment. Therefore, the UHP province is al-
lochthonous with respect to the Baltica basement far-
ther east (Western Gneiss Complex). If the late-
orogenic extensional displacement along the NSD is re-
moved, the UHP rocks are restored to a structurally
higher position much farther inland, overlying the
lower-pressure basement. Thus, the NordfjordSogn De-
tachment may have originally operated as a contrac-
tional fault during the collision, emplacing a wedge of
the telescoped Baltica margin, with UHP conditions
preserved at lower levels, back over the Baltica au-
tochthon.

Recent mapping has shown that the NSD contin-
ues northeast from Nordfjord to the Geiranger area,
where it turns south and links with an east-dipping
shear zone. Therefore much of the Western Gneiss
Complex north of Nordfjord, previously interpreted as
autochthonous basement, also lies structurally above
the NSD and may be part of the subducted Baltica
margin thrust over the basement during the Caledonian
orogeny.
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Gravity inversion modeling is a common technique
used in geophysics to determine the physical properties
and geometry of geologic bodies. Such models are of-
ten sensitive to input parameters, but seldom are such
sensitivities quantitatively explored.

A sensitivity analysis is performed for a grav-
ity inversion model of the depth to the pre-Tertiary
basement beneath Frenchman Flat, Nevada test site,
Nevada. The gravity inversion model is a four-layer
model, with each layer representing a laterally continu-
ous slab of uniform density. The representative density
values for each slab were estimated from well log data.
The sensitivity analysis for the model is performed by
slightly perturbing each layer of the model and con-
verting the resulting change in depth to a percentage
scale. The resulting 1% scaled sensitivities indicate ap-
proximately how much the model would change if a 1%
change in an input parameter was made. The sensitiv-
ity analysis is used to identify critical inputs, quanti-
tatively compare the change resulting from changes in
each input, and identify the spatial distribution of the
resulting change. Two factors influence the gravity in-
version model for Frenchman Flat: the variance of the
density of a given layer, based on the well data, and
the sensitivity of the model to a selected change in the
layer density. A high variance coupled with a high sen-
sitivity to change will have the greatest effect on the
model.

The sensitivity analysis in Frenchman Flat identi-
fies the layers where a small change in density will have
the greatest effect on the model, and where the great-
est effects are located. Layer 2, for example, has sen-
sitivity values greater than the other layers for a sig-
nificant area of the basin, and layer 3 has sensitivity
values roughly half that of the other layers.

Spatially, the layers do not influence the model out-
put equally throughout the basin. The model is most
sensitive to changes in density in layers 1 and 2 in the
southwest part of the basin, and to changes in the den-
sity of layer 4 in the central part of the basin. These
relationships occur because the southwest part of the
basin is shallower and therefore dominated by the shal-
low layers of the model, whereas the deeper central
part of the basin allows the dense lower layer to have a
greater effect.

Once it is determined how sensitive the model is to
a change in density in each layer, we can examine the
possibility of a change in density by looking at the vari-
ation of density in the well log. Well log data indicate
layers 1 and 2 have the greatest uncertainty in density,
with an interquartile range roughly twice that of layers
three and four. Layer 2, with its large uncertainty in
density, relatively large spatial influence, and with the
greatest sensitivity values, has the most influence on
the model output.

With information about the influence of each pa-
rameter on the model output from the sensitivity anal-
yses the modeler can focus directly on improving the
data quality of the parameter that has the greatest ef-
fect on the model. In Frenchman Flat an extensive ef-
fort is underway to understand the geology and hydrol-
ogy of the basin. Examples are given that highlight how
this analysis will help focus future modeling efforts.
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An integrated subsurface-outcrop study (Ainsa
Project) shows for the first time the km-scale, less
than 1 Myr, lateral migration of stacked Mid Eocene
sandy basin-floor submarine fans away from the active
South Pyrenean fold-and-thrust belt. Within fans, pre-
viously interpreted as slope channels, on a timescale
of ca. 100,000 yr, individual channels show a higher
resolution incremental lateral migration, ca. 200 m,
away from the deformation front. Both depocenter mi-
grations were driven by the tectonically-controlled in-
ternal deformation and progradation of the confining
basin slope. This mobile slope intermittently collapsed
to generate mass-transport complexes, MTCs, that not
only formed much of the topographic template for each
fan, but also contributed to their confinement. This de-
positional style provides a generic model for fan evolu-
tion within other active foreland basins and submarine
trenches, and demonstrates the magnitude of tectonic
control on basin-floor depositional processes.
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Project INDEPTH results indicate a partially
molten middle crust beneath southern Tibet. Recently,
this has been suggested to be associated with ductile
extrusion via channel flow bounded by coeval normal-
and thrust-sense shear zones (the STDS & MCT respec-
tively). Any orogenic thermal-mechanical channel flow
model is highly sensitive to boundary conditions (i.e.,
to the ”real” nature of the STDS and MCT). Charac-
terising the geology of these boundaries is crucial to
test whether channel flow may have operated and for
how long. We present 3D data for the STDS.

The Southern Tibet Detachment System (STDS)
is a series of normal sense shear zones in the struc-
turally higher regions of the Himalayan orogenic wedge
that have operated at a range of deformation con-
ditions. Little- to un-metamorphosed Tethyan sedi-
mentary rocks are juxtaposed upon sillimanite grade
gneisses or mid-crustal leucogranites. In the area be-
tween Everest and eastern Bhutan, the predominant
Tethyan rocktype juxtaposed by the STDS upon the
crystallines is phyllite. This juxtaposition is also ex-
posed 75-125 km to the north in the form of a series
granitoid domes. The phyllites dome up where granite
bodies approach or intersect the surface, yet the phyl-
lites are intrusively cross-cut by the granites only infre-
quently and in very small volumes; the phyllites form
an apparant barrier to granite ascent! INDEPTH data
indicate that the phyllite-granitoid boundary is present
throughout the southern Tibet plateau at depths of
<15 km. The phyllites have a polyphase deformation
history; they acted as the primary thrust detachment
during the thin-skinned fold & thrust contraction dur-
ing early collision before being reactivated as the nor-
mal sense shear zone (the STDS) - both senses of shear
are preserved. We speculate that during normal sense
displacement, the phyllite-bearing shear zone acted as
a heat sink to temper upward displacement of granitic
material thereby maintaining the upper boundary for
effective channel flow. Later on, the loci of material
displacement migrated downwards into the solidified
granite thereby fatally altering the boundary condi-
tions and stopping channel flow.






