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2) ample time for lots of complications

Pittsburg Landing (PL) sites 
were nearly exposed

Hammer Creek (HC)
sites were nearly 
exposed before being
covered by basalt.

Pittsburg Landing sites

Hammer
Creek
sites

8rb004-5

8rb001-3

7ks018

8rl611

MAP SCALE
KILOMETERS

MILES

11 2 3 4 50

11 2 30

These equal area plots of parametric bootstrap mean directions for maximum (squares) and 
minimum (circles) susceptibility reveal a difference between Pittsburg Landing (PL left) 
and Hammer Creek (HC right) sites. The inner or only oval is 95% confidence region from a 
simple bootstrap, the outer is from the parametric bootstrap. 
The red dot is the pole to bedding or a measurable planar fabric, with 5 degree confidence 
circle representing probable error in measuring the attitude. 
Note that for most PL sites, minimum direction and pole to bedding coincide, but why should 
that be for clasts?  Similarity of maximum susceptibility directions is attributable to intersection
of a NE incipient cleavage with the planar fabric for PL sites. There is no such consistency for 
the HC sites. This raises a concern that deformation affected the two localities differently, or 
was at different times (2) which might cause a difference in their paleomagnetic results.
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3) anisotropy of magnetic suseptibility (AMS)
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Pittsburg Landing locality -- 12 is about 50 m above 14 4) vector demagnetization diagrams and magnetic components
 from thermal demagnetization.
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Hammer Creek locality -- 04 is immediately above 05

Magnetic components are defined by straight line segments on these orthogonal projections. The blue and red numbers for temperatures are along projections onto horzontal (map 
view) and vertical (section view) planes, respectively.  Actual temperatures are uncertain by 10°C due to gradient in the oven. Low, intermediate and high temperature components are 
highlighted in green, blue and red, respectively.  Least-squares-fit directions are near each. The lower diagrams show the simplest behaviors and isolation of two north and down 
components, with the shallower component carried by only magnetite on the left, magnetite and hematite on the right. The upper diagrams show isolation of three components, 
reflecting a more complicated remagnetization history.  The shallower, up to the south component is carried by magnetite on the left but both magnetite and hematite on the right.  
The high inclination of the highest temperature component on the left suggests that the hematite that carries it might be from late oxidation. For interpretation of the components, 
see (5) for low, and (6) for shallow. Retention of original magnetization is suggested by preservation of oppoiste directions of shallow components in nearby (PL) and adjacent (HC) sites,.

125-88 Ma
 stillstand

80-26 Ma
stillstand

08rb005

08rl614

08rl611

07ks018

08rl612

08rb002

08rb004

PF

PADF

Equal area projection of site-mean directions and 
95 percent confidence regions for low temperature 
components (excluding sites with obvious lightning 
strike overprints). Reference magnetic field directions 
for 2008 (PF) and the axial dipole field (PADF) are 
shown with green dots, for Late Cretaceous and early 
Cenozoic and most of the Cretaceous. with blue dots.
Most low temperature components are likely
viscous magnetiations acqured recently; it is curious
that a site from each locality is clockwise of others.

5) most magnetizations removed 
    at low temperature are young

Curves show variation relative to untilting of maximum eigenvalue for representative paradatasets 
(dashed) and average of all (solid). Histogram reflects the frequency that the maximum eigenvalue 
occurred in each ~ 10 percent untilting bin, with 95% of the trials resulting in highest eigenvalue
between 22% and 89% untilting. Therefore the hypothesis that the magnetizations were acquired 
with the rocks in their present attitudes (0% untiliting) can be dismissed with 95 percent confidence, 
but so too can the hypothesis that the attitudes used for tilt correction accurately reflect the 
paleohorizontal at the time the rocks were magnetized. This could result from over correction for 
original dip or inclusion of  one or more sites that were remagnetized after (some) tilting.
Interpretation in (8) incorporates both full and half untilting.

7) parametric foldtest
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Equal area projection of site-mean directions and their 95 percent confidence 
regions for shallow magnetizations interpreted to date from cooling of the 
volcanic rocks. Open symbols are upper hemisphere. Also shown are directions 
expected for select Jurassic, Cretaceous and Cenozoic times and for a 201 Ma 
pole from eastern North America. The faint unlabeled points in the lower part of 
the diagram mark where reverse polarity magnetizations for those times would 
plot. Confidence regions about the reference directions are approximations of 95% 
confidence cones. With the exception of 8rl611, all tilt-corrected site means are 
clockwise of Jurassic reference directions. Which frame of reference should be 
used is evaluated by the foldtest in (7). Overall means plotted as virtual 
magnetic poles (VGPs) are shown in (8).

not corrected for tilt fully corrected for tilt

6) site mean directions from shallow components

TorontoSS
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Equal area projection of Jurassic cusps and 
approximations of the Jurassic Euler polar 
wander paths to the Cretacwous still-stand 
pole, the 201 Ma pole from eastern NA,
and mean VGPs for this study calculated 
from VGPs of site-mean directions corrected 
for all and half of tilt. 
Outline of North America, some cities, 
and the location of the rocks studied (SS) 
also are shown, all in present day coordinates.
Both VGPs are significantly clockwise of all 
Jurassic poles but are far-sided (implying 
northward translation) only relative to the 
201 Ma pole or late Jurassic ones. 

8) view from the top of the world

VGPs
this study

9) and end of the line: What does it all mean?
Both the fold test (7) and intercalation of strata with opposite directions of magnetization 
(4), are incompatible with wholesale remagnetization with the rocks in their present attitudes. 
Therefore, the overall mean direction without tilt correction, can be ignored. 
Best agreement of directions after half tilt correction could be the result of over correction 
to horizontal of original dip in some sites. 
Also possible is that some sites (e.g., 8rl611) were remagnetized after some or all tilt. 
The long history of the area (2), especially multiple deformations, igneous events and near 
surface exposures, provides ample opportunity for that. 
The study mean VGPs for both full and half tilt correction (8) are significantly different from 
both the 200 Ma J1 cusp and 201 Ma pole, documenting net clockwise rotation of the rocks 
sampled. If the magnetizations are substantially younger than 200 Ma, or the paleomagnetic 
pole for that time is the 201 Ma pole, the clockwise anomaly would be greater, with net 
northward translation also implied.
Net clockwise rotation, from any reference direction, and poleward transport using the 
201 Ma pole or a Late Jurassic one, could be the sum of multiple similar or even opposite 
motions before, during or even after amalgamation of these arc rocks with North America.
This study demonstrates the promise of rocks in this region to yield useful paleomagnetic
results. How useful they could be depends on how well the area’s subsequent history’s 
affect on the rocks is understood, and on the accuracy of reference poles of suitable age .

Abstract No: 238435
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1) some background
The intent of this project was to test whether paleomagnetism of young rocks of the Wallowa terrane 
(see inset regional cartoon) could document Jurassic and younger tranlation and rotation of the terrane 
relative to North America.
We report here results from 11 sites in two localities 18 km apart between the Snake and the lower 
Salmon rivers, Both the Pittsburg Landing (PL) and Hammer Creek (HC) localities, shown on the 
geologic map wallpaper to the right, have quartz-phyric tuffs and andesite flows. 
The U-Pb zircon age of 197 Ma (Tumpane, 2010; Northrup et al., 2011), from the Pittsburg Landing
locality, provides the best estimate of an original age of magnetization. Scattered directions from an 
underlying conglomerate suggest magnetization before deposition, supporting retention of original 
magnetization by the flows sampled. A reversal test using all 8 acceptable sites from both localities is 
consistent with the shallowest magnetic components being primary. However, a fold test is equivocal 
in that it rules out remagnetization in both the rocks' present attitudes and when corrected to assumed 
paleohorizontal. Several events during the rocks’ histories (2) could account for this, and non-uniform 
deformations could explain differences between visual and magnetic fabrics (3).
Follow the number trail (4) through (9) for explanation of how the directions were obtained and used.


