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Pal eomagneti c and Rock magnetic Met hods

Most of the cores were oriented with an inclinonmeter and Brunton
conpass. All cores (715) were cut to standard | ength, and wei ght-
normal i zed bul k magnetic susceptibility (x,) was neasured on a Sapphire
SI-2 Instrunent. The natural remanent nagnetizations (NRMS) were
measured on a 2G three-axes cryogeni c magnetoneter |ocated in a
magnetically shiel ded room A representative set of speci nens was
sel ected for stepw se denagnetization by alternating field (AF)
demagneti zation (n = 33) up to 100 nT in a 2G Aut onat ed Degaussi ng
System and by thernmal demagnetization (n = 49) up to 700°C in an
Schonstedt TSD-1 oven. The decay patterns were displayed in orthogona
projections (Zijderveld, 1967) and line segnments were identified.
Princi pal conponent analysis (Kirschvink, 1980) was perforned to
identify the conmponents. The nean angul ar devi ation (MAD) angles were
| ess than 15°.

An i nmpul se nagnetizer was used to obtain the acquisition pattern

of an isothermal renanent nagnetization (IRM. This was followed by



thermal decay of three perpendicular IRVMs (Lowie, 1990) with fields
of 120 mT, 500 ml and 2500 ndl.

The thermal decay patterns of lowtenperature SIRMs were recorded
on a Magnetic Property Measurenment System (MPMS) at the Institute for
Rock Magnetism University of Mnnesota, for sanples from several
representative |oessite/paleosol couplets. These data were used to
estimate the anount of SP grains, which is the difference in renmanence
bet ween 50K and 300K, after subtracting the drop in renmanence at the
Verwey transition. The decrease between 50-300 K should be used to
infer a SP contribution because |owtenperature ordering in clays and
ot her m neral s, and t enper at ur e- dependent magnet ocrystal l i ne
ani sotropy and/or magnetostriction can conribute to the decrease bel ow

50K (M Jackson, personal comunication).

Pal eomagneti sm and Rock Magnetism of the Lower Cutler Beds
Alternating field demagnetization from 30 to 100 nil renoved a

i near conmponent of magnetization in about half of the specinmens

anal yzed (Figs. la, 2). The nmean direction for this conponent is

declination 10.5° inclination 57.9° (n/n, = 16/33, a g5 = 10.2° k =

14.0) and the pole position is 81.6°N, and 33. 3°W The cone of

confi dence includes both the Present Earth's Field, the nodern dipole
field, as well as part of the Tertiary apparent polar wander path
(APWP). The AF treatnent renpoves a significant fraction of the
magneti zation (nmean = 34.5% standard deviation = 22.0% n=31) with a

range frome6%to 98% The anount of AF decay in pal eosols (36%



standard devi ation 119%9 was higher than that in |oessite (29%

14% al t hough the standard devi ati ons overl ap.

standard devi ation

Thermal demagneti zation at | ow tenperatures (NRMto 300°C) of
nost speci nens renoves a northerly and steeply down magnetization that
is interpreted to be a Cenozoic viscous renanent magnetization (VRM.
At higher tenperatures a characteristic remanent magnetization (ChRV
with southeasterly declinations and shallow inclinations is renoved in
about half (26/60) of the specinens (Fig. 1b, Fig. 2). The decay in
t hese speci nens ranges froma gradual, thermally-distributed
unbl ocki ng tenperature pattern (Fig. 1b) to a nore thernally discrete
pattern with nost of the decay at tenperatures above 640°C. The mnean
direction for the ChRMis D=150.7°, 1=-4.3° (N N,=26/60, k=21,

Ogs=6. 0°) in geographic coordi nates noves slightly to D=152.4°, 1=-7.8
in stratigraphic coordinates (k=18, ag=6.5°) with a negligi ble change
in the statistical paraneters.

The magnetization in nost of the other specinens exhibits
erratic decay and |inear conponents could not be isolated. In a few
speci nens fromone interval a magnetization with northwesterly
declinations and shallow inclinations was renoved. The NRMintensities
are up to 100 tines as strong as the other sanples, the decay is
linear without a VRM and the magneti zation is renoved by AF
treat ment.

The sanples are fromone linb of an anticline with a slight
variation in dip so the fold test was not applicable. However, both
t he geographic and stratigraphic directions yield Pal eozoic directions

and the deformation is Laranide (Krantz, 1989) so the nagnetization



nmust have been acquired prior to tilting. The stratigraphic direction
yields a pole at 114.6° E, 48.4° N (Ags=4.6°, Khranov, 1987) which
falls near the mddle to late Pernian part of the apparent pol ar
wander path (Fig. 3), significantly younger than the age of the
strata. However, given a 7.3° clockw se rotation of the Col orado
Plateau (Molina Garza et al., 1998), and a vertical axis rotation
about the site location, the nean direction noves to D=145.1°, |=-
7.8°, shifting the pole to a position (123.0° E, 44.0° N) coinci dent
with the early Permian reference pole of 123° E, 45° N (267-281 M;
Van der Voo, 1993).

Acqui sition curves of IRVs for sanples fromthe Cutler Fornation
show a rapid rise by 100 nil and then a nore gradual rise up to 2500 nir
(Fig. 4a). This suggests that a | ow coercivity phase is present but
that the remanence is dom nated by a high coercivity phase. Subsequent
st epwi se thermal demagnetization of a tri-axial IRM (Lowie, 1990)
reveal s that the | ow coercivity conponent decays by 580°C which
i ndi cates the presence of magnetite (Fig. 4b). The internediate and
hi gh coercivity conponents decay gradually up to about 640-660°C where
the remaining IRM (~ 15 % generally decays abruptly (Figure 4b). This
confirms the presence of hematite. Curie bal ance anal yses of several
sanpl es did not reveal any magnetic minerals other than hematite
(Cogoini et al., 2001). These results indicate the renmanence is
domi nated by hematite, although sonme nagnetite is present.

Patterns of thermal denagnetization of |owtenperature SIRVMs were

recorded for the profiles to investigate the contribution of

super nmpar amagnetic (SP) magnetite to the ¥, signal (Figs. 5-7). The



results of these analyses for sanples from three of the profiles show
a steeper initial drop in remanence for the paleosols relative to the
nore |oessitic sanples (Figs. 5 and 6; Fig. 7 in nmanuscript) wth
hi gher amounts of SP material in the paleosol conpared to the
| oessite. In one paleosol (Fig. 7), a protosol, there are no vertica
trends in the anmount of SP material. The remanence at room
ternperature, however, also increases up-profile in all paleosols
(Figs. 5-7; Fig. 7 in manuscript).

Sonme of the |owtenperature curves al so show an attenuated Verwey
transition at around 110°K which is indicative of nostly multidonmain
(md) nagnetite (Cogoini et al., 2001). The Verwey, however, is poorly
devl oped which could be indicative of oxidation and nmaghem ti zation of

magnetite (Ozdenmir et al., 1993).
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FI GURE CAPTI ONS

Figure 1.

O thogonal projections of the typical thernmal denagnetization behavi or
(temperature steps in °C). a) Alternating field demagnetization renopves
a northerly and down conponent in sonme specinmens at coercivities

bet ween 20 and 70 nt. b) Speci nren show ng renoval of a northerly and
down conponent at |ow tenperatures, interpreted as a nodern VRM and
gradual renoval of a conmponent with southeasterly declinations and
equatorial inclinations at higher tenperatures. Squares represent the

vertical conponent, circles represent the horizontal conponent.

Fi gure 2.

Equal area stereonet plot show ng specinmen directions fromthe | ower
Cutler beds in stratigraphic coordinates. Solid synbols are | ower

hen sphere projections, open synbols are upper heni sphere projections.
Squar es are conponent renoved by AF demmgneti zati on whereas circles

are conponents renoved by thermal treatnent.

Fi gure 3.

Apparent Pol ar Wander Path with reference poles and the 95% confi dence
wi dth (Van der Voo, 1993) showi ng the overall mnmean direction in
stratigraphi c coordi nates, circunmscribed by the cone of 95%

confi dence. The arrow i ndi cates the sense of change in the pole

position given a 7.3° clockw se rotation of the Col orado Pl at eau.



Fi gure 4.

Representative |RMacquisition (a) and thermal triaxial decay (b)
curves for a lower Cutler bed sanple. The steep sl ope below 100 nil in
the acquisition curve suggests a | ow coercivity phase is present and
the rise above 200 ni indicates the presence of a high coercivity
phase. The decay of the | ow coercivity conponent by 580°C i ndi cates
that the |l ow coercivity phase is magnetite. Decay of the high

coercivity conponent to 680°C indicates that hematite is present.

Fi gure 5.
Thermal denagnetization of |owtenperature SIRVMs and cooling curves
from an Argillisol at 118.2-119.4 (see Fig. 6c in manuscript). 5a)

118.75, b) 119.1, c) 119.3, d) 119.4.

Fi gure 6.
Thermal denagnetization of |owtenperature SIRMs and cooling curves
froman Argillisol 137.8-138.7 (see Fig. 6d in manuscript). 6a) 137.8,

b) 138.35, c) 138.6.

Figure 7.
Thermal denagnetization of |owtenperature SIRMs and cooling curves
from a Protosol 119-120 (see Fig. 6b in manuscript). 7a) 120.0, 7b)

120.3, c) 120. 35.
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Figure 5b-mhel19.1
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J Am~2/kg

Figure 5c-mhel19.3
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J Am~2/kg

Figure 5d-mhel19.4
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J Am~2/kg

Figure 6a-mhel37.8
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Figure 6b-mhel138.35
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J Am~2/kg

Figure 6c-mhel38.6
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Figure 7a-mhe120.0
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J Am~2/kg

Figure 7b-mhel20.3
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J Am~2/kg

Figure 7c-mhel120.35
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