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Jung and Bowles Microbialite Paleomagnetism

FIGURE 2 | NRM intensity and magnetic susceptibility maps of microbialites with cubic interpolation to produce contours. (A) NRM intensity map and (B) magnetic
susceptibility map of GSL19_0201A with approximate 1.5 cm spatial resolution. (C) Photo of split large push core (LB19_0104) from unlithi ed living microbialite with
stromatolitic structures laminations up to 18 cm and thrombolitic structures from 18 cm to the top. (D) NRM intensity map and (E) magnetic susceptibility map of
LB19_0104 with approximate 3.5 cm spatial resolution. (F) Photograph of BG14_0101 sample slice prior to sub-sampling, and (G) its NRM intensity map and (H)
magnetic susceptibility map with approximate 1 cm spatial resolution. Color contours are on a linear scale but labeled gray contour lines show order of magnitude
variations. Black or white dots are sample positions and the color bars represent NRM intensity (Am?/kg) and magnetic susceptibility (m*/kg) values in the color range.
Gray squares illustrate approximate specimen sizes on sample maps. Solid (up) red arrow indicates up in the eld and is similar to the sample growth direction. White
dashed lines roughly represent locations of distinct laminations. The red arrow represents the up direction in the eld, which is close to the growth direction.

Remanence measurements were made using a 2G Enterprises acquired using an AGICO MFKI1-FA Multifunction
755SRMS  Superconducting Rock Magnetometer inside a  Kappabridge susceptibility bridge. AF demagnetization and
magnetically shielded room. Magnetic susceptibilities were =~ ARM acquisition were undertaken with an ASC D-2000 AF
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TABLE 2 | Sample types and magnetic properties.

Sample Id Type O X (n) X. o NRM (n) NRM. ¢ ARM (n) ARM. ¢ IRM (n) IRM.s  S-ratioc S.o
(n)

GSL18 0101 HS U  205E-07 (2) 3.86E-07 4.79E-07 (2) 3.36E-07 9.42E-07 (2) 6.57E-07 6.01E-05(2) 3.63E-06

GSL18.0102 HS U  1.67E-07 (1) 2.52E-07 (1) 4.38E-07 (1)

GSL18.0104 HS U -7.63E-08 (1) 2.50E-07 (1) 2.42E-07 (1)

GSL18.0201 HS U  5.97E-07 (1) 4.84E-07 (1) 7.42E-07 (1)

GSL18.0202 HS U  9.63E-07 (4) 6.66E-07 3.34E-06 (4) 4.60E-06 8.15E-07 (4)  1.93E-07

GSL18.0301 HS F  QO0E-07 (55) 5.07E-07 4.42E-07 (55) 4.42E-07 6.58E-07 (55) 2.92E-07 9.05E-05(19) 5.87E-05 0.96(19) 0.03

GSL18.0401 HS U  9.80E-08(2)  1.34E-07 1.47E-06(2) 7.10E-07 7.94E-07 (2) 8.35E-08

GSL18.0402 HS U  9.91E-07 (4) 3.81E-07 7.07E-07 (4) 5.98E-07 9.88E-07 (4) 3.72E-07

GSL19.0103 HS F  3.12E-07 45) 1.03E-06 9.76E-07 (45) 8.96E-07 0.92 (35) 0.01

GSL19.0201 HS F 826E-07 (42) 6.16E-07 5.08E-07 (42) 4.64E-07 092 (42) 0.02

GSL19.0202 HS F 905E-07 (22) 4.57E-07 4.69E-07 (22) 3.41E-07 1.01E-06 (22) 3.46E-07 7.65E-05(6) 2.72E-05 0.92 (16) 0.02

LB19_0101 BS F -599E-07(8) 2.56E-08 2.08E-08(8) 9.14E-09 8.92E-08 (8) 8.58E-09

LB19_0102 BS F -566E-07(9) 2.09E-08 4.49E-08(9) 3.68E-08 1.02E-07 (2) 2.18E-08 5.17E-06 (1)

LB19_0103 PS P -471E-09(8) 4.76E-10 3.84E-08 (8) 2.61E-08

LB19_0104 PS P -5.47E-09(36) 7.53E-09 2.17E-08(36) 2.69E-08

LB19_0201 DC P 4.87E-08 (3)  1.62E-08

LB19_0301 DC P 512E-08 (5) 7.24E-09  1.03E-07 (5) 3.80E-08 3.46E-06 (5) 3.01E-06 1.02(5) 0.02

LB19_0302 DC P 1.34E-07 (6)  1.16E-07

LB19_0304 BS F -590E-07 (6) 6.48E-08 1.87E-07 (6) 4.13E-07 1.08E-07 (2) 8.07E-09 7.14E-06 (2) 3.34E-06

BG14_0101 HS P 349E-09 (71) 1.98E-09 3.33E-07 (71) 5.54E-07 9.53E-07 (28) 4.73E-07 2.79E-05(35) 1.55E-05 0.76(35) 0.14

O, orientation, n, number of measured specimens, x, mean magnetic susceptibility (m®/kg), X- 0, Standard deviation of magnetic susceptibility (m®/kg), NRM, mean natural remanent
magnetization intensity (Am?/kg), NRM. o, standard deviation of NRM (Am?/kg), ARM, mean anhysteretic remanent magnetization (Am?/kg), ARM. o, standard deviation of ARM (Am?/kg),
IRM, mean 1000 mT isothermal remanent magnetization (Am?/kg), IRM. o, standard deviation of IRM (Am?/kg), S-ratio, mean value of -IRMzoom/IRM1000mm S. o, Standard deviation of
S-ratio. HS, hand sample, BS, block sample directly collected from surface, PC, push piston core samples, DC, drilled core samples by portable electric drill, U, unoriented, F, fully oriented,

P, partially oriented.

demagnetizer. Stepwise thermal demagnetization was undertaken
by an ASC Thermal Demagnetizer, and IRM was imparted with
an ASC Impulse Magnetizer. These measurements were all
conducted at the Paleomagnetism Laboratory at the University
of Wisconsin- Milwaukee. Additionally, magnetization vs.
applied field (up to 1T) measurements were conducted on a
Princeton Measurements vibrating sample magnetometer at the
Institute for Rock Magnetism, University of Minnesota. The
samples were all weakly magnetic and had a high diamagnetic:
ferrimagnetic or paramagnetic:ferrimagnetic ratio, and hysteresis
parameters could not be accurately calculated. We instead report
the high-field behavior of the samples.

RESULTS

Magnetization Intensity and Susceptibility

Variations

With the exception of LB samples, all samples possess an average
NRM intensity 1.00E-07 Am’/kg. Table 2 displays average
magnetic susceptibility, NRM, ARM and IRMgoomr With
standard deviations of each sample. The NRM intensity
measurements for all samples (>1.00E-11 Am?) were not
limited by the sensitivity of the cryogenic SQUID
magnetometer (~1.00E-12 Am”® moment sensitivity limit).
However, specimens with NRM intensity less than 1.00E-10
Am” approach the magnetization of sample container (1.00E-
13 to 1.00E-11 Am®). y measurements are limited by the
sensitivity of the MFK1 Kappabridge susceptibility bridge
(~2.00E-08 SI or ~2.00E-13 m®).

To assess internal spatial variations in magnetization and
distribution of magnetic minerals, mass-normalized magnetic
susceptibility and NRM intensity of four GSL hand samples, two
LB push core samples, and one BG hand sample were contoured by
cubic interpolation (Figure 2). Spatial variations in magnetization
within these microbialite structures were compared to their internal
laminations with the aim of understanding magnetization processes
and assessing NRM reliability.

Samples GSL19_0103, GSL19_0201, and GSL19_0202 have a
spatial correlation between NRM intensity and magnetic
susceptibility. GSL19 microbialite NRM and susceptibility vary
along the growth directions and are consistent along internal
laminations (Figures 2A,B, Supplementary Figure S1). With the
exception of a high NRM intensity spot at the bottom right,
LB19_0104 has roughly consistent NRM intensity distribution
along internal structures (Figure 2D). The magnetic susceptibility
mapping shows high values around 18 cm depth, the transition level
where stromatolitic laminations changed to a thrombolytic structure
(Figure 2E). BG14_0101 has roughly constant NRM intensity
(Figure 2G) and magnetic susceptibilities (Figure 2H) along
laminations, with a low value in middle layers compared to outer
and bottom layers. Magnetic susceptibility and NRM of GSL18_0301
and LB19_0103 (not shown), which have a width less than 10 cm,
have similar magnetic susceptibility and NRM intensity trends.
However, no obvious correlations with laminations are observed
within these small samples.

Magnetic Mineralogy
Results from all samples are consistent with magnetite as a
dominant magnetic carrier. This component has a mean
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