


Depth to the Moho

Figure 3.6 Crustal depth to the Moho (km).
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Figure 3.7 Spectrally-derived base of magnetization from the
defractal method.

39



60°

50°

40°

30°

20°

-70° -60°

o
Qﬁ

-140° -130° -120° -110° —° -90°  -80

=

L

140° -130° -120° -110° -100° -90°

-204 128 -97 -73 -53 -34 -17 -1

80° -70° -60°

10 22 36 52 75 108 198

.06

009

o0€ N4

N4

1000000 0

nT

1000000

2000000

(meters)

WGS 84/ *Mercator (15P)

Figure 3.8 Low-pass filtered (100 km) NURE_NAMAM2008
magnetic anomaly map.

40



SE

=0Observed
=Calculated

(1u) s>naubepy

=Calculated

=0Observed

(leow) Aynein

41

(wy) yadag

&00

300

Distance (km)

VE =5.06

Scale

3964396



Faleoproterozoic Mazatzal 1.7Ga>TDM=1.6Ga (0.001 51 - 0.09 51)

Mesoproterozoic Terranes TDM<1.6Ga (0.001 51 - 0.05 5I)
- Mon-magnetized Lower Crust

Mesoproterozoic Granite-Rhyolite

Sedimentary Layer

Grenville Terranes (0.001 Sl - 0.07 51)
- Archean/Paleoproterozoic Terrane (0.02 51-0.09 5I)

Surface Material

Wolf River Batholith/Superior Craton (0.01 51}

Figure 3.9 Magnetic and gravity model demonstrating the fit of the large-scale crustal
property variation to the 100 km low-pass filtered magnetic anomaly. Observed total
intensity magnetic anomaly - filled black circles; 100 km low-pass filtered anomaly —

thick green line; and 100 km filtered modeled anomaly (continuous black line). Gravity

model and densities of different geologic units in all of the profiles are discussed in the
text.
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Figure 3.10. Geotherm and heat flow (Ravat, 2017, pers. comm.) used for constraining
the depth extent of magnetized crust in the models with magnetized mantle.
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Paleoproterozoic Mazatzal 1.7Ga=>TDM:>1.6Ga (0.001 51 -0.09 5l)

Mesoproterozoic Terranes TDM<1.6Ga (0.001 51 - 0.05 SI)
- MNon-magnetized Lower Crust

Mesoproterozoic Granite-Rhyolite

Sedimentary Layer

Grenville Terranes (0.0017 Sl - Q.07 SI)
B Paleoproterozoic TDM>1.7Ga Crust (0.02 51-0.09 SI)

Surface Material

Wolf River Batholith/Superior Craton (0.01 5I)

Figure 3.11 Crustal magnetization model of ND_REFERENCE profile line.
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Falecproterozoic Mazatzal 1.7Ga>TDM=>1.6Ga (0.01 51- 0.1 51)
Mesoproterozoic Terranes TDM<1.6Ga (0.001 51 - 0.04 SI)
- Mon-magnetized Lower Crust
Mesoproterozoic Granite Rhyolite
Sedimentary Layer
Grenville Terranes
B Archean/Paleoproterozoic Terrane (0.001 SI - 0.07 SI)
Surface Material
Il c:bbroic Intrusions (0.05 S1)
Remanent Upper Crustal Intrusion
Magnetization 1,2.7,3 A/m
Inclination -70°

Dedination 200°

Upper Crustal Intrusions (0.02 51 - 0.07 5l

Figure 3.12 Crust-only magnetization of the ND_SW profile.
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Paleoproterozoic Mazatzal 1.7Ga>TDM=>1.6Ga (0.01 51 - 0.1 51)

Mesoproterozoic Terranes TDM<1.6Ga (0.001 51 - 0.04 Sl)
- Non-magnetized Lower Crust

Mesoproterozoic Granite Rhyolite

Sedimentary Layer

Grenville Terranes
- Archean/Paleoproterozoic Terrane (0,007 51 - 0.07 Sl)

Surface Material

Gabbroic Intrusions and Underplated Mantle Material
(0.03 51)

Remanent Upper Crustal Intrusion
Magnetization 1,2.7,3 A/m
Inclination -70°
Declination 200°

Upper Crustal Intrusions (0.02 51 - 0.07 5l)

Figure 3.13 The model with underplated mafic mantle magnetization for the ND_SW
profile. The gravity anomaly cannot be fit because of the addition of low density
underplated material. Complex magnetic, non-magnetic magnetization-depth structure is
required. This model is not considered plausible.
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Paleoproterozoic Mazatzal (0.01 51 - 0.1 5l)
Mesoproterozoic Terranes (0.001 5l - 0.04 5I)
- Mon-magnetized Lower Crust
Mesoproterozoic Granite Rhyolite
Sedimentary Layer
Grenville Terranes
- Archean/Paleoproterozoic Terrame (0.007 51 - 0.07 Sl)
Surface Material
I G:bbroic Intrusions (0.05 SI, 3000 kg/m?)
Remnant Upper Crustal Intrusion
Magnetization 1,2.7, 3 A/m
Inclination -70°
Declination 200°

Upper Crustal Intrusions (0.02 51 - 0.07 5l)

B serpentinized Mantle Wedge (0.03 S1)

Figure 3.14 Once-serpentinized mantle source magnetization model for the ND_SW
profile. Conceptual model involves a dispersed zone with magnetite within a polygonal
region.
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Susceptibility values for the middle crust for the unfiltered total intensity profile remain
the same, ranging from 0.001 SI to 0.09 SI. These values all fall within the observed
range of susceptibility for diorite (Clark and Emerson, 1991; Clark, 1997; Clark, 1999;
Hunt et al., 1995) and are the lowest of all three profiles. The upper crustal intrusions
were brought to the top of crystalline basement, not into the sedimentary layer above, for
simplicity. Upper crustal intrusions on the ND_REFERENCE profile possess
susceptibility values ranging from 0.01 Sl to 0.07 Sl and are consistent with
susceptibilities of tonalities and diorites (Clark and Emerson, 1991; Clark, 1997; Clark,
1999; Hunt et al., 1995).

Superior/Yavapai (Tpm>1.7Ga) and Mazatzal (1.7Ga>Tpw>1.6Ga)
Paleoproterozoic provinces (Figure 3.11, from 0 km to 500 km on the profile) have
susceptibility values from 0.001 Sl to 0.09 SI. The Mesoproterozoic (Tpm) and
Neoproterozoic provinces extend from 500 km to the end of profile. Values are generally
low, from 0.001 SI to 0.05 Sl for the middle crust and 0.001 Sl to 0.06 Sl until the
Grenville front at 860 km. The boundary was determined from geochemically-defined
province maps (Whitmeyer and Karlstrom, 2007; Bickford et al., 2015). In the Grenville
terranes, however, susceptibilities increase ranging from 0.001 SlI to 0.07 Sl in the middle
crust with upper crustal intrusions from 0.03 SI to 0.07 SI. Certain middle crustal blocks
have very low susceptibilities (0.001 Sl to 0.01 SlI). They occur at 500 km and 860 km
and separate the Paleoproterozoic (Tpy) Mazatzal from Mesoproterozoic (Tpy) within
the Granite-Rhyolite province and the Mesoproterozoic (Tpm) from younger Grenville,
respectively. These blocks of low susceptibility could possibly be related to high
pressure deformation at the suture zones between the Paleoproterozoic (Tpwm) and
Mesoproterozoic (Tpwm) age terranes. Modeled susceptibility averages of middle crustal
units were calculated for the Paleoproterozoic Yavapai (Tpwm), Paleoproterozoic Mazatzal
(Towm), Mesoproterozoic (Tpwm), and Grenville regions. Interestingly, the Yavapai had the
highest average susceptibility with 0.07 SI despite its low-pass filtered low anomaly
region (Figure 3.2) and high amplitude high variability unfiltered anomalies (Figure
3.11); the reason for these high middle crustal susceptibilities is the low upper crustal
susceptibilities of the large Wolf River Batholith which has significant volume. The

middle crustal susceptibility averages are 0.04 Sl for Paleoproterozoic Mazatzal, 0.01 SI

56



for the Mesoproterozoic terranes, and 0.02 Sl for the Grenville (Table 4.1). As this
profile lies in the quietest region sampled along the Nd line, it establishes the minimum
average susceptibility for the Paleoproterozoic Mazatzal province in this region. Because
the other two profiles have higher average susceptibility values in the middle crust within
their Paleoproterozoic (Tpm) Mazatzal domain, they could represent greater magmatic
activity or intervening high susceptibility terranes during the accretion of a series of

island arcs onto the southeastern margin of Laurentia (Whitmeyer and Karlstrom, 2007).

B. Model ND_SW

ND_SW is the original profile modeled and different high magnetization
scenarios were tested on it. The crust-only magnetization model (Figure 3.12) illustrates
characteristics similar to those seen in ND_REFERENCE. It crosses different geologic
regions over its 1200 km length, one of these being the Illinois Basin with depths at its
greatest extent reaching over 5 km. Surprisingly, the gravity and magnetic anomalies
over the basin spanning from 865 km to 1190 km are higher than the lows on either side.
This is an unexpected result because of the depth of the Illinois Basin. The negative
density contrast caused by sedimentary material compared to the crystalline basement
surrounding it should lead to a gravity low unless compensated at the Moho. The
magnetic and gravity anomaly lows on either side of this Mesoproterozoic high
potentially represent suture zones between the Laurentian craton and accreting arc
material (Thomas et al., 1987). Subduction is known to have occurred along this border
of Laurentia throughout the Proterozoic (Whitmeyer and Karlstrom, 2007). Early
collisional events produced the Trans-Hudson and Yavapai orogenies during the early
Paleoproterozoic and culminated in the amalgamation of Rodinia at the beginning of the
Neoproterozoic (Whitmeyer and Karlstrom, 2007).

In modeling gravity anomaly high over the basin, the Moho density contrast and
the observed Moho upwarp was not sufficient and the top of the middle crust was
elevated by approximately 3 km. ND_SW is the only profile that illustrates the elevated
middle crust to compensate for the largest sampled sedimentary basin of all three profiles.
However, middle crust with higher densities could also explain the gravity high. There is

a small triangular feature at 1000 km (3 km depth) in the bottom of the basin that has
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corresponding gravity and magnetic highs. The depth of the crystalline basement in the
Illinois basin (Figure 3.12) was taken from the detailed 3D compilation of Ellett and
Naylor (2016); however, the small upwarp of the crystalline basement is insufficient to
reproduce the magnetic anomaly.

Magnetic susceptibility values are significantly higher under the Paleoproterozoic
region than the Mesoproterozoic region. This is necessary due to the boundary
constraints imposed by the depth to the base of magnetization and the sedimentary layer
above. In all three profiles, the magnetizable part of Paleoproterozoic crust is much
thinner than in the Mesoproterozoic. Middle crustal average susceptibility for ND_SW is
highest in the Paleoproterozoic (Tpm) Mazatzal (0.06 Sl), the older Paleoproterozoic
Yavapai/Superior average susceptibility is 0.03 Sl, it is 0.01 Sl for the Mesoproterozoic
(Towm) Eastern Granite-Rhyolite, and finally the Grenville has the smallest average
susceptibility (0.008 SI) (Table 4.1).

Deep sedimentary basins appear to pose several modeling challenges. In the
Paleoproterozoic upper crust, the susceptibility of the upper crustal intrusions are at their
maximum value for granites as well as those for the dioritic middle crustal blocks below.
From 534 km to 567 km of Figure 3.13, the calculated magnetic anomaly does not match
the full amplitude of the observed anomaly despite the susceptibility being the maximum
value for diorite (0.1 SlI). If the intrusions were modeled into the sedimentary layer, the
calculated anomaly and its gradient would match the observed. As this study used the
thickness of the sedimentary layer as a constraint for the top of the magnetic layer,
models where the intrusions penetrate the sedimentary layer were not evaluated,;
however, the possibility exists as intrusions are present throughout the mid-continent,
products of Granite-Rhyolite province related to younger Neoproterozoic and Paleozoic
magmatism (Whitmeyer and Karlstrom, 2007). Upper crustal intrusions are indeed
observed in the midcontinent region, in particular, the Green Island Plutonic Belt in
southwestern lowa that is of Mesoproterozoic crystallization age. Sm-Nd analysis of
samples from these rocks indicates intrusion through older continental crustal of
Paleoproterozoic (Mazatzal) age (Holm, 2007; Van Schmus et al., 1993, Van Schmus et

al., 1996). Moreover, near surface dike complexes have been observed in Illinois and
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Indiana including intrusives in Hicks Dome and Omaha Dome (Hildenbrand and Ravat,
1997).
B1. ND_SW Underplated Mafic Material Source

The original crust-only magnetization ND_SW profile was modified to include a
mantle source of underplated basaltic material (Figure 3.13). Mafic underplating is a
known process in areas of subduction where the mantle melts due to interaction with
water from the dehydrating slab and forms a pool of mafic material (Fyfe, 1991; Thybo
and Artemieva, 2013). The process has been inferred from scattered returned seismic
signal thought to be caused by the underplated material (Thybo and Artemieva, 2013).
Melting of the mantle can produce gabbroic material responsible for the production of
magnetite in the hydrating environment. If the source of magnetization on the
Paleoproterozoic side of the Tpw line is related to pooling of gabbroic material at the base
of the crust, several features that result from this less dense highly magnetic material are
expected. This basal crustal material could have a probable maximum susceptibility of
0.04 SI (Clark and Emerson, 1991; Clark, 1997; Clark, 1999). Having reached the
maximum susceptibility value for diorite in the middle crust (0.1 SI, Clark and Emerson,
1991; Clark, 1997; Clark, 1999) requires about 5 km thick mafic underplating with the
susceptibility of 0.03 Sl in order to match the magnetics. While the result from
emplacing a small thickness mafic layer (less than 5 km thick, and this is within the error
range of seismic receiver function estimates of the Moho) produces the expected stronger
magnetic anomaly in the region directly above, it also leads to approximately 50 mGal
calculated gravity anomaly low than the crust-only magnetization model. This is because
the mafic underplated mafic material would have density similar to the basal lower crust
(3000 kg/m® in comparison to the mantle 3300 kg/m® in Figure 3.13). The calculated
magnetics, though now boosted by the underplated crustal source, still do not match the
full amplitude of the observed.
B2. ND_SW Once-Serpentinized Mantle Wedge

The second mantle source scenario is a zone of once-serpentinized mantle
material created through metasomatization of the forearc mantle wedge by a subducting
oceanic slab (Figure 3.14). While this process is presently known to occur in collisional

settings through identification of a magnetic anomaly high and a corresponding gravity
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anomaly low due to the low density but highly magnetic serpentinized peridotite in the
forearc (Blakely, 2005; Bostock et al., 2002; Hyndman and Peacock, 2003), the largest
obstacle to this scenario is age. It is possible that processes occurring during the initial
formation of the Mazatzal led to the resulting properties expressed as this magnetic high
today. A serpentinized mantle wedge 1.6 billion years ago could have created high
susceptibility material at the base of the crust. After the end of subduction, hydrating
conditions would cease and temperatures within the forearc gradually increase causing
serpentinite to revert back to peridotite. However, the magnetite formed during the
serpentinization will remain magnetite and would mix with the surrounding mantle over
1.5 Ga. For simplicity’s sake, this dispersed zone of once-serpentinized uppermost mantle
magnetite was modeled as a polygon at the base of the crust with a susceptibility of 0.03
SI (middle of the range of serpentinized peridotite, Clark and Emerson, 1991; Clark,
1997; Clark, 1999). The resulting calculated magnetic anomaly matches the observed
closer than the mafic underplating model, but not as well as the crust-only model. For
example, the magnetic gradient at 490 km becomes steeper and does not match as well as
the crust-only model. However, it does raise the base levels to where a mantle source of
once-serpentinized material could help match the observed magnetic anomaly profile.
While an intriguing scenario, the drawback of age and the knowledge of current
geometric configuration are large factors.

The magnetite created from the process of serpentinization would remain and continue to
be magnetic unless mantle temperatures at the base of the crust surpass the Curie
temperature of magnetite (580° C). According to the base of magnetization
determinations with large spectral windows (up to 1000 km) which average information
over very large region and cannot precisely identify locations of the base of
magnetizations, magnetite could exist in a ferromagnetic state up to 60 km depth, well
below the Moho on all three profiles (D. Ravat, 2017, pers. comm.). Modeling of heat
flow in the region, taking into account high radiogenic heat production of granites in
Granite-Rhyolite provinces also yields a depth of about 60 km for reaching 580°C (see
the geotherm in Figure 3.10). Lacking surface or drillhole samples in the mid-continent
that bear clues to this process or lacking other geophysical evidence from the mantle

depths makes this scenario difficult to corroborate and thus is not considered further.
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C. Model ND_NE

ND_NE is the northernmost of the three models, and it is affected by ? the most
influence from near-surface geological sources outside of the model (Figure 3.15). This
profile catches the Midcontinent Rift at its northwesternmost extent, and as such, the
magnetic anomalies in that region are influenced by the strong effects of near-surface
gabbro and basalt. The trend of the Midcontinent Rift is also parallel to the profile
whereas the model is 2D perpendicular to the profile. Susceptibilities in the
Paleoproterozoic (Tpym) anomaly region as well as the region encompassing the older
Superior Craton are very high, ranging from 0.03 Sl to 0.1 SI with more than 50 percent
of the sources modeled in the middle crust above 0.05 SI. This is likely to compensate
for the shallow Moho and the depth to the base of magnetization in the region. Because
of the uplift in the Moho (195 km to 495 km along the profile), there is less room for
middle crustal blocks to hold magnetization. Consequently, the middle crustal
susceptibilities of the Paleoproterozoic blocks must be very high in order to honor this
constraint.

The upper crustal intrusions, like both other profiles, are only modeled to the top
of crystalline basement. Similar to ND_SW, the calculated magnetic anomaly profile for
ND_NE does not match the observed for some of the anomaly features. While the
intrusions residing only within crystalline basement are not enough to produce matching
anomalies, if they could penetrate into the sedimentary layer, both profiles would match
and provide a better fit. Maximum observed susceptibility values for diorite (0.1 Sl,
Clark and Emerson, 1991; Clark, 1997; Clark, 1999) are used in middle crust under the
zone of high magnetization where the observed/calculated mismatch occurs. The
calculated magnetic anomaly profile could be made to match; however it would require
large values beyond susceptibility values observed for diorite. Borehole samples of the
crystalline basement rocks or a high resolution seismic reflection profile that captures the
basement at that location would be required in order to ground truth the validity of this
inference.

ND_NE follows the same pattern as the other two profiles in regards to the
susceptibility pattern of the mid crustal blocks. The Tpu>1.7Ga Paleoproterozoic terrane

shows the second highest susceptibility (Table 4.1) with the average of 0.06 Sl, the
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1.7Ga>Tpm>1.55Ga Paleoproterozoic blocks have the average of 0.07 Sl (the highest for
this profile), the average of 0.02 Sl for Tpy <1.55Ga Mesoproterozoic terrane, and 0.009
Sl for the Grenville. A small low susceptibility region between 500 and 580 km is 0.001
Sl between the Paleoproterozoic (Tpwm) Mazatzal and the Mesoproterozoic (Tpw) terranes
could potentially represent a suture zone of younger arc material onto the margin of the
old craton and may represent zone of high pressure deformation. Also like the two other
profiles, there is a lack of correlation between the gravity and magnetic anomalies other
than in select regions such as the MCR. Gravity anomaly data does not provide
distinctive trends like the magnetics does. The occasional alignment of a gravity and
magnetic anomaly high likely indicate the presence of a pluton (Figure 3.13, 990km to
1008 km, 7km depth).

On model ND_NE, the deep sedimentary basin of the Rome Trough (Figure 3.15,
815 km to 1085 km, 7 km deep) shows gravity highs in the region expected to have a
gravity low. The lower density of the sediments combined with the uplifted isostatically-
compensated Moho required higher middle and lower crustal values in order for the
calculated gravity anomaly to match the observed gravity anomaly. When the amount of
expected mantle upwarp to isostatically compensate for the low density basin was

simplistically calculated using

_ (pc=ps)
b= (pm—pc) h (9)

(where b is the expected mantle upwarp, p, is the density of the crust — 2820 kg/m?®, p; is
the density of the sediments — 2600 kg/m?®, p,, is the density of the mantle —3300 kg/m®,
and h is the depth of the sedimentary basin — 7km)(963 km, 7 km depth, Figure 3.15)
(Watts, 2001); the Moho is overcompensating the depth of sediments by approximately 5
km. This overcompensation explains the local gravity anomaly high in the regional
gravity anomaly low spanning the Rome Trough region. This is a simplistic way to
determine the isostatic balance of the region as the observed data do not represent perfect
block models.

The isostatic balance was also examined using the weighted average density of a
crustal column in the middle of basin and on the side in stabilized crust. Average
densities for ND_NE were calculated in four places along the profile (two basin columns
at 360 km and 960 km and two crustal columns at 580 km and 655 km). The basin
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columns were found to have higher average density than the surrounding crust indicating
that the Moho upwarp may be overcompensating the mass of the basin at 360 km and 960
km. Another indication that this is the case is the presence of a small gravity high in a
regional gravity low (810 km to 1090 km, Figure 3.15). The regional gravity low is
likely a result of the low-density sediments in the Rome trough while the approximately
18 mGal relative high in the middle of it is due to the uplifted Moho bringing high-
density mantle material closer to the surface.

Density variations within ND_NE are more drastic than ND_REFERENCE and
ND_SW likely because this profile illustrates behavior not seen in the other two. The
depth to the base of magnetization crosses the receiver functions/gravity based Moho at
approximately 1000 km. As it is the deepest basin seen in all three profiles
(approximately 7 km deep), this is not an unexpected response of the Moho to the
lessened density of the overlying material. This boundary crossing is an interesting
feature, and whether or not it is due to the margin of error of both datasets or is an actual
geologically-derived feature is difficult to determine. Both the depth to the Moho from
the receiver functions constrained by gravity and the depth to the base of magnetization
have an error bar of £5 km at this depth and since the difference in them is > 12 km at
1200 km location, the crossover could be real and the uppermost mantle in the region
could be magnetic.

D. Inferences from Gravity Modeling

Inferences on the types of rocks at various levels within the crust can be drawn
from the densities created by inversion. While the values for all three profiles are
different from one another due to their unique crustal geometries, certain patterns do
appear. Average densities of the upper (including intrusions), middle, and lower crustal
blocks were calculated for all three models. Upper crustal average densities of 2743
kg/m?® for ND_SW, 2737 kg/m® for ND_NE, and 2714 kg/m® for ND_REFERENCE were
calculated. Average middle crustal densities are 2821 kg/m® for ND_SW, 2815 kg/m?® for
ND_REFERENCE, and 2807 kg/m® for ND_NE. Finally lower crustal average densities
are 2967 kg/m® for ND_SW, 2950 kg/m?* for ND_REFERENCE, and 2919 kg/m?® for
ND_NE (Table 4.2). With increasing depth there is increasing density. Extending from
26 km and down to the Moho, densities become more varying. Some profile require their
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deepest crustal blocks (Figure 3.15, 260 km, 37 km depth) to have densities less than or
equal 2900 kg/m?® in order to compensate for the elevated high density (3300 kg/m®)
Moho whereas at other positions on the same profile (Figure 3.15, 780 km, 55 km depth),
a depressed Moho yields higher densities within the lower crust (up to 3100 kg/m®). This
could indicate the presence of highly mafic and metamorphosed rocks such as gabbro or
mafic amphibolitic to granulitic facies crustal rocks that have experienced an increase in
density with continual burial deeper into the crust (Figure 3.10) (Gebrande, 1982; Ravat
et al., 1999; Hinze et al., 2013).
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Table 4.1 Average Middle Crustal Susceptibilities

Paleopro.  Paleopro. Mesopro.

(TDM>1.7 (1.7Ga>TDM (1.55Ga>TD  Grenville
Profile Ga) >1.55Ga) M>1.3Ga) (TDM<1.3Ga)
ND_SW 0.03 SI 0.06 SI 0.01 SI 0.009 SI
ND_REFERENCE 0.07 SI 0.04 SI 0.01 SI 0.02 SI
ND_NE 0.06 SI 0.07 SI 0.02 SI 0.009 SI
Average
susceptibility for
each time period 0.05 Sl 0.06 Sl 0.01 SI 0.01 SI

Tom>1.55Ga Tom<1.55Ga

Overall average
susceptibility (SI) 0.06 0.01 SI
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Table 4.2 Average Crustal Densities

Upper Crust Middle Crust Lower Crust
Average Density  Average Density Average Density
Profile (kg/m3) (kg/m3) (kg/m3)
ND_SW 2743 2821 2967
ND_REFERENCE 2714 2815 2950
ND_NE 2737 2807 2919
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Chapter 5 Conclusion and Suggestions for Future Works

Laurentia has had a long and complex geological past. Modeling of the
Paleoproterozoic zone of high magnetization is the first step toward understanding its
origin. Low-pass filtered magnetic data show a long-wavelength magnetic anomaly high
over the Paleoproterozoic side of the Nd Tpw line defined by Van Schmus et al. (1996)
through the midcontinent of the United States. The magnetic high also coincides
approximately with the boundaries of the Mazatzal province demarcated by Whitmeyer
and Karlstrom (2007). In this study, the zone of high magnetization was modeled with
gravity and magnetic anomalies using available constraints from geology and geophysics
(rock types in the crystalline basement, the sedimentary thickness, the crustal thickness
from USArray receiver functions constrained by gravity, and the base of magnetization)
from across the Tpm line with three separate potential source scenarios (crust-only, mafic
mantle underplating, and preserved magnetite from past mantle serpentinization).

Of the three scenarios, crust-only magnetization appears to be the most plausible
even though the once-serpentinized mantle source may also be potentially valid.
However, the crust-only model is slightly preferable due to its simplicity and lack of
reliance on mantle sources for formation of the zone of high magnetization as continental
mantle is generally considered non-magnetic (Wasilewski et al., 1979; Wasilewski and
Mayhew, 1992). ND_REFERENCE calculated magnetic anomaly profile matches the
observed without a mantle source. ND_SW and ND_NE calculated magnetic anomaly
profiles in the zone of high magnetization did not fully match the observed. Because
upper crustal intrusions were only modeled to the top of crystalline basement, it is likely
that this is the cause of the mismatch between observed and calculated. If these
intrusions were allowed to penetrate sedimentary rocks, the calculated magnetic anomaly
would match the observed. Upper crustal intrusions are observed in the midcontinent
region, in particular, the Green Island Plutonic Belt in southwestern lowa that is of
Mesoproterozoic crystallization age. Sm-Nd analysis of samples from these rocks
indicates intrusion through older continental crustal of Paleoproterozoic (Mazatzal) age
(Holm, 2007; Van Schmus et al., 1993, Van Schmus et al., 1996). Additionally, a series
of near surface dike complexes were observed in Illinois and Indiana including intrusives
in Hicks Dome and Omaha Dome (Hildenbrand and Ravat, 1997).
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All three profiles display a similar trend in regards to magnetization. The lower
crust is non-magnetic (from the base of magnetization estimates) in much of the
Mesoproterozoic and older provinces in the region investigated. In the middle crust,
higher susceptibilities exist in the older Paleoproterozoic and late Archean parts of the
profiles (Tpm>1.55Ga). These range from 0.03 Sl to 0.07 SI with an overall average for
all three profiles at 0.06 SI. The Mesoproterozoic and Grenville terranes (Tpum<1.55Ga)
range from 0.009 to 0.02 SI with an overall average of 0.01 Sl (Table 4.1). Suture zones
based on the maps of Whitmeyer and Karlstrom (2007) and Bickford et al. (2015) located
along the Nd Tpw line separating the Paleoproterozoic (Tpm>1.55Ga) and
Mesoproterozoic (Tpuw<1.55Ga) are better modeled as one to two middle crustal blocks of
low susceptibility (0.001 SI). The zones of severe deformation of rocks near the sutures
may have been partly responsible for lowering the susceptibilities. The lowest modeled
susceptibilities (0.009 Sl) are found in the Grenville terranes.

All datasets used in the creation of the models inherently contain a margin of
error. For the depth to the Moho this is approximately +/- 5-10 km (Chulick and
Mooney, 2002). The depth to the base of magnetization is +/- 5km (D. Ravat, 2017, pers.
comm.). The sedimentary thickness map also has a relatively similar margin of error
away from drillholes (H. L. Zhang, 2017, pers. comm.).

The geodynamical origin responsible for the formation of the zone of high
magnetization for these profiles is different from previously scenarios for late
Paleoproterozoic Laurentia (Van Schmus et al., 1996) as they require westward dipping
subduction instead of eastward (Figure 1.4). Previous geochemical models suggested
eastward dipping subduction in order to provide a mechanism for creation of the island
arc material geochemically found from rock samples in the midcontinent (Van Schmus,
2016, pers. comm.). However, westward dipping subduction in front of Grenville
terranes could also explain Mesoproterozoic arcs. Westward dipping subduction under
the southeastern Laurentian craton provides a mechanism for both serpentinization of the
forearc mantle and mafic underplating. Without metasomatization brought on by
dehydration of the subducting slab, neither of the two mantle scenarios could occur under
the Paleoproterozoic margin. The stark magnetic susceptibility difference between

Paleoproterozoic (Tpw>1.55Ga) and Mesoproterozoic (Tpm<1.55Ga) terranes is defined
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by the Tpm age boundary. This sharp truncation of the zone of high magnetization at this
boundary indicates the feature is unique to the Paleoproterozoic (Tpym) margin of
Laurentia and unrelated to the later Mesoproterozoic (Tpwm) arcs. Additionally, if mantle
sources are not required to produce the high susceptibility, westward accretion of high
susceptibility island arcs or intervening terranes on to the Laurentian margin provides an
explanation for how they got there and why the terrane ends so abruptly on the
southeastern side. This continuous accretion of arc material eventually formed the
Mazatzal province (Amato et al., 2008; Whitmeyer and Karlstrom, 2007). The
northwestern side of the high magnetization zone, which in this region corresponds to the
Mazatzal terrane, is less well-defined than the southeastern edge. This suggests a hiatus
in the terrane amalgamation, which is consistent with geochemical evidence of Nd Tpum
boundary.

The geodynamical setting previously described to account for the creation of zone
of high magnetization could also account for the Eastern Granite-Rhyolite province.
Figure 1.4 illustrates rapid slab roll-back and break off from 1.4Ga to 1.36Ga. The roll-
back of a westward-subducting slab would provide a mechanism for rapid transfer of
heating of the lower crust in the Paleoproterozoic to the Mesoproterozoic side. The
Eastern and Southern Granite-Rhyolite provinces were created diachronously, with the
Eastern approximately 100 million years older than the Southern (1.45 Ga and 1.35 Ga,
respectively). The succession of subducting slabs under Laurentian could have begun
roll-back at the northern end and then proceeded south.

Additional basement core samples in currently unsampled areas with geochemical
analysis of their TDM ages would provide greater information about the midcontinent.
The lack of sample coverage for the area modeled provided one of the largest hurdles as
there is little direct information concerning the nature of the rocks in the region.
Additional Sm-Nd geochemical analysis of new samples from central Illinois would be
useful as data from this region is lacking in the literature. In the meantime,
magnetization boundaries and widening and narrowing of magnetization zones can help
define physical terrane boundaries and understand the Proterozoic accretionary history of
Laurentia. The susceptibility variation derived from the low-pass filtered or upward

continued anomalies could help extend this interpretation to the south of this region into
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OK-TX and in the Southern Granite-Rhyolite provinces where Rohs and VVan Schmus
(2007) have extended the mapped extent of the Nd TDM line. Finally, higher resolution
tomographic models could better define the structure of the entire crust and help to
distinguish the boundary between the northwestern Paleoproterozoic and southeastern

Mesoproterozoic terranes.
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Appendix: List of Values Used to Create ND_REFERENCE. Some of the block densities are inverted and hence have a decimal
in significant digits.
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