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Abstract

New 3D multi-azimuthal receiver function analysis identified four regional seismic discontinuities
dipping at 7—13° within the mantle of the Superior craton of North America; most are discordant to
known major upper crustal structures. Widely observed crustal-scale structures with near vertical axial
planes striking east-west indicate that the most recent and dominant phase of folding and horizontal
shortening strain occurred during the Kenoran (D2) crustal deformation concurrent with Au-
mineralization and peak metamorphism at 2.72—-2.66 Ga. Two mantle discontinuities strike 065° and
249°, dipping to the southeast and northwest, respectively. These strike roughly parallel the northern
margin of the Superior craton and some intra-cratonic features such as the axis of the Quetico Basin.

Two discontinuities strike 355° and 187°, dipping to the east and west, respectively, and parallel to
the western margin of the craton. Our new observations reveal neither moderately dipping, east-west
striking discontinuities nor coherent eclogitic layers characteristic of modern plate tectonic subduction
zones. Prominent east- and west-dipping mantle structures relate best to a Paleoproterozoic (Trans-
Hudson) deformation, which is rarely observed in the crust. A new analysis of mantle xenoliths and
xenocrysts indicates that carbonatitic metasomatism predominates above some discontinuities where
strongly localized conductivity occurs whereas kimberlitic metasomatism predominates below the
discontinuities in the broadly conductive mantle.

This open file is accompanied by the 3D GOCAD geophysical data set and resultant interpreted
surface models from this integration study.

1) Introduction

Structure within the Earth is best studied in three dimensions and using several coincident overlays of
information with which one can best see where anomalous properties correlate. Here we use regional-
scale seismic-wave discontinuity surfaces about a few hundred kilometers deep in the Earth,
intersected and thus calibrated by rebuilt rock columns using sparse rock samples erupted to the
surface in two locations. Electrically conductive regions can be mapped using natural
(magnetotelluric) currents. East- and west-dipping seismic discontinuity surfaces match surface
structures that developed about 1.8 billion years ago marginal to the Superior crustal block. Surfaces
dipping to the southeast and northwest match some boundaries between crustal blocks that are over 2.5
billion years old, but many more such crustal boundaries trend east-west. Conductive rocks appear
locally more common above these surfaces where gas-rich fluids apparently flowed and that the
discontinuities somehow filtered these fluids. The mismatch in orientation and dip between ancient
deep and exposed structures suggests that plate tectonic processes operating today differed earlier than
2.5 billion years ago. Identifying mantle structures within the Superior craton helps to identify
potential zones of mineralization and further exploration targets.

The structure of the ancient continental lithosphere such as the Superior craton of North America is
best understood by considering cumulative strains within the entire lithosphere, not just the upper
crust. Although isotopic dating indicates that the earliest cratonic crust and mantle formed together,
discordant large-scale structural trends suggest more complicated histories for the lithosphere as a
whole (e.g., Grutter et al., 1999; Snyder et al., 2014).



The world’s largest exposure of Archean continental crust, the Superior craton in central North
America, is composed of east-west striking terranes that have served as an archetype for the
uniformitarian accretion of Archean terranes above subduction zones (Daigneault et al., 2002;
Langford & Morin, 1976; Percival et al., 2006; White et al., 2003). This style of tectonic
amalgamation derives primarily from the long, narrow geometry of mapped terranes, the 'similarity' of
Archean and modern arc geochemical signatures, and the postulated southward younging of volcanic
and plutonic ages and their terrane-bounding shear zones. A number of features at variance with the
subduction interpretation include the scarcity of orogenic andesites and ophiolites, and the
intercalation of or close intermingling of broadly coeval plume-related komatiites with presumed
subduction-related calc-alkaline volcanic and plutonic units (e.g., Bedard et al., 2013). The inferred
40—50 million years duration of arc volcanism imply that at least 600 km of oceanic lithosphere was
subducted, assuming modern plate motion rates of ~10 km/Ma and normal geometries, however, very
few unequivocal remnants of this vast intervening ocean floor remain (Bedard & Harris, 2014).
Uncommonly the Superior has an older crust surrounding its center, a relationship inconsistent with
the outward younging of modern convergent margins and previously postulated models.

Here, for the first time in the Superior craton, we identify discrete structures in the entire crust and
mantle lithosphere as a whole. This is important in that the cool cratonic lithosphere is strongest at 70—
100 km depths within the upper mantle, although this lithosphere was warmer and thinner when it
experienced most of its early strain deformation (Bao & Eaton, 2015; Wang et al., 2014). New
geophysical and geochemical observations of the mantle augment interpretations inherited from
several decades of crustal research to revise the structural model and hence the tectonic-metasomatic
history of the central Superior craton lithosphere. When combined in a 3D model, the new data should
reveal evidence of the proposed multiple eastwest striking subduction zones with moderate to steep
(30°-90°) southward dips at depths of 100-300 km. Xenoliths/xenocrysts should include samples or
evidence of stratified eclogite layers derived from the subducted oceanic crust (Aulbach et al., 2020;
Eeken et al., 2020). Mantle seismic discontinuities should have some characteristics of modern intra-
continental subduction/collision zones (e.g., Schneider et al., 2013).

2) Data sources

Several new data acquisitions relevant to lithospheric structure have occurred in the central Superior
craton (Fig. 1) since the Lithoprobe program and subsequent synthesis of its data (Percival, 2012).
More uniformly spaced arrays of teleseismic stations were established by the USArray and POLARIS
programs in neighbouring parts of the USA and Canada, respectively (Frederikson et al., 2007;
Schaeffer and Lebedev, 2014). Two new data sets described here augment existing data to build new
3D (GOCAD) mantle models. Multi-azimuthal receiver functions revealed several mantle
discontinuity surfaces. Mantle structures were derived from seismic discontinuities using 18 seismic
stations in the western Superior craton (Table 1, Fig 1.) New analysis of xenocrysts revealed more
consistent depth control on lithologies at two locations in the Superior craton: Kirkland Lake and
Attawapiskat (Fig. 1). 3D analysis with 3D GIS tools for visualization, interpretation, and integration
of all data types, that was previously more difficult, is now common and becoming standard (e.g.,
Snyder et al., 2014).
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Figure 1(a, b): Red rectangle in upper lefi inset shows the area of interest for both maps. (a). shows the location of the teleseismic
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Table 1: Geographic locations, earthquake counts and Moho depth estimations for Superior seismic stations
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UM Lac du Bonnet 1994 2018 CNSN 50.25026  -95.87495 250 990 756 35.2-37.6, 36.7.10.5  3440.1
EPLO Exploration Lake 2004 2018 CNSN 49.6737  -93.72582 437 764 443 39.4-46.8,42.1.+1.8  38+0.2
SOLO Sioux Lookout 1998 2018 CNSN 50.0213 -92.0812 373 58 40 42.6-45.6, 44.0.£1.5 4245
PKLO Pickle Lake 2004 2018 CNSN 51.49867 -90.35219 376 591 428 40.0-44.5,42.6.#1.5 39+0.3
TBO Thunder Bay 1993 2017 CNSN 48.64718 -89.4085 475 182 125 43.9-48.3, 46.0.41.5  44+0.5
GTO Geraldton 2001 2018 CNSN 49.745 -86.9617 350 221 152 38.9-44.5,40.9.+1.5 39+0.2
PNPO  Pukaskwa 2004 2018 CNSN 48.59568  -86.28463 219 507 358 45.9-49.2,47.3.41.4  30£1.6, 45
SILO Sutton Inlier 2003 2018 CNSN 54.47918 -84.91262 195 254 213 41.0-43.5,41.9.40.6 3748
VIMO  Victor Mine 2003 2018 CNSN 52.81726  -83.74489 78 758 578 46.7-51.5,49.4.+1.9 4245
KAPO  Kapuskasing 1998 2018 CNSN 49.45098  -82.50769 221 1094 944 45.7-55.3,50.4.+2.8  48+2.1
SUNO  Sudbury Onaping 2003 2018 CNSN 46.6438 -81.3442 343 553 459 34.2-43.6,39.3.+0.5  35+0.9
TIMO  Timmins 2005 2010 CNSN 48.46587 -81.30321 392 425 297 45.0-53.0,48.6.42.2  41+1.7 (D49A)
MALO  MacAlpine Lake 2013 2018 CNSN 50.0244 -79.7635 271 619 353 42.8-44.1, 44.2+1.2  39+4.5
KILO Kirkland Lake 2003 2018 CNSN 48.4972 -79.7232 314 603 391 41.1-47.0,43.0.+2.0  30#4.1, 36+3.6
WEMQ Wemindji 2007 2018 POLARIS 53.0535 -77.9737 172 631 445 41.8-45.6,43.9.+1.1  35x1.4 NMSQ
VLDQ  Vald'Or 2002 2018 CNSN 48.19014 -77.75723 316 722 541 35.6-41.0, 37.9.41.6  35%0.2
MATQ  Matagami 2007 2018 POLARIS 49.75891 -77.63763 280 554 416 36+1.8
CHGQ  Chibougamau 2007 2018 POLARIS 49.9105 -74.37483 406 983 411 33.4-38.5,35.6.41.6  35+1.2 4
3) Methods

a) 3D Modelling overview

Seismic, Magnetotelluric (MT), structural and geochemistry data are typically processed
independently and then interpreted separately without consideration of common geologic processes.
Recent qualitative comparison of upper crustal 2D conductivity models derived from MT with seismic
reflection profiles across a region of Archean-Proterozoic rocks in southern Australia found a spatial
association between regions of low reflectivity or low velocity in seismic sections and low resistivity
in MT sections (Skirrow et al., 2018). A diffuse combined seismic-MT signature signifies fossil
melting of the crust, magma movement or hydrothermal fluid flow through the crust from mantle
reservoirs (Roots et. al. 2022). Here we combine not just different techniques, but also application at
all scales relevant to the lithosphere. Compilation of co-registered data makes it able to be viewed
more naturally in stereo, with various 3D applications, which enhances the interpretability of the
Superior data at craton scales.

b) Receiver function methods

Ps phase correlations (receiver functions) (Bostock, 1989) were used to build 3D surfaces where Ps
phase conversions occurred. Earthquakes with magnitudes greater than 5.5 and 30° < Angular
Distance < 90° were considered. Among the eighteen stations (Table 1) used in the study, 7350 of
10509 recorded earthquakes were considered of good quality to build correlations.

The multi-azimuthal maps of correlation strength were first studied as plots of depth (phase delay)
versus back-azimuth of both the radial and transverse components. Radial components were used only
to estimate Moho depths; transverse components for all mantle discontinuities (Figure 2). Weak Moho
signatures on the transverse components reduces contamination of later phases by Moho
reverberations (multiples). Data was also examined for possible multiples as depth versus distance
plots (Bostock, 1989). The correlated trace for each back azimuth was then projected in 3D using ray
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parameters to produce the 3D cones used in the mapping (Figure 3). The limited recording period
available as well as the natural distribution of source earthquakes resulted in gaps in back azimuthal
coverage, sometimes spanning tens of degrees at non-permanent stations. Here we show a few
examples of phase correlations observed on radial and transverse components of four stations (Figure
2). Receiver functions from 18 stations from the POLARIS seismic network and Canadian National
Seismograph Network were used in the model. Conversions from discrete back azimuths were
averaged to form a ring of interpretational picks around the cones representing point estimates of a
seismic discontinuity beneath the stations.

The cones were then reprojected from a geographic coordinate system to a Lambert Conformal Conic
projection in accordance with the Canada in 3D model (de Kemp et al. 2022 and Appendix Al). The
cones were displayed in GOCAD, and used to identify continuous features around the radius of the
cone at depth (Figure 3). First we created a medium plane to extend each surface to surrounding cones.
If similar features were discovered in the adjacent cones, picks would be added to the dataset. Once all
possible cones were exhausted, another feature would be identified and processed as previously
described. Using the points gathered, a final medium plane was created for each surface.

The points would then be used as constraints to deform the medium plane to a best-fitting undulating
surface. These surfaces were inspected against the “drill holes” as a check, as well as Lithoprobe
seismic profile data.
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Figure 2: Radial (SV) and transverse (SH) components of the receiver functions from stations KILO, PKLO, SILO, and VIMO, filtered
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where sufficient earthquakes contributed, in order to perform the analysis, and are thus irregularly spaced.
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c) Mantle stratigraphy methods

The following provides the methodology and data sources utilized to generate: (1) a paleogeotherm
and estimate of the lithosphere-asthenosphere boundary (LAB); (2) a peridotite garnet xenocryst
mantle lithology classification; (3) a peridotite garnet xenocryst depletion and fluid metasomatism
classification (4) a peridotite garnet xenocryst melt metasomatism classification; (5) a peridotite garnet
xenocryst temperature determination, and the temperature to depth conversion; (6) composite mantle
stratigraphic logs.

(1) The paleogeotherm for each kimberlite field was determined using pressure (P) and temperature
(T) determinations derived from equilibrated (via established screening methods) mantle peridotite
xenoliths, or Cr-diopside xenocrysts. The peridotite garnet xenocryst major and trace element data sets
for Kirkland Lake, New Liskeard, Attawapiskat and Kyle Lake are from Griffin et al., (2004). Major
element data used electron microprobe analysis and trace element data used laser ablation I[CP-MS.
For Kyle Lake the Ni data was determined by the proton induced X-ray excitation (PIXE; "proton
microprobe’) method. See Griffin et al. (2004) and references therein for further analytical method
details. Data sources for each kimberlite field paleogeotherm are listed in Table 2 below. This data
was utilized as input parameters for the FITPLOT paleogeotherm program (Mather et al. 2011). The
lithosphere-asthenosphere boundary (LAB, in km, with uncertainty) estimated using FITPLOT is also
listed in Table 2.

VIMO

MALO

KAPO KILO
A sono A

fﬂmﬂ\\\ |

)\ g

Figure 3: Mantle teleseismic discontinuity surfaces as determined from 3-D receiver function
analysis in the Abitibi (southeastern) part of the Superior craton. View is to the north. The three
dipping surfaces (A,B,C) were mapped from 3-D receiver function ‘cones’ (e.g., stations VIMO,
KAPO) are shown and stations listed in Table 1; apex is at the topographic surface. Vertical
columns near VIMO and KILO are ‘drill holes’ constructed from xenolith and xenocryst suites
from the Attawapiskat and Kirkland Lake kimberlite clusters.
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Table 2: Lithosphere-asthenosphere boundary (LAB), depth estimates from kimberlite fields.

Kimberlite Field | Age (Ma) Input Type | Data Source FITPLOT LAB
New Liskeard 127 - 155 Cr-diopside | Sage, 2000a 172 +/- 6 km
Kirkland Lake 145 - 165 Xenolith Vickers, 1994 189 +/- 11 km
Attawapiskat 175-180 Xenolith Smit et al., 2014 | 203 +/-7 km
Renard 630 - 655 Xenolith Hunt et al., 2012 | 227 +/-9 km
Kyle Lake 1110 Cr-diopside | Sage, 2000b 190 +/- 11 km

(2) Mantle peridotite-derived garnet xenocryst grains (with > 1 wt% Cr203) were classified into mantle
lithology parageneses based on their CaO - Cr20O3 concentration levels. The peridotite garnet
classification utilized herein applies aspects of previously published classification systems, including
those of: Sobolev (1971), Gurney (1984), Grutter et al. (2004) and Preston et al. (2012). Peridotite
garnet xenocryst grains are classified as being derived from harzburgite (G10), lherzolite (G9), or
wehrlite (G12) parageneses, with the harzburgite and lherzolite fields being further subdivided into
very-low Ca harzburgite (G10a) and harzburgite (G10b), and low Ca lherzolite (G9a) and lherzolite
(G9), respectively (Figure 4a). A constant slope of 0.30 in CaO/ Cr203 space (or 3.33 in Cr203/CaO
space) is used for the four discrimination lines (Figure 4), which have CaO intercepts (i.e. y axis at 0
wt% Cr203) of 1.6 (separating G10a/G10b), 3.0 (separating G10b/G9a), 4.1 (separating G9a/G9b), and
5.4 (separating G9b/G12).
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Figure 4. Analysis of geochemical data from xenoliths and xenocrysts from kimberlites near Kirkland Lake, Ontario
(KL in Figure 1). (a) FITPLOT (Mather et al., 2011) derived paleogeotherm calculated using mantle xenolith P-T data
recovered from four kimberlites. The base of the lithosphere (LAB) is 189 + 11 km depth (the intersection of the
paleogeotherm and the mantle adiabat). Graphite/diamond transition is shown as a thin dashed line. Inset shows
mantle stratigraphic logs of lithology type and a metasomatic overprint for kimberlite B30, based on major- and trace
element geochemistry of garnet xenocrysts, respectively. G9b is lherzolite, G9a depleted lherzolite; G10b harzburgite;
Km kimberlitic melt-, Cm carbonatitic melt-, P phlogopite fluid-metasomatism. See Supplementary material S2 for
additional details. Data for a subset of individual garnet xenocrysts are also shown as a drape on the paleogeotherm.
(b) Detail of the four Kirkland Lake metasomatism logs (blue = carbonatitic; orange = kimberlitic) compared in 3D
with an MT conductivity model and three seismic discontinuities. Note the limited depth sampling range of 95-200 km
available using Cr-pyrope garnet xenocrysts. A “corner” within the 3-D conductivity model is shown with an east-west
cross-section (left) and a north-south one. Depth scale as in (a).

(3) The mantle peridotite-derived garnet xenocryst grains were classified utilizing a Y- Zr discriminant
plot (e.g. Griffin et al., 2004) as being depleted, or metasomatized by phlogopite fluids (Figure 4b).

Further classification of melt metasomatism is done in Step 4 (below).

(4) The mantle peridotite-derived garnet xenocryst grains were classified from a mantle metasomatism
perspective utilizing the Ti/Eu versus Zr/Hf discrimination diagram of Shu and Brey (2015). This
classification distinguishes carbonatitic metasomatic (CM) and kimberlitic metasomatic (KM)
overprinting of the peridotite garnet xenocryst grains (Figure 4a). Note that a number of garnets in this
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study have higher Ti/Eu ratios (with similar Zr/Hf ratios) as compared to the work of Shu and Brey
(2015). However, these grains are considered to be kimberlitic metasomatized, based on results of the
"Ti-test" of Grutter et al. (2004) for distinguishing G11 (high-Ti) Cr-pyrope garnets.

(5) Peridotite garnet xenocryst temperatures were determined via Ni in garnet thermometry, with
olivine having a commonly assumed Ni concentration of 2900 ppm. Temperatures were determined
using the calibrations of Ryan et al (1996) and Canil (1999); these two temperatures were then
averaged, as per a similar tactic used by Shu and Brey (2015). The garnet xenocryst depth was
subsequently determined based on the intersection of the Ni in garnet temperature with the FITPLOT
geotherm.

(6) Mantle stratigraphic logs are based on the garnet xenocryst Ca- Cr lithology paragenetic type (e.g.
G9b, lherzolite), the Y-Zr depletion and fluid metasomatism classification, and the melt metasomatic
overprint (e.g. kimberlitic metasomatism, or absence thereof). Separate lithology and metasomatism
logs were used to allow for visualization comparison with mantle teleseismic and MT images,
respectively. A simplified approach is taken with respect to the visualization of the data, based on a
number of factors. For many sample suites there are < 75 garnet xenocryst samples per kimberlite
locality, and furthermore the number of garnet xenocrysts is quite variable with temperature (i.e.
depth) and thus sampling density. "Breaks" in the stratigraphy are located based on a simple average
of the depths of two different adjacent lithology or metasomatic types, the resulting average defines
the base of the overlying unit and the top of the underlying unit (Figures 5 and 6).
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Figure 5. (a) Kirkland Lake kimberlite lithology and metasomatism logs. Cm is carbonititic metasomatism, Km is
kimberlitic metasomatism. The peridotite garnet sampling interval for B30 is compared with those determined by
three different Ni-in-garnet thermometer calibrations converted to depth intervals (dashed lines). Intersection depth
of seismic discontinuities A, B, and C are indicated. (b) Attawapiskat kimberlite lithology and metasomatism logs.
Intersection depth of seismic discontinuities C and D are indicated.
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Stratigraphic depth thickness intervals of <~ 1 km are not utilized in the visualization. Some previous
studies (e.g. Griffin et al, 2004) have combined data from multiple different kimberlite pipes within a
kimberlite field, so that sufficient data was available to generate mantle stratigraphic logs based on
averages over a 100 °C temperature window, overlapped by 50 °C to smooth local variations.
However, based on the study by Preston et al. (2012), significant differences in terms of lithology and
metasomatic (T1) overprinting can be observed between adjacent and closely spaced (i.e. < 15 km)
kimberlite pipes within the Orapa kimberlite field, suggesting the approach of combining samples
from individual kimberlites in a field is not a valid tactic. Petrological observations from this study
support this notion, and garnet data from multiple pipes in the same field have not been combined.
Mantle stratigraphic logs for Kirkland Lake and Attawapiskat kimberlite fields are shown In Figures 5
and 6.

0 i = “__ = . i 0
| g
10 W Superiorline2 |

Figure 6. (a) Lithoprobe Western Superior transect deep seismic reflection sections of Lines 1 and 2 embedded in the western part of the
Superior 3D model. The view is from high in the west. Line two is about 250 km long. The green-gray Moho surface is nearly horizontal
at 40 km depth. (b) Detail of entire Line 2 seismic reflection section. Note that discontinuity B as mapped from receiver functions (e.g.,
PNPO) intersects these seismic reflection sections either near distinct reflectors (Line 1) or at dipping boundaries between more and less
reflective crust; in particular at the north end of Line 2 within the N Caribou terrane (White et al., 2003).
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4) Database structure of 3D model

The data is organized by data type in the 3D model. Below indicates the subcategories and
datasets. The 3D model is contained in a Gocad project file: 3D_SuperiorMantleModel.prj.

a) Surfaces:
1) -Primary surfaces
i1) -Secondary surfaces
i11) -Lithoprobe seismic profiles

b) Voxet:
1) -Bedrock map of Canada (Wheeler et al. 1996) registered at 0 m elevation

c) S-grid:
1) -Western Superior (Roots and Craven, 2017) and Abitibi Grenville (Roots and Craven,
2017) conductivity models

d) Points:
1) -Kimberlite lithology
i1) -Kimberlite metasomatism

e) Curves:
1) -Graticules: Om, -100m, -200m

f) Superior Province 3D Model compilation

5) Limitations and uncertainty

As three-dimensional (3D) modelling of the subcontinental mantle lithosphere is increasingly
performed with ever more data and better methods, the robustness of such models is increasingly
questioned. Resolution thresholds and uncertainty characteristics within deep multidisciplinary 3D
models based on geophysical observations exist at a minimum of three levels (Snyder et al., 2018).
Seismic waves and potential field measurements have inherent limitations in resolution related to
their dominant wavelengths. Formal uncertainties can be assigned to grid-search type forward or
inverse models of observable parameter sets. Both of these uncertainties are typically minor when
compared to resolution limitations related to the density and shape of a specific observation array
used in seismological or potential field surveys. Seismic wave source distribution additionally
applies in seismology. A fourth, more complex level of uncertainty relates to joint inversions of
multiple data sets. Using independent seismic wave phases or combining diverse methods provides
another measure of uncertainty of particular physical properties. Extremely sparse xenolith suites
provide the only direct correlation of rock type with observed or modelled physical properties at
depths greater than a few kilometers.

Specifically, the Superior mantle model resolution suffers from:
1. Sparse distribution of seismic stations used for correlation of seismic phases in mapping surfaces
between stations.

2. Inability to detect vertical structures at relatively high resolution due to the seismic method used.
12



3. Availability of only two distant xenolith suites.

4. Depth estimates of individual xenoliths or xenocrysts have several kilometers of uncertainty
(depending on P-T method adopted); variation intervals less than 2 km were ignored.

5. Low resolution conductivity models due to sparse stations distribution and largely long-period data.
We therefore estimate overall uncertainty by observing how well unrelated observations (seismic, MT,
xenolith) correlate spatially in a few locations. Such correlations are approximately +/- 10 km.

6) Discussion

Correlations are observed between broad xenolith suite variations with both the receiver function
discontinuity surfaces and the resistivity model. The “drill hole” logs of metasomatism show broad
correlation between the presence of carbonatitic melt and increased conductivity. Kimberlitic melt
correlates with more uniform lherzolite (no eclogites, pyroxenites). The transition zone from one melt
to the other correlates with three seismic discontinuities at Kirkland Lake and one at Attawapiskat.
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Appendix
Al - Data Coordinate system

All receiver function sites, xenolith locations and seismic reference points have NAD83 datum in
Canada 3D standard Lambert Conformal Conic projection. Z coordinates are in meter units AMSL,
positive upwards. Use the following coordinate system specification for 3D data and GOCAD model
components:

Canada 3D Standard Projection

NRCan_Canada Lambert Conformal Conic
Authority: Custom

Projection: Lambert Conformal Conic
False Easting: 0.0

False Northing: 0.0

Central Meridian: -95.0

Standard Parallel 1:49.0

Standard Parallel 2: 77.0
Latitude Of Origin: 49.0

Linear Unit: Meter (1.0)

Geographic Coordinate System: GCS_North American 1983
Angular Unit: Degree (0.0174532925199433)
Prime Meridian: Greenwich (0.0)


https://doi.org/10.1016/j.epsl.2014.01.038

Datum: D_North  American 1983

Spheroid: GRS 1980
Semimajor Axis: 6378137.0
Semiminor Axis: 6356752.314140356
Inverse Flattening: 298.257222101

A2 — Model and Data
All data and surface models are embedded into a zipped file:

3D SuperiorMantle.zip
Included is a single SKUA-GOCAD project file, also within a zip file:

3D.zip
3D SuperiorMantleModel.spr;j that can be extracted from the publication download file.

Gocad version details :
SKUA-GOCAD™ Paradigm-19p4-Applications - Paradigm™ 19

Mantle Surface/ (Can 3D coordinste system projection)
Surface A.ts
Surface B.ts
Surface C.ts
Surface D.ts

Teleseismic_RF/ (Latitude and longitude spherical coordinate system)
MantleConesStationLocations.csv

CHGQ_cone.xyzv
KAPO_cone.xyzv
KILO cone.xyzv
MALO cone.xyzv
MATQ cone.xyzv
PKLO cone.xyzv
PNPO_cone.xyzv
SILO cone.xyzv
SOLO cone.xyzv
SUNO cone.xyzv
TBO cone.xyzv
TIMO_cone.xyzv
ULM_cone.xyzv
VIMO cone.xyzv
VLDQ cone.xyzv
WEMQ cone.xyzv



	Contents
	1) Introduction
	2) Data sources
	3) Methods
	4) Database structure of 3D model
	6) Discussion
	Acknowledgments
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages false

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on 'High Quality Print\(2\)'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



