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INTRODUCTION 
 
This report summarizes the gravity and magnetic studies that were done as part of the 
Carver County Geologic Atlas (CGA) study.  This work compliments the bedrock 
geology component of the project, and it has three objectives, as described below: 
 

1. The first objective is to create gravity and magnetic grid images to assist in 
compiling the bedrock map sheet for the CGA.  Gravity and magnetic anomalies 
primarily reflect sources in the Precambrian rocks, which in Carver County are 
almost completely covered by Paleozoic rocks.  Nonetheless, Precambrian 
structures may be important here, because their reactivation can produce 
structures in the overlying Paleozoic rocks.  This relationship has been especially 
true for the Mesoproterozoic Midcontinent Rift (Mossler, 2005, 2006a-d; Mossler, 
2007; Mossler, 2009; Runkel and Boerboom, 2009), which passes directly 
beneath Carver County. 

 
2. The second objective was to use gravity and magnetic model studies to help 

create geologic cross sections that are to accompany the bedrock geology map 
sheet.  Traditionally geologic cross-sections for CGA’s are based on drill-hole 
data only, but because drill holes seldom exceed 300 meters depth in the area, 
such sections are severely limited in depth.  Judicious application of, gravity and 
magnetic modeling can be used to produce geologic cross-sections that extend to 
depths of several kilometers, thereby providing a broader geologic perspective.  
Of particular interest will be the relationship between structures in the Paleozoic 
rocks and those in the underlying Precambrian rocks. 

 
3.  The third objective was to apply a semi-automated magnetic interpretation 

scheme called Euler Deconvolution (Reid and others, 1990), which estimates the 
location and depth of magnetic anomaly sources.  This approach can be effective 
in mapping the thickness of sedimentary rock basins.  Of particular interest in 
Carver County are the thicknesses of the sedimentary rocks that are associated 
with the Midcontinent Rift.  A preliminary investigation using an unrefined form 
of Euler analysis produced encouraging results for the Midcontinent Rift 
(Chandler, 2008).  In this study we use a more refined form of analysis known as 
“Located Euler Deconvolution” (proprietary software, Geosoft, Inc.).  This work 
was done to further evaluate the Euler approach, and to help constrain the model 
studies of the second objective. 

 
This study was conducted with support form the Carver County Geologic Atlas Program.  
All gravity and magnetic imagery and interpretations were conducted using the MONTAJ 
Module of the Geosoft Software System. 
 
DESCRIPTION OF THE GRAVITY AND MAGNETIC ANOMALY DATA 
 
Acquisition and Compilation of Gravity and Magnetic Data 
Gravity data, which here are based on measurements taken at the land surface, are 
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sensitive to density variations within the bedrock, which in turn reflect variations in bulk 
composition.  Most of the gravity data that were used in this project were acquired as part 
of a state wide compilation that is described in Chandler and Lively (2003).  More 
recently, gravity data were acquired in McLeod County, which adjoins Carver County to 
the west (Chandler and Mossler, 2009).  Station spacing is generally 1-2 miles throughout 
the region.  The gravity data were corrected for latitude- and elevation-related effects 
using standard procedures (International Association of Geodesy, 1971), a sea-level 
datum, and a Bouguer reduction density of 2.67 gm/cc.  The reduced data were 
subsequently used to produce a 1000-meter) spaced grid for the Carver County and 
adjacent areas (Fig. 1).  The Bouguer anomaly grid was upward continued 2 kilometers to 
mitigate noise, and it was subsequently enhanced by computing a second vertical 
derivative grid (Fig. 2). The second vertical derivative operation enhances the signature 
of sources near the earth’s surface, thereby improving the utility of the gravity data for 
bedrock-geologic mapping. 
 
Aeromagnetic data (airborne measurements of the earth's magnetic field) are sensitive 
to subsurface variations in the content and physical characteristics of magnetite, which is 
a common accessory mineral in igneous and metamorphic rocks.  The aeromagnetic data 
used in this study were acquired by a statewide program of high-resolution surveying 
(Chandler, 1991).  Most of the data in Carver County and surrounding areas were 
acquired along north–south lines that were flown 400-1000 meters apart at a mean terrain 
clearance of 150-200 meters.  The Twin Cities Metro area was acquired with east-west 
flight lines that were flown about 1600 meters apart at a mean terrain clearance of about 
150 meters.  The line data have been corrected for temporal variations, as well as for the 
effect of the regional geomagnetic field (DGRF model, National Oceanic and 
Atmospheric Administration, 1995), and have been interpolated into gridded data.  The 
gridded aeromagnetic data used in this study were from a statewide, 100-meter- 
spaced grid that was produced as part of a program to upgrade the aeromagnetic database 
in Minnesota through reprocessing (Chandler, 2007).  Prior to compositing this state-
wide grid the various components had been mathematically continued to a common 
observation level of 150 meters above surface.  The newly compiled aeromagnetic data 
for Carver County and adjacent areas is shown in Figure 3.  To enhance the data for 
mapping of near-surface sources, the first and second vertical derivative of the 
aeromagnetic data was computed, and these data are presented in Figures 4 and 5, 
respectively.  Prior to computing the derivative data the aeromagnetic data were reduced 
to vertical polarization (reduced to pole), which corrects for the inclination of the earth's 
magnetic field, thereby placing anomalies more directly above their sources.   
 
General Description of Gravity and Magnetic Anomalies and Their Geologic 
Significance 
The gravity and magnetic data of Carver County and adjacent areas (Figures 1-5) are 
dominated by anomalies associated with the Midcontinent Rift System, a failed, 1100 
my-old continental rift that extends from southeastern Michigan, westward through Lake 
Superior, and southwards to Oklahoma (Hinze and others, 1997).  In Minnesota and 
Wisconsin the rift is characterized by a prominent, northeast-striking belt of intense 
magnetic and gravity highs, which delineate a complex block of predominantly mafic  
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volcanic rocks that is known generally as the St. Croix Horst.  These volcanic rocks are 
thought to have been deposited in a series of grabens or half-grabens that underwent a 
reversal in movement late in rift development, thereby forming the St. Croix Horst.  
(Allen and others, 1997; Chandler and others, 1989).  Part of the St. Croix Horst is 
interpreted to extend beneath eastern Carver County (Figures 2, 4 and 5).  These Douglas 
and Pine Faults, which define the western margin of the horst in east-central Minnesota, 
are interpreted by Allen (1997) to be either truncated or offset near the northeastern 
margins of Carver County by the northwest-striking Lake Minnetonka fault (Figures 2, 4 
and 5).  A possible extension of the Pine Fault is interpreted by Allen to curve 
southwards through central Carver County (Figures 2, 4, and 5).  In southeastern Carver 
County and adjacent areas the northeast-striking, volcanic rocks along the St. Croix Horst 
are interpreted to be abruptly truncated or deflected to the-southeast along the northwest-
striking Belle Plaine Fault (Allen and others, 1997 and Chandler and others, 1989; 
Figures 2, 4, and 5).   

 
The volcanic rocks of the St. Croix Horst are flanked and locally overlain by the 

slightly younger sedimentary rocks of the Oronto and Bayfield groups (Allen and others, 
1997).  In Minnesota the Oronto Group is represented by the Solor Church Formation, 
and the Bayfield Group is represented by the Hinckley Sandstone and Fond du Lac 
Formation.  These sedimentary rocks, which consist chiefly of sandstones, have relatively 
low densities and are essentially non-magnetic, so they are characterized by negative 
gravity anomalies and subdued magnetic signatures (Figures 1-5).  On this basis and on 
scattered drill-hole data, western Carver County and adjacent areas are inferred to be 
underlain by a basin of these rift-related sedimentary rocks.   

 
The basement to the rift sequence in southeastern Minnesota is assumed to consist 

of a complex assemblage of Archean and Paleoproterozoic rocks (Allen, 1994; Chandler 
and others, 1989; Chandler and Mossler, 2009), and these rocks rise to the bedrock 
surface west of Carver County, where they are associated with complex and highly varied 
gravity and magnetic anomaly signatures (Figures 1-5)  
 
RELATIONSHIPS BETWEEN PRECAMBRIAN AND PALEOZOIC STRUCTURES 
 
Recent mapping in southeastern Minnesota has revealed a striking correspondence 
between structures in the Mid-continent Rift, as largely as revealed by the gravity and 
magnetic data, and structures in the overlying Paleozoic rocks, thereby making a strong 
case for reactivation of pre-existing structures (Mossler, 2005, 2006a-d; Mossler, 2007;  
Mossler, 2009; Runkel and Boerboom, 2009).  In Carver County, however, this 
relationship is less clear.  Figures 2, 4 and 5 shows a new compilation of faults in the 
Paleozoic rocks in Carver County (Mossler and Chandler, in prep), along with the Faults 
in the Precambrian rocks, as inferred form the gravity and magnetic data from Allen 
(1994), and, apart from a few Paleozoic fault segments, there is very little correspondence 
between the two sets of structures.  The Paleozoic faults are dominated by north-northeast 
to north-northwest strikes and they define a horst-like structure in the central part of 
Carver County (Mossler and Chandler, 2009).  To the south these Paleozoic faults appear 
to converge towards the Belle Plaine Fault.  In gross form the Paleozoic faults look like 
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they could have formed along horsetail-like splays in the basement that were related to 
the Belle Plaine Fault, so a Precambrian connection remains possible.  If such faults exist 
in the Precambrian rocks, they lack a gravity and magnetic signature, and further 
investigation would have to rely on other methods, perhaps seismic reflection profiling.  
It also remains to be seen why such structures here would be reactivated, in preference to 
the horst-bounding faults which are among the most commonly reactivated structures 
elsewhere along the rift (Mossler, 2005, 2006a-d; Mossler, 2007;  Mossler, 2009; Runkel 
and Boerboom, 2009), 
 
MODEL STUDIES OF THE GRAVITY AND MAGNETIC DATA 
 
Purpose 
The major objective of the gravity and magnetic model studies was to supplement the 
geologic cross sections that accompany the bedrock map of the Carver County Geologic 
Atlas.  In particular, the modeling was to provide a geologic interpretation for the 
Precambrian Rocks, which lie at relatively shallow depths (150-300 meters) beneath the 
county.  Few drill holes in the county reach Precambrian rocks, and none appreciably 
penetrate these rocks.  Consequently geologic interpretation of the Precambrian rocks 
beneath Carver County and surrounding areas relies significantly on geophysical 
methods.  Interpretation in this study will use modeling of gravity and magnetic data, 
which readily allows interpretations to depths of several kilometers, or more.  Like all 
geophysical methods, gravity and magnetic modeling is subject to ambiguity, but well-
constrained, geologically reasonable interpretations are possible if a suitable geologic 
framework has been established, and if supplemental information from drill holes, rock 
property compilations, and other geophysical data are incorporated into the modeling.  In 
the present study, where the Precambrian Rocks of the Midcontinent Rift are of primary 
interest, these criteria are largely satisfied by drawing on previous geophysical 
investigations of nearby parts of the rift (Allen, 1994; Allen and others, 1997, Chandler 
and others, 1989, and Hinze and others, 1997).   
 
One feature of particular interest to the model studies lies west of the St. Croix Horst in 
western Carver County and adjacent areas.  This feature is indicated by a semi-circular 
gravity high (Figure 1) and a series of curvilinear magnetic anomalies (Figure 3).  A few 
drill holes in the region have  encountered rift-related sedimentary rocks at the 
Precambrian surface, but it is unlikely that these non-magnetic, low density rocks are 
related to the observed anomalies.  Indeed, the subdued, fuzzy character of the derivative 
magnetic data in this area (Figures 4 and 5) imply that these feature are largely buried 
beneath a substantial thickness of sedimentary rocks.  The only geophysical investigation 
of this feature is a fairly simple gravity and magnetic model study by Brandt (1977).  
Brandt interpreted a wedge-like basin of rift-related volcanic rocks to explain the 
observed anomalies.  On the basis of magnetic modeling, Brandt inferred that the 
westernmost part, and presumably the lowermost part of the volcanic sequence, was 
associated with a natural remanent magnetization (NRM or permanent magnetization) 
that was reversed relative to the present earth’s field).  Magnetically reversed lavas, are 
generally associated with the earlier stages of Mid-Continent Rift magmatism (Pesonen 
and Halls, 1982), and none have been indicated by other model studies in the general 
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vicinity (Chandler and others, 1989; Allen, 1994).  Thus, a second look at these 
anomalies is justified; confirming and refining Brandt’s interpretation will further our 
understanding of the temporal and structural development of this part of the Midcontinent 
Rift. 
 
General Procedures 
 All modeling was conducted along selected profiles (Figures 1 and 3) using the GM-SYS 
module of the OAISIS-MONTAJ software system by Geosoft, Inc.  This approach is 
based on two-dimensional (strike-infinite) sources, although end corrections are allowed 
for sources with limited strike-lengths.  This software was also used to extract profile 
data for the modeling from data grids; these profiles included observed anomalies, the 
surface elevation and bedrock elevation.  In order to reliably model features out to the 
margins of Carver County, the selected profiles and the associated modeling extend 
considerably beyond the county boundaries (Figures 1 and 3). 
 
In this study we will be investigating the eastern margin of the St. Croix Horst, as defined 
by the Douglas and Belle Plaine faults, and the rift-related basin that flanks the horst to 
the west.  The gravity and magnetic modeling here assumes the same general form for the 
rift structure that had been established from previous model studies to the north and 
south, which were partially constrained by seismic data (Allen, 1994 and Chandler and 
others, 1989).  This form consists of a thick (10-15 km), fault-bounded block (St. Croix 
Horst) consisting chiefly of volcanic rocks, which is flanked by relatively shallow (2-4 
km), wedge-like basins of sedimentary and underlying volcanic rocks.  Basins of 
sedimentary rocks, chiefly consisting of Oronto Group rocks, also are known to lie 
locally atop the horst. 
 
Starting with a generalized form, gravity modeling was conducted first.  Most geologic 
units in the models were assigned densities that were adequately established by previous 
studies (Allen, 1994 and Chandler and others, 1989), and these include glacial till (2.00 
gm/cc), Bayfield Group (Density=2.45 gm/cc), and Oronto Group (Density=2.65).  The 
glacial till unit, which is included in each model between the ground surface and bedrock 
surface, is not discussed further in the modeling due to its relative thinness and minimal 
anomaly effects.  The Paleozoic rocks of the Carver County region are also relatively 
thin, and they are simply included as part of the Bayfield Group rocks in the models.  The 
volcanic rocks and the pre-rift crustal rocks were initially assigned densities of 2.95 and 
2.75 gm/cm, respectively, which is consistent with existing rock property data (Chandler, 
1993; Chandler and Lively, 2003).  Following initial setup, gravity modeling primarily 
involved varying the shape of the sedimentary and volcanic packages, and to a lesser 
degree, the densities of the volcanic and pre-rift crustal rocks. 
 
Once a reasonable gravity model was established, the model was further refined by 
magnetic modeling.  Magnetic modeling assumes an induced component that is parallel 
to the earth’s field, which is at the time of the original survey (late 1990) is estimated to 
had an intensity of 58,148 nanoTesla, and inclination of 73 degrees, and a declination of 
3 degrees (Program GEOMAG, National Oceanic and Atmospheric Administration, 
1995).  Similar to previous model studies of the rift (Allen, 1994, Chandler and others, 

 6



1989), the magnetic signature of the lavas and associated rocks are assumed to be 
dominated by NRM (natural remanent magnetism), which can have both normal (approx. 
dec/inc=290/40) and reversed (approx. dec/inc=110/60) components (Halls and Pesonen, 
1982).  The magnetic modeling was achieved primarily by subdividing the volcanic 
packages produced by the gravity model studies, and varying the magnetic susceptibility, 
the NRM intensity, and the inclination of the NRM within the volcanic rocks.  Minor 
adjustments were also made by varying the magnetic susceptibility of the pre-rift crustal 
rocks. 
 
Considerable ambiguity exists for the modeling of the basin lying to the west of the St. 
Croix Horst, especially with regard to the gravity modeling.  Preliminary modeling 
indicated that, a variety of combinations of sedimentary rocks (low density layers) and 
underlying volcanic rocks (high density layer) can be used to fit the observed gravity data 
in this area.  Magnetic modeling was used to help estimate the total thickness of the non-
magnetic sedimentary rocks, but some ambiguity persisted.  For example, maximum 
sedimentary rock thicknesses 1 or 2 km t appeared to yield comparably good fits to the 
observed magnetic data.  No other geologic or geophysical data are available, so it was 
decided to cross-check the profile modeling with results with the results from Euler 
Deconvolution, a statistically robust magnetic inversion scheme that operates on gridded 
data.  The Euler analysis, which is described in greater detail in the following section, 
indicated that 2 km was the most plausible thickness for the sedimentary rocks in the 
western basin, and this was incorporated in all three models. 
 
Ultimately, several iterative cycles of gravity and magnetic modeling were necessary for 
each of the three models, and they also were further adjusted so that they agreed closely 
at their intersection points.  The three resulting models are summarized in Figures 6, 7 
and 8.  Because these models lack the independent constraints of drill-hole and seismic 
data, considerable ambiguity still may persist.  Nonetheless, the models represent viable 
geologic interpretations that satisfy existing constraints, and as such they can be used to 
make reasonable hypotheses regarding upper crustal structure, and to help guide future 
geophysical studies. 
 
Carver_model_1 
Carver_model-1 (Figure 6) lies along an east-west profile that extends through southern 
Carver County (Figures 1 and 3).  This model produces a suitable fit with the observed 
gravity and magnetic data, and it maintains the general form of the rift from previous 
studies (Allen and others, 1997 and Chandler and others, 1989).  This form consists of a 
wedge-like western basin containing sedimentary and volcanic rocks, that is bounded to 
the east by a thick crustal block (St. Croix Horst) consisting chiefly of volcanic rocks. 
 
The lowermost part of the western basin is interpreted to consist of a package of volcanic 
rocks that ranges in thickness from a feathered edge to the west to 4.5 km near the 
bounding horst (Figure 6).  Interpreted densities for the volcanic rocks range from 2.90 to 
2.97 gm/cc, and interpreted magnetic susceptibilities range form 0.002701 to 0.0067 cgs.  
The volcanic rocks are subdivided into a lower, magnetically reversed sequence and an 
upper, magnetically normal sequence.  The reversed sequence is interpreted to have 
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polarities of 0.0028 to 0.006 cgs, which are directed along a declination of 110o, with 
inclinations of -40o to -47o (upwards).  The normal lava sequence is interpreted to have a 
polarity of 0.00655 cgs, that is directed along a declination of 290o, and an inclination of 
51o.  The magnetic high at about 15 km on the profile corresponds to the ring-like 
magnetic high that lies west of Carver County (Figure 3), and it marks the western edge 
of the reversed lavas.  It seems counter-intuitive to have a positive magnetic anomaly 
associated with magnetically reversed rocks, but this is precisely what should be 
observed along the western margin of the source.  Attempts to use either induced or 
normal NRM here produced a pronounced minimum along the inferred margin of the 
volcanic rocks, which is clearly not observed.  The pronounced magnetic low and 
adjoining high at 25-35 km distance on the profile corresponds approximately with the 
dipping contact between the reversed and normal lavas.  These relationships between 
anomaly signature and the relative placement of reversed and normal flows are similar to 
those originally deduced by Brandt (1977), and they will be applied in the subsequent 
models of this study.  Beneath the deepest part of the western basin, Carver_model_1 
implies roughly equal proportions of reversed and normal lavas, but considerable 
ambiguity may exist here, because other combinations of magnetizations and thicknesses 
could produce comparable fits. 
 
The volcanic rocks in the western basin are interpreted to be completely covered by 
sedimentary rocks of the Oronto and Bayfield groups (Figure 6).  Densities of 2.65 gm/cc 
and 2.45 gm/cc are assigned to the Oronto and Bayfield Groups, respectively, and both 
units are assumed to be non-magnetic.  Pinching out to the west beneath McLeod County 
(Chandler and Mossler, 2009), these rocks are interpreted to attain a combined maximum 
thickness of 2 km beneath western and central Carver County.  The sedimentary rocks in 
the western basin is interpreted to consist chiefly of Bayfield Group rocks, except near 
35-37 km, where a block of Oronto Group rocks is interpreted to accommodate a 
secondary gravity high that is superimposed on the main signature (Figure 6).  This 
secondary gravity high produces the narrow, curving high in the SVD gravity data along 
the western margin of the St. Croix Horst in central Carver County (Figure 2).  This 
narrow positive, which has no corresponding magnetic signature (Figures 3-5) lies along 
the southern projection of the Douglas Fault (Figure 2), and may therefore reflect either 
the Douglas Fault or some other kind of uplift continuing to the south of the Lake 
Minnetonka fault (Allen, 1994).  A fault in the overlying Paleozoic rocks is consistent 
with a faulted western margin for this uplift (Figure 6), but, as stated earlier, this 
Paleozoic Fault swings away from the margin of the St. Croix Horst further to the north 
(Figure 2). 
 
The western basin is abruptly truncated to the east by the St. Croix Horst, which is 
interpreted to consist chiefly of mafic lavas (Figure 8).  .The lava sequence is interpreted 
to abruptly thicken form 4.5 thickness beneath the western basin to nearly 15 km beneath 
the horst, and this boundary approximately aligns with the southern projection of the Pine 
Fault (Figure 3), implying that it is the primary structure bounding the horst margin.  The 
lavas are interpreted to have a density of 2.95 gm/cc, and magnetic susceptibilities of 
0.0011 to 0.003951 cgs.  Similar to the lavas beneath the western basin, the lavas of the 
horst are interpreted to consist of a lower, magnetically reversed sequence and an upper, 
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magnetically normal sequence.  The reversed sequence is interpreted to have a polarity of 
0.0033 cgs, which is directed along a declination of 110o, with an inclination of -45o.  The 
normal sequence is interpreted to have polarities of 0.0015 to 0.0034 cgs, that are 
directed along a declination of 290o, with inclinations of 10o to 50o.  The reversed 
sequence is interpreted to have thicknesses of 9.7 km to 11.7 km, and the normal 
sequence is interpreted to have thicknesses of 2.3 to 5.5 km.  Considerable ambiguity, 
however, exists here, because various combinations of thicknesses and magnetizations 
could be used to produce comparable fits.  Sedimentary rocks lie atop the lavas on the St. 
Croix horst, and they are interpreted to consist chiefly of Oronto Group rocks.  These 
rocks range in thickness from essentially 0 near the horst margin to about 4 km at the 
eastern end of the profile. 
 
The upper crust into which the rift was emplaced is interpreted to have densities of 2.67 
to 2.75  gm/cc and magnetic susceptibilities of  0 to 0.004901 cgs.  The most magnetic 
crustal rocks are interpreted to underlie the western basin and the horst (pink and dark 
pink units on Figure 8), and they may represent crustal rocks that are partially invaded by 
intrusions of the rift.  Although this is a reasonable interpretation, some caution is 
warranted in accepting the given thickness and magnetic susceptibility values, because 
both parameters are very poorly constrained.   
 
Carver_model_2 
 
Carver_model_2, (Figure 7) which lies along an east-west profile that extends through 
central Carver County (Figures 1 and 3), yields an interpretation that is very similar in 
general form and properties to that of Carver_model_1 (Figure 6), and the discussion here 
will be consequently abbreviated.  The western basin is interpreted to contain up to 4.7 
km of volcanic rocks, consisting of a lower, magnetically reversed sequence and an 
upper, magnetically normal sequence (Figure 7).  Property ranges for the volcanic rocks 
in the western basin include densities of 2.80 to 2.95 gm/cc, magnetic susceptibilities of 
0.0027 to 0.0053 cgs, NRM polarities of  0.0028 to 0.0065 cgs, reversed inclinations of -
40o to -60o, and a normal inclination of 51o .  Up to 1.9 km of sedimentary rocks are 
interpreted to overlie the volcanic rocks of the western basin, with Bayfield group rocks 
dominant to the west and Oronto Group rocks to the east, the latter possibly reflecting 
uplift related to the southern extension of the Douglas Fault.  In comparison with model 
1, the interpreted zone of uplifted Oronto Group rocks is considerably broader.  Paleozoic 
faults along the eastern margin of this uplift may reflect reactivation of rift structures.   
 
Over 15 km of volcanic rocks are interpreted to underlie the St. Croix Horst, and the main 
boundary with the western basin appears to be along a southern extension of the Pine 
Fault (Figure 7).  The volcanic rocks beneath the horst are subdivided into a lower, 
magnetically reversed sequence, and an upper magnetically normal sequence.  Property 
ranges for the volcanic rocks of the horst include  a density of 2.95 gm/cc, magnetic 
susceptibilities of 0.0017 to 0.0039 cgs, NRM polarities of  0.001 to 0.0034 cgs, a 
reversed inclination of -45o, and normal inclinations of 10o to 36o.  As with model 1, 
considerable ambiguity may exist with regard to the relative proportions and 
magnetizations of the reversed and normal lava sequences.  Up to 4 km of sedimentary 

 9



rocks, mostly of the Oronto Group, are interpreted to lie above the volcanic rocks at the 
east end of the profile. 
 
The upper crust into which the rift was emplaced is interpreted to have densities of 2.67 
to 2.75  gm/cc and magnetic susceptibilities of  0 to 0.004901 cgs.  The most magnetic 
crustal rocks are interpreted to underlie the western basin and the horst (pink and dark 
pink units on Figure 9), and they may represent crustal rocks that are partially invaded by 
intrusions of the rift. 
 
Carver_model_3 
 
Carver_model_3, (Figure 8) which lies along an northwest-southeast profile that extends 
through central Carver County (Figures 1 and 3), yields an interpretation that is very 
similar in general form and properties to that of Carver_model_1 and Carver_model_2 
(Figure 9), and the discussion here will be consequently abbreviated.  The western basin 
is interpreted to contain up to 4.7 km of volcanic rocks, consisting of a lower, 
magnetically reversed sequence and an upper, magnetically normal sequence (Figure 9).  
Property ranges for the volcanic rocks in the western basin include densities of 2.85 to 
2.95 gm/cc, magnetic susceptibilities of 0.002 to 0.0053 cgs, NRM polarities of  0.0028 
to 0.008 cgs, reversed inclinations of -40o to -60o, and a normal inclination of 51o .  Up to 
2.0  km of sedimentary rocks are interpreted to overlie the volcanic rocks of the western 
basin, with Bayfield group rocks dominant to the west and Oronto Group rocks to the 
east, with the latter possibly reflecting a southern extension of uplift related to the 
Douglas Fault.  Similar to model 2, the uplifted zone of Oronto Group rocks is interpreted 
to be considerably broader than was interpreted for model 1.  A Paleozoic fault along the 
eastern margin of this uplift may mean that this part of the uplift may be bounded by a 
fault that has been reactivated. 
 
Over 15 km of volcanic rocks are interpreted to underlie the St. Croix Horst, and the main 
boundary with the western basin appears to be a southern extension of the Pine Fault 
(Figure 3).  The volcanic rocks beneath the horst are subdivided into a lower, 
magnetically reversed sequence, and an upper magnetically normal sequence.  Property 
ranges for the volcanic rocks of the horst include densities of 2.90-2.95 gm/cc, magnetic 
susceptibilities of 0.0011 to 0.0041 cgs, NRM polarities of  0.001 to 0.008 cgs, a reversed 
inclination of -60o, and normal inclinations of 10o to 50o.  As with model 1, considerable 
ambiguity may exist with regard to the relative proportions and magnetizations of the 
reversed and normal lava sequences.  About 4 km of sedimentary rocks, mostly of the 
Bayfield Group, are interpreted to lie above the volcanic rocks at the east end of the 
profile. 
 
The upper crust into which the rift was emplaced is interpreted to have densities of 2.67 
to 2.75  gm/cc and magnetic susceptibilities of  0 to 0.004901 cgs.  A magnetic high at 5-
10 km along the profile is interpreted to be caused by a very localized body (Figure 3) 
that is interpreted to have a magnetic susceptibility of 0.005 cgs (Figure 10).  Although 
end corrections are made on this body, this situation is pushing the two-dimensional 
assumption for the modeling to its limits, and any interpretation should be regarded with 
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considerable caution.  Apart from this unusual body, the most magnetic crustal rocks are 
interpreted to underlie the western basin and the horst (pink and dark pink units on Figure 
9), and they may represent crustal rocks that are partially invaded by intrusions of the rift. 
 
Synthesis and Discussion of Gravity and Magnetic Modeling 
 
Figure 9 shows the three intersecting models in three-dimensional space, thereby 
providing a useful perspective on upper crustal structure beneath Carver County and 
adjacent areas.  To provide a geographic context, the boundaries of Carver County is 
included at the surface.  Part a of Figure 9 includes an image of the first vertical 
derivative magnetic data to represent geology at the Precambrian surface, and part b  
excludes this image to present a clearer view of the sections.  The western basin of the rift  
is interpreted to have a form like that of a half-dish with a relatively flat bottom that lies 
approximately 7 km below the surface.  Within this basin are up to 5 km of volcanic 
rocks and up to 2 km of sedimentary rocks.  The volcanic section is interpreted to include 
a substantial lower sequence of reversely magnetized lavas.  The models imply that the 
sedimentary rocks of the western basin consist chiefly of Bayfield Group rocks beneath 
southern Carver County, but Oronto Group rocks are interpreted to significantly increase 
in proportion to the north.  A zone of uplifted Oronto Group rocks is interpreted along 
what may be a southern extension of the Douglas Fault, although the structural details of 
this uplift remain obscure.  The interpreted narrowing of this uplift towards the south may 
represent some kind or structural transition between the Douglas Fault to the north and 
the Belle Plaine Fault to the south.  
 
The abrupt thickening of the volcanic rocks beneath the main part of the St. Croix Horst  
is consistent with a graben or half-graben structure, with the southern extension of the 
Pine Fault as serving as the main boundary.  Similar to the western basin, a substantial 
part of the volcanic sequence is interpreted to consist of magnetically reversed rocks, 
although the relative proportions are subject to considerable ambiguity.  Nonetheless, the 
modeling implies that earlier, magnetically reversed magmatism was probably significant 
along this part of the Midcontinent Rift. 
 
EULER DECONVOLUTION 
 
Note on the Euler Analysis done for the Carver County Geologic Atlas 
 
As described above, the structure of the Midcontinent Rift beneath Carver County is 
based largely on two-dimensional modeling of gravity and magnetic modeling along 
profiles.  This type of approach is referred to as “forward” modeling, where a model is 
altered by the user until the calculated anomaly suitably fits the observed anomaly.  Early 
attempts by the Author using forward modeling in Carver County encountered significant 
ambiguity, especially with regard to the thickness of the sedimentary rock basins 
associated with the Mid-continent Rift.  Seismic data, which have been used to constrain 
gravity and modeling elsewhere along the rift (Chandler, 1989), are lacking in Carver 
County.  It was consequently decided to cross-check the forward modeling against Euler 
analysis of the magnetic data.  The Euler method is an “inverse” approach where a certain 
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source-type is assumed (sheet, contact, etc.), and a solution is mathematically inverted 
directly form the observed anomaly data.   
 
In this study the Euler analysis was not restricted to Carver County, but was implemented 
over a large segment of the Midcontinent Rift in Minnesota and Wisconsin (Figure 10).  
Inclusion of this large area was done for two reasons.  Firstly, the bulk of time and effort 
was sent in learning about the Euler method and on initial selection of software 
parameters.  Once this preliminary work was completed, it was no more expensive to run 
the method on a large regional grid than on one restricted Carver County, and the derived 
product would thus be more useful rift studies in general.  The second reason for the 
regional-scale analysis is that it would assist in final selection of which Euler source type 
would be most appropriate for the rift, including Carver County.  Euler analysis was done 
for two possible source types, a thin sheet (structural index=1) and a contact (structural 
index=0.5).  The two source-types yield significantly different depths from the same 
anomaly feature, and it can be difficult to tell which solution is the most reliable.  To 
determine this, the two solution sets are compared to sedimentary rocks thicknesses that 
were independently estimated from seismic refraction data by Mooney and others (1970).  
Although such seismic data is lacking in Carver County, we can draw on it form 
elsewhere along the rift to determine which Euler source type is most likely the best for 
Carver County. 
 
Estimates of Depth to Magnetic Basement from Aeromagnetic Data Using the Euler 
Method  
 
Among the most commonly derived estimates from aeromagnetic data are depths to the 
top of magnetic sources, or “magnetic basement”. Such estimates are useful in mapping 
the thickness of non-magnetic sedimentary rocks that may cover the basement surface. 
Owing to the non-magnetic character of Oronto and Bayfield Group rocks, the 
sedimentary rock basins associated with the Midcontinent Rift System are particularly 
well-suited for this type of application. In addition, some of the modern, automated 
procedures presently available for depth estimation can assist in geologic mapping by 
estimating the horizontal location of anomaly sources. One relatively new method that 
has become widely used is the Euler Method (Thompson, 1982, Reid and others, 1990; 
and Blakely, 1995).  
 
The Euler method, sometimes called “Euler Deconvolution”, uses Euler’s homogeneity 
equation—a differential equation that relates the gradient components of gravity or 
magnetic anomalies to the location of the source. The Euler method can be readily 
applied to gridded magnetic data (Reid and others, 1990) and it requires no a priori 
information regarding source magnetization (Reid and others, 1995). No particular 
geologic source-type is assumed for the Euler method, but most applications require 
selecting a structural index (SI) value, which is the power of the rate of field change, 
which varies with source-type. For example a SI=1 is consistent with a thin dike or sill 
(anomalies falls off as 1/r, where r is the distance to the source), whereas a SI=2 is 
consistent with a thin pipe or horizontal cylinder (anomalies fall of as 1/r2).  A contact 
(infinitely deep) would have a structural index of 0, but because this value can lead to 
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mathematical instabilities, a structural index of 0.5 is often used to approximate contact 
solutions (Geosoft Inc., 2008). 
 
An Euler analysis of magnetic data from the Midcontinent Rift in Minnesota and 
Wisconsin by Chandler (2008) produced encouraging results.  Although no rigorous 
checking was done, the results using a structural index of 0.5 yielded thickness estimates 
of the sedimentary rocks that appeared to be most consistent with those from seismic data 
and three-dimensional gravity modeling by Allen (1994).  In this project I apply a more 
robust form of the Euler method on magnetic data from the Midcontinent Rift in 
Minnesota-Wisconsin (Figure 10), and I will conduct a somewhat more rigorous 
evaluation of the results using the seismic refraction data of Mooney and others (1970).  
The previous Euler analysis (Chandler, 2008) used a “standard” Euler approach, which 
was typical of earlier applications of the method.  This older application tended to 
produce large clusters and streaks of solutions, where determining the most reliable depth 
solutions was sometimes difficult.  Some refinement of the results from this older method 
was possible using error estimates and other criteria, but the results could still contain 
many spurious solutions.  In this study I will uses “located” Euler analysis which is 
offered in the Geosoft/Montaj software.  In this approach an analytic signal grid is 
computed, which is a way of combining the three orthogonal gradients (x, y, and z) of the 
anomaly data into a single grid.  The peaks of the analytical signal grid represent areas of 
maximum anomaly gradients, or areas of maximum signal, where the Euler solutions are 
likely to be valid.  Euler solutions are only generated in areas that lie over or near the 
maximum gradient areas, thereby reducing the number of solutions to those that have the 
greatest chance of being valid.   
 
Located Euler analysis of near-surface grids of magnetic data generally did not yield 
good results over the deeper sedimentary basins of the rift; interference from cultural and 
glacial sources interfered with the more subtle signatures of the buried sources.  To 
remedy this situation, the data were smoothed by upward continuation to a level of 1 km 
above surface and decimated from a gird interval of 100 meters to an interval of 500 
meters.  The results from this Euler analysis were significantly improved, but some 
scatter of depth solutions persisted locally.  After considerable trial and error, a 
smoothing procedure was adopted as part of the gridding process.  This was 
accomplished by using a de-sampling (smoothing) factor of 16 during the minimum 
curvature gridding.  This means that for a given grid node, the average of the 16 nearest 
data points was used to determine the grid value.  The effect is similar to that of a low 
pass filter, and it yields a smooth and reasonably regular form to the sedimentary basins 
along the rift.  Maps of the smoothed Euler results are presented for structural index =1 
(sheet) and structural index = 0.05 (contact) solutions in Figures 11 and 12, respectively.  
Some caution is warranted in interpreting these smoothed maps; for example, the parts of 
the sedimentary basins near the edge of the St. Croix Horst are most likely be associated 
with steep drop-offs instead of the smooth descent that is implied by the contours in 
Figures 11 and 12.  Nonetheless, the results presented here should be adequate for the 
analysis to follow.   
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The estimated thicknesses of the sedimentary rocks from the Euler analysis is compared 
with those derived from the seismic refraction work by Mooney and others (1970), whose 
profiles are shown on Figures 11 and 12.  Of these, all seismic profiles over the 
sedimentary basins that yielded interpretations down to either pre-rift crust or rift-related 
volcanic rocks are summarized in Table 1.  The variable “depth(m)” on the table refers to 
the total sedimentary rock thickness (Oronto Group plus Bayfield Group) estimated from 
the seismic refraction data (in meters).  Using the Geosoft/Montaj software Euler-based 
depths can be interpolated from the grids for Figures 11 and 12, at a position 
corresponding to the middle of each refraction profile.  These interpolated Euler depths 
are presented as “dikedep(m)” and “ctdep(m)” in Table 1 (sheet and contact solutions, 
respectively).  Figure 13 show a scatter diagram of the sheet (A) and contact (B) solutions 
versus the seismically determined depths for Table 1.  Superimposed on each plot is a 
line representing perfect agreement between the two types of estimates (slope=45 
degrees, zero intercept).  Both plots show considerable scatter, but the contact solutions 
in plot B appears to be better distributed about the line of agreement than the sheet 
solutions, which are generally too deep.  This implies that the contact solutions tend to be 
more accurate in depth than the sheet solutions.   
 
Table 1 contained several entries that, in the opinion of the Author, were questionable.  
Some interpretations were near the edge of the St. Croix Horst where, as stated above, 
soothing may have significantly distorted Euler estimates.  In addition, several 
interpretations with 16,000 to 17,000 ft/sec at the inferred base of the sedimentary 
sequence were interpreted by Mooney and others (1970) to represent volcanic rocks.  
However, more recent gravity and magnetic interpretations by Allen (1994), which were 
constrained partially by seismic reflection data, imply that at least some of these rocks 
may actually be Oronto Group (Chandler, 2008).  Eliminating these potentially erroneous 
entries, we are left with Table 2, and the resulting scatter diagrams in Figure 14 shows 
distinctly more linear trends than the results in Figure 13.  As with the previous diagrams, 
the contact solutions are distributed more evenly along the line of agreement, once again 
implying that the contact solution (structural index=0.5) is overall a better a better source-
type for estimating sedimentary rocks thickness along the Midcontinent Rift. 
 
In the case of Carver County, the Euler Contact solutions indicate a sedimentary rock 
thickness of about 2 km beneath western Carver County, and this value is used to help 
constrain the two-dimensional modeling described above.  Ambiguity still remains in the 
relative proportions of Bayfield and. Oronto Group rocks that exist in the basin, but the 
Euler analysis has mitigated at least part of the ambiguity. 
 
OVERVIEW AND FINAL COMMENTS 
 
The results of this study raise some new points and questions regarding the structure and 
evolution of the Midcontinent Rift in southeastern Minnesota.  Most of these are well 
beyond the scope of the Carver County CGA, but they may lead to some promising 
avenues of research at some time in the future. 
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Unlike other parts of the rift in southeastern Minnesota, the relationship between 
structures in the Paleozoic rocks and those interpreted for the rift is obscure at best.  If the 
Paleozoic structures in Carver County represent reactivation of rift structures, the latter 
largely lack a gravity and magnetic signature.  Perhaps this situation is related in some 
way to the transition of the rift in this area from northeast-striking structures associated 
with the St. Croix Horst to northwest-striking structures associated with the Belle Plaine 
fault zone.  The northerly-striking faults that define the horst-like structure in the 
Paleozoic rocks of central Carver County might be associated with horsetail-like splays 
from the Belle Plaine fault, but further study, perhaps using seismic reflection profiling, 
would be needed to investigate this hypothesis.  In any case, the results here indicate that 
there is still much to be learned regarding the relationship between structures in the 
Paleozoic rocks and those in the underlying Precambrian basement. 
 
The gravity and magnetic modeling in Carver County and adjacent areas has provided 
new structural details on relatively un-studied part of Midcontinent Rift.  A rift-related 
basin is interpreted to underlie western Carver County and adjacent areas, which contains 
as much as 2 km of sedimentary rocks and 5 km of underlying volcanic rocks.  This basin 
is truncated to the east along the faulted margin the St. Croix Horst, where the lavas 
thicken to as much as 15 km.  The abrupt thickening of the lavas beneath eastern Carver 
County appears to be most related to the southern extension of the Pine Fault, implying 
that this fault constitutes the main bounding structure for the St. Croix Horst in this area.  
However, the apparent uplift of Oronto Group sedimentary rocks to the west implies that 
horst-related uplift may extend as far west as central Carver County.  Seismic reflection 
profiling would be needed to better discern some of these structures.  The magnetic 
modeling confirms an earlier study that inferred magnetically reversed lavas exist 
beneath the western basin and St. Croix horst, although the proportion of reversed vs. 
normal lavas remains uncertain. 
 
Located Euler analysis appears to be a highly effective way of estimating the thicknesses 
of sedimentary rocks along the Midcontinent Rift.  Comparison of Euler results with 
seismic refraction data (Mooney and others, 1970) indicate that a structural index of 0.5 , 
is perhaps most suitable for most of the rift, although some fine tuning might locally 
improve the results.  The Euler results in Figure 12 indicate that sedimentary basin east 
and west of the St. Croix Horst are typically 3-5 km and 2-3 km thick, respectively, 
whereas the basins atop the horst are typically 1-2 km (Ashland Syncline) and 3-5 km 
thick (ancestral Twin Cities basin).  These thicknesses are generally consistent with those 
derived from gravity and magnetic model studies that were at least partially constrained 
by seismic reflection data (Chandler and others, 1989, Allen, 1994).  The large area of 
Euler depths in excess of 2 km to the west of Lake Superior does not represent rift-related 
sedimentary rocks; instead it represents much older (Paleoproterozoic) sedimentary rocks 
of the Animikie Group. 
 
Euler-based estimates of Sedimentary rock thicknesses that are in excess of 5 km are 
prevalent in two areas—western Lake Superior and south central Minnesota (Figure 12).  
The Euler estimates in western Lake Superior are generally consistent with the 3-d 
gravity modeling results by Allen (1994), which were well-constrained by seismic 
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reflection data.  The main exception to this consistency is the apparent decrease in Euler 
depths east of the Bayfield Peninsula (Figure 12), which has no equivalent in Allen’s 
model.  Contamination from near-surface sources is suspected, because the original 
magnetic data (Figure 10) indicates that this area includes channel-like magnetic 
anomalies that most likely reflect moderately magnetic glacial deposits filling bedrock 
valleys in the floor of Lake Superior (Chandler, 2009).  The deep sedimentary basin 
implied by the Euler solutions in south-central Minnesota (Figure 12) is not apparent 
from previous gravity and magnetic model studies in the area by Allen (1994).   One 
possibility is that the basement to the rift sequence is non-magnetic, thereby adding a 
false thickness to the rift’s sedimentary sequence.  For example, the Sioux Quartzite is 
known to form basins of non-magnetic rocks to the west of the present study area.  In any 
case, further investigation, perhaps using seismic reflection profiling, is needed to help 
resolve the problems in this area. 
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Figure 1.  Bouguer gravity anomaly map of Carver County and adjacent areas, color 
shaded relief format.  Contour interval=1 milliGal.  Labeled straight line segments 
represent model profiles.  Other lines represent county boundaries. 
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Figure 2.  Second vertical derivative  gravity anomaly map of Carver County and 
adjacent areas, color shaded relief format.  Data smoothed by upward continuation to 2 
km above surface.  Contour interval=0.05 milliGal/km2.  Heavy dark lines represent 
faults in the Paleozoic rocks as recognized by Mossler and Chandler (2009).  Heavy 
white lines represent faults in the Precambrian rocks as inferred from gravity and 
magnetic data by Allen, 1994.Bold Labels are as follows:  DF=Douglas Fault, PF=Pine 
Fault, LMF=Lake Minnetonka Fault, BPF=Belle Plaine Fault, SCH=St. Croix Horst.  
Other lines represent county boundaries. 
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Figure 3.  Total magnetic intensity anomaly map of Carver County and adjacent areas, 
color shaded relief format.  Labeled straight line segments represent model profiles.  
Other lines represent county boundaries. 
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Figure 4.  First vertical derivative magnetic anomaly map of Carver County and adjacent 
areas, gray-scale format.  Yellow lines represent faults in the Paleozoic rocks as 
recognized by Mossler and Chandler (2009).  Red lines represent faults in the 
Precambrian rocks as inferred from gravity and magnetic data by Allen, 1994.Bold 
Labels are as follows:  DF=Douglas Fault, PF=Pine Fault, LMF=Lake Minnetonka Fault, 
BPF=Belle Plaine Fault, SCH=St. Croix Horst.  Other lines represent county boundaries. 
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Figure  5.  Second vertical derivative magnetic anomaly map of Carver County and 
adjacent areas, gray-scale format.  Yellow lines represent faults in the Paleozoic rocks as 
recognized by Mossler and Chandler (2009).  Red lines represent faults in the 
Precambrian rocks as inferred from gravity and magnetic data by Allen, 1994.Bold 
Labels are as follows:  DF=Douglas Fault, PF=Pine Fault, LMF=Lake Minnetonka Fault, 
BPF=Belle Plaine Fault, SCH=St. Croix Horst.  Other lines represent county boundaries. 
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Figure 6.  Carver Model 1.  Lines at the top of the model section are as follows:  heavy 
black=boundaries of Carver County, heavy red=faults in the Precambrian rocks as 
inferred by Allen (1994), light red=faults in the Paleozoic rocks as inferred by Mossler 
and Chandler (2009).  Colors on the model sections are as follows:  pink shades=Pre- rift 
crustal rocks, drab green=magnetically reversed lavas, green=magnetically normal lavas, 
orange=Oronto Group sedimentary rocks, yellow=Bayfield Group sedimentary rocks 
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Figure 7.  Carver Model 2.  Lines at the top of the model section are as follows:  heavy 
black=boundaries of Carver County, heavy red=faults in the Precambrian rocks as 
inferred by Allen (1994), light red=faults in the Paleozoic rocks as inferred by Mossler 
and Chandler (2009).  Colors on the model sections are as follows:  pink shades=Pre- rift 
crustal rocks, drab green=magnetically reversed lavas, green=magnetically normal lavas, 
orange=Oronto Group sedimentary rocks, yellow=Bayfield Group sedimentary rocks 
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Figure 8.  Carver Model 3.  Lines at the top of the model section are as follows:  heavy 
black=boundaries of Carver County, heavy red=faults in the Precambrian rocks as 
inferred by Allen (1994), light red=faults in the Paleozoic rocks as inferred by Mossler 
and Chandler (2009).  Colors on the model sections are as follows:  pink shades=Pre- rift 
crustal rocks, drab green=magnetically reversed lavas, green=magnetically normal lavas, 
orange=Oronto Group sedimentary rocks, yellow=Bayfield Group sedimentary rocks 
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Figure 9.  Three-dimensional section summarizing the model studies.  View looking to 
the northeast.  Heavy red line=boundaries of Carver County.  Colors of sections are the 
same as used in figures 6, 7, and 8.(A.)  Section with image of first vertical derivative of 
magnetic data superimposed at surface.  (B)  Same section without first derivative 
magnetic image. 
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Figure 10.  Total magnetic intensity anomaly map of the Midcontinent Rift area, eastern 
Minnesota and northwestern Wisconsin., color shaded relief format.  White lines 
represent county boundaries in Minnesota and the Lake Superior shoreline.  Heavy dark 
line outlines Carver County in Minnesota. 
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Figure 11.  Located Euler depth analysis of the Midcontinent Rift area, eastern Minnesota 
and northwestern Wisconsin, color format, contour interval=1000 meters.  Based on a 
structural index of 1 (sheet solutions).  Small dots=individual Euler solutions.  Heavy, 
labeled line segments=seismic refraction lines by Mooney and others (1970).  White lines 
represent county boundaries in Minnesota and the Lake Superior shoreline.. Heavy dark 
line outlines Carver County in Minnesota.  Processing parameters are described in text.    
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Figure 12.  Located Euler depth analysis of the Midcontinent Rift area, eastern Minnesota 
and northwestern Wisconsin, color format, contour interval=1000 meters.  Based on a 
structural index of 0.5 (contact-like solutions).  Small dots=individual Euler solutions.  
Heavy, labeled line segments=seismic refraction lines by Mooney and others (1970).  
White lines represent county boundaries in Minnesota and the Lake Superior shoreline.. 
Heavy dark line outlines Carver County in Minnesota.  Processing parameters are 
described in text.    
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Figure 13.  Euler depth estimates versus seismic refraction depths for areas underlain by 
rift-related sedimentary rocks.  Based on data in Table 1.  Heavy Line on each plot 
represents perfect agreement.  (A.)  Euler solutions with a structural index=1 (thin sheet).  
(B.)  Euler solutions with a structural index=0.5 (contact-like).   
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Figure 14. Euler depth estimates versus seismic refraction depths for areas underlain by 
rift-related sedimentary rocks.  Suspicious refraction solutions, as described in text, have 
been eliminated, based on data in Table 2.  Heavy Line on each plot represents perfect 
agreement.  (A.)  Euler solutions with a structural index=1 (thin sheet).  (B.)  Euler 
solutions with a structural index=0.5 (contact-like).   
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TABLE 1 
Line 
No. depth(m) dkdep(m) ctdep(m) comment on quality of deepest refractor 

20 1829 2588 1734 solid    
68 1372 2435 1620 solid    
69 945 1626 1050 solid    
70 884 1833 1189 solid    
19 2987 1509 757 near edge of horst   

7 1737 3739 2320 solid    
8 2103 3259 1710 rfr.may be minium depth 16,500 FT/SEC) 
9 2164 2983 1706 rfr.may be minium depth 17,000 FT/SEC) 

10 884 1955 1137 solid    
4 1128 2555 1851 solid    

1s 1676 4260 3216 solid    
2 2256 5137 3908 solid    
3 2286 4977 3997 solid    

17 1829 2909 1974 may be minimum depth  
14 3962 2168 1317 near edge of horst   
92 1341 2102 1422 solid    
91 2073 3197 2665 solid, if basement pick used  

90 1646 4758 3797
may be minimum depth, rfr=16500-17500 
ft/sec 

89 2621 4645 4071 solid, if basalt/basement pick used 
88 2591 3912 2638 near edge of horst   

84-87 1585 2640 1797 solid    
95 908 2007 1478 well depth    

46-77 3200 3402 3201 solid    
43-78 1951 2485 1815 near edge of horst   
42-79 1951 4197 3019 may be minimum depth, rfr=16000 ft/sec 

94 1036 1696 1229 may be minimum depth, rfr=17000 ft/sec 
75 2316 1524 752 near edge of horst   
76 3048 2454 1416 near edge of horst   
54 2256 6195 4851 tentative, data poor   
53 3505 7447 5856 solid, if 19,000 layer is used  
52 3292 5372 3983 solid, if 19,000 layer is used  
51 3200 4024 6333 solid, if 20,000 layer is used  
50 3658 4527 4281 solid, if 19,000 layer is used  
49 4054 5716 4205 solid    
48 1981 6637 5053 may be minimum depth, rfr=16000 ft/sec 
47 3292 6800 5207 solid if basement pick is used  
74 3658 6443 5056 solid if basement pick is used  
56 3109 6282 4858 solid    
55 3322 6598 5867 solid    
57 3871 4968 3594 solid    
58 3139 3877 2657 solid    
59 2438 2520 1570 solid    
60 655 2190 1397 solid    
61 2515 3969 2572 may be minimum depth, rfr=17000 ft/sec 
62 3414 4435 3018 solid    
63 3536 5089 3338 solid    
64 2499 3552 2922 solid    
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Table1(Previous Page).  Euler depth estimates versus seismic refraction depths for areas 
underlain by rift-related sedimentary rocks.  Column headers are as follows:  Line 
No.=Number of seismic refraction line by Mooney and others (1970), depth(m)=seismic 
refraction depth in meters to bottom of sedimentary sequence, dkdep(m)=Euler depth in 
meters to base of sedimentary sequence with structural index=1.0 (sheet), ctdepth(m)= 
Euler depth in meters to base of sedimentary sequence with structural index=0.5 
(contact). 
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TABLE 2 
Line 
No. depth(m) dkdep(m) ctdep(m)

comment on quality of deepest 
refractor 

20 1829 2588 1734 solid    
68 1372 2435 1620 solid    
69 945 1626 1050 solid    
70 884 1833 1189 solid    

7 1737 3739 2320 solid    
10 884 1955 1137 solid    

4 1128 2555 1851 solid    
1s 1676 4260 3216 solid    

2 2256 5137 3908 solid    
3 2286 4977 3997 solid    

17 1829 2909 1974 may be minimum depth  
92 1341 2102 1422 solid    
91 2073 3197 2665 solid, if basement pick used  
89 2621 4645 4071 solid, if basalt/basement pick used 

84-87 1585 2640 1797 solid    
95 908 2007 1478 well depth    

46-77 3200 3402 3201 solid    
53 3505 7447 5856 solid, if 19,000 layer is used  
52 3292 5372 3983 solid, if 19,000 layer is used  
51 3200 4024 6333 solid, if 20,000 layer is used  
50 3658 4527 4281 solid, if 19,000 layer is used  
49 4054 5716 4205 solid    
47 3292 6800 5207 solid if basement pick is used  
74 3658 6443 5056 solid if basement pick is used  
56 3109 6282 4858 solid    
55 3322 6598 5867 solid    
57 3871 4968 3594 solid    
58 3139 3877 2657 solid    
59 2438 2520 1570 solid    
60 655 2190 1397 solid    
62 3414 4435 3018 solid    
63 3536 5089 3338 solid    
64 2499 3552 2922 solid    

 
Table2.  Euler depth estimates versus seismic refraction depths for areas underlain by rift-
related sedimentary rocks.  Suspicious seismic refraction depths, as described in text, 
have been eliminated.  Column headers are as follows:  Line No.=Number of seismic 
refraction line by Mooney and others (1970), depth(m)=seismic refraction depth in 
meters to bottom of sedimentary sequence, dkdep(m)=Euler depth in meters to base of 
sedimentary sequence with structural index=1.0 (sheet), ctdepth(m)= Euler depth in 
meters to base of sedimentary sequence with structural index=0.5 (contact). 
 


