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ABSTRACT

A new model for the crustal evolution of the Labrador Sea region of southwestern

Greenland ����� 	 
����N and �� 	 ���W was developed from gravity	derived Moho

estimates and lithologic and geologic features interpreted from correlative geopoten	

tial anomalies� and recent seismic surveys �Chian and Louden� ����� Chian et al��

����a� Chian et al�� ����b� Chalmers and Laursen� ������ Previous kinematic models

�Srivastava� ����� Srivastava and Tapscott� ���
� Roest and Srivastava� ����� sug	

gested that the opening of the Labrador Sea caused a counterclockwise rotation of

Greenland from ca� �� to �
 Ma as a part of the opening of the North Atlantic

Ocean� These models were based on interpretation of a ��� km wide zone of crust o�

of the coasts of Greenland and Labrador as oceanic crust with continuous magnetic

isochrons through anomaly ��� The structural implications of the gravity	derived

Moho and crustal density models challenge this interpretation� Instead� this region

is interpreted a combination of rifted	continental and transitional crust� The correla	

tion analysis of free	air gravity and magnetic anomalies determined that rocks within

this ��� km zone were more characteristic of rifted	continental or transitional crust�

and this was further supported by the results of seismic surveys �Chian and Louden�

����� Chian et al�� ����a� ����b� Chalmers and Laursen� ������ The linear magnetic

anomalies interpreted as isochrons �� and �� by Roest and Srivastava ������ were in	

terpreted as serpentinization along the crustal rupture and delamination surfaces or
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along the base of regional	scale half	grabens� The revised model postulates that the

rotational opening of the Canada Basin from ��� to ��� Ma induced a counterclock	

wise rotation of Greenland� which extended and thinned the Archean crust between

Greenland and Labrador� This weakened crust was thus well disposed to rifting when

the North Atlantic rift system propagated northward into the region at about �� Ma�

Slow extension rates and an insu�cient supply of magma delayed the initiation of

oceanic spreading until about 
� Ma when Greenland began to separate from North

America and move with Europe�
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was greater than ��� �y and depths where the percentile di�erence
�num� di�� � seismic depth was greater than ��� �z are noted�
Statistical comparisons excluding no depths� y depths� z depths� and
both y and z depths are given at the bottom of the table� � � � � � � � ���

G�� Chronological summary of tectonic events for the Greenland area� The
conventional name of the associated magnetic isochron is given under
the �anomaly� heading� Geologic age and associated time in millions
of years is given under the �age �Ma� heading� Subsequent columns
for the listed regions summarize the geologic events of their evolution� ���
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��� The Gravity	Geologic	Method �adapted from Figure � of Nagarajan
������� The top panel shows the gravity �eld components� observed
anomalies �solid� gOBS�i� regional anomalies �dash	dot� gREG�i�
and bedrock	topography anomalies �dashed� gBRT �i� The bottom
panel shows the original model �dashed and that predicted by GGM
�solid� Asterisks �� mark the �� control measurement locations used
in making predictions at all �� points� A density contrast of ���

gm�cm� was assumed between the rock and sediment layer� � � � � � � �

��� Standard FAGA from Andersen and Knudsen ������ �gOBS for the
Barents Sea in a Lambert Equal	Area Azimuthal Projection centered
on �� E at sea level� The test area is delineated by the red box� � � � ��

��� FAGA from Andersen and Knudsen ������ with enhanced high fre	

quency components for the study area �gOBS outlined in Figure ����
These data for the Barents Sea are shown in a Lambert Equal	Area
Azimuthal Projection centered on ���E at sea level� � � � � � � � � � � ��

��� Barents Sea bathymetric control and check points within the study
area outlined in Figure ���� Data were digitized by NRL from USSR
charts and Norwegian Polar Institute charts� The blue outline box
delineates the �eld area� grey circles denote control bathymetry� and
red triangles denote check points� � � � � � � � � � � � � � � � � � � � � ��
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��� Trade	o� diagram for choosing an e�ective density contrast in GGM
predictions of bathymetry for the Barents Sea study area� Solid and
dashed curves give the correlation coe�cient and RMS di�erence� re	
spectively� between the predictions and the check points as a function
of varying density contrasts� The trade	o� diagram indicates that lit	
tle improvement may be expected from predictions based on density
contrasts greater than ���� gm�cm�� Lower values up to about ����
gm�cm� may provide higher resolution predictions with marginal de	
crease in statistical performance� A geologically more reasonable den	
sity contrast of ��� gm�cm� �intersection of the red dotted lines does
not perform well� matching only ��� of the check points and having
an RMS di�erence of ��� m� � � � � � � � � � � � � � � � � � � � � � � � ��

��
 Regional gravity anomalies �gREG determined from control points in
the bathymetry for the Barents Sea study area� The data are shown in
a Lambert Equal	Area Azimuthal Projection centered on ���E at sea
level� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Residual gravity anomalies �gBRT  for the Barents Sea study area
shown in a Lambert Equal	Area Azimuthal Projection centered on
���E at sea level� These anomalies were the result of removing the
regional gravity e�ects �gREG shown in Figure ��
 from the enhanced
FAGA �gOBS shown in Figure ���� � � � � � � � � � � � � � � � � � � � ��

��� GGM bathymetric predictions from enhanced FAGA for the Barents
Sea� The data are shown in a Lambert Equal	Area Azimuthal Projec	
tion centered on ���E at sea level� � � � � � � � � � � � � � � � � � � � � ��

��� GGM bathymetric predictions from standard FAGA of Andersen and
Knudsen ������ for the Barents Sea study area� The data are shown in
a Lambert Equal	Area Azimuthal Projection centered on ���E at sea
level� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Bathymetry estimated from gridding the ��� control points for the
Barents Sea study area� These data are shown in a Lambert Equal	
Area Azimuthal Projection centered on ���E at sea level� � � � � � � � ��

���� EOTOPO�U bathymetry for the Barents Sea in a Lambert Equal	Area
Azimuthal Projection centered on ���E at sea level� � � � � � � � � � � ��
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���� JGP��E bathymetry for the Barents Sea in a Lambert Equal	Area
Azimuthal Projection centered on ���E at sea level� � � � � � � � � � � ��

���� Bathymetric di�erences obtained by subtracting the standard FAGA
predictions �Figure ��� from the enhanced FAGA �Figure ��� for the
Barents Sea study area� Data are shown in a Lambert Equal	Area
Azimuthal Projection centered on ���E at sea level� � � � � � � � � � � �


���� Greenland bathymetric control and check values shown in a Lambert
Equal	Area Azimuthal Projection centered on ���W� Data coverage
includes ������� points mainly in the eastern areas from the NGDC
and ������� points mainly in the western areas from GSC �darker grey�
The study area around Greenland is also delineated� � � � � � � � � � � ��

���� Regional bathymetric gravity e�ects �gREG for Greenland from com	
bined NGDC and GSC bathymetric control data� The gravity e�ects
are shown in a Lambert Equal	Area Azimuthal Projection centered on
��� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���
 Standard FAGA from Andersen and Knudsen ������ �gOBS for Green	
land in a Lambert Equal	Area Azimuthal Projection centered on ���

W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Residual bathymetric gravity e�ects �gRES for Greenland determined
by removing the regional �gREG from the standard FAGA �gOBS�
The gravity e�ects are shown in a Lambert Equal	Area Azimuthal
Projection centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � ��

���� GGM	predicted bathymetry for Greenland in a Lambert Equal	Area
Azimuthal Projection centered on ��� W� � � � � � � � � � � � � � � � � ��

���� EOTOPO�U bathymetry for Greenland in a Lambert Equal	Area Az	
imuthal Projection centered on ��� W� � � � � � � � � � � � � � � � � � �


���� JGP��E bathymetry for Greenland in a Lambert Equal	Area Azimuthal
Projection centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � ��

���� Greenland bathymetry fromminimum curvature gridding of the �������
control points shown in a Lambert Equal	Area Azimuthal Projection
centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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���� Greenland bathymetry from Smith and Sandwell ������ in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

��� Greenland surface elevations including rock and ice surfaces above sea
level in a Lambert Equal	Area Azimuthal Projection centered on ��� W� ��

��� Greenland subglacial elevations inferred for the bedrock relative to
mean sea level in a Lambert Equal	Area Azimuthal Projection cen	
tered on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Ice thickness model �top minus bottom of icesheet in a Lambert Equal	
Area Azimuthal Projection centered on ��� W� � � � � � � � � � � � � � �


��� Ocean thickness model for Greenland �reference is MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

��� Bedrock surface model for Greenland �reference is MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

��
 Greenland bathymetry from JGP��E data set in a Lambert Equal	Area
Azimuthal Projection centered on ��� W� � � � � � � � � � � � � � � � � 
�

��� Original Free	Air Gravity Anomalies �FAGA fromNIMA at the Earth�s
surface in a Lambert Equal	Area Azimuthal Projection centered on ���

W� Data are registered to variable surface elevations that are given in
Figure ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
�

��� Observation errors provided with the NIMA FAGA in a Lambert Equal	
Area Azimuthal Projection centered on ��� W� � � � � � � � � � � � � � 
�

��� Orthometric heights associated with the NIMA�s FAGA above mean
sea level in a Lambert Equal	Area Azimuthal Projection centered on
��� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
�

���� NIMA FAGA upward continued to Z���	km elevation in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � 
�

���� Greenland gravity and ice thickness measurement locations at about a
�� km interval gathered by Byrd Polar Research Center in ����� �����
����� and ���
 �Roman et al�� ������ Data are shown in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � 
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���� Ice Surface Elevation Comparisons� a� Orthometric heights given in	
clude� BPRC elevations �thickened black� Ekholm elevations �dashed
red� and NIMA elevations �dashed green� b� Elevation di�erences
given include� BPRC	Ekholm �thickened black� BPRC	NIMA �dashed
red� and Ekholm	NIMA �dashed green� Table ��� gives statistics of
this comparison� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
�

���� Comparison of ice thickness pro�les showing data interpolated from
Figure ��� �thick	red line and the radar ice thickness measurements
�two thin	black line segments obtained by Gogineni and made avail	
able by Sohn and Csath�o ������� � � � � � � � � � � � � � � � � � � � � � ��

���� Comparison of FAGA pro�les derived from BPRC �eld observations
�thin	black line and interpolated o� the original NIMA FAGA grid
�thick	red� Note the large disagreement at about the ���� km point
along the pro�le and that the NIMA FAGA are systematic lower in
magnitude� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Crustal cross	section showing the ice top and bottom with FAGA dif	
ferences� Top line shows the di�erence between BPRC	derived FAGA
and NIMA	derived FAGA data� Middle line depicts the ice surface
interpolated from Figure ���� The bottom line depicts the ice bottom
interpolated from Figure ���� Note the large di�erence between the
FAGA data sets that originates above a thinning of the ice sheet at
the ���� km point along the pro�le� � � � � � � � � � � � � � � � � � � � ��

���
 Initial assumed crustal densities for Greenland used in this study in a
Lambert Equal	Area Azimuthal Projection centered on ��� W� Ranges
of density values for prisms of oceanic and continental rock are given
for the upper crust �u�c�� average for each prism �ave�� and lower crust
�l�c�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Gravity e�ect of the ice model at ��	km above MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

���� Gravity e�ect of the ocean model at ��	km above MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

���� Gravity e�ect of the rock model at ��	km above MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��
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���� Terrain gravity e�ect �TGE from the summation of the gravity e�ects
of the ice� ocean and rock models at ��	km above MSL in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ��

���� Total of three terrain models �the Earth�s surface in a Lambert Equal	
Area Azimuthal Projection centered on ��� W �reference is MSL� Ele	
vations on Greenland are from Ekholm ����
� �Figure ���� ocean areas
are zero �MSL� and all other terrestrial areas are from JGP��E �Fig	
ure ��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Terrain Correlated FAGA �TCFAGA in a Lambert Equal	Area Az	
imuthal Projection centered on ��� W at ��	km above MSL� These
data represent that component of the reference FAGA that show the
highest positive and negative correlations with the TGE� � � � � � � � ��

���� Terrain Decorrelated FAGA �TDFAGA in a Lambert Equal	Area Az	
imuthal Projection centered on ��� W at ��	km above MSL� These
data represent that component of the reference FAGA that is left over
after removal of TCFAGA� � � � � � � � � � � � � � � � � � � � � � � � � �


���� Annihilating CTGE �ACTGE in a Lambert Equal	Area Azimuthal
Projection centered on ��� W at ��	km above MSL� These data repre	
sent the gravity e�ect of the Moho undulation based upon an assumed
density contrast� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� Moho depth model for the Greenland study area in a Lambert Equal	
Area Azimuthal Projection centered on ��� W� This model was calcu	
lated iteratively using the initial assumed densities for the lower crust
shown in Figure ���
 and the simpli�ed relationship given in Equa	
tion ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���
 Adjusted density model for the Greenland �eld area in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� These values
were determined by �xing the Moho depths to those determined for
Figure ���� and modifying the initial assumed densities �Figure ���

to iteratively solve Equation ����� � � � � � � � � � � � � � � � � � � � � ��

���� Root Gravity E�ect for Greenland derived from the Moho depth model
�Figure ���� and adjusted lower crustal density contrasts �Figure ���

in a Lambert Equal	Area Azimuthal Projection centered on ��� W� � ��
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���� Unmodeled residual ACTGE for Greenland in a Lambert Equal	Area
Azimuthal Projection centered on ���W� These data represent the dif	
ference between the ACTGE �Figure ���� and the RGE �Figure ����
calculated from the Moho depths and adjusted densities� Remaining
unmodeled e�ects are dominantly located along the southern and east	
ern edges of the �eld area that probably represent edge e�ects� � � � � ��

���� Generalized depiction of Moho depth pro�le generation by Equation
����� The ice sheet is shown on top of the subglacial bedrock� which
sits on top of �� km of crust� Beneath this extends the crustal root into
the mantle� The masses in the top two boxes �for ice and subglacial
bedrock must equal the mass in the bottom box �in the root to agree
with the assumed Airy method of isostatic compensation� � � � � � � � �


���� Cross	section of interpolated and pro�le Moho depth data� a� Values
from the Moho depth grid �Figure ���� were interpolated to the loca	
tions of a Moho depth pro�le �thick	red� The pro�le was determined
from the ice surface and subglacial models as shown in Figure ���� and
given in Equation ���� assuming an Airy method of compensation� b�
Plot of the di�erence �interpolated 	 pro�le� � � � � � � � � � � � � � � ��

���� Greenland crustal thickness model derived from di�erencing the rock
and Moho depth models in a Lambert Equal	Area Azimuthal Projec	
tion centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� Gravity	derived Moho model for the Greenland area in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ���

��� Geographic map detailing Greenland geologic provinces and the loca	
tions for the crustal structure in the southwestern Greenland margin
determined in Chapter �� Mapped boundaries in the coastal regions of
Greenland were adapted from Escher and Pulvertaft ������� � � � � � � ���

��� Terrain decorrelated FAGA �TDFAGA in a Lambert Equal	Area Az	
imuthal Projection centered on ���W at �� km above MSL� These data
represent that component of the reference FAGA that is left over after
removal of TCFAGA� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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��� Percent coherence versus cumulative harmonics� a� The terrain decor	
related portion of NIMA�s FAGA �TDFAGA were correlated with
FAGA generated by the cumulative EGM�
 harmonics from degree
�
� to � �solid and from degree � to �
� �dashed� Note the slope
break at degree ���� Harmonics lower than ��� generate most of the
agreement between the data sets� The e�ects modeled by harmonics
over degree ��� are assumed to be representative of shallower sources
in the lithosphere� having shorter wavelengths and less power� b� First
horizontal derivative of the pro�le for degrees �
� to �� The thickened
vertical line highlights the slope break at degree ���� � � � � � � � � � ���

��� EGM�
	FAGA derived from degrees ��� to �
� EGM�
 coe�cients in
a Lambert Equal	Area Azimuthal Projection centered on ��� W� � � � ��


��
 EGM�
	FAGA data derived from degrees � to ��� EGM�
 coe�cients
in a Lambert Equal	Area Azimuthal Projection centered on ��� W�
Labels refer to geologic features discussed in the text� � � � � � � � � � ���

��� Intracrustal components of the terrain	decorrelated gravity anomalies
�IC	TDFAGA in a Lambert Equal	Area Azimuthal Projection cen	
tered on ��� W� These data represent that portion of TDFAGA that
may be more related to lithospheric sources as determined by their co	
herency with EGM�
	FAGA data derived from degrees ���	�
� �Fig	
ure ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� Residual TDFAGA �TDFAGA 	 IC	TDFAGA in a Lambert Equal	
Area Azimuthal Projection centered on ��� W� These data may be
more related to the lower harmonics �� to ��� of EGM�
 but also
contain high frequency signal that may be noise	related� � � � � � � � ���

��� Residual TDFAGA high	pass �ltered at ��� km in a Lambert Equal	
Area Azimuthal Projection centered on ��� W� These data have little
power and are oriented along the grid intervals suggesting that they
may be more related to grid processing� � � � � � � � � � � � � � � � � � ���

���� Residual TDFAGA low	pass �ltered at ��� km �MC	TDFAGA in a
Lambert Equal	Area Azimuthal Projection centered on ��� W� These
data represent the long wavelength component of the NIMA	derived
FAGA that are least correlated with surfacial features and most corre	
lated with deeper sources� � � � � � � � � � � � � � � � � � � � � � � � � ���
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���� Average IGRF declination �solid line� inclination �dashed line� and
intensity �grey scale in a Lambert Equal	Area Azimuthal Projection
centered on ��� W� Data were obtained and averaged from the � de	
gree IGRF models for epochs ����	����� Blue boxes depict the �ve
regions that were adjusted based on the inclination	declination pairs
�Table ��� determined at the red triangle in the center of each box� � ���

���� RTPMA at �� km elevation in a Lambert Equal	Area Azimuthal Pro	
jection centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � ���

���� Greenland crustal thickness model derived from di�erencing a bedrock
DEM �Chapter �� and Moho depth model �Figure ��� in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� � � � � � � � � � ���

���� GLQ	derived gravity e�ect of the crustal model of Figure ���� in a
Lambert Equal	Area Azimuthal Projection centered on ��� W� � � � � ���

���� First vertical derivative of crustal gravity e�ect FVD�CGE in a Lam	
bert Equal	Area Azimuthal Projection centered on ��� W� These data
were generated by applying a standard vertical derivative operator to
the data in Figure ����� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���
 Crustal thickness MA that are the RTPMA components which are
correlative with FVD�CGE shown in Figure ����� Data are shown
in a Lambert Equal	Area Azimuthal Projection centered on ��� W�
These data were derived from wavenumber components of RTPMA
in Figure ���� that correlated higher than ���� with the wavenumber
components of FVDCGE� � � � � � � � � � � � � � � � � � � � � � � � ���

���� Intracrustal RTPMA �IC	RTPMA in a Lambert Equal	Area Azimuthal
Projection centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � ���

���� First vertical derivative terrain	decorrelated �FVD�IC	TDFAGA FA	
GA for Greenland in a Lambert Equal	Area Azimuthal Projection cen	
tered on ���W� FVD�IC	TDFAGA data are derived by taking the �rst
radial derivative of the data shown in Figure ���� � � � � � � � � � � � ���

���� Normalized IC	RTPMA in a Lambert Equal	Area Azimuthal Projec	
tion centered on ��� W� Multiplying the normalized amplitudes by NF
recovers the original amplitudes of the magnetic anomalies in Figure �������
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���� Normalized FVD�IC	TDFAGA in a Lambert Equal	Area Azimuthal
Projection centered on ��� W� Multiplying the normalized amplitudes
by NF recovers the original amplitudes of the magnetic anomalies in
Figure ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� Summed local favorability indices �SLFI from adding Figures ���� and
���� in a Lambert Equal	Area Azimuthal Projection centered on ���W� ���

���� Positively correlated gravity and magnetic features for the Greenland
study area in a Lambert Equal	Area Azimuthal Projection centered
on ��� W� Noted features are discussed in the text� a The stronger
peak	to	peak correlations given by SLFI�ASD����� b The stronger
trough	to	trough correlations given by SLFI�	ASD� � � � � � � � � � � ���

���� Di�erenced local favorability indices �DLFI from subtracting Figures
���� and ���� in a Lambert Equal	Area Azimuthal Projection centered
on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� Negatively correlated gravity and magnetic features for the Greenland
study area in a Lambert Equal	Area Azimuthal Projection centered on
���W� Noted features are discussed in the text� a The stronger FAGA
peak	to	MA trough correlations given by DLFI�ASD����� b The
stronger FAGA trough	to	MA peak correlations given by DLFI�	ASD� ���

���� Gravity	quotient local favorability indices �G	QLFI greater than � in
a Lambert Equal	Area Azimuthal Projection centered on ���W� G	
QLFI were generated by dividing Figure ���� by the absolute value
of Figure ����� Noted Features are discussed in the text� a Gravity
maxima with null correlated magnetic anomalies� b Gravity minima
with null correlated magnetic anomalies� � � � � � � � � � � � � � � � � ���

���
 Magnetic	quotient local favorability indices �M	QLFI greater than �
in a Lambert Equal	Area Azimuthal Projection centered on ��� W�
M	QLFI were generated by dividing Figure ���� by the absolute value
of Figure ����� Noted Features are discussed in the text� a Magnetic
maxima with null correlated gravity anomalies� b Magnetic minima
with null correlated gravity anomalies� � � � � � � � � � � � � � � � � � ���
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���� Composite geology and structural map of Greenland in a Lambert
Equal	Area Azimuthal Projection centered on ��� W� These features
were compiled from Figures ����� ����� ����� ���
� and from the struc	
ture implied in Figure ���� � � � � � � � � � � � � � � � � � � � � � � � � ���

��� Green box delineates the study area ����� 	 
����N and �� 	 ���W for
southwestern Greenland in a Lambert Equal	Area Azimuthal Projec	
tion centered on ��� W� � � � � � � � � � � � � � � � � � � � � � � � � � �
�

��� Moho model for the Greenland area estimated from the spectral cor	
relation modeling of FAGA and the terrain gravity e�ects for inte	
grated mass variations de�ned by the bedrock surface� and water and
ice thicknesses� The area is shown in a Lambert Equal	Area Azimuthal
Projection centered on ���W� The green box delineates the study area�
Note the deeper roots subparallel to the coast an extending northwards
through the Davis Strait region� � � � � � � � � � � � � � � � � � � � � � ���

��� Geologic features for southwestern Greenland in a Lambert Equal	Area
Azimuthal Projection centered on �����W and at 
���� N� Continental�
rifted� transitional� and oceanic zones from Figure ��� are shown along
with spreading centers and transforms faults� These features were
determined partially from the Moho predictions �Figure ��� and by
the distribution of correlative free	air gravity and magnetic anomalies
�Chapter ��� The numbers and arrows extending away from the extinct
spreading ridge generally mark the positions of magnetic isochrons that
are subparallel to the spreading center� Transitional and continental
crust are both thickened� while oceanic and rifted	continental crust are
both thin� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� Moho model for southwestern Greenland in a Lambert Equal	Area Az	
imuthal Projection centered on ����� W and at 
���� N� White trian	
gles indicate the seismic survey points of the R� pro�le from Chian
and Louden ������� White lines delineate the boundaries between the
oceanic� transitional� rifted continental� and continental crust� � � � � ���

xxiv



��� Comparison between the R� pro�le of Chian and Louden ������ �di	
amonds and a coincident Moho pro�le interpolated from Figure ���
�asterisks across southwestern coast of Greenland� Upper solid line
shows the ocean bottom� Letters refer to seismic stations from Chian
and Louden ������� The high velocity zone that Chian and Louden
������ suggested may re�ect serpentinized mantle material is located
near point D� The steep rise just to the right of D re�ects the anoma	
lously shallow Moho root� This feature is also re�ected in the interpo	
lated pro�le but not as sharply de�ned� � � � � � � � � � � � � � � � � � ���

��
 Rotational Rift Model for Laurasia � � � � � � � � � � � � � � � � � � � ���

A�� Original NIMA Free	Air Gravity Anomalies �FAGA at the Earth�s
surface shown in a Lambert Equal	Area Azimuthal Projection centered
on �� W� Data are registered to variable surface elevations that are
given in Figure A��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

A�� Observation errors provided with the NIMA FAGA shown in a Lambert
Equal	Area Azimuthal Projection centered on �� W� � � � � � � � � � ���

A�� Orthometric heights associated with the NIMA FAGA above mean sea
level shown in a Lambert Equal	Area Azimuthal Projection centered
on �� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

A�� NIMA FAGA upward continued to Z��� km elevation shown in a
Lambert Equal	Area Azimuthal Projection centered on �� W� � � � � ���

B�� Magnetic anomaly data provided by GSC from Open File ����b for
Greenland shown in a Lambert Equal	Area Azimuthal Projection cen	
tered on �� W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

B�� Corrected magnetic anomaly data for Greenland shown in a Lambert
Equal	Area Azimuthal Projection centered on �� W� Data are reduced	
to	pole to clarify the location of magnetic sources and are upward con	
tinued to �� km elevation for comparison with gravity data� � � � � � ���

B�� Average IGRF derived Declination �solid line� Inclination �dashed
line� and Intensity �grey scale shown in a Lambert Equal	Area Az	
imuthal Projection centered on ��W� Data were obtained and averaged
from the � degree IGRF models for epochs ����	����� The graticule
is left out for clarity� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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B�� MA reduced	to	pole and upward	continued to �� km elevation shown
in a Lambert Equal	Area Azimuthal Projection centered on �� W� � � ���

C�� Altimetry analysis �owchart� Various processing steps are necessary to
generate enhanced FAGA� Ultimately� the long wavelength component
of the reference FAGA data is combined with the short wavelength
data from the altimetry� � � � � � � � � � � � � � � � � � � � � � � � � � ���

C�� �
�	day ERS	� altimetry for the Barents Sea� Ascending �top and
descending �bottom altimeter coverage can be seen to be su�cient
for the test area �red box and is shown in a Lambert Equal	Area
Azimuthal Projection centered on �� E at sea level� � � � � � � � � � � ���

C�� Andersen and Knudsen FAGA for the Barents Sea shown in a Lambert
Equal	Area Azimuthal Projection centered on �� E at sea level� The
test area is shown with the red box� � � � � � � � � � � � � � � � � � � � ���

C�� Andersen and Knudsen FAGA	derived geoid undulations for the Bar	
ents Sea shown in a Lambert Equal	Area Azimuthal Projection cen	
tered on �� E at sea level� The test area is shown with the red box� � ���

C�� Comparison of altimeter �solid and reference geoid �dashed derived
pro�les �top and the di�erence between them �bottom� Di�erences
are primarily due to long wavelength ���� km errors� spikes� and
higher frequency features that represent both noise and crustal signals�
Pro�le shown is ERS	� �
�	day mission track �
��� and is sampled
roughly every 

� meters� � � � � � � � � � � � � � � � � � � � � � � � � ���

C�
 Power spectrum and trade	o� diagram showing cuto� correlation �CCk
selection� Increase in overall track pair correlations and improvement
in signal to noise ratio are nearly linear �upper	right and upper	left di	
agrams and the drop o� in power is nearly linear except at the highest
values �bottom	left diagram� The slope of the power drop o� �bottom	
right diagram more clearly shows that the maximal in�ection point is
at about a CC of ��� to ���� For this reason� ��� was chosen for the
CCk� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

C�� Residual geoid undulation for Barents Sea test area shown in a Lambert
Equal	Area Azimuthal Projection centered on �� E at sea level� � � � ���
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C�� Residual FAGA for Barents Sea test area shown in a Lambert Equal	
Area Azimuthal Projection centered on �� E at sea level� � � � � � � � ���

C�� Total enchanced FAGA for the Barents Sea shown in a Lambert Equal	
Area Azimuthal Projection centered on �� E at sea level� Comparison
of these features to those in the red box in Figure C�� show that the
major features are still present� � � � � � � � � � � � � � � � � � � � � � ���

E�� Comparison of � seismic pro�les around Greenland� Values interpo	
lated from the �nal Moho model �Figure E�� are shown as solid white
pro�les with the seismic estimates given in the red dashed pro�les�
The correlation coe�cient �CC� standard deviation �St� Dev�� and
mean di�erence �mean are given at the top of each pro�le� a� Chian
and Louden ������ b� Chian and Louden ������ c� Dahl	Jensen et al�
������ d� Fechner and Jokat ����
� e� Gregersen et al� ������ f� Jack	
son and Reid ������ g� Reid and Jackson ������� Asterisks �� mark
points �agged for removal� � � � � � � � � � � � � � � � � � � � � � � � � ��


E�� Moho model for the Greenland �eld area shown in a Lambert Equal	
Area Azimuthal Projection centered on �� W� � � � � � � � � � � � � � ���

E�� Location of Greenland control Moho depths listed in Table E�� and
shown in a Lambert Equal	Area Azimuthal Projection centered on ��
W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

F�� Depiction of GLQ Geophysical Relationships� a� The initial location of
the prism� its nodes �black dots� and the observation surface� b� The
�nal location of the prism and its nodes� This simpli�ed case depicts
the e�ects on the change of nodal location only for a point immediately
above the node in the observation grid� If h� � h� is su�ciently small�
then l� � l� and the relationship between the prism and the observation
points may be linearly modeled� � � � � � � � � � � � � � � � � � � � � � ���
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