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Figure 4.34 Late Tertiary and Quaternary volcanics in the Central
Nevada study area as mapped by Luedke and Smith (1981).
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Figure 4.35 Geology of the Central Nevada study area.
Modified from Jennings et al. (1977).
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Figure 4.36 Isostatic anomaly grid interpolated from NGCD isostatic
anomaly data, Central Nevada study area.
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Figure 4.37 Isostatic gravity anomaly grid calculated from crustal density
contrast model, Central Nevada Study area.
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Figure 4.38 Modeled crustal density contrasts for layer A, 0 - 100 meters

depth, Central Nevada study area.
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Figure 4.39 Modeled crustal density contrasts for layer B, 100 - 300

meters depth, Central Nevada study area.
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Figure 4.40 Modeled crustal density contrasts for layer C, 300 - 500

meters depth, Central Nevada study area.
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Figure 4.41 Modeled crustal density contrasts for layer D, 500 - 700

meters depth, Central Nevada study area.
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Figure 4.42 Modeled crustal density contrasts for layer E, 700 - 900

meters depth, Central Nevada study area.
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Figure 4.43 Modeled crustal density contrasts for layer F, 900 - 1100

meters depth, Central Nevada study area.
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Figure 4.44 Modeled crustal density contrasts for layer G, 1100 - 1300

meters depth, Central Nevada study area.
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Figure 4.45 Modeled crustal density contrasts for layer H, 1300 - 1600

meters depth, Central Nevada study area.
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Figure 4.46 Modeled crustal density contrasts for layer I (basement),

1600 - 10,000 meters depth, Central Nevada study area.

103



116°30' 116°00'

38°30"
0€,8¢

Crustal
Density
Contrast
kg m-3
200
100
40

38°00'
100,8€

AR e

37°30'
0€6LE

116°30' 116°00'
basalt
andesite

E dacite
ey rhyolite

Figure 4.47 Modeled crustal density contrasts for layer I (basement),

for the Central Nevada study area shown with late Tertiary and Quaternary
volcanics as mapped by Luedke and Smith (1981), and silica content values
of sampled volcanics from NAVDAT database.
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Chapter 5

Conclusions

5.1 Introduction

The work described in Chapters 1-4 was designed to test the hypothesis that
crustal density controls the nature of magmatic activity due to buoyancy effects. The
hypothesis states that basaltic magmas will have a tendency to pond within the crust
in areas with lower crustal density, and are more likely to erupt in areas of greater
crustal density due to differences in buoyancy forces. Areas in which the basaltic
magmas pond within the crust should also correlate with areas where rhyolitic melts
are generated and rhyolitic magmatic centers can be formed.

Isostatic gravity anomalies are intended to show density anomalies within the
upper crust. An isostatic gravity set has had numerous corrections applied to the raw
data, including an isostatic correction that accounts for deep mass supporting high
topography. The value of the correction directly affects the value of the gravity
anomaly, and so the value of isostatic anomalies used in the gravity modeling. A
second part of the research presented here was a comparison of two commonly used
isostatic correction techniques, the Airy-Heiskanen, and Pratt-Hayford methods and
the introduction of a new isostatic compensation technique that combines aspects of
both methods.

5.2 Isostatic Correction Models
The choice of isostatic correction model will affect the gravity anomaly value

and so the crustal density contrast values found in the gravity models. This study has
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shown that differences between the Pratt-Hayford and Airy-Heiskanen isostatic
correction techniques are significant on a scale of tens of kilometers. Comparisons
between models show that the greatest disagreement in correction value occurs with
large variations in elevation. Differences between values generated by the Pratt-
Hayford and Airy-Heiskanen models reach 30 mgal over approximately 36 km in
some areas. The SNBR and Mojave study areas are most strongly influenced by the
differences in correction values.

The CEM model is presented as an alternative method of isostatic
compensation. Aspects of both the Airy-Heiskanen and the Pratt-Hayford isostatic
compensation models are used in the CEM. It uses a ‘map’ of the Moho obtained
from seismic data for crustal root geometry rather than calculating a crustal root, and
then uses a calculated mantle density contrast value to further compensate high
topography where needed. This method uses a more accurate concept of the actual
geometry of the crust and mantle interface and the nature of the mantle than the
compensation methods introduced by Pratt and Airy in the early twentieth century.

The development of the CEM isostatic correction model is an important step
toward increasing the accuracy of this important gravity data correction. The CEM
incorporates recent advancements in the understanding of the nature of the lower
crust and upper mantle to increase the accuracy of the isostatic gravity data
correction.

Free air anomaly data are highly correlated with terrain, but over scales of

hundreds of kilometers average to near zero if the area under consideration is
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isostatically compensated. As done in this work, using the averaged free air anomaly
value as a guide to isostatically correcting gravity data (i.e., averaged isostatic
anomaly values should equal averaged free air values) produces the most valid
isostatic anomaly data sets, and in turn the most accurate crustal density anomaly
models.

5.3 Crustal Density and Volcanic Rocks

Crustal density contrasts reflect the general crustal density trends within an
area. With or without an actual firm number for crustal density (i.e., 2670 kg m™ for
granite), the spatial relationship between density contrast and location of erupted
volcanics is of value in establishing the likelihood of a connection between the two
entities.

Magma density can be determined in several ways. An estimate can be made
using the partial molar volumes of the oxide components of the rock (e.g. Bottinga et
al., 1982; Ochs and Lange, 1999). If rock chemical analysis is available this method
IS most accurate. Magma density is also sensitive to water content and temperature,
neither of which can accurately be determined from rock chemistry. Test
calculations using a density calculator (Wenner, personal communication) based on
Ochs and Lange (1999) and using rock chemistry from samples in the Reveille
Range (Wang, 1999) show that the density of the basaltic magma in the Reveille
Range is approximately 3100 kg m™. This value is high, possibly due to incomplete

analysis and unknown water content.
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Another very simple method of estimating magma density is suggested by
Philpotts (1990, p. 14). He suggests using the fact that when a rock melts it will
expand about 10%. Thus most magmas will have a density about 91% of the solid
form of the rock. Densities of solid basalt, based on known mineral densities can
vary from 3000 to 3300 kg m™>. Using the simple rule of thumb provided by
Philpotts, the corresponding magma density will be approximately 91% of that value,
or 2700 kg m™ to 3000 kg m™. The test calculations show the sensitivity of the
buoyancy mechanism due to slight variations in magma chemistry. Using the above
numbers, basaltic magma with a density of 2700 kg m™ rising solely due to
buoyancy should have the potential to reach the surface through crust of density
about 30 kg m™ greater than that of granite. The crustal density contrast value
needed to reproduce the isostatic anomaly value over granite bedrock provides an
accurate estimate of the crustal density contrast value for granite in general. This
value is approximately -75 (£5) kg m™ for all study areas. Thus, the density contrast
value that would allow basaltic magma of density 2700 kg m™ to pass through is -45
kg m™>. Figure 5.1 summarizes this condition in the three study areas and for the
study as a whole. About 50% of basaltic magma in the study areas erupts through
crust denser than 2700 kg m™ and about 50% erupts through crust less dense than
2700 kg m™. Approximately half of the late Tertiary and Quaternary basalt in the
study areas has erupted through crust that is less dense than the magma was. It is

likely that in these cases, the simple model of a magma diapir rising through the

crust due to buoyancy force is not correct.
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In the areas where the upper crustal density does not appear to have
controlled the eruptive location of basalt, it is possible that the magma is not rising
due to buoyancy alone, but is connected to a deeper source through a conduit. In this
situation the force needed for magma to reach the surface is partly or entirely
supplied by buoyancy at depth where the density of the surrounding rock is greater
and the connection to the deeper source (Stolper and Walker, 1980). The map of the
depth to the Moho created for the CEM isostatic model shows that in all three study
areas the seismically observed Moho is generally shallower than would be expected
by the Airy-Heiskanen model, and denser mantle is 5 to 10 km nearer the surface
than would be expected from the topography, perhaps providing the extra few
kilometers of dense material needed to support a column of basaltic magma all the
way to the surface.

This study has shown that magma sometimes erupts through crust of a higher
density than the magma. In these instances the magma must maintain a connection
to a deep source. Substantiating this condition may be possible through the use of
isotopic data from rock samples in each study area.

5.4  Correlation of Crustal Density with Apparent High Density Intrusive
Rocks

Short wavelength positive anomalies within an otherwise generally negative
larger scale anomaly were modeled as small, high density intrusives. With the
exception of the Mojave study area the intrusives occurred within lower density

crust. In the Mojave study area, intrusive structures were scattered among all
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modeled crustal densities, and are in the correct location to be part of the
Independence dike swarm. The occurrence of high density intrusives in the low
density crust supports the idea that dense magma will pond and solidify beneath the
surface. In the Central Nevada and SNBR study areas this idea is further supported
by the occurrence of felsic volcanics near the intrusions, indicating that melting of
felsic crust occurred nearby.

55  Future Directions

This study did not differentiate between magma that rose as a diapir and
magma that rose due to the combined buoyancy force acting on a column of magma
connected to a deep source. Geochemical information from sampled rocks can be
used to infer the source of the magma and the likely speed of ascent. Magma which
remained connected to a deep source and rose quickly through an open conduit will
show little crustal contamination. Samples containing mantle xenoliths most
certainly rose to the surface quickly through a conduit. Geochemical data from
NAVDAT database will be combined with crustal density contrast data produced in
this study to differentiate between the two mechanisms of magma ascent and further
define the role crustal density plays in the location of volcanism.

The accuracy of gravity modeling using isostatic anomalies is very sensitive
to differences in the anomaly value, especially short wavelength changes. Further
development and testing of the CEM isostatic compensation method will contribute
to advancements in the accuracy of gravity anomaly data and the overall

understanding of the mechanism that supports high topography.
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Listing A.1
Listing A.2
Listing A.3

Listing A.4

Appendix A

program layergrav
program pratthayford
program airyheisk

program CEM
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Listing A.1  program layergrav
program layergrav
Modified from gross.f written by Ross Black
calculate the gravitational attraction
from a series of Arc gridascii grids
the output grid is the same size as
the input grid in xy and
is also an ascii grid

the Arc ascii grid starts with the northwest corner
of the data and is stored row by row.

Subroutines by Richard Blakely

O0O000O00O0O0O0000O0

real data(500,500),grav(500,500)
real data2(262144)
real store(524288)
real ztop(25),zbot(25)
integer nx,ny
character*14 junk(6),junk2
character*40 rhofile,layerfile,outfile
print*,"input density file name”
read(5,10) rhofile

10 format(a40)
open(l,file=rhofile,status="0ld")
print*,"input layer information file name*
read(5,10) layerfile
open(2,file=layerfile,status="old")
print*,“enter output gravity file name”
read(5,10) outfile
open(3,file=outfile,status="new")
read(1,15) junk(l),nx

15 format(al4,i3)
write(6,20) nx

20  format("ncols *,i4)
read(1,30) junk(2),ny

30 format(al4,il)
write(6,35) ny

35 format("nrows *,i4)
read(1,40) junk(3),ixllc

40  format(al4,ib)
xllc = float(ixllc)
write(6,45) xllc

45  format("xllc ",f8.1)
read(1,50) junk(4),iyllc

50 format(al4,i7)
yllc = float(iyllc)
write(6,55) yllc

55  format("yllc ",f9.1)
read(1,60) junk(5),icellsize

60 format(al4,il)
write(6,65) icellsize

65 format(“icellsize ",i4)
read(1,70) junk(6),inodata

70 format(al4,ib)
read(2,*) nlayers
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print*,* nlayers=",nlayers
dx = Float(icellsize)/1000.
dy = Float(icellsize)/1000.

c
c layer top, bottom depths in m
c
do k=1,nlayers
read(2,*) ztop(k),zbot(k)
end do
cellhalf = Float(icellsize)/2.
iwindhalf = int(radius/float(icellsize))
print*,*xllc,yllc=" ,xllc,yllc
print*,"icellsize,cellhalf=",icellsize,cellhalf
xulcent = xllc+cellhalf
yulcent = (yllc+(ny*icellsize))-cellhalf

start the calculations

use UTM coords converted to KM until the call to glayer
UL map corner is 1lst data element on input

use NEV coords in KM on the call to gbox
LL map corner is 1lst data element in 1D array going
to glayer

in this version all layers must have exactly the same number of
rows and columns and must be in exactly the same spatial location

0O0O0O0O0O0O00O000O0

do k=1,nlayers
print*," starting layer ",k
if (k.gt.1) then
do j=1,6
read(1,11) junk2
print*, junk2
11 format(ald)
end do
end if
do i=1,ny
print*,i
read(1,*) (data(@,i),j=1,nx)
do j=1,nx
if (data(j,i).1t.-998.0) data(j,i) = O.
end do
end do
do 1=1,524288
store(i) = O.
end do
start fourier stuff

(e}

z1
z2

(ztop(k)+0.1)/1000.
zbot(k)/1000.

gbox uses NEV coords for xyz, not UTM where EN=xy
so flip the x and y coords around in subroutine call

O00O0

nnx = 512
nny = 512
do ii=1l,ny
do jj=1,nx
irow = l+ny-ii
in = jj+(ii-1)*nnx
data2(in) = data(jj,irow)
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76

80

end do
end do
call glayer(data2,nny,nnx,dy,dx,zl1,z2,store)
do ii=1,ny
do jj=1,nx
irow = l+ny-ii
in = jj+(ii-1)*nnx
grav(dj,irow) = data2(in)+grav(jj,irow)
end do
end do
end do
write(6,76)
format(® finished *)
write(3,15) junk(l1),nx
write(3,30) junk(2),ny
write(3,40) junk(3),ixllc
write(3,50) junk(4),iyllc
write(3,60) junk(b),icellsize
write(3,70) junk(6),inodata
do i=1,ny
write(3,80) (grav(,i),j=1,nx)
format(1200f10.4)
end do
stop
end

(@

O000000000000000000000000000000O00

subroutine glayer(rho,nx,ny,dx,dy,z1,z2,store)

Subroutine GLAYER calculates the vertical gravitational
attraction on a two-dimensional grid caused by a two-
dimensional density confined to a horizontal layer. The
following steps are involved: (1) Fourier transform the
density, (2) multiply by the earth filter, and (3) inverse
Fourier transform the product. Density is specified on a
rectangular grid with x and y axes directed north and east,
respectively. Z axis is down. Requires subroutines FOURN,
KVALUE, and GFILT.

Input parameters:

nx - number of elements in the south-to-north direction.

ny - number of elements in the west-to-east direction.
(NOTE: Both nx and ny must be powers of two.

rho - a singly dimensioned real array containing the
two-dimensional density, in kg/(m**3). Elements
should be in order of west to east, then south to
north (i.e., element 1 is the southwest corner,
element ny is the southeast corner, element
(nx-1)*ny+1 is the northwest corner, and element ny*nx
is the northeast corner.

store - a singly dimensioned real array used internally.
It should be dimensioned at least 2*nx*ny.

dx - sample interval in the x direction, in km.
dy - sample interval in the y direction, in km.
z1 - depth to top of layer, in km. Must be > 0.
z2 - depth to bottom of layer, in km. Must be > z1.

Output parameters:
rho - upon output, rho will contain the gravity anomaly,
in mGal, with same orientation as above.
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complex crho,cmplx

real kx,ky,km2m

dimension rho(262144),store(524288),nn(2)
data pi/3.14159265/,si2mg/1.e5/ ,km2m/1.e3/

nn(1l) = ny
nn(2) = nx
ndim = 2
dkx = 2_*pi/(nx*dx)
dky = 2_*pi/(ny*dy)
do 10 j=1,nx

do 10 i=1,ny

ij = g-1)*ny+i
store(2*ij-1) = rho(ij)

10 store(2*ij) = 0.

isssign = 1

call fourn(store,nn,ndim, isssign)

do 20 j=1,nx

do 20 i=1,ny

ij = g-D*ny+i
call kvalue(i,j,nx,ny,dkx,dky,kx,ky)
crho = cmplx(store(2*ij-1),store(2*ij))
crho = crho*gfilt(kx,ky,z1,z2)
store(2*ij-1) = real(crho)

20 store(2*ij) = aimag(crho)

isssign = -1
call fourn(store,nn,ndim, isssign)
do 30 j=1,nx
do 30 i=1,ny
ij = G-D*ny+i

30 rho(ij) = store(2*ij-1)*si2mg*km2m/(nx*ny)

return
end
C
subroutine kvalue(i,j,nx,ny,dkx,dky,kx,ky)
Cc Subroutine KVALUE finds the wavenumber coordinates of one
c element of a rectangular grid from subroutine FOURN.
c
c Input parameters:
c i - index in the ky direction.
c J - index in the kx direction.
c nx - dimension of grid in ky direction (a power of two).
c ny - dimension of grid in kx direction (a power of two).
c dkx - sample interval in the kx direction.
c dky - sample interval in the ky direction.
c
c Output parameters:
c kx - the wavenumber coordinate in the kx direction.
C ky - the wavenumber coordinate in the ky direction.
c

real kx,ky
nygx = nx/2+1
nyqy = ny/2+1
if (J-le.nygx) then
kx = (J-1)*dkx
else
kx = (@-nx-1)*dkx
end if
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if (i.le.nygy) then
ky = (i-1)*dky
else
ky = (i-ny-1)*dky
end if
return
end

O0O0O00O00O0O0O00O0

11

12
13

14

subroutine fourn(data,nn,ndim,isign)

Replaces DATA by its NDIM-dimensional discrete Fourier transform,

if ISIGN is input as 1. NN is an integer array of length NDIM,
containing the lengths of each dimension (number of complex values),
which must all be powers of 2. DATA is a real array of length twice
the product of these lengths, in which the data are stored as in a
multidimensional complex Fortran array. If ISIGN is input as -1,
DATA is replaced by its inverse transform times the product of the
lengths of all dimensions. From Press, W.H., Flannery, B_.P_,
Teukolsky, S.A., and Vetterling, W.T., 1986, Numerical Recipes,
Cambridge Univ. Press, p. 451-453.

real*8 wr,wi,wpr,wpi,wtemp,theta
dimension nn(2),data(524288)
ntot = 1
do 11 iidim=1,ndim
ntot = ntot*nn(iidim)
continue
nprev = 1
do 18 iidim=1,ndim
n = nn(iidim)
nrem = ntot/(n*nprev)
ipl = 2*nprev
ip2 = ipl*n
ip3 = ip2*nrem
i2rev = 1
do 14 i2=1,ip2,ipl
it (i2.1t_i2rev) then
do 13 il1=i2,i2+ipl-2,2
do 12 i3=il,ip3,ip2
i3rev = i2rev+i3-i2
tempr data(il3)
tempi data(i3+1)
data(i3) = data(i3rev)
data(i3+1) = data(i3rev+l)
data(i3rev) = tempr
data(i3rev+l) = tempi
continue
continue
end if
ibit = ip2/2
if ((ibit.ge.ipl).and.(i2rev.gt.ibit)) then
i2rev = i2rev-ibit
ibit = ibit/2
go to 1
end if
i2rev = i2rev+ibit
continue
ifpl = ipl
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15
16

17

18

if (ifpl.1t.ip2) then
ifp2 = 2*ifpl
theta = isign*6.28318530717959d0/ (ifp2/ipl)
wpr = -2.d0*dsin(0.5d0*theta)**2
wpi = dsin(theta)
wr = 1.dO
wi = 0.dO
do 17 i13=1,ifpl,ipl
do 16 i1=i3,i3+ipl-2,2
do 15 i2=i1,ip3,ifp2
kil =12
k2 = kl+ifpl

tempr = sngl(wr)*data(k2)-sngl(wi)*data(k2+1)
tempi = sngl(wr)*data(k2+1)+sngl(wi)*data(k2)

data(k2) = data(kl)-tempr
data(k2+1) = data(kl+1l)-tempi
data(kl) = data(kl)+tempr
data(kl+l) = data(kl+1l)+tempi
continue
continue
wtemp = wr
wr = wr*wpr-wi*wpi+wr
wi = wi*wpr+wtemp*wpi+wi
continue
ifpl=ifp2
go to 2
end if
nprev = n*nprev
continue
return
end

0O0000000000000O0

function gfilt(kx,ky,z1,z2)

Function GFILT calculates the value of the gravitational
earth filter at a single (kx,ky) location.

Input parameters:

kx -
ky -

z1l -
z2 -

Output

the wavenumber coordinate in the kx direction, in
units of 1/km.

the wavenumber coordinate in the ky direction, in
units of 1/km.

the depth to the top of the layer, in km.

the depth to the bottom of the layer, in km.

parameters:

gfilt - the value of the earth filter.

real kx,ky,k
data pi/3.14159265/ ,gamma/6.67e-11/
k = sqrt(kx**2+ky**2)
if (k.eq.0.) then
gfilt = 2_*pi*gamma*(z2-z1)
else
gfilt = 2_*pi*gamma*(exp(-k*z1)-exp(-k*z2))/k
end if
return
end
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Listing A.2  program pratthayford
program pratthayford

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
October, 07

Correction values are upward continued.

by Linda Pickett Garinger with subroutines by Richard J. Blakely (from
Potential theory in Gravity and Magnetic Applications). This program
calculates an isostatic correction using the Pratt method.

This program is a two layer model. Density above sea level is

constant and equal to seacoast density. Other densities below sea level
are calculated for each grid column according to topographic load.

The program uses these densities to calculate the vertical gravitational
isostatic correction. An area of 166.7 km radius is considered for each
grid point.

This program reads gridded values of elevation.

June 11, 2007. Changing correction calculation to consider the anomalous
water density over ocean areas per Watts. The gravitational attraction of
c each column is considered - including water, and calculated column
density.

c Then the gravitational attraction of the sea level column is subtracted.

O0000O00O00O0000O0

real rhosl,rad,compdpth,xllcorner,yllcorner

real cellsize,xnodat, rhockgm,gravsum

real topogrid(2000,2000),rhogrd(2000,2000)

real prattgrid(2000,2000)

integer ncol,nrow, inodat

character*50 topofile,label(8),notefile,rhofile,prattfile

C**********Constants xxxxxxxxxx
print*, "input crustal density (above sea level) in kg/m**3*
read*, rhockgm
rhosl = rhockgm
rhosea = 1027.
rad = 166.7
gravsum = 0.0
do 1=1,2000

do j=1,2000
prattgrid(i,j) = 0.0
end do
end do
C***Rho is held constant only to sea level.

c***compdpth is the compensation depth(km). Lithosperic density between
c***compdpth and sea level will adjust according to topographic load.
print*,"input compensation depth (km)-*
read*, compdpth
c***this is an ascii grid. Elevations are in m*****
print*,"input gridascii topo file name~
read(5,10) topofile
10 format(a50)
open(9, file=topofile, status="old")
read(9,15) label(1), ncol
read(9,16) label(2), nrow
read(9,25) label(3), xllcorner
read(9,25) label(4), yllcorner

125



read(9,25) label(5), cellsize
read(9,35) label(6), inodat
xnodat = float(inodat)

15 format(al4,il3)

16 format(al4,id)

25 format(al4,fl15.5)

35 format(al4d,i5)
do i=1,nrow

read(9,*,end=45) (topogrid(i,j),j=1,ncol)

end do

45 continue
close(9)

c*****Calculate the density of column .....

do 50 j=1,ncol
do 50 i=1,nrow
if (topogrid(i,j).eqg.xnodat) then
rhogrd(i,j) = xnodat
go to 50
else if (topogrid(i,j)-1e.-50000.) then
od = -1_*(topogrid(i,j)+50000.)/1000.
c for ocean areas balance is:
rhogrd(i,j) = (compdpth*rhosl -
+ (od*rhosea))/(compdpth - od)

go to 50
else if(topogrid(i,j)-ge.0.) then
c for continental areas above sea level balance is:
rhogrd(i,j) = ((rhosl*compdpth - ((topogrid(i,j)/1000.)
+ *rhockgm)))/compdpth
else
c for continental areas below sea level the balance is:
rhogrd(i,j) = (rhosl*compdpth)/
+ (compdpth+(topogrid(i,j)/1000.))
end if
50 continue

c****yrite the density grid
print*, "input density (rho) file name~
read(5,10) rhofile
open (3, file = rhofile,status = "new")
do 55 k=1,nrow
write(3,56) (rhogrd(k,l1),I1=1,ncol)

55 continue

56 format(2000f12.3)
close(d)

c****calculate the gravitational correction
print*, "input note file name*
read(5,10) notefile
print*, "input pratt correction file name”
read(5,10) prattfile
open (12, file = notefile, status
open (13,Ffile = prattfile, status
write(12,*) "run name:", prattfile
write(12,*) "Two layer model, variable mantle density”
write(12,*) "crustal density = ", rhockgm
write(12,*) “column density at sea level = ",rhosl
write(12,*) "compensation depth = *,compdpth
close(12)

"new")
"new")
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c write header for ascii grid output file
write(13,15) label (1), ncol
write(13,15) label(2), nrow
write(13,25) label(3), xllcorner
write(13,25) label(4), yllcorner
write(13,25) label(5), cellsize
write(13,35) label(6), inodat

del = int(180/(cellsize/1000.))

EE S o E e

do 300 j=1,ncol

it (-1t.50).or.(-gt-(ncol-50))) then
go to 300

end if

print*, j
do 300 k = 1,nrow

if ((k.1t.50).0r.(k.gt.(nrow-50))) then

go to 300
end if

X0
YO

it (topogrid(k,j)-1e.-50000.) then
Z0 = 0.0
else if((topogrid(k,j)-le.0.).and.
& (topogrid(k,j).gt.-50000.))
Z0 = -1.* (topogrid(k,}j)/1000.)
else
Z0 = -1. * (topogrid(k,j)/1000.)
end if

c*****define the box to use for near calculati
jjstart = j-del
jjend = j+del
kkstart = k-del
kkend = k+del
if (Jjstart.le.0) jjstart = 1
if (Jjend.gt.ncol) jjend = ncol
if (kkstart.le.0) kkstart =1
it (kkend.gt.nrow) kkend = nrow

(xllcorner + (cellsize*(float(j)--5)))/1000.
(yllcorner + (cellsize *(float(nrow-k)+.5)))/1000.

then

do 400 jj = jjstart, jjend
do 400 kk = kkstart, kkend

if (rhogrd(kk,jj)-eq.xnodat) go

X1 = (xllcorner + (cellsize *
Y1 = (yllcorner + (cellsize *
X2 = (xllcorner + (cellsize *
Y2 = (yllcorner + (cellsize *

mdptx =(X1+X2)/2
mdpty =(Y1+Y2)/2

it ((mdptx.1t.0).and.(X0.ge.0))
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to 400

float(jj-1)))/1000.
float(nrow - kk)))/1000.
float(jj)))/1000.
float(nrow-kk+1)))/1000.

then



xdist = abs((X1+X2)/2) + abs(X0)

else if ((mdptx.ge.0).and.(X0.1t.0)) then
xdist = abs((X1+X2)/2) + abs(X0)

else
xdist = abs((X1+X2)/2) - abs(X0)

end if

if ((ndpty.It.0).and.(Y0.ge.0)) then
ydist = abs((Y1+Y2)/2) + abs(YO)

else if ((ndpty.ge.0).and.(YO.It.0))then
ydist = abs((Y1+Y2)/2) + abs(Y0)

else
ydist = abs((Y1+Y2)/2) - abs(Y0)

end if

c Begin modification to include water in calcs
if (sgrt(xdist**2+ydist**2) _le_rad) then

if (topogrid(kk,jj)-le.-50000)then

Z1 = 0.
Z2 = -1_.*(topogrid(kk,jj)+50000.)7/(1000.)
Z3 = compdpth

rhocol= rhogrd(kk,jj)

call gbox(x0,Y0,20,X1,Y1,71,X2,Y2,Z2,rhosea,gl)
call gbox(x0,Y0,20,X1,Y1,72,X2,Y2,23,rhocol,g2)
call gbox(Xo0,Y0,z0,X1,Y1,71,X2,Y2,Z3,rhosl,gsl)

g = gl+g2-gsl

gl = 0.0
g2 = 0.0
gsl= 0.0

else if (topogrid(kk,jj)-ge.0.)then
Z1 = 0.0
Z2 = compdpth
call gbox(x0,Y0,20,X1,Y1,71,X2,Y2,22,rhogrd(kk,jj).gl)
call gbox(X0,Y0,20,X1,Y1,Z1,X2,Y2,2Z2,rhosl,g2)
g = gl-92

else it ((topogrid(kk,jj)-1t.0.).and.
+ (topogrid(kk,jj)-gt--50000.))then
Z1 -1_*(topogrid(kk,jj)/1000.)
Z2 compdpth
Z3 = 0.0
call gbox(x0,Y0,20,X1,Y1,Z1,X2,Y2,22,rhogrd(kk,jj),gl)
call gbox(x0,Y0,20,X1,Y1,73,X2,Y2,22,rhosl,g2)
g = gl-g2

else
print*, “error"
end if

gravsum = gravsum + g

gl
g2

0.0
0.0
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gsl
g:
else

continue
end if

= 0.0
0.0

400 continue
prattgrid(k,j) = gravsum

gravsum = 0.0

91 format(2000f13.6)

C
300 continue
do 303 k=1,nrow
write(13,91) (prattgrid(k,l),l1=1,ncol)
303 continue

close(13)

end

subroutine gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho,Q)

Subroutine GBOX computes the vertical attraction of a
rectangular prism. Sides of prism are parallel to x,y,z axes,
and z axis is vertical down.

Input parameters:
Observation point is (x0,y0,z0). The prism extends from x1
to x2, from yl to y2, and from z1 to z2 in the x, y, and z
directions, respectively. Density of prism is rho. All
distance parameters in units of km; rho in units of
kg/(m**3) .

Output parameters:
Vertical attraction of gravity, g, in mGal.

0O0O0000O00O000000O0

real km2m
dimension x(2),y(2),z(2),isign(2)
data isign/-1,1/,gamma/6.670e-11/,twopi/6.2831853/,

& si2mg/1.e5/ ,km2m/1.e3/
x(1) = x0-x1
y(1) = yO-yl
z(1) = z0-z1
x(2) = x0-x2
y(2) = y0-y2
z(2) = z0-z2
sum = 0.0
do 1 i=1,2
do 1 j=1,2
do 1 k=1,2
rijk = sgre(x(i)**2+y(G)**2+z(k)**2)

ijk = isign(i)*isign(@)*isign(k)

argl = atan2((x(i)*y(d)),(z(k)*rijk))
if (argl.1t.0.) argl=argl+twopi
arg2 = rijk+y(Qg)
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arg3 = rijk+x(i)
if (arg2.1e.0.) pause "GBOX: Bad field point”
if (arg3.1e.0.) pause "GBOX: Bad field point*
arg2 = alog(arg2)
arg3 = alog(arg3)
sum = sum+ijk*(z(k)*argl-x(i)*arg2-y(j)*arg3)
1 continue

g = rho*gamma*sum*si2mg*km2m

return

end
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Listing A.3  program airyheisk
program airyheisk

c Aug 14,07
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCcCee
by Linda Pickett Garinger with subroutines by Richard J. Blakely (from
Potential theory in Gravity and Magnetic Applications) and modified from
Simpson, Jachens and Blakely (AIRYROOT: a fortran program for
calculating the gravitational attraction of an airy isostatic root out to
166.7 km)

This program reads gridded values of elevation. Root geometry

is found from the topo map. It then calculates

the gravitational attraction of a rectangular prism due to the

root for a circular area to 166.7 km.

O0O0O00O0O0O0O0O00O0

As per the "airyroot" program, upward continued calculations.

real rhocrust,rhoman,delrho,rad,compdpth,xllcorner,yllcorner
real cellsize,xnodat, rhockgm,drhokgm,gravsum

real topogrid(2000,2000), 1dgrd(2000,2000), rootgrd (2000,2000)
real airygrid(2000,2000),rhosea

integer ncol,nrow, inodat,del

character*50 topofile,label(8),loadfile,rootfile,airyfile
print*, "input crustal density in kg/m**3*
read*, rhockgm

print*, "input mantle density in kg/m**3*
read*, rhomankgm

rhocrust = rhockgm/1000.

rhoman = rhomankgm/1000.

delrho = rhocrust-rhoman

drhokgm = rhockgm - rhomankgm

rad = 166.7
rhosea = 1027.
delrhosw = rhosea - rhockgm
gravsum = 0.0
c***compdpth is the depth of root at sea level elevation (km)****
print*, "compensation depth is the depth of the root at *
print*,“"sea level elevation.”
print*, "input compensation depth (km)*
read*,compdpth

CH*F*XFXXINPUL TOPO acSii gridrrrrridrdkrtix

c***this is an ascil grid. Elevations are in m****x*
print*,"input gridascii topo file name*
read(5,10) topofile

10 format(a50)

open(10, file=topofile, status="old")
read(10,15) label (1), ncol
read(10,16) label(2), nrow
read(10,25) label(3), xllcorner
read(10,25) label(4), yllcorner
read(10,25) label(5), cellsize
read(10,35) label(6), inodat
xnodat = float(inodat)
write(*,15) label(1), ncol
write(*,16) label(2), nrow
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write(*,25) label(3), xllcorner
write(*,25) label(4), yllcorner
write(*,25) label(5), cellsize
write(*,35) label(6), inodat
xnodat = float(inodat)

15 format(al4,i3)
16 format(al4,id)
25 format(al4,f15.5)
35 format(al4,i7)

do i=1,nrow
read(10,*,end=45) (topogrid(i,j),j=1,ncol)
end do
45 continue

c****convert to load grid
call topo2load(topogrid,ncol,nrow,rhocrust,xnodat, Idgrd)

c...write ldgrd
print*,"input load file name*®
read(5,10) loadfile
open(12,file = loadfile, status = "new")
do i=1,nrow
write(12,80) (ldgrd(i,j),j=1,ncol)
80 format(2000f15.4)
end do
continue

c**** Convert load to depth of root in km.
c**** grid will contain root after this step.

call load2root(ldgrd,ncol,nrow,compdpth,delrho,xnodat, rootgrd)
c***write rootgrd

print*,"input root output file name~

read(5,10) rootfile

open (3,file = rootfile, status = "new")
do i=1,nrow
write(3,90) (rootgrd(i,j),j=1,ncol)
90 format(2000f12.4)
end do
close(d)
c initialize airygrid vals
do k=1,nrow
do 1=1,ncol
airygrid(k,l) = xnodat
end do
end do

print*,"input airy root gravity file name*
read(5,10) airyfile

c****calculate the gravitational effect of the root

B o s 2 X R S = S *

Cc set up so that the edge cells aren"t calculated (saves time)

ntop = 50
nbot = 50
nleft = 50
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nright =
nrow2 =
ncol2 =
xllcorne
yllcorne
del = in
do 300 j
it (g
go t

50

nrow-ntop-nbot

ncol-nleft-nright

r2 = xllcorner + cellsize*nleft
r2 = yllcorner + cellsize*nbot
t(175/(cellsize/1000.))

= 1,ncol
_1t.50).or.(-gt.(ncol-50))) then
o 300

end if

print*

do 300
if (
go

end

X0
YO
if

Z0
else

Z0
else

Z0
end

Jist
jjen
kkst
kken

- J

k = 1,nrow
(k.1t.50).0or.(k.gt.(nrow-50))) then
to 300

if

(xllcorner + (cellsize*(float(j)--5)))/1000.
(yllcorner + (cellsize *(float(nrow-k)+.5)))/1000.
topogrid(k,j)-l1e.-50000.)then
= 0.0
if((topogrid(k,j)-le.0.).and.
(topogrid(k,j).gt.-50000.))then
= -1. * (topogrid(k,j)/1000.)

= -1. * (topogrid(k,j)/1000.)
if

art = j-del
d = j+del
art = k-del
d = k+ del

if (Jjstart.le.0) jjstart = 1
if (Jjend.gt.ncol) jjend = ncol

if (
it (
do 4

do

kkstart.le.0) kkstart = 1
kkend.gt.nrow) kkend = nrow
00 jj = jjstart, jjend

400 kk = kkstart, kkend

X1 = (xhllcorner + (cellsize * float(jj-1)))/1000.

Y1 = (yllcorner + (cellsize * float(nrow - kk)))/1000.
X2 = (xllcorner + (cellsize * float(jj)))/1000.

Y2 = (yllcorner + (cellsize * float(nrow-kk+1)))/1000.

mdptx =(X1+X2)/2
mdpty =(Y1+Y2)/2

if ((ndptx.1t.0).and.(X0.ge.0)) then
xdist = abs((X1+X2)/2) + abs(X0)

else if ((mdptx.ge.0).and.(X0.1t.0)) then
xdist = abs((X1+X2)/2) + abs(X0)

else
xdist = abs((X1+X2)/2) - abs(X0)

end if

if ((ndpty.1t.0).and.(Y0.ge.0)) then
ydist = abs((Y1+Y2)/2) + abs(Y0)

else if ((mdpty.ge.0).and.(YO.lt.0))then
ydist = abs((Y1+Y2)/2) + abs(Y0)

else
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ydist = abs((Y1+Y2)/2) - abs(Y0)
end if

if (sqgrt(xdist**2+ydist**2).le.rad) then
it (topogrid(kk,jj)-1e.-50000.) then
0

Z1 = 0.

Z2= -1.*(topogrid(kk,jj)+ 50000.)/1000.
Z3 = rootgrd(kk,jj)

Z4 = compdpth

call gbox(x0,Y0,20,X1,Y1,Z1,X2,Y2,Z2,rhosea,gl)
call gbox(x0,Y0,20,X1,Y1,72,X2,Y2,23,rhockgm,g2)
call gbox(Xx0,Y0,20,X1,Y1,Z3,X2,Y2,Z4,rhomankgm,g3)
call gbox(x0,Y0,20,X1,Y1,71,X2,Y2,24,rhockgm,g4)
g=gl+g2+g3-g4

gl = 0.0
g2 = 0.0
g3 = 0.0
g4 = 0.0
else if (((topogrid(kk,jj))-1t.0.).and.
& ((topogrid(kk,jj))-gt.-50000.)) then
Z1 = -1*(topogrid(kk,jj))/1000.
Z2 = -1*(topogrid(kk,jj))/1000.
Z3 = rootgrd(kk,jj)
Z4 = compdpth

call gbox(Xo0,Y0,z0,X1,Y1,72,X2,Y2,Z3,rhockgm,g2)
call gbox(X0,Y0,20,X1,Y1,7Z3,X2,Y2,Z4,rhomankgm,g3)
call gbox(Xo0,Y0,z0,X1,Y1,71,X2,Y2,Z4,rhockgm,g4)
g = g2+g3-g4

0.0

g2 =

g3 = 0.0

g4 = 0.0
else

Z1 = compdpth

Z2 = rootgrd(kk,jj)

call gbox(x0,Y0,20,X1,Y1,71,X2,Y2,Z2,drhokgm,Q)
end if

gravsum = gravsum + g
g=20
else
continue
end if
400 continue
airygrid(k,j) = gravsum
gravsum = 0.0

91 format(2000f15.6)

300 continue
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open (13,Ffile = airyfile, status = "new")

c write header for ascii grid output file

write(13,15) label (1), ncol
write(13,16) label(2), nrow
write(13,25) label(3), xllcorner
write(13,25) label(4), yllcorner
write(13,25) label(5), cellsize
write(13,35) label(6), inodat

print*, ncol, nrow, xllcorner, yllcorner, inodat

do k=1,nrow

write(13,91) (airygrid(k,),I=1,ncol)
end do
close(13)

end

C*******************************************************

subroutine topo2load(grid, ncol,nrow,rho,xnodat, ldgrd)

c Grid starts out as topography (in meters)
c It ends up as surface load (in g/cm**2)
c Positive and negative elevations >50000. are
c assumed to be on land.
c Ocean depths must be flagged by adding -50000 to them
c Assume density of seawater is in parameter statement
real grid(2000,2000), Idgrd(2000,2000),load, m2cm
parameter (m2cm=100., seawater=1.027)
delrhosea = rho - seawater
do 101 i=1,nrow
do 101 j=1,ncol
elev = grid(i,j)
if(elev.eq.xnodat) then
load = xnodat
else if (elev.gt.-50000.) then
load = elev*m2cm*rho
else
load = (elev+50000.)*m2cm*delrhosea
end if
Idgrd(i,j) = load
101 continue
return
end
c
subroutine load2root(ldgrd, ncol, nrow, compdpth,delrho,
+ xnodat, rootgrd)
c***  Grid starts out as the surface topographic load (g/cm**2),
c*** ends up as depth to airy isostatic root (km).
c***  compdpth = Positive depth to root for sealevel topo (km)
c*** delrho = density contrast at depth (g/cc) = rhomantle-rhocrust.

real 1dgrd(2000,2000), rootgrd(2000,2000)
parameter (cm2km = 1.0e-5)
do 201 ii=1,nrow

do 201 jj=1,ncol
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if (ldgrd(ii,jj)-eq-xnodat) then
rtdepth = xnodat

go to 200
else
rtdepth = compdpth + bdgrd(ii,jj) * cm2km/abs(delrho)
end if
if (rtdepth.1t_1.0) rtdepth = 1.0
200 rootgrd(ii,jj) = rtdepth
201 continue
return
end

OO0OO0OO0O0OO0OO0OO0O0O0O0O0O0O00OO0

B R R

subroutine gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho,Q)

Subroutine GBOX computes the vertical attraction of a

rectangular prism. Sides of prism are parallel to x,y,z axes,

and z axis is vertical down.

Input parameters:

Observation point is (x0,y0,z0). The prism extends from x1
to x2, from yl to y2, and from z1 to z2 in the x, y, and z

directions, respectively. Density of prism is rho.
distance parameters in units of km; rho in units of
kg/ (m**3).

Output parameters:
Vertical attraction of gravity, g, in mGal.

real km2m
dimension x(2),y(2),z(2),isign(2)
data isign/-1,1/,gamma/6.670e-11/,twopi/6.2831853/,

& si2mg/1.0e5/ ,km2m/1.0e3/
x(1) = x0-x1
y(1) = y0-yl
z(1) = z0-z1
x(2) = x0-x2
y(2) = y0-y2
z(2) = z0-z2
sum = 0.0
do 1 i=1,2

do 1 j=1,2

do 1 k=1,2
rijk = sqgre(x(i)**2+y(@)**2+z(k)**2)

ijk = isign(i)*isign(@)*isign(k)
argl = atan2((x(i)*yd)),(z(k)*rijk))
if (argl.1t.0.) argl=argl+twopi
arg2 = rijk+y(Qg)
arg3 = rijk+x(i)
if (arg2.1e.0.) pause "GBOX: Bad field point*
if (arg3.1e.0.) pause "GBOX: Bad field point”
arg2 = alog(arg2)
arg3 alog(arg3d)
sum = sum+ijk*(z(k)*argl-x(i)*arg2-y(j)*arg3)
1 continue
g = rho*gamma*sum*si2mg*km2m
return
end
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Listing A4  program CEM

C

program CEM
latest modification....Oct 8, 2007 (upward continued)

CCCCCCCcCcCcCcrccrceeecececececececcececececcececccececececcecececececccecececcececccecececceccececcecececcececcececccececcecccccccce

C
C
C
C
C
C
C
C

(¢]

Correction values are for sea level elevation
Topo map must have flagged (-50000 added) ocean values.
Values on land below sea level are not flagged.
by Linda Pickett Garinger with subroutines by Richard J. Blakely (from
Potential theory in Gravity and Magnetic Applications). This program
reads gridded values of elevation and
calculates an isostatic correction using a modified Pratt-Hayford method.
It is a two layer model. The uppermost layer is maintains a constant
density. The depth of this layer is read from gridded values of moho

depth

C

provided by Walter Mooney. In this program the density of the second

layer

C

C
C
C

(mantle) will be calculated according to the topographic load. Then

the program uses these densities to calculate the vertical gravitational
attraction to 166.7 km.

This version uses the mohomap instead of calculating a root.

real rad,compdpth,xllcorner,yllcorner
real cellsize,xnodat,rhockgm,od,gravsum,glsl,g2sl
real deldpthsl, mohosl,mdptx,mdpty,mohosum
real topogrid(2000,2000), moho(2000,2000),rhogrd(2000,2000)
real Ipggrid(2000,2000),deldpth(2000,2000)

integer ncol,nrow, inodat,del
character*50 topofile,label(8),notefile,rhofile,lpgfile
character*50 statfile

C**********constants xxxxxxxxxx

print*, "input crustal density in kg/m**3*
read*, rhockgm

print*, "input sea level mantle density kg/m**3*"
read*, rhomansl

c***compdpth is the compensation depth(km). Lithospheric density between
c***compdpth and moho will adjust according to topographic load.

print*, "input compensation depth (km)-*
read*, compdpth

rhosea = 1027.0

rad = 166.7

gravsum = 0.0

counter = 0.0

do 1=1,2000
do j=1,2000

Ipggrid(i,j)=0.0

end do

end do

c***crstdpth is the depth (km) of the first "layer"™ in the model. Rho is
held

c***constant to this depth.

c***read moho depth grid

open(14, file="moho821b.asc", status="old")
read(14,15) label (1), ncol

read(14,16) label(2), nrow

read(14,25) label(3), xllcorner

read(14,25) label(4), yllcorner
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44

read(14,25) label(5), cellsize
read(14,35) label(6), inodat
xnodat = float(inodat)
do i=1,nrow

read(14,*,end=44) (moho(i,j),j=1,ncol)
end do
continue

CH**F****XInput tOpo acsii gridr**rrsirtirx
c***this is an ascii grid. Elevations are in m*****

10

15
16
25
35

45

print*, "input gridascii topo file name*
read(5,10) topofile
format(a50)
open(7,file=topofile, status="old")
read(7,15) label(1), ncol
read(7,16) label(2), nrow
read(7,25) label(3), xllcorner
read(7,25) label(4), yllcorner
read(7,25) label(5), cellsize
read(7,35) label(6), inodat
xnodat = float(inodat)
format(al4,il)
format(al4,i4)
format(al4,fl2._.4)
format(al4,i5)
do i=1,nrow

read(7,*,end=45) (topogrid(i,j).,j=1,ncol)
end do
continue
close(7)

c***calculate the deldpth grid

60

do 60 j=1,ncol
do 60 i=1,nrow
deldpth(i,j) = compdpth - moho(i,]J)
continue

c calculate avg moho at sea level

mohosum = 0.
do 61 j=1,ncol
do 61 i=1,ncol
if (topogrid(i,j)-1e.-50000.) then
odpt = -1. * (topogrid(i,j)+50000.)
else
go to 61
end if

if((odpt.le.100.).and.(odpt.ge.0.)) then
mohosum = mohosum + moho(i,j)*1000.-odpt
counter = counter + 1.
print*, moho(i,j),odpt

else
go to 61

end if

61 continue

mohosl = (mohosum/counter)/1000.
print*, mohosl
deldpthsl = compdpth - mohosl

c*****Calculate the density of column.....
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do 50 j =
do 50 i

if (topogrid(i,j)-1e.-50000.) then
od = -1.*(topogrid(i,j)+50000.)/1000.
rhogrd(i,j) = (deldpthsl*rhomansl + rhockgm*(mohosl-
+ moho(i,j)+od) - (od*rhosea))/deldpth(i,j)
go to 50

else if (topogrid(i,j).gt.-50000.) then
rhogrd(i,j) = (deldpthsl*rhomansl + (mohosl
+ —-topogrid(i,j)/1000.-moho(i,j))*rhockgm)/
+ deldpth(i,j)
go to 50

else
rhogrd(i,j) = xnodat

end if

50 continue

c****yrite the density grid
print*, "input density (rho) file name~
read(5,10) rhofile
open (9, file = rhofile,status = "new")
c write header for ascii grid output file
write(9,15) label(1), ncol
write(9,16) label(2), nrow
write(9,25) label(3), xllcorner
write(9,25) label(4), yllcorner
write(9,25) label(5), cellsize
write(9,35) label(6), inodat

do 55 k=1,nrow
write(9,56) (rhogrd(k,l),1=1,ncol)
55 continue
56 format(2000f12.3)
close(9)

c****calculate the gravitational correction
print*,"input note file name*®
read(5,10) notefile
print*,"input status file name”
read(5,10) statfile
print*,"input isostatic correction file name*
read(5,10) Ipgfile
open (12, file = notefile, status = "new")
open (13,Ffile = Ipgfile, status = "new")
write(12,*) “run name:", Ipgfile
write(12,*) "Two layer model, mohomap, variable mantle density”
write(12,*) “crustal density = *, rhockgm
write(12,*) "mantle density at sea level = ",rhomansl
write(12,*) "crustal depth = mohomap*®
write(12,*) "compensation depth = *,compdpth
close(12)

c write header for ascii grid output file
write(13,15) label (1), ncol
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write(13,16) label(2), nrow
write(13,25) label(3), xllcorner
write(13,25) label(4), yllcorner
write(13,25) label(5), cellsize
write(13,35) label(6), inodat

del

= int(175/(cellsize/1000.))

(63.9,9,0.0.9.0.9.9,9.0.0.9.0.9.9.9,0.0.9,.9.9.0.9.9.9.9.9.9.0.9.9.0.9.9.0

c loop through grid

do 300 j=1,ncol
open(8,file = statfile, status = "unknown®)
write(8,*) j
close(8)
do 300 k=1,nrow

c leave out part of full grid

if (g-1t.50).or.(J-gt-(ncol-50))) then
go to 299

else if ((k.1t.50).or.(k.gt.(nrow-50))) then
go to 299

end if

Cc some constants!!!! 8888

c "upward

X0 = (xllcorner + (cellsize*(float(j)--5)))/1000.
YO = (yllcorner + (cellsize *(float(nhrow-k)+.5)))/1000.
continued”
if (topogrid(k,j)-1e.-50000.) then
Z0 = 0.0
else if((topogrid(k,j)-le.0.).and.
(topogrid(k,j).gt.-50000.)) then
Z0 = -1.* (topogrid(k,j)/1000.)

else

Z0 = -1. * (topogrid(k,j)/1000.)
end if
Zsl = 0.0

Zmsl = mohosl
Zc = compdpth

c*****define the box to use for near calculations******x*xixx

jJistart = j-del

jjend = j+del

kkstart = k-del

kkend = k+ del

if (Jjstart.le.0) jjstart = 1
if (Jjend.gt.ncol) jjend = ncol
if (kkstart.le.0) kkstart = 1
if (kkend.gt.nrow) kkend = nrow

* 0

do 400 jj=jjstart, jjend
do 400 kk=kkstart, kkend

X1 = (xllcorner + (cellsize * float(jj-1)))/1000.

Y1 = (yllcorner + (cellsize * float(nrow - kk)))/1000.
X2 = (xllcorner + (cellsize * float(jj)))/1000.

Y2 = (yllcorner + (cellsize * float(nrow-kk+1)))/1000.
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if (rhogrd(kk,jj)-eq-xnodat) go to 400
mdptx =(X1+X2)/2
mdpty =(Y1+Y2)/2

if ((ndptx.1t.0).and.(X0.ge.0)) then
xdist = abs((X1+X2)/2) + abs(X0)

else if ((mdptx.ge.0).and.(X0.1t.0)) then
xdist = abs((X1+X2)/2) + abs(X0)

else
xdist = abs((X1+X2)/2) - abs(X0)

end if

it ((mdpty.l1t.0).and.(Y0.ge.0)) then
ydist = abs((Y1+Y2)/2) + abs(Y0)

else it ((mdpty.ge.0).and.(Y0.lt.0))then
ydist = abs((Y1+Y2)/2) + abs(YO)

else
ydist = abs((Y1+Y2)/2) - abs(Y0)

end if

calculate the gravitational attraction

if (sqgrt(xdist**2+ydist**2) _.le_rad) then
values for given sea level column:
call gbox(X0,Y0,20,X1,Y1,Zsl,X2,Y2,Zmsl,rhockgm,glsl)
call gbox(x0,Y0,20,X1,Y1,Zmsl,X2,Y2,Zc,rhomansl,g2sl)

oceanic conditions
if (topogrid(kk,jj)-1e.-50000.) then

z2 (topogrid(kk, jj)+50000.)/(-1.*1000.)
Z3 = moho(kk,jj)
rhocalc = rhogrd(kk,jj)

values for ocean column:
call gbox(Xo0,Y0,z0,X1,Y1,Zsl,X2,Y2,Z2,rhosea,gl)
call gbox(x0,Y0,20,X1,Y1,72,X2,Y2,23,rhockgm,g2)
call gbox(Xo0,Y0,z0,X1,Y1,7Z3,X2,Y2,Zc,rhocalc,g3)
g = gl+g2+g3-glsl-gz2sl
land values
else if (topogrid(kk,jj)-ge.0.) then
Z3 = moho(kk,jj)
rhocalc = rhogrd(kk,jj)
call gbox(X0,Y0,20,X1,Y1,Zsl,X2,Y2,Z3,rhockgm,gll)
call gbox(x0,Y0,20,X1,Y1,723,X2,Y2,Zc,rhocalc,gl2)
g = gll+gl2-glisl-g2sl
land below sea level
else if ((topogrid(kk,jj)-gt--50000.).and.
+ (topogrid(kk,jj)-1t.0.)) then
Z = topogrid(kk,jj)*(-1./1000.)
Z3 = moho(kk,jj)
rhocalc = rhogrd(kk,jj)
call gbox(x0,Y0,20,X1,Y1,Z,X2,Y2,Z3,rhockgm,gll)
call gbox(x0,Y0,20,X1,Y1,7Z3,X2,Y2,Zc,rhocalc,gl2)
g = gll+gl2-glisl-g2sl
else
print*, "error"
end if

gravsum = gravsum + ¢
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else
continue
end if
400 continue
Ipggrid(k,j) = gravsum

gravsum = 0.0

299 continue
300 continue

do 303 k=1,nrow
write(13,91) (Ipggrid(k,1),1=1,ncol)
91 format(2000f13.6)
303 continue
close(13)
end

O0O0O00000O0O0O0O0O0O0OO0

subroutine gbox(x0,y0,z0,x1,yl,z1,x2,y2,z2,rho,Q)

Subroutine GBOX computes the vertical attraction of a
rectangular prism. Sides of prism are parallel to x,y,z axes,
and z axis is vertical down.

Input parameters:
Observation point is (x0,y0,z0). The prism extends from x1
to x2, from yl to y2, and from z1 to z2 in the x, y, and z
directions, respectively. Density of prism is rho. All
distance parameters in units of km; rho in units of
kg/(m**3).

Output parameters:
Vertical attraction of gravity, g, in mGal.

real km2m
dimension x(2),y(2),z(2),isign(2)
data isign/-1,1/,gamma/6.670e-11/,twopi/6.2831853/,

& si2mg/1.e5/ ,km2m/1.e3/
x(1) = x0-x1

y(1l) = y0-yl

z(1) = z0-z1

x(2) = x0-x2

y(2) = y0-y2

z(2) = z0-z2

sum=0.0
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sqre(x(i)**2+y(§)**2+z(k)**2)
= isign(i)*isign(g)*isign(k)
argl = atan2((x(i)*y(d)),z(K)*rijk))
if (argl.1t.0.) argl=argl+twopi
arg2 = rijk+ty()
arg3 = rijk+x(i)
if (arg2.1e.0.) pause "GBOX: Bad field point*
if (arg3.1e.0.) pause "GBOX: Bad field point”
arg2 alog(arg2)
arg3 alog(arg3)
sum = sum+ijk*(z(k)*argl-x(i)*arg2-y(jJ)>*arg3)
1 continue
g = rho*gamma*sum*si2mg*km2m
return
end
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Appendix B

Table B.1 NAVDAT entries (volcanics only) for Sierra Nevada, Basin and Range
study area

Table B.2 NAVDAT entries (volcanics only) for Mojave study area

Table B.3 NAVDAT entries (volcanics only) for Central Nevada study area
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