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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. 
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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-3 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-3.  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-3.  Using the simple rule of thumb provided by 

Philpotts, the corresponding magma density will be approximately 91% of that value, 

or 2700 kg m-3 to 3000 kg m-3.   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-3 rising solely due to 

buoyancy should have the potential to reach the surface through crust of density 

about 30 kg m-3 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-3 for all study areas.  Thus, the density contrast 

value that would allow basaltic magma of density 2700 kg m-3 to pass through is -45 

kg m-3.  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-3 and about 50% erupts through crust less dense than 

2700 kg m-3.  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.   

5.5   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.  

112



Fi
gu

re
 5

.1
   

Su
m

m
ar

y 
of

 th
e 

cr
us

ta
l d

en
si

ty
 c

on
tra

st
 v

al
ue

 u
nd

er
 b

as
al

tic
 v

ol
ca

ni
cs

 in
 a

ll 
st

ud
y 

ar
ea

s.
Q

ua
nt

iti
es

 sh
ow

n 
ar

e 
th

e 
su

rf
ac

e 
ar

ea
s o

f l
at

e 
Te

rti
ar

y 
an

d 
Q

ua
te

rn
ar

y 
ba

sa
lt 

as
 m

ap
pe

d 
by

 L
ue

dk
e 

an
d 

Sm
ith

 (1
98

1)
.  

Th
e 

de
ns

ity
 c

on
tra

st
 v

al
ue

 o
f -

45
 k

g 
m

-3
 tr

an
sl

at
es

 in
to

 a
pp

ro
xi

m
at

el
y 

27
00

 k
g 

m
-3

, t
he

 
m

in
im

um
 d

en
si

ty
 o

f c
ru

st
 th

ro
ug

h 
w

hi
ch

 b
as

al
tic

 m
ag

m
a 

ca
n 

re
ac

h 
th

e 
su

rf
ac

e 
as

 a
 d

is
cr

et
e 

pa
rc

el
di

sc
on

ne
ct

ed
 fr

om
 a

 d
ee

p 
so

ur
ce

.  

B
as

em
en

t c
ru

sa
l d

en
si

ty
 c

on
tr

as
t u

nd
er

 b
as

al
t

0

50
0

10
00

15
00

20
00

25
00

30
00

35
00

M
oj

av
e

SN
BR

C
en

tra
l

Ne
va

da
Al

l A
re

as

St
ud

y 
A

re
a

Surface area, km
2

< 
-4

5 
kg

 m
-3

(lo
w

er
 d

en
si

ty
)

> 
-4

5 
kg

 m
-3

(h
ig

he
r d

en
si

ty
)

113



References: 

Abers, G. (1985), The subsurface structure of Long Valley Caldera, Mono County, 
California; a preliminary synthesis of gravity, seismic, and drilling information, J. 
Geophys. Res., 90(B5), 3627-3636. 

Beyer, L. A., S.L. Robbins and F.G. Clutsom (1985),  Basic data and preliminary 
density and porosity profiles for twelve borehole gravity surveys made in the Los 
Angeles, San Joaquin, Santa Maria and Ventura Basins, California, Open File Rep. 
85-42, 67 pp., U. S. Geol. Surv., Reston, VA. 
 
Birch, F. (1961), The velocity of compressional waves in rocks to 10 kilobars, Part 2, 
J. Geophys. Res., 66(7), 2199-2224.   
 
Black, R.A, J.D. Walker and G.S. Baker (2002), Three-dimensional gravity 
modeling and crustal-density variations, Panamint Range to the eastern Sierra 
Nevada, southeastern California, in Geologic Evolution of the Mojave Desert and 
Southwestern Basin and Range, Geological Society of America Memoir 195, edited 
by A.F. Glazner, J.D. Walker and J.M. Bartley, pp. 229-241, Geological Society of 
America, Boulder, CO. 
 
Blakely, R.J. (1995), Potential Theory in Gravity and Magnetic Applications, 441 
pp., Cambridge University Press, Cambridge.  
 
Bottinga, Y., D.F. Weill and P.Richet (1982), Density calculations for silicate 
liquids-I.  Revised method for aluminosilicate compositions, Geochim. Cosmochim. 
Acta, 46, 909-919.   
 
Carle, S.F. (1988), Three-dimensional gravity modeling of the geologic structure of 
Long Valley Caldera, J. Geophys. Res., 93(B11), 13237-13250.   
 
Carl, B.S., and A. Glazner (2002), Extent and significance of the Independence dike 
swarm, eastern California, in Geologic Evolution of the Mojave Desert and 
Southwestern Basin and Range, Geological Society of America Memoir 195, edited 
by A.F. Glazner, J.D. Walker and J.M. Bartley, pp. 117-130, Geological Society of 
America, Boulder, CO. 
 
Catchings, R.D. and W.D. Mooney (1991), Basin and Range crustal and upper 
mantle structure, northwest to central Nevada, J. Geophys. Res., 96(B4), 6247-6267.  
 
Dickson, L.D. (1997), Volcanology and geochemistry of pliocene and quaternary 
basalts on Citadel Mountain, Lunar Crater Volcanic field, Pancake Range, Nevada, 
M.S. Thesis, 146 pp., University of Nevada, Las Vegas. 
 

114



Ekren, E.B., C. L. Rogers, and G.L. Dixon (1973), Geologic and Bouguer gravity 
map of the Reveille Quadrangle, Nye County, Nevada, Map I-806, Miscellaneous 
Geologic Investigations, U.S. Geol. Surv., Reston, VA. 
 
Fliedner, M.M., S. Ruppert, P.E. Malin, S.K. Park, G. Jiracek, R.A. Phinney, J.B. 
Saleeby, B. Wernicke, R. Clayton, R. Keller, K. Miller, C. Jones, J.H. Luetgert, 
W.D. Mooney, H. Oliver, S.L. Klemperer and G.A. Thompson (1996), Three-
dimensional crustal structure of the southern Sierra Nevada from seismic fan profiles 
and gravity modeling, Geology, 24(4), 367-370.  
 
Fuis, G.S., T. Ryberg, N.J. Godfrey, D.A. Okaya, J.M. Murphy (2001), Crustal 
structure and tectonics from the Los Angeles Basin to the Mojave Desert, southern 
California, Geology, 29(1), 15-18.   
 
Glazner, A.F., J.M. Bartley, D.S. Coleman, W. Gray, R.Z. Taylor (2004), Are 
plutons assembled over millions of years by amalgamation from small magma 
chambers?,  GSA Today, 14(4/5), 4-11. 
  
Glazner, A.F., and W.U. Ussler, III (1988), Trapping of magma at midcrustal density 
discontinuities, Geophys. Res. Lett., 15(7), 673-675.     
 
Glazner, A.F., and W.U. Ussler, III (1989), Crustal extension, crustal density, and 
the evolution of Cenozoic magmatism in the basin and range of the Western United 
States, J. Geophys. Res., 94(B6), 7952-7960. 
 
Hittelman, A.M., D.T. Dater, R.W. Buhmann, and S.D. Racey (1994), Gravity CD-
ROM and User's Manual (1994 Edition), National Oceanic and Atmospheric 
Administration, Natl. Geophys. Data Cent., Boulder, CO. 
 
Jachens, R.C. and B.C. Moring (1990), Maps of the thickness of Cenozoic deposits 
and the isostatic residual gravity over basement for Nevada, Open File Report 90-
404, 15 pp., U.S. Geol. Surv., Reston, VA.   
 
Jennings, C.W., R.G. Strand and T.H. Rogers (1977), Geologic Map of California 
(scale 1:750000), digital version, Calif. Div. Mines and Geology, Sacramento, CA.   
 
Kaban, M.K., and W.D. Mooney (2001), Density structure of the lithosphere in the 
southwestern United States and its tectonic significance, J. Geophys. Res., 106(B1), 
721-739.   
 
Karki, P., L. Kivioja, and W.A. Heiskanen (1961), Topographic-isostatic reduction 
maps for the world for the Hayford zones 18-1, Airy-Heiskanen system, T=30 km,  
Publications of the Isostatic Institute of the International Association of Geodesy, 
23pp., Intl. Assoc. Geodesy, Helsinki. 

115



 
Kennett, J.P., J.G. Baldauf, R. Behl, W.R. Bryant, M. Fuller, K., Grimm, L. Heusser, 
A. Kemp, C. Lange, S.P. Lund, R. Merrill, F. Olivier, E. Polgreen, L. Pratt, F. Rack, 
A. Schimmelmann, M. Schwartz, R. Stein, J. Thurow and R.J. Musgrave (1994),  
Site 893, Proceedings of the Ocean Drilling Program, Initial Reports, 146, Part 2, 
pp. 15-50, College Station, TX. 
 
Luedke, R.G. and R.L. Smith (1981), Map showing distribution, composition, and 
age of late Cenozoic volcanic centers in California and Nevada, Map I-1091-C, 
Miscellaneous Investigations Series, U.S. Geol. Surv., Reston, VA.  
 
McCulloh, T.H. (1967), Mass properties of sedimentary rocks and gravimetric 
effects of petroleum and natural-gas reservoirs, Prof. Pap., 528-A, 50 pp., U.S. Geol. 
Surv., Reston, VA. 
 
Ochs F. A, III and R. A. Lange (1999), The density of hydrous magmatic liquids, 
Science, 283(5406), 1314-1317. 
 
Oliver, H. W. (1977), Gravity and magnetic investigations of the Sierra Nevada 
batholith, California, Geol. Soc. Amer. Bull., 88(3), 445-461. 
 
Pakiser, L.C. (1976), Seismic exploration of Mono Basin, California, J. Geophys. 
Res., 81(20), 3607-3618. 
 
Philpotts, Anthony R. (1990), Principles of Igneous and Metamorphic Petrology, 
498 pp., Prentice Hall, Upper Saddle River, NJ.  
 
Raines, G.L., K.A. Connors, L.A. Moyer and R.J. Miller (2003), Spatial Digital 
Database for the Geologic Map of Nevada, Open File Report 03-66, 32 pp., U.S. 
Geol. Surv., Reston, VA. (http://pubs.usgs.gov/of/2003/of03-66/) 
 
Rash, K.B. (1995), Geology and geochemistry of Tertiary volcanic rocks in the 
northern Reveille and southern Pancake ranges, Nye County, Nevada, M.S. Thesis, 
171 pp., University of Nevada, Las Vegas. 
 
Ruppert, S., M.M. Fliedner, and G. Zandt (1998), Thin crust and active upper mantle 
beneath the Southern Sierra Nevada in the western United States, Tectonophysics, 
286(1-4), 237-252.  
 
Saltus, R.W. and R.C. Jachens (1995), Gravity and basin-depth maps of the Basin 
and Range Province, western United States, Map GP-1012, Geophysical 
Investigations Map, U.S. Geol. Surv., Reston, VA. 
 

116



Simpson, R.W., R.C. Jachens and R.J. Blakely (1983), AIRYROOT: a Fortan 
program for calculating the gravitational attraction of an Airy isostatic root out to 
166.7 km, Open File Rep. 83-883, 66 pp. U.S. Geol. Survey, Reston, VA.   
 
Snyder, R.P., E.B. Ekren and G.L. Dixon (1972), Geologic map of the Lunar Crater 
Quadrangle, Nye County, Nevada,  Map I-700, Miscellaneous Geologic 
Investigations, U.S. Geol. Surv., Reston, VA.  

 
Stewart, J.H. and J.E. Carlson (1978), Geologic map of Nevada, 1:500,000 scale, 2 
sheets, prepared in cooperation with the Nev. Bur. Mines and Geology, U.S. Geol. 
Surv., Reston, VA.  
 
Stolper, E, and D. Walker (1980), Melt density and the average composition of 
basalt, Contrib. Mineral. Petrol., 74, 7-12.  

Turcotte, D.L. and G. Schubert (1982), Geodynamics: Applications of Continuum 
Physics to Geological Problems, 450 pp., Wiley, New York.   

U.S. Geological Survey, Calif. Geological Survey and Nev. Bureau of Mines and 
Geology (2006), Quaternary fault and fold database for the United States, accessed 
Jan 9, 2006, from USGS web site, http://earthquake.usgs.gov/regional/qfaults/. 

Wang, K. (1999), Crust-mantle interaction and mantle chemical systematics during 
Basin and Range extension, SW USA:  evidences from late Cenozoic volcanic rocks, 
Ph.D. Dissertation, 310 pp., University of Kansas, Lawrence, KS. 
 
Watts, A. B., (2001),  Isostasy and Flexure of the Lithosphere, 458 pp, Cambridge 
University Press, Cambridge.     

117



Appendix A 
 

 
 

Listing A.1 program layergrav 
 

Listing A.2 program pratthayford 
 

Listing A.3 program airyheisk 
 
Listing A.4 program CEM 

 

118



Listing A.1 program layergrav 
 
      program layergrav 
c 
c  Modified from gross.f written by Ross Black 
c 
c  calculate the gravitational attraction 
c  from a series of Arc gridascii grids   
c  the output grid is the same size as 
c  the input grid in xy and 
c  is  also an ascii grid 
c 
c  the Arc ascii grid starts with the northwest corner 
c  of the data and is stored row by row. 
c 
c  Subroutines by Richard Blakely 
c 
      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(1,file=rhofile,status='old') 
      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(1),nx 
 15   format(a14,i3) 
      write(6,20) nx 
 20   format('ncols ',i4) 
      read(1,30) junk(2),ny 
 30   format(a14,i3) 
      write(6,35) ny 
 35   format('nrows ',i4) 
      read(1,40) junk(3),ixllc 
 40   format(a14,i6) 
      xllc = float(ixllc) 
      write(6,45) xllc 
 45   format('xllc ',f8.1) 
      read(1,50) junk(4),iyllc 
 50   format(a14,i7) 
      yllc = float(iyllc) 
      write(6,55) yllc  
 55   format('yllc ',f9.1) 
      read(1,60) junk(5),icellsize 
 60   format(a14,i3) 
      write(6,65) icellsize  
 65   format('icellsize ',i4) 
      read(1,70) junk(6),inodata 
 70   format(a14,i5) 
      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 
c 
c  start the calculations 
c  use UTM coords converted to KM until the call to glayer 
c     UL map corner is 1st data element on input 
c  use NEV coords in KM on the call to gbox 
c     LL map corner is 1st data element in 1D array going 
c     to glayer 
c 
c  in this version all layers must have exactly the same number of  
c  rows and columns and must be in exactly the same spatial location 
c 
      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(a14) 
          end do 
        end if 
        do i=1,ny 
          print*,i 
          read(1,*) (data(j,i),j=1,nx) 
          do j=1,nx 
            if (data(j,i).lt.-998.0) data(j,i) = 0. 
          end do 
        end do 
        do i=1,524288 
          store(i) = 0. 
        end do 
c start fourier stuff 
 
        z1 = (ztop(k)+0.1)/1000. 
        z2 = zbot(k)/1000. 
c 
c gbox uses NEV coords for xyz, not UTM where EN=xy 
c  so flip the x and y coords around in subroutine call 
c 
        nnx = 512 
        nny = 512 
        do ii=1,ny 
          do jj=1,nx 
            irow = 1+ny-ii 
            in = jj+(ii-1)*nnx  
            data2(in) = data(jj,irow) 
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          end do 
        end do 
        call glayer(data2,nny,nnx,dy,dx,z1,z2,store) 
        do ii=1,ny 
          do jj=1,nx 
            irow = 1+ny-ii 
            in = jj+(ii-1)*nnx  
            grav(jj,irow) = data2(in)+grav(jj,irow) 
          end do 
        end do 
      end do 
      write(6,76) 
 76   format(' finished ') 
      write(3,15) junk(1),nx 
      write(3,30) junk(2),ny 
      write(3,40) junk(3),ixllc 
      write(3,50) junk(4),iyllc 
      write(3,60) junk(5),icellsize 
      write(3,70) junk(6),inodata 
      do i=1,ny 
        write(3,80) (grav(j,i),j=1,nx) 
 80     format(1200f10.4) 
      end do 
      stop 
      end  
c============================================================ 
      subroutine glayer(rho,nx,ny,dx,dy,z1,z2,store) 
c 
c  Subroutine GLAYER calculates the vertical gravitational  
c  attraction on a two-dimensional grid caused by a two- 
c  dimensional density confined to a horizontal layer.  The  
c  following steps are involved:  (1) Fourier transform the  
c  density, (2) multiply by the earth filter, and (3) inverse  
c  Fourier transform the product.  Density is specified on a  
c  rectangular grid with x and y axes directed north and east, 
c  respectively.  Z axis is down.  Requires subroutines FOURN,  
c  KVALUE, and GFILT.   
c 
c  Input parameters: 
c    nx - number of elements in the south-to-north direction.   
c    ny - number of elements in the west-to-east direction.   
c         (NOTE: Both nx and ny must be powers of two. 
c    rho - a singly dimensioned real array containing the  
c         two-dimensional density, in kg/(m**3).  Elements  
c         should be in order of west to east, then south to  
c         north (i.e., element 1 is the southwest corner,  
c         element ny is the southeast corner, element  
c         (nx-1)*ny+1 is the northwest corner, and element ny*nx 
c         is the northeast corner.  
c    store - a singly dimensioned real array used internally.   
c         It should be dimensioned at least 2*nx*ny.  
c    dx - sample interval in the x direction, in km. 
c    dy - sample interval in the y direction, in km.  
c    z1 - depth to top of layer, in km.  Must be > 0. 
c    z2 - depth to bottom of layer, in km.  Must be > z1. 
c 
c  Output parameters: 
c    rho - upon output, rho will contain the gravity anomaly, 
c         in mGal, with same orientation as above. 
c 
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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(1) = 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 = (j-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 = (j-1)*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 = (j-1)*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) 
c  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 
      nyqx = nx/2+1 
      nyqy = ny/2+1 
      if (j.le.nyqx) then 
        kx = (j-1)*dkx 
      else 
        kx = (j-nx-1)*dkx 
      end if 
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      if (i.le.nyqy) then 
        ky = (i-1)*dky 
      else 
        ky = (i-ny-1)*dky 
      end if 
      return 
      end 
 
c============================================================ 
 
      subroutine fourn(data,nn,ndim,isign) 
c 
c  Replaces DATA by its NDIM-dimensional discrete Fourier transform,  
c  if ISIGN is input as 1.  NN is an integer array of length NDIM,  
c  containing the lengths of each dimension (number of complex values),  
c  which must all be powers of 2.  DATA is a real array of length twice  
c  the product of these lengths, in which the data are stored as in a  
c  multidimensional complex Fortran array.  If ISIGN is input as -1,  
c  DATA is replaced by its inverse transform times the product of the 
c  lengths of all dimensions.  From Press, W.H., Flannery, B.P.,  
c  Teukolsky, S.A., and Vetterling, W.T., 1986, Numerical Recipes,  
c  Cambridge Univ. Press, p. 451-453. 
c 
      real*8 wr,wi,wpr,wpi,wtemp,theta 
      dimension nn(2),data(524288) 
      ntot = 1 
      do 11 iidim=1,ndim 
        ntot = ntot*nn(iidim) 
11    continue 
      nprev = 1 
      do 18 iidim=1,ndim 
        n = nn(iidim) 
        nrem = ntot/(n*nprev) 
        ip1 = 2*nprev 
        ip2 = ip1*n 
        ip3 = ip2*nrem 
        i2rev = 1 
        do 14 i2=1,ip2,ip1 
          if (i2.lt.i2rev) then 
            do 13 i1=i2,i2+ip1-2,2 
              do 12 i3=i1,ip3,ip2 
                i3rev = i2rev+i3-i2 
                tempr = data(i3) 
                tempi = data(i3+1) 
                data(i3) = data(i3rev) 
                data(i3+1) = data(i3rev+1) 
                data(i3rev) = tempr 
                data(i3rev+1) = tempi 
12            continue 
13          continue 
          end if 
          ibit = ip2/2 
1         if ((ibit.ge.ip1).and.(i2rev.gt.ibit)) then 
            i2rev = i2rev-ibit 
            ibit = ibit/2 
          go to 1 
          end if 
          i2rev = i2rev+ibit 
14      continue 
        ifp1 = ip1 
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2       if (ifp1.lt.ip2) then 
          ifp2 = 2*ifp1 
          theta = isign*6.28318530717959d0/(ifp2/ip1) 
          wpr = -2.d0*dsin(0.5d0*theta)**2 
          wpi = dsin(theta) 
          wr = 1.d0 
          wi = 0.d0 
          do 17 i3=1,ifp1,ip1 
            do 16 i1=i3,i3+ip1-2,2 
              do 15 i2=i1,ip3,ifp2 
                k1 = i2 
                k2 = k1+ifp1 
                tempr = sngl(wr)*data(k2)-sngl(wi)*data(k2+1) 
                tempi = sngl(wr)*data(k2+1)+sngl(wi)*data(k2) 
                data(k2) = data(k1)-tempr 
                data(k2+1) = data(k1+1)-tempi 
                data(k1) = data(k1)+tempr 
                data(k1+1) = data(k1+1)+tempi 
15            continue 
16          continue 
            wtemp = wr 
            wr = wr*wpr-wi*wpi+wr 
            wi = wi*wpr+wtemp*wpi+wi 
17        continue 
          ifp1=ifp2 
          go to 2 
        end if 
        nprev = n*nprev 
18    continue 
      return 
      end 
 
c============================================================ 
 
      function gfilt(kx,ky,z1,z2) 
c 
c  Function GFILT calculates the value of the gravitational 
c  earth filter at a single (kx,ky) location. 
c 
c  Input parameters: 
c    kx - the wavenumber coordinate in the kx direction, in  
c         units of 1/km. 
c    ky - the wavenumber coordinate in the ky direction, in  
c         units of 1/km. 
c    z1 - the depth to the top of the layer, in km. 
c    z2 - the depth to the bottom of the layer, in km. 
c 
c  Output parameters: 
c    gfilt - the value of the earth filter. 
c 
      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 
 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c  October, 07 
c  Correction values are upward continued.   
c  by Linda Pickett Garinger with subroutines by Richard J. Blakely (from  
c  Potential theory in Gravity and Magnetic Applications).  This program  
c  calculates an isostatic correction using the Pratt method.  
c  This program is a two layer model.  Density above sea level is 
c  constant and equal to seacoast density.  Other densities below sea level  
c  are calculated for each grid column according to topographic load. 
c  The program uses these densities to calculate the vertical gravitational  
c  isostatic correction.  An area of 166.7 km radius is considered for each 
c  grid point. 
c  This program reads gridded values of elevation. 
c  June 11, 2007.  Changing correction calculation to consider the anomalous  
c  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.     
 
 
      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 ******************* 
      print*, 'input crustal density (above sea level) in kg/m**3' 
      read*, rhockgm 
      rhosl = rhockgm  
      rhosea = 1027. 
      rad = 166.7 
      gravsum = 0.0 
      do i=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********input topo acsii grid************** 
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(a14,i3) 
   16 format(a14,i4) 
   25 format(a14,f15.5) 
   35 format(a14,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).eq.xnodat) then 
            rhogrd(i,j) = xnodat 
            go to 50 
          else if (topogrid(i,j).le.-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****write 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,l),l=1,ncol) 
   55 continue 
   56 format(2000f12.3) 
      close(3) 
 
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 = 'new') 
      open (13,file = prattfile, status = 'new') 
      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) 
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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.)) 
 
*************************************************************************** 
      do 300 j=1,ncol 
      if ((j.lt.50).or.(j.gt.(ncol-50))) then 
        go to 300 
      end if      
      print*, j 
        do 300 k = 1,nrow 
          
          if ((k.lt.50).or.(k.gt.(nrow-50))) then 
            go to 300 
          end if 
       
          X0 = (xllcorner + (cellsize*(float(j)-.5)))/1000. 
          Y0 = (yllcorner + (cellsize *(float(nrow-k)+.5)))/1000. 
        
          if (topogrid(k,j).le.-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    
 
c*****define the box to use for near calculations*********** 
          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 
          if (kkend.gt.nrow) kkend = nrow 
 
c***************************************************************************
* 
          do 400 jj = jjstart, jjend 
            do 400 kk = kkstart, kkend  
 
              if (rhogrd(kk,jj).eq.xnodat) go to 400 
 
                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. 
 
                mdptx =(X1+X2)/2  
                mdpty =(Y1+Y2)/2 
 
              if ((mdptx.lt.0).and.(X0.ge.0)) then 
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                xdist = abs((X1+X2)/2) + abs(X0) 
              else if ((mdptx.ge.0).and.(X0.lt.0)) then 
                xdist = abs((X1+X2)/2) + abs(X0) 
              else 
                xdist = abs((X1+X2)/2) - abs(X0) 
              end if 
 
              if ((mdpty.lt.0).and.(Y0.ge.0)) then 
                ydist = abs((Y1+Y2)/2) + abs(Y0) 
              else if ((mdpty.ge.0).and.(Y0.lt.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 (sqrt(xdist**2+ydist**2).le.rad) then 
 
                if (topogrid(kk,jj).le.-50000)then 
                  Z1 = 0.0 
                  Z2 = -1.*(topogrid(kk,jj)+50000.)/(1000.) 
                  Z3 = compdpth 
                    
                  rhocol= rhogrd(kk,jj) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z2,rhosea,g1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z2,X2,Y2,Z3,rhocol,g2) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z3,rhosl,gsl) 
 
                  g = g1+g2-gsl 
 
                  g1 = 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,Z0,X1,Y1,Z1,X2,Y2,Z2,rhogrd(kk,jj),g1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z2,rhosl,g2)  
                  g = g1-g2 
              
                else if ((topogrid(kk,jj).lt.0.).and. 
     +                   (topogrid(kk,jj).gt.-50000.))then 
     
                  Z1 = -1.*(topogrid(kk,jj)/1000.) 
                  Z2 = compdpth 
                  Z3 = 0.0 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z2,rhogrd(kk,jj),g1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Z2,rhosl,g2) 
                  g = g1-g2  
 
                else 
                  print*, "error" 
                end if 
 
                gravsum = gravsum + g 
 
                g1 = 0.0 
                g2 = 0.0 
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                gsl = 0.0 
                g = 0.0 
              else 
                continue 
              end if 
 
  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),l=1,ncol) 
  303 continue 
 
      close(13) 
      
      end  
 
*************************************************************** 
      subroutine gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho,g) 
c 
c  Subroutine GBOX computes the vertical attraction of a  
c  rectangular prism.  Sides of prism are parallel to x,y,z axes, 
c  and z axis is vertical down.   
c 
c  Input parameters: 
c    Observation point is (x0,y0,z0).  The prism extends from x1 
c    to x2, from y1 to y2, and from z1 to z2 in the x, y, and z  
c    directions, respectively.  Density of prism is rho.  All  
c    distance parameters in units of km; rho in units of  
c    kg/(m**3).  
c 
c  Output parameters: 
c    Vertical attraction of gravity, g, in mGal.  
c 
      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) = y0-y1 
      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 = sqrt(x(i)**2+y(j)**2+z(k)**2) 
            ijk = isign(i)*isign(j)*isign(k) 
            arg1 = atan2((x(i)*y(j)),(z(k)*rijk)) 
            if (arg1.lt.0.) arg1=arg1+twopi 
            arg2 = rijk+y(j) 
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            arg3 = rijk+x(i) 
            if (arg2.le.0.) pause 'GBOX:  Bad field point' 
            if (arg3.le.0.) pause 'GBOX:  Bad field point' 
            arg2 = alog(arg2) 
            arg3 = alog(arg3) 
            sum = sum+ijk*(z(k)*arg1-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 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c  by Linda Pickett Garinger with subroutines by Richard J. Blakely (from  
c  Potential theory in Gravity and Magnetic Applications) and modified from 
c  Simpson, Jachens and Blakely (AIRYROOT: a fortran program for 
c  calculating the gravitational attraction of an airy isostatic root out to  
c  166.7 km) 
c  This program reads gridded values of elevation. Root geometry 
c  is found from the topo map. It then calculates 
c  the gravitational attraction of a rectangular prism due to the  
c  root for a circular area to 166.7 km. 
c   
c  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), ldgrd(2000,2000), rootgrd (2000,2000) 
      real airygrid(2000,2000),rhosea 
      integer ncol,nrow,inodat,del 
      character*50 topofile,label(8),loadfile,rootfile,airyfile 
c**********constants ******************* 
      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 
 
c********input topo acsii grid************** 
c***this is an ascii grid.  Elevations are in m***** 
      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(a14,i3) 
   16 format(a14,i4) 
   25 format(a14,f15.5) 
   35 format(a14,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,ldgrd) 
 
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(3) 
c initialize airygrid vals  
      do k=1,nrow 
        do l=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 
 
******************************************************************** 
c set up so that the edge cells aren't calculated (saves time) 
      ntop = 50 
      nbot = 50 
      nleft = 50 
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      nright = 50 
      nrow2 = nrow-ntop-nbot 
      ncol2 = ncol-nleft-nright  
      xllcorner2 = xllcorner + cellsize*nleft 
      yllcorner2 = yllcorner + cellsize*nbot 
      del = int(175/(cellsize/1000.)) 
      do 300 j = 1,ncol 
        if ((j.lt.50).or.(j.gt.(ncol-50))) then 
          go to 300 
        end if 
 
        print*, j 
  
        do 300 k = 1,nrow 
          if ((k.lt.50).or.(k.gt.(nrow-50))) then 
            go to 300 
          end if 
       
          X0 = (xllcorner + (cellsize*(float(j)-.5)))/1000. 
          Y0 = (yllcorner + (cellsize *(float(nrow-k)+.5)))/1000. 
          if (topogrid(k,j).le.-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 
       
          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 
          if (kkend.gt.nrow) kkend = nrow 
          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. 
 
              mdptx =(X1+X2)/2  
              mdpty =(Y1+Y2)/2 
                 
              if ((mdptx.lt.0).and.(X0.ge.0)) then 
                xdist = abs((X1+X2)/2) + abs(X0) 
              else if ((mdptx.ge.0).and.(X0.lt.0)) then 
                xdist = abs((X1+X2)/2) + abs(X0) 
              else 
                xdist = abs((X1+X2)/2) - abs(X0) 
              end if 
 
              if ((mdpty.lt.0).and.(Y0.ge.0)) then 
                ydist = abs((Y1+Y2)/2) + abs(Y0) 
              else if ((mdpty.ge.0).and.(Y0.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 (sqrt(xdist**2+ydist**2).le.rad) then 
                if (topogrid(kk,jj).le.-50000.) then 
                  Z1 = 0.0 
                  Z2= -1.*(topogrid(kk,jj)+ 50000.)/1000. 
                  Z3 = rootgrd(kk,jj) 
                  Z4 = compdpth       
              
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z2,rhosea,g1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z2,X2,Y2,Z3,rhockgm,g2) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Z4,rhomankgm,g3) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z4,rhockgm,g4) 
                  g=g1+g2+g3-g4 
 
                  g1 = 0.0 
                  g2 = 0.0 
                  g3 = 0.0 
                  g4 = 0.0 
                else if (((topogrid(kk,jj)).lt.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(X0,Y0,Z0,X1,Y1,Z2,X2,Y2,Z3,rhockgm,g2) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Z4,rhomankgm,g3) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z4,rhockgm,g4) 
                  g = g2+g3-g4 
                  g2 = 0.0 
                  g3 = 0.0 
                  g4 = 0.0 
            
                else  
                  Z1 = compdpth 
                  Z2 = rootgrd(kk,jj)                  
                  call gbox(X0,Y0,Z0,X1,Y1,Z1,X2,Y2,Z2,drhokgm,g) 
                end if 
 
                gravsum = gravsum + g 
 
                g = 0 
             
              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,file = 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,l),l=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),ldgrd(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 
          ldgrd(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 ldgrd(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 + ldgrd(ii,jj) * cm2km/abs(delrho) 
          end if 
          if (rtdepth.lt.1.0) rtdepth = 1.0 
  200     rootgrd(ii,jj) = rtdepth 
  201 continue 
      return 
      end 
 
*************************************************************** 
      subroutine gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho,g) 
c 
c  Subroutine GBOX computes the vertical attraction of a  
c  rectangular prism.  Sides of prism are parallel to x,y,z axes, 
c  and z axis is vertical down.   
c 
c  Input parameters: 
c    Observation point is (x0,y0,z0).  The prism extends from x1 
c    to x2, from y1 to y2, and from z1 to z2 in the x, y, and z  
c    directions, respectively.  Density of prism is rho.  All  
c    distance parameters in units of km; rho in units of  
c    kg/(m**3).  
c 
c  Output parameters: 
c    Vertical attraction of gravity, g, in mGal.  
c 
      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-y1 
      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 = sqrt(x(i)**2+y(j)**2+z(k)**2) 
            ijk = isign(i)*isign(j)*isign(k) 
            arg1 = atan2((x(i)*y(j)),(z(k)*rijk)) 
            if (arg1.lt.0.) arg1=arg1+twopi 
            arg2 = rijk+y(j) 
            arg3 = rijk+x(i) 
            if (arg2.le.0.) pause 'GBOX:  Bad field point' 
            if (arg3.le.0.) pause 'GBOX:  Bad field point' 
            arg2 = alog(arg2) 
            arg3 = alog(arg3) 
            sum = sum+ijk*(z(k)*arg1-x(i)*arg2-y(j)*arg3) 
    1 continue 
      g = rho*gamma*sum*si2mg*km2m 
      return 
      end 
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Listing A.4 program CEM 
 
      program CEM 
c  latest modification....Oct 8, 2007 (upward continued) 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c Correction values are for sea level elevation   
c Topo map must have flagged (-50000 added) ocean values.   
c  Values on land below sea level are not flagged. 
c  by Linda Pickett Garinger with subroutines by Richard J. Blakely (from  
c  Potential theory in Gravity and Magnetic Applications).  This program  
c  reads gridded values of elevation and 
c  calculates an isostatic correction using a modified Pratt-Hayford method.  
c  It is a two layer model.  The uppermost layer is maintains a constant 
c  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  (mantle) will be calculated according to the topographic load. Then  
c  the program uses these densities to calculate the vertical gravitational     
c  attraction to 166.7 km. 
c  This version uses the mohomap instead of calculating a root.   
 
      real rad,compdpth,xllcorner,yllcorner 
      real cellsize,xnodat,rhockgm,od,gravsum,g1sl,g2sl 
   real deldpthsl, mohosl,mdptx,mdpty,mohosum  
      real topogrid(2000,2000), moho(2000,2000),rhogrd(2000,2000) 
      real lpggrid(2000,2000),deldpth(2000,2000) 
        
      integer ncol,nrow,inodat,del 
      character*50 topofile,label(8),notefile,rhofile,lpgfile 
      character*50 statfile 
c**********constants ******************* 
      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 i=1,2000 
        do j=1,2000 
          lpggrid(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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      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 
   44 continue 
 
 
 
c********input topo acsii grid************** 
c***this is an ascii grid.  Elevations are in m***** 
      print*,'input gridascii topo file name' 
      read(5,10) topofile 
  10  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) 
   15 format(a14,i3) 
   16 format(a14,i4) 
   25 format(a14,f12.4) 
   35 format(a14,i5) 
      do i=1,nrow 
        read(7,*,end=45)(topogrid(i,j),j=1,ncol) 
      end do 
   45 continue 
      close(7) 
 
c***calculate the deldpth grid 
      do 60 j=1,ncol 
        do 60 i=1,nrow 
          deldpth(i,j) = compdpth - moho(i,j) 
   60 continue 
c calculate avg moho at sea level 
      mohosum = 0. 
      do 61 j=1,ncol 
        do 61 i=1,ncol 
          if (topogrid(i,j).le.-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 = 1,ncol 
        do 50 i = 1,nrow 
         
          if (topogrid(i,j).le.-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****write 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),l=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) lpgfile 
      open (12, file = notefile, status = 'new') 
      open (13,file = lpgfile, status = 'new') 
      write(12,*) 'run name:', lpgfile 
      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.)) 
cXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
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 ((j.lt.50).or.(j.gt.(ncol-50))) then 
            go to 299 
          else if ((k.lt.50).or.(k.gt.(nrow-50))) then 
            go to 299 
          end if 
c some constants!!!!***********************************8888       
          X0 = (xllcorner + (cellsize*(float(j)-.5)))/1000. 
          Y0 = (yllcorner + (cellsize *(float(nrow-k)+.5)))/1000. 
c "upward continued"      
          if (topogrid(k,j).le.-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************ 
          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 
          if (kkend.gt.nrow) kkend = nrow 
c***************************************************************************
* 
          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 ((mdptx.lt.0).and.(X0.ge.0)) then 
                xdist = abs((X1+X2)/2) + abs(X0) 
              else if ((mdptx.ge.0).and.(X0.lt.0)) then 
                xdist = abs((X1+X2)/2) + abs(X0) 
              else 
                xdist = abs((X1+X2)/2) - abs(X0) 
              end if 
 
              if ((mdpty.lt.0).and.(Y0.ge.0)) then 
                ydist = abs((Y1+Y2)/2) + abs(Y0) 
              else if ((mdpty.ge.0).and.(Y0.lt.0))then 
                ydist = abs((Y1+Y2)/2) + abs(Y0) 
              else 
                ydist = abs((Y1+Y2)/2) - abs(Y0) 
              end if 
 
c calculate the gravitational attraction  
 
              if (sqrt(xdist**2+ydist**2).le.rad) then 
c values for given sea level column: 
                call gbox(X0,Y0,Z0,X1,Y1,Zsl,X2,Y2,Zmsl,rhockgm,g1sl) 
                call gbox(X0,Y0,Z0,X1,Y1,Zmsl,X2,Y2,Zc,rhomansl,g2sl) 
              
c oceanic conditions  
                if (topogrid(kk,jj).le.-50000.) then  
              
                  Z2 = (topogrid(kk,jj)+50000.)/(-1.*1000.) 
                  Z3 = moho(kk,jj) 
                  rhocalc = rhogrd(kk,jj) 
 
c values for ocean column: 
                  call gbox(X0,Y0,Z0,X1,Y1,Zsl,X2,Y2,Z2,rhosea,g1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z2,X2,Y2,Z3,rhockgm,g2) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Zc,rhocalc,g3) 
                  g = g1+g2+g3-g1sl-g2sl 
c land values       
                else if (topogrid(kk,jj).ge.0.) then  
                  Z3 = moho(kk,jj) 
                  rhocalc = rhogrd(kk,jj) 
                  call gbox(X0,Y0,Z0,X1,Y1,Zsl,X2,Y2,Z3,rhockgm,gl1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Zc,rhocalc,gl2) 
                  g = gl1+gl2-g1sl-g2sl 
c land below sea level 
                else if ((topogrid(kk,jj).gt.-50000.).and. 
     +                   (topogrid(kk,jj).lt.0.)) then 
                  Z = topogrid(kk,jj)*(-1./1000.) 
                  Z3 = moho(kk,jj) 
                  rhocalc = rhogrd(kk,jj) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z,X2,Y2,Z3,rhockgm,gl1) 
                  call gbox(X0,Y0,Z0,X1,Y1,Z3,X2,Y2,Zc,rhocalc,gl2) 
                  g = gl1+gl2-g1sl-g2sl 
                else  
                  print*, "error"    
                end if 
 
                gravsum = gravsum + g 
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                g = 0.0 
                g1 = 0.0 
                g2 = 0.0 
                g3 = 0.0 
                g1sl = 0.0 
                g2sl = 0.0 
                gl1 = 0.0 
                gl2 = 0.0 
 
              else 
                continue 
              end if 
  400     continue 
 
          lpggrid(k,j) = gravsum 
 
          gravsum = 0.0 
 
  299     continue 
  300 continue 
 
c*********************************************************************** 
      do 303 k=1,nrow 
        write(13,91) (lpggrid(k,l),l=1,ncol) 
 91     format(2000f13.6) 
 
  303 continue 
      close(13) 
      
      end  
 
*************************************************************** 
      subroutine gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho,g) 
c 
c  Subroutine GBOX computes the vertical attraction of a  
c  rectangular prism.  Sides of prism are parallel to x,y,z axes, 
c  and z axis is vertical down.   
c 
c  Input parameters: 
c    Observation point is (x0,y0,z0).  The prism extends from x1 
c    to x2, from y1 to y2, and from z1 to z2 in the x, y, and z  
c    directions, respectively.  Density of prism is rho.  All  
c    distance parameters in units of km; rho in units of  
c    kg/(m**3).  
c 
c  Output parameters: 
c    Vertical attraction of gravity, g, in mGal.  
c 
      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) = y0-y1 
      z(1) = z0-z1 
      x(2) = x0-x2 
      y(2) = y0-y2 
      z(2) = z0-z2 
      sum=0.0 
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      do 1 i=1,2 
        do 1 j=1,2 
          do 1 k=1,2 
            rijk = sqrt(x(i)**2+y(j)**2+z(k)**2) 
            ijk = isign(i)*isign(j)*isign(k) 
            arg1 = atan2((x(i)*y(j)),(z(k)*rijk)) 
            if (arg1.lt.0.) arg1=arg1+twopi 
            arg2 = rijk+y(j) 
            arg3 = rijk+x(i) 
            if (arg2.le.0.) pause 'GBOX:  Bad field point' 
            if (arg3.le.0.) pause 'GBOX:  Bad field point' 
            arg2 = alog(arg2) 
            arg3 = alog(arg3) 
            sum = sum+ijk*(z(k)*arg1-x(i)*arg2-y(j)*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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