Gravity High
(due 1o load)

Gravity Low
{due 1o Hexure)

"4.1 BMP"

CALCULATE THE GRAVITY ANOMALY DUE TO THE LOAD OF HAWAII AND
ESTIMATE THE ELASTIC THICKNESS OF THE OCEANIC LITHOSPHERE, Te.

This Mathcad file calculates the gravity associated with the flexure of the oceanic crust by the
load of the Hawaiian-Emperor seamount chain and compares it to the observed free-air
gravity anomaly in the region of Oahu. The elastic thickness and load and infill density that
best explains the observed gravity anomaly can be determined from the comparison.

Define input parameters

Define elastic thickness, T,, average gravity, g, Poisson’s ratio, v, Youngs Modulus, E, and
the Universal Gravitational constant, G.
Te = 25km

2= 92lm sec 2
=025
E = lEI“Pa

O = 66710 ll-newtnn-mz-kg_ 2

AR

Define npts, the number of sample points along the gravity and topography profile. npts
must be a

power of 2 (for the Fourier Transform).

npts = 128

Define density of the load (i.e. the seafloor topography),water and mantle
p_crust = 2800ks m 3

p_water = 1030kg-m 3
p_tnatitle = 333llkg-m_ 3

Define normal (ie unflexed) thickness of oceanic crust

oceaty thick = dlan



E(Te)"

12-[1 - vz)

Read in the observed topography and free-air gravity anomaly data

D=

M = READPRN("haw_topo.prn")
H = READFEN "haw_grvpim")

icountt = rows(I) - 1

profile = My o= Mg gftem
i= 0. rows(hD) - 1
a =M. _km
17 1.0
b, =LI. .m
1011
=0 rows(H) -1
c.=M. _km
w0,
M.
1 -
dj = J—’Sm-sec 2
10

Interpolate the observed data and take out a mean (for the Fourier transform)

i e profile
fpts - 1
2-m
fipts-dx
profile

ZEINT =

HNT =
npts — 1

i=0.npts - 1

X = ag + (1-3IHT)

u:uhs_tu:upu:ui = ljnterp[a,h ,xi:|

Dbs_gﬂri = ]jnterp[c,d,xi:]

meann depth = —mearnobs_topo)
i=0.npts - 1

u:uhs_tu:upu:ui = -:ubs_tu:upu:ui + mean depth
tmeatn gravity = meaty obs_grv)
i=0.npts - 1

Dbs_gﬂri = Dhs_gﬁri — tmeann_gravity

mean depth = 3835 « 1I]3-m

Display observed topography data
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Calculate the flexural response function, Phi, and the gravitational admittance based on a
flexure model, Zflexure

o= ffifobs_topa)

Koo,y DM
2

-1

4

Phjk - D (ke ZKINTY N 1:|
g (p_mantle — p_crust)

(See Eq. 5.18)

Zflexare, = E-ﬂr-G-IDj-(p_cmst — p_watet)-e

— (k- XKINT mean_depth) [1 (
. 11—

. XKINT-acean_tl*dJ:kﬂ

Phiy
(See Eq. 5.19)

f'actu:urk = Eﬂe:mrek- &

cale_grv = ifft factof)

Display results




Dhserved and Calewlated Gravity Anomaly

200 T T T
z
B 100
%“ cale_grv
]
E obs g 10°
B o
g - 100
4]
— 400 — 200 1] 200 400
M
1000
Distance (Jmn)
—— Calculated
— iJhaerved

Note: the "best fit" value of Te is one that explains both the amplitude and wavelength of the
observed gravity anomaly.

Calculate correlation coefficient, r, between observed and calculated gravity anomalies

t = comiobs_gre,cale gy
t= 08972

Calculate variance and RMS error between observed and calculated gravity anomalies

cale_grv

1III5

diff .= obs_grv -

Convert to m.sec™

vatiatice = watl diff)

s = -y watiatice

-2

sme = 1491 % 107 L s
Multiply by 10° to get mGal

This gives the RMS difference (and correlation coefficient) between observed and calculated
gravity anomalies based on the values of elastic thickness and densities assumed above.



