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Abstract

The seismic velocity structure of a section of the Troodos Massif has been reconstructed in detail from
values of compressional (Vp) and shear (Vs) wave velocities measured in the laboratory under elevated
hydrostatic confining pressures for 74 samples obtained from drillhole CY-4 at Palckhori. Cyprus. The 2263
m thick section begins in sheeted dikes and continues through a gabbroic section into ultramafic rocks
consisting of websterites, olivine websterites and minor Iherzolites. The sheeted dike section shows strong
velocity gradients with Vp increasing from 5.4 km/sec at the top to 6.8 km/sec at 630 m depth. Beneath the
dike section, low velocity zones for both Vp and Vs originate from alteration of high level gabbros. Velocities
from depths between 950 m and 1750 m agree well with oceanic Layer 3 velocities. The transition from
gabbro to websterite and olivine websterite at 1750 m marks a sharp increase in velocity to Vs =4.2 km/sec
and Vp =7.7 km/sec. These values fall within the range observed for the oceanic Mohorovicic discontinuity
by refraction.

Resume

La configuration des vitesses seismiques d'une section du massif de Troodos a ete reconstituee en detail a
partir des vitesses des ondes compiessives (Vp) et cisaillantes (Vs) mesurees en laboratoire sous des pressions
hydrostatiques confinantes elevees. Les 74 echantillons etudies proviennent du forage CY-4, a Palekhori.
Chypre. La section. epaisse de 2263 m, debute dans Ie complexe filonien et traverse des roches gabbro'lques a
ultramafiques, ces demieres etant constituees de websterites, de websterites it olivine et de peu de Iherzolites.
La portion du complexe filonien montre un fort gradient de vitesse caracterise par Vp croissant de 5.4 krn/sec
au sommet it 6.8 krn/sec a 630 m de profondeur. Sous Ie complexe filonien des zones it faibles vitesses Vp et
Vs sont observees sur .Ies gabbros superieurs metarnorphises. Les vitesses mesurees pour les profondeurs
comprises entre 950 et 1750 m sont tres comparables a celIes mesurees dans la couche 3 de la croute
oceanique. La zone de transition.. depuis les gabbros jusqu'aux websterites et aux websterites a olivine it 1750
m, est marquee par des accroissements importants des vitesses Vs (4.2 km/sec) et Vp (7.7 km/sec). Ces
vitesses se situent it l'interieur de l'intervalIe des valeurs mesurees par sismique-refraction pour la discontinuite
Mohorovicic oceanique.
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INTRODUCTION

Beginning in the early 1970's, it bec:lme widely
recognizcd th:lt ophiolite complexes may represent on land
exposures of oceanic crust and upper mantle (e.g.,
Colemun, 11)71;Dewey and Bird, 1971; Moores and Vine,
1971). Although direct observations of the nature of the
oceanic crust were limited to dredging and shallow
drilling, the seismic structure of the oceanic crust was well
known in many localities (Raitt, 1963; Shor et aI., 1971).
Thus, it was critical to examine the seismic properties of
ophiolites and compare them with oceanic crustal structure
&Jcterminedby marine seismic investig:ltions. Laboratory
measurements of seismic velocities of major ophiolite
lithologies (Peterson et aI., 1973; Kroenke et aI., 1976;
Christensen, 197H)and rock suites from detailed traverses
through complete or nearly complete ophiolite sections
(Salisbury and Christensen, 1978; Chrislensen and
Smewing, 1981; Christensen and Salisbury, 1982)
demonstr.ued many similarities between ophiolite and
oceanic crustal velocilies. In addition, perhaps Ihe most
convincing evidence for ophiolile oceanic cruslal models
was the finding that seismic anisotropies of ophiolite
ultramafic sections are similar to oceanic upper manlle
anisotropies (e.g. Christensen and Salisbury, 1979;
Christensen and Lundquist, 1982; Christensen, 1984).

Two major problems concerning the possibility of
ophiolites as oceanic crustal analogs have persisted
however. First, the thicknesses of crustal sections of many
ophiolites, including the Troodos complex, appear thin
compared with seismic measurements of oceanic crustal
thickness (Christensen and Salisbury, 1975). Secondly,
the chemistries of many ophiolites are calc-alkaline,
suggesting that some may have originated in an island arc
environment (e.g., Miyashiro, 1973). A probable origin at
a spreading center located within an island arc for the
Troodos ophiolite is supported by chemical studies of
volcanic gl:lss samples (Robinson et aI., 19H3).

In this paper, we investigate the detailed seismic and
density structure of a major section of the Troodos
ophiolite with the purpose of underst:lnding the seismic
structure of oceanic crust formed in an island arc
environment. Seismic velocilies at elevated pressures are
presented along with densities for 74 samples from the
sheeted dike section, the gabbroic section and the
websterites and olivine websteriles of drill hole CY-4 at
Palekhori, Cyprus. Excellent depth control of the velocity
and cknsity proliles over the 2263 m thick section is made
possible by the 99.9% core recovery. The high recovery
also implies that the section is (relatively) free of open
crucks and that laboratory measurements may be fairly
representative of formation properties. Major velocilY
gradients and discontinuities in the Troodos ophiolite are
found to have similarities with those in other ophiolites
and some oceanic crustal seismic sections.

MEASUREMENT TECHNIQUES

Minicores approximalely 2.45 cm in diameter anLl :1
to 6 em in lenglh were taken from Ihe main drill core al
approximately 20 to 40 m iJ1lerv~"s. Each s:lmple W.IS
selected as c:lrefully as possible 10 be representative of Ih.:
depth interval from which it was obtaine:d. The: samples
were weighed dry, then s;aluraled with waler :lnd
reweighed. The bulk density of e:lch sample was
determined from its mass and dimensions and Ihe porosilY
was calculated from its wel and dry weighls. The
mineralogy of each sample W:lS delennined from thin
section antilysis.

Compressional and she:lr w:lve velocilies were
measured using the pulse transmission lechnique describcLl
in detail by Birch (1960). All velocities wen: oblaine:d al
room temperature using water-s:lluraled samples.
Transducers wilh resonant frequencies of I MHz were
used to generate and receive the compressional :lIILIshe:ar
waves. The samples were jacketed wilh copper foil anLl
lOO-mesh copper screens were placed between the cores
and jackets to provide sp:lce fur waler 10 drain from
microcracks as the con lining pressure W~IS incre:lsed.
Thus, pore pressure was lower than conlining pressure
during the pressure cycles.

DATA AND DISCUSSION

Compressional and shear wave velocities, waler
. saturated bulk densities (p) and porosities (<I»are given in

Table I. In addition to the velocilies, velocity ralios
(VpNs), Poisson's ratios (0), bulk moduli (K) :lnd she::lr
moduli (Il) are tabulated for various pre:ssures. The el:lslic
constants were c:llcul:lted from the me:asuredvelocities anLl
densilies using the equations summ:lrize:dby Birch ( 1961).

A stratigraphic section of Ihe drill core along with
measured densities and velocities from Table I :Ire shown
in Figure 1. Velocilies at Ihe lOp of Ihe section were
measured at a differential contining pressure of 90 MPa
(0.9 kbar) while Ihose shown at grealer depths were :II
appropriate higher pressures. The lowermosl velocities in
Figure I are at conlining pressures of 140 MPa (1.4 kbar).
These pressures correspond to those extending from the:
lower portion of Oceanic Layer 2 to well into Layer 3.
The velocity and density structures of the Troodos
ophiolile shown in Figure 2 are based upon the relalive:
abundances of each lithology as observed in the compieIe
section of drill core. Also shown are envelopes dctining
the ranges of measured velocilies and densities.

Based on the petrology of the drill hole and the
velocity and density protiles of Figures I and 2, the
ophiolite section sampled in hole CY-4 can be divided into
four velocity zones. The uppermost consisls of dike rocks.
This zone is characterized by slrong positive velocity
gradients. Compressional wave velocilie:s increase from
approximately 5.4 kmlsec at the top of the drill hole to 6.~
k.m/sec at a depth of 630 m and she.lr w:lve velocities
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Figure 1: Density. compressional(Vp) and shear (Vs) wave velocities as a function of depth in hole CY-4.
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Figure 2: Envelopes of Compressional (Vp) and shear (Vs) wave velocity and density versus dt:Plh in hole
CY-4. Solid lines represent best fit to the data.
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TABLE 1: Compressional (Vp) and shear (Vs) wave velocities, Poisson's
ratios (f. bulk moduli (K) and shear moduli 11versus pressure (P).

Sample P Vp Vs Vp/Vs (f K I'
(kb) (km/s) (km/s) (Mb) (Mb)

0.2 5.45 3.19 1.71 0.24 0.44 0.27
0.4 5.49 3.24 1.70 0.23 0.44 0.28
0.6 5.52 3.27 1.69 0.23 0.44 0.29
0.8 5.54 3.29 1.68 0.23 0.44 0.29
1.0 5.56 3.31 1.68 0.23 0.44 0.30
2.0 5.64 3.34 1.69 0.23 0.46 0.30
4.0 5.72 3.37 1.70 0.23 0.48 0.31
6.0 5.77 3.38 1.70 0.24 0.49 0.31
0.2 5.39 3.10 1.74 0.25 0.43 0.25
0.4 5.46 3.14 1.74 0.25 0.44 0.26
0.6 5.51 3.17 1.74 0.25 0.45 0.26
0.8 5.55 3.18 1.74 0.25 0.45 0.27
1.0 5.57 3.20 1.74 0.25 0.46 0.27
2.0 5.65 3.24 1.74 0.25 0.47 0.28
4.0 5.69 3.26 1.74 0.25 0.48 0.28
6.0 5.70 3.27 1.74 0.25 0.48 0.28
0.2 5.30 3.03 1.75 0.26 0.42 0.24
0.4 5.43 3.09 1.76 0.26 0.45 0.25
0.6 5.51 3.12 1.77 0.26 0.46 0.26
0.8 5.56 3.14 1.77 0.27 0.47 0.26
1.0 5.60 3.16 1.77 0.27 0.48 0.27
2.0 5.68 3.21 1.77 0.27 0.49 0.27
4.0 5.73 3.24 1.77 0.27 0.51 0.28
6.0 5.76 . 3.26 1.77 0.26 0.51 0.29
0.2 5.93 3.21 1.85 0.29 0.60 .0.29
0.4 5.98 3.27 1.83 0.29 0.61 0.30
0.6 6.02 3.31 1.82 0.28 0.61 0.31
0.8 6.04 3.34 1.81 0.28 0.61 0.31
1.0 6.06 3.36 1.81 0.28 0.61 0.32
2.0 6.14 3.40 1.81 0.28 0.63 0.33
4.0 6.22 3.43 1.81 0.28 0.65 0.33
6.0 6.28 3.45 1.82 0.211 0.67 0.34
0.2 6.00 3.44 1.74 0.26 0.56 0.33
0.4 6.06 3.47 1.74 0.25 0.57 0.34
0.6 6.09 3.50 1.74 0.25 0.58 0.34
0.8 6.11 3.51 1.74 0.25 0.58 0.34
1.0 6.13 3.52 1.74 0.25 0.59 0.35
2.0 6.19 3.56 1.74 0.25 0.60 0.35
4.0 6.24 3.59 1.74 0.25 0.61 0.36
6.p 6.26 3.60 1.74 0.25 0.62 0.36
0.2 5.86 3.29 1.78 0.27 0.55 0.30
0.4 5.93 3.34 1.78 0.27 0.56 0.31
0.6 5.98 3.37 1.77 0.27 0.57 0.32
0.8 6.01 3.39 1.77 0.27 0.58 0.32
1.0 6.04 3.41 1.77 0.27 0.58 0.32
2.0 6.10 3.45 1.77 0.27 0.60 0.33
4.0 6.16 3.48 1.77 0.27 0.61 0.34
6.0 6.26 3.60 1.74 0.25 0.62 0.36

CY-4 61.75 m
Diabase
p = 2.70 g/cm3
4>=2.8%

CY-4 100.11 m
Diabase
p = 2.63 g/cm3
4>=3.2%

CY -4 140.81 m
Diabase
p = 2.66 g/cm3
4> = 3.2%

CY-4 199.90m
Diabase
p =2.81 g/cm3

4> = 1.5%

CY-4 219.28 m
Diabase
p = 2.79 g/cm3
4> = 1.3%

CY-4 240.00 m
Diabase
p =2.77 g/cm3
4>= 1.2%
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TABLE 1: (COni.)
Sample P Vp Vs Vp/Vs (1 K J1

(Kb) (Km/s) (kIn/s) (Mb) (Mb)

CY-4 279.50 m 0.2 6.20 3.55 1.75 0.26 0.61 0.35
Diabase 004 6.26 3.59 1.74 0.26 0.62 0.36
p =2.80 g/cm3 0.6 6.29 3.61 1.74 0.26 0.62 0.36

~=0.4% OJ! 6.31 3.62 1.74. 0.25 0.63 0.37
1.0 6.33 3.63 1.74 0.25 0.63 o.:n

2.0 6.38 3.65 1.75 0.26 0.64 0.37
4.0 6043 3.67 1.75' 0.26 0.66 0.38
6.0 6045 3.68 1.75 0.26 0.67 0.38

CY-4 299.57 m 0.2 6.09 3.54 1.72 0.24 0.57 0.35

Diabase 004 6.15 3.58 1.72 0.24 0.58 0.36
p =2.80 gtcm3 0.6 6.18 3.60 1.72 0.24 0.59 0.36

~=0.7% 0.8 6.20 3.61 1.72 0.24 0.59 0.37
1.0 6.21 3.62 1.72 0.24 0.59 0.37
2.0 6.27 3.65 1.72 0.24 0.60 0.37
4.0 6.32 3.67 1.72 0.25 0.62 0.38
6.0 6.35 3.68 1.73 0.25 0.63 0.31<

CY-4 377.50 1\1 0.2 6.38 3.61 1.77 0.26 0.67 0.31<

Diabase 004 6.42 3.66 1.76 0.26 0.67 0.3LJ

P = 2.88 gtcm3 0.6 6045 3.68 1.75 0.26 0.68 0.39

~=0.3% 0.8 6046 3.70 1.75 0.26 0.68 0.39
1.0 6.47 3.71 1.75 0.26 0.68 0040
2.0 6.50 3.72 1.75 0.26 0.69 0.40
4.0 6.55 3.73 1.75 0.26 0.70 0.40
6.0 6.58 3.74 1.76 0.26 0.72 0041

CY-4 399.11 m 0.2 6.47 3.51 1.85 0.29 0.73 0.35

Diabase 0.4 6.52 3.55 1.83 0.29 0.74 0.36

P =2.88 g/cm3 0.6 6.55 3.58 1.83 0.29 0.74 0.37

~=0.6% 0.8 6.57 3.60 1.82 0.28 0.74 0.37
1.0 6.59 3.62 1.82 0.28 0.75 0.38
2.0 6.65 3.66 1.82 0.28 0.76 0.39
4.0 6.69 3.68 1.82 0.28 0.77 0.39
6.0 6.71 3.68 1.82 0.28 0.78 0.39

CY-4 420.81 m 0.2 6.27 3.63 1.73 0.25 0.63 0.38

Diabase 004 6.30 3.65 1.73 0.25 0.63 0.38
p = 2.87 g/cm3 0.6 6.32 3.67 1.72 0.25 0.63 0.39

~=0.6% 0.8 6.33 3.68 1.72 0.25 0.63 0.39
1.0 6.33 3.68 1.72 0.24 0.63 0.39
2.0 6.36 3.70 1.72 0.24 0.64 0.39
4.0 6.40 3.72 1.72 0.25 0.65 0040

6.0 6.42 3.72 1.72 0.25 0.66 0040

CY-4 459.60 m 0.2 6.31 3.49 1.81 0.28 0.67 0.35

Diabase 004 6.36 3.52 1.81 0.28 0.68 0.35

P =2.85 gtcm3 0.6 6.39 3.54 1.81 0.28 0.69 0.36

~=0.4 1.0 6.43 3.56 1.81 0.28 0.70 0.36
2.0 6.48 3.58 1.81 0.28 0.71 0.37
4.0 6.53 3.60 1.81 0.28 0.72 0.37
6.0 6.56 3.61 1.82 0.28 0.73 0.37
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Sample

CY-4 497.13 m
Diabase
p =2.84 g/cm3
tP=0.7%

CY-4 518.12 m
Diabase
p =2.88 g/cmJ
tP=0.4%

CY-4 579.32 m
Diabase
p =2.89 glcm3
tP=0.6%

CY-4 603.07 m
Diabase
p =2.83 glcm3

~ = 0.6%

CY-4 640.30 m
Gabbro
p =2.82 g/cm3
tP=0.0%

CY-4 680.10 m 0.2
Hornblende Gabbro
p =3.04 g/cm3
tP=0.3%

TABLE 1: (cont.)
p Vp Vs VpNs

(kb) (km/s) (km/s)
0.2 6.27 3.64
0.4 6.32 3.65
0.6 6.35 3.66
0.8 6.37 3.67
J.O 6.39 3.67
2.0 6.42 3.69
4.0 6.45 3.70
6.0 6.46 3.70
0.2 6.60 3.68
0.4 6.64 3.71
0.6 6.68 3.73
0.8 6.70 3.74
1.0 6.71 3.75
2.0 6.76 3.76
4.0 6.79 3.76
6.0 6.80 3.77
0.2 6.35 3.49
0.4 6.42 3.53
0.6 6.45 3.55
0.8 6.48 3.57
1.0 6.50 3.58
2.0 6.57 3.62
4.0 6.64 3.66
6.0 6.68 3.68
0.2 6.34' 3.62
0.4 6.41 3.65
0.6 6.45 3.66
0.8 6.47 3.67
1.0 6.49 3.68
2.0 6.52 3.70
4.0 6.54 3.71
6.0 6.55 3.71
0.2 6.58 3.76
0.4 6.65

.
3.80

0.6 6.69 3.83
0.8 6.72 3.85
1.0 6.74 3.86
2.0 6.78 3.89
4.0 6.8 J 3.90
6.0 6.82 3.90
0.2 6.68 3.72

. 0.4 6.76 3.77
0.6 6.81 3.80
0.8 6.85 3.82
1.0 6.87 3.84
2.0 6.93 3.92
4.0 6.97 4.00
6.0 6.99 4.04

1.72
1.73
1.74
1.74
1.74
1.74
1.74
1.74
1.79
1.79
1.79
1.79
1.79
1.80
1.80
1.81
1.82
1.82
1.82
1.82
1.82
1.82
1.82
1.81
1.75
1.76
1.76
1.76
1.76
1.76
1.76
1.76
1.75
1.75
1.75
1.75
1.75
1.74
1.75
1.75
1.80
1.80
1.79
1.79
1.79
1.77
1.74
1.73

K 11
(Mb) (Mb)

0.25 0.62 0.38
0.25 0.63 0.38
0.25 0.64 0.38
0.25 0.65 0.38
0.25 0.65 0.38
0.25 0.66 0.39
0.25 0.6; 0.39
0.26 0.67 0.39
0.27 0.73 0.39
0.27 0.74 0.40
0.27 0.75 0.40
0.27 0.76 0.40
0.27 0.76 0.4)
0.28 0.78 0.41
0.28 0.79 0.41
0.28 0.80 0.41
0.28 0.70 0.35
0.28 0.71 0.36
0.28 0.72 0.37
0.28 0.72 0.37
0.28 0.73 0.37
0.28 0.75 0.38
0.28 0.76 0.39
0.28 0.77 0.40
0.26 0.64 0.37
0.26 0.66 0.38
0.26 0.67 0.38
0.26 0.68 0.38
0.26 0.68 0.38
0.26 0.69 0.39
0.26 0.70 0.39
0.26 0.70 0.39
0.26 0.69 0.40
0.26 0.7 J 0.4 J
0.26 0.71 0.4 J
0.26 0.72 0.42
0.26 0.72 0.42
0.25 0.73 0.43
0.26 0.74 0.43
0.26 0.75 0.43
0.28 0.80 0.42
0.28 0.82 0.43
0.27 0.83 0.44
0.27 0.83 0.44
0.27 0.84 0.45
0.26 0.84 0.47
0.25 0.83 0.49
0.25 0.83 0.50

(J
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Sample

CY-4 720.18 m
Hornblende Gabbro
p =2.88 g/cm3
tP=0.1%

CY-4 739.93 m
Hornblende Gabbro
p =2.97 g/cmJ
tP=0.2%

CY-4 759.90 m
Ahered Hb. Gabbro
p =2.97 g/cmJ
tP=0.2%

CY-4 780.03 m
Ahered Gabbro
p =2.88 g/cmJ
l/J=0.1%

CY-4 800.05 m
Ahered Gabbro
p =2.83 g/cm3
tP=0.6%

CY -4 840.85 m
Gabbro
p =2.92 g/cm3
tP=0.2%

. TABLE I: (cont.)
p Vp Vs Vp/Vs

(kb) (km/s) (!un/s)
0.2 6.77 3.79
0.4 6.84 3.81
0.6 6.88 3.82
0.8 6.90 3.83
1.0 6.91 3.84
2.0 6.94 3.86
4.0 6.96 3.88
6.0 6.97 3.89
0.2 . 6.95 3.89
0.4 6.98 3.93
0.6 6.99 3.95
0.8 7.00 3.97
1.0 7.01 3.97
2.0 7.03 3.99
4.0 7.05 4.01
6.0 7.06 4.02
0.2 6.79 3.86
0.4 6.83 3.88
0.6 6.84 3.89
0.8 6.85 3.90
1.0 6.86 3.91
2.0 6.89 3.93
4.0 6.93 3.94
6.0 6.95 3.95
0.2 6.54 . 3.68
OA 6.58 3.70
0.6 6.60 3.71
0.8 6.62 3.72
1.0 6.63 3.73
2.0 6.67 3.75
4.0 6.70 3.79
6.0 6.72 3.81
0.2 6.34 3.44
0.4 6.38 3.48
0.6 6.40 3.50
0.8 6.42 3.52
1.0 6.43 3.53
2.0 6.48 3.57
4.0 6.54 3.60
6.0 6.57 3.62
0.2 6.63 3.79
0.4 6.67 3.82
0.6 6.69 3.84
0.8 6.71 3.85
1.0 6.72 3.86
2.0 6.76 3.89
4.0 6.79 3.91
6.0 6.81 3.92

1.79
1.80
1.80
1.80
1.80
1.80
1.79
1.79'
1.79
1.77
1.77
1.76
1.76
1.76
1.76
1.76
1.76
1.76
1.76
1.76
1.76
1.75
1.76
1.76
1.78
1.78
1.78
1.78
1.78
1.78
1.77
1.76
1.84
1.83
1.83
1.83
1.82
1.82
1.82
1.82
1.75
1.75
1.74
1.74
1.74
1.74
1.74
1.74

K I-'
(Mb) (Mb)

0.27 0.77 0.41
0.28 0.79 0.42
0.28 0.80 0.42
0.28 0.81 0.42
0.28 0.81 0.42
0.28 0.82 0.43
0.27 0.82 0.43
0.27 0.82 0.44

. 0.27 0.83 0.45
0.27 0.83 0.46
0.26 0.83 0.46
0.26 0.83 0.47
0.26 0.83 0.47
0.26 0.84 0.47
0.26 0.84 0.48
0.26 0.85 0.48
0.26 0.78 0.44
0.26 0.79 0.45
0.26 0.79 0.45
0.26 0.79 0.45
0.26 0.80 0.45
0.26 0.80 0.46
0.26 0.82 0.46
0.26 0.82 0.47
0.27 0.71 0.39
0.27 0.72 0.39
0.27 0.73 0.40
0.27 0.73 0.40
0.27 0.73 0.40
0.27 0.74 0.41
0.26 0.75 0.42
0.26 0.75 0.42
0.29 0.69 0.34
0.29 0.70 0.34
0.29 0.70 0.35
0.29 0.70 0.35
0.28 0.70 0.35
0.28 0.71 0.36
0.28 0.72 0.37
0.28 0.73 0.37
0.26 0.72 0.42
0.26 0.73 0.43
0.26 0.74 0.43
0.25 0.74 0.43
0.25 0.74 0.44
0.25 0.75 0.44
0.25 0.76 0.45
0.25 0.76 0.45
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Sample

CY-4 880.12 m
Gabbro
p =3.02 g/cmJ
tP=0.2%

CY-4 919.96 m
Gabbro
p =3.0 I g/cmJ
tP=0.1%

CY-4 960.78 m
Gabbro
p =2.94 g/cmJ
tP=O.I%

CY-4 980.03 m
Oiaba.c;e
p =3.05 g/cmJ
tP=0.1%

CY -4 1000.06 m
Gabbro
p =2.98 g/cmJ
tP=0.0%

CY-4 1019.96 m
Gabbro
p =2.91 g/cmJ
tP=0.2

TABLE I: (cont.)
p Vp Vs VpNs

(kb) (km/s) (km/s)
0.2 6.63 3.88
0.4 6.69 3.9 I
0.6 6.73 3.92
0.8 6.76 3.94
1.0 6.78 3.95
2.0 6.86 3.97
4.0 6.94 3.99
6.0 6.99 4.00
0.2 7.25 3.94
0.4 7.29 3.95
0.6 7.32 3.96
0.8 7.34 3.97
1.0 7.35 3.98
2.0 7.40 4.00
4.0 7.45 4.02
6.0 7.47 4.02
0.2 7.00 3.78
0.4 7.12 3.83
0.6 7.18 3.85
0.8 7.22 3.87
1.0 7.24 3.87
2.0 7.28 3.89
4.0 7.31 3.91
6.0 7.32 3.91
0.2 6.91 3.80
0.4 6.96 3.82
0.6 6.99 3.83
0.8 7.02 3.84
1.0 7.03 3.84
2.0 7.08 3.86
4.0 7.09 3.87
6.0 7.09 3.87
0.2 7.09 3.86
0.4 7.13 3.87
0.6 7.14 3.88
0.8 7.16 3.89
1.0 7.16 3.89
2.0 7.19 3.91
4.0 7.22 3.92
6.0 7.23 3.93
0.2 6.86 3.44
0.4. 6.98 3.48
0.6 7.02 3.51
1.0 7.05 3.54
2.0 7.07 3.57
4.0 7.08 3.59
6.0 7.09 3.60

1.71
1.71
1.72
1.72
1.72
1.73
1.74
1.75
1.84
1.85
1.85
1.85
1.85
1.85
1.85
1.86
1.85
1.86
1.86
1.87
1.87
1.87
1.87
1.87
1.82
1.82
1.83
1.83
1.83
1.84
1.83
1.83
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.99
2.01
2.00
1.99
1.98
1.97
1.97

K J1
(Mb) (Mb)

0.24 0.72 0.45
0.24 0.74 0.46
0.24 0.75 0.47
0.24 0.76 0.47
0.24 0.76 0.47
0.25 0.79 0.48
0.25 0.82 0.48
0.26 0.84 0.49
0.29 0.96 0.47
0.29 0.97 0.47
0.29 0.98 0.47
0.29 0.99 0.47
0.29 0.99 0.48
0.29 1.01 0.48
0.29 1.03 0.49
0.30 1.04 0.49
0.29 0.88 0.42
0.30 0.92 0.43
0.30 0.94 0.44
0.30 0.95 0.44
0.30 0.95 0.44
0.30 0.97 0.45
0.30 0.98 0.45
0.30 0.98 0.45
0.28 0.87 0.44
0.28 0.88 0.44
0.29 0.89 0.45
0.29 0.90 0.45
0.29 0.91 0.45
0.29 0.92 0.45
0.29 0.93 0.46
0.29 0.93 0.46
0.29 0.91 0.44
0.29 0.92 0.45
0.29 0.92 0.45
0.29 0.93 0.45
0.29 0.93 0.45
0.29 0.94 0.46
0.29 0.95 0.46
0.29 0.95 0.46
0.33 0.91 0.35
0.33 0.95 0.35
0.33 0.96 0.36
0.33 0.96 0.36
0.33 0.96 0.37
0.33 0.96 0.38
0.33 0.97 0.38

q
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TABLE I: (com.)
Sample P Vp Vs Vp/Vs (J K II

(kb) (km/s) (km/s) (Mb) (Mb)

CY-4 1039.87 m 0.2 7.12 3.86 1.84 0.29 0.91 0,44
Gabbro 0.4 7.21 3.88 I.H6 0.30 0.94 0.45

P =2.96 g/cm3 0.6 7.26 3.90 1.86 0.30 0.96 0.45
tP =0.1 1.0 7.32 3.92 1.87 0.30 0.98 0.46

2.0 7.36 3.95 1.87 0.30 0.99 0,46
4.0 7.40 3.96 un 0.30 1.00 0,47
6.0 7.41 3.97 1.87 .0.30 1.01 0.47

CY-4 1079.85 m 0.2 6.85 3.80 1.80' 0.28 0.H4 0,44
Diabase 0.4 6.91 3.82 1.81 0.28 0.86 0.44

P =3.03 g/cm3 0.6 6.95 3.83 1.82 0.28 0.87 0.44
tP=0.1% 0.8 6.97 3.84 1.82 0.28 0.88 0.45

1.0 6.99 3.84 1.82 0.28 O.HI} 0.45
2.0 7.03 3.85 1.82 0.21} 0.90 0.45
4.0 7.07 3.86 1.83 0.29 0.92 0.45
tJ.!1 7.09 3.X6 un O.:!IJ 0.93 O.4h

CY-4 1100.00 m 0.2 6.85 3.84 1.78 0.27 0.83 0.45
Gabbro 0.4 6.92 3.87 1.79 0.27 0.85 0.45

P =3.03 g/cm3 0.6 6.96 3.88 1.79 0.27 0.X6 0.46
t/J=0.2% 0.8 6.99 3.90 1.79 0.27 0.87 0.46

1.0 7.01 3.1}0 1.80 0.28 0.87 0.46
2.0 7.06 3.92 1.80 0.28 0.89 0.47
4.0 7.09 3.94 1.80 0.28 0.90 0.47
6.0 7.11 3.95 1.80 0.28 0.91 0.48

CY-4 1119.95 m 0.2 6.81 3.~2 1.78 0.27 0.82 0.44
Diabase 0.4 6.H7 3.84 1.79 0.27 0.84 0.45

P =3.03 g/cm3 0.6 6.91 3.86 1.71} 0.27 0.85 0.45
<p=0.1% 0.8 6.93 3.87 1.79 0.27 0.85 0.45

1.0 6.95 3.87 1.79 0.27 0.86 0.45
2.0 7.01 3.89 1.80 0.28 0.88 0.46
4.0 7.07 3.90 1.81 0.28 0.1}0 0.46
6.0 7.11 3.90 1.82 0.28 0.1}2 0.46

CY-4 1160.12 m 0.2 6.92 3.68 1.88 0.30 0.91 0041
Gabbro 0.4 6.98 3.78 1.85 0.29 0.90 0.44

P =3.04 g/cm3 0.6 7.01 3.83 1.83 0.29 0.90 0,45

tP=0.2% 0.8 7.04 3.87 1.82 0.28 0.90 0.46
1.0 7.06 3.89 1.82 0.28 0.91 0.46
2.0 7.13 3.92 1.82 0.28 0.92 0.47
4.0 7.17 3.94 1.82 0.28 0.94 0.47
6.0 7.18 3.95 1.82 0.28 0.94 0.48

CY-4 1180.00 m 0.2 7.03 3.70 1.90 0.31 0.93 0.41
Gabbro 0.4 7.09 3.78 1.87 0.30 0.93 0.43

P =2.98 g/cm3 0.6 7.13 3.82 I.H6 0.30 0.93 0.44

tP=0.2% 0.8 7.15 3.84 1.86 0.30 0.94 0.44
1.0 7.17 3.86 1.86 0.30 0.94 0.44
2.0 7.23 3.88 1.86 0.30 0.1}6 0.45
4.0 7.27 3.89 1.87 0.30 0.1}8 0.45
6.0 7.30 3.90 1.87 0.30 0.99 0.46
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Sample

CY -4 1200.00 m
Gabbro
p =3.04 g/cm~
f/J=0.1%

CY-4 1220.05 m
Gabbro
p =2.97 glcm~
f/J =0.2%

CY-4 1240.02 m
Diabase
p =3.02 g/cm~

~ =0.2%

CY-4 1260.00 m
Gabbro
p =2.99 glcm~

~ =0.2%

CY-4 1280.00 m
Gabhro
p =2.96 g/cm3
(jI =O.Il'/o

CY-4 1320.00 m
Hornblende Gabbro
p =2.91 g/cm.l
q,=0.2%

TABLE I: (cant.)
p Vp Vs VpNs

(kb) (km/s) (km/s)
0.2 6.88 4.04
0.4 6.95 4.08
0.6 7.00 4.10
0.8 7.03 4.12
1.0 7.05 4.13
2.0 7.10 4.16
4.0 7.15 4.17
6.0 7.18 4.17
0.2 6.95 3.92
0.4 7.05 3.97
0.6 7.10 4.01
0.8 7.13 4.03
1.0 7.15 4.04
2.0 7.20 4.08
4.0 7.25 4.11
6.0 7.27 4.12
0.2 6.91 3.86
0.4 7.00 3.88
0.6 7.05 3.89
0.8 7.08 3.90
1.0 7.10 3.90
2.0 7.14 3.92
4.0 7.18 3.93
6.0 7.19 3.93
0.2 6.91. 3.69
0.4 7.01 3.77
0.6 7.07 3.82
0.8 7.11 3.84
1.0 7.15 3.86
2.0 7.23 3.88
4.0 7.31 3.90
6.0 7.36 3.91
0.2 6.83 3.90
0.4 6.89 3.92
0.6 6.92 3.94
0.8 6.95 3.95
1.0 6.96 3.95
2.0 7.02 3.96
4.0 7.07 3.97
6.0 7.10 3.97
0.2 6.70 3.72
.0:4 6.77 3.75
0.6 6.81 3.77
0.8 6.84 3.78
1.0 6.87 3.79
2.0 6.94 3.81
4.0 7.00 3.82
6.0 7.03 3.82

1.70
1.71
1.71
1.71
1.71
1.71
1.72
1.72
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.79
1.80
1.81
1.82
1.82
1.82
1.83
1.83
1.87
1.86
1.85
1.85
1.85
1.86
1.88
1.88
1.75
1.76
1.76
1.76
1.76
1.77
1.78
1.79
1.80
1.80
1.81
1.81
1.81
1.82
1.83
1.84

K II
(Mb) (Mb)

0.24 0.78 0.50
0.24 0.80 0.51
0.24 0.81 0.51
0.24 0.82 0.52
0.24 0.82 0.52
0.24 0.84 0.53
0.24 0.86 0.53
0.25 0.87 0.53
0.27 0.83 0.46
0.27 0.85 0.47
0.27 0.86 0.48
0.27 0.87 0.48
0.26 0.87 0.49
0.26 0.88 0.50
0.26 0.90 0.50
0.26 0.91 0.51
0.27 0.84 0.45
0.28 0.87 0.45
0.28 0.89 0.46
0.28 0.90 0.46
0.28 0.91 0.46
0.28 0.92 0.46
0.29 0.94 0.47
0.29 0.95 0.47
0.30 0.89 0.41
0.30 0.90 0.43
0.29 0.91 0.44
0.29 0.93 0.44
0.29 0.93 0.44
0.30 0.96 0.45
0.30 1.00 0.46
0.30 1.02 0.46
0.26 0.78 0.45
0.26 0.80 0.46
0.26 OJ!1 0.46
0.26 0.82 0.46
0.26 0.82 0.46
0.26 0.84 0.47
0.27 0.86. 0.47
0.27 0.88 0.47
0.28 0.77 0.40
0.28 0.79 0.41
0.28 0.80 0.41
0.28 0.80 0.42
0.28 0.82 0.42
0.28 0.84 0.42
0.29 0.87 0.43
0.29 0.88 0.43
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TABLE I: (1:0111.)
Sample P Yp Ys Yp/Vs q K I'

(kb) (km/s) (km/s) (Mb) (Mb)

CY-4 1340.01 m 0.2 7.42 4.03 1.84 0.29 1.06 0.51
Gabbro 0.4 7.46 4.10 1.82 0.28 1.05 0.53
p =3.16 g/cm3 0.6 7.48 4.14 1.81 0.28 1.05 0.54
l/J=0.1% 0.8 7.49 4.17 1.80 0.28 1.05 0.55

1.0 7.50 4.18 1.79 0.27 1.04 0.55
2.0 7.53 4.21 1.79 0.27 1.05 0.56
4.0 7.59 4.23 1.79 0.27 1.07 0.57
6.0 7.62 4.24 1:80 0.28 1.09 0.57

CY-4 1380.23 m 0.2 7.21 3.84 1.88 0.30 0.98 0.45
Gabbro 0.4 7.29 3.90 1.87 0.30 1.00 0.40
p =:un gll'Il1' O.CI 7.:n 3.93 I.XCI (I.J(I 1.00 11..17

tP=0.2% OJ! 7.36 3.95 1.116 0.30 1.01 0,47
1.0 7.38 3.97 1.86 0.30 1.01 OAK
2.0 7.45 4.01 1.116 0.30 1.03 004')
4.0 7.59 4.23 1.79 0.27 1.07 0.57
6.0 7.62 4.24 1.80 0.28 I.0') 0.57

CY-4 1400.08 m 0.2 7.08 3.70 1.91 0.31 0.95 0.41
Gabbro 0.4 7.20 3.79 1.90 0.31 0.97 0.43

P =2.97 g/cm3 0.6 7.26 3.84 1.81) 0.31 0.1)8 0.44
l/J=0.2% 0.8 7.30 3.87 1.89 0.30 0.99 0.45

1.0 7.33 3.89 1.88 0.30 1.00 0.45
2.0 7.38 3.92 1.88 0.30 1.02 0.46
4.0 7.43 3.94 1.89 0.31 1.03 0,46
6.0 7.45 3.94 1.89 0.31 1.04 0.47

CY-4 1420.08 m 0.2 6.80. 3.79 1.80 0.28 0.79 0.42
Gabbro 0.4 6.90 3.86 1.79 0.27 OJW 0.43

P =2.90 g/cm3 0.6 6.95 3.90 1.78 0.27 0.81 0044
l/J=0.2% 0.8 6.98 3.92 1.78 0.27 0.82 0.45

1.0 7.00 3.93 1.78 0.27 0.83 0,45
2.0 7.04 3.9S 1.79 0.27 0.84 0.45
4.0 7.08 3.96 1.79 0.27 0.85 0.46
6.0 7.10 3.96 1.79 0.27 0.86 0.46

CY-4 1440.14 m 0.2 7.10 3.79 1.87 0.30 OJi9 OAI
Gabbro 0.4 7.23 3.92 1.84 0.29 0.91 OA4

P =2.86 g/cm3 0.6 7.28 3.98 1.83 0.29 0.92 0.45
<p =0.2% 0.8 7.32 4.00 1.83 0.29 0.92 0046

1.0 7.33 4.02 1.!!3 0.21) 0.93 0.46
2.0 7.38 4.04 1.83 0.29 0.1)4 0.47
4.0 7.43 4.06 1.83 0.29 0.96 0.47
6.0 7.45 4.07 1.83 0.29 0.97 0.48

CY-4 1459.68 m 0.2 7.28 4.09 1.78 0.27 0.95 0.52
Gabbro 0.4 7.39 4.12 1.79 0.27 0.99 0.52

P =3.08 g/cm3 0.6 7.46 4.14 1.80 0.28 1.01 0.53
l/J =0.2% 0.8 7.50 4.16 1.80 0.28 1.02 0.53

1.0 7.53 4.17 1.81 0.28 1.03 0.54
2.0 7.61 4.20 1.81 0.2M 1.06 0.55
4.0 7.69 4.24 1.82 0.28 1.09 0.56
6.0 7.73 4.25 1.82 0.28 1.11 0.56
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Sample

CY-4 1520.12 m
Gabbro
p =2.93 g/cm3

~ =0.2%

CY -4 1540.25 m
Gabbro
p =3.15 g/cm3
~ =0.2%

CY -4 1559.39 m
Gabbro
p =2.98 g/cm3

~ =0.3%

CY-4 1519.65 m
Gabbro
p =2.93 g/cm3

~ = 0.2%

CY -4 1600.54 m
Gabbro
p =3.02 g/cm3
~ =0.2%

CY -4 1640.04 m
Gabbro
p = 2.98 g/cm3

41=0.1%

TABLE I: (cont.)
p Vp Vs VpNs

(kb) (km/s) (km/s)
0.2 6.19 3.11
0.4 6.81 3.19
0.6 6.91 3.83
0.8 6.94 3.86
1.0 6.96 3.81
2.0 1.01 3.90
4.0 1.05 3.92
6.0 1.01 3.93
0.2 1.22 3.94
0.4 1.36 4.03
0.6 1.44 4.09
0.8 1.49 4.12
1.0 1.52 4.14
2.0 1.59 4.11
4.0 7.64 4.20
6.0 7.68 4.21
0.2 6.88 3.11
0.4 1.04 3.91
0.6 1.12 4.00
0.8 7.16 4.03
1.0 7.18 4.05
2.0 7.24 4.07
4.0 7.30 4.08
6.0 7.33 4.09
0.2 6.64 . 3.65
0.4 6.93 3.76
0.6 7.04 3.82
0.8 7.09 3.86
1.0 7.12 3.89
2.0 7.18 3.93
4.0 7.24 3.95
6.0 7.27 3.96
0.2 6.82 3.72
0.4 6.98 3.84
0.6 7.05 3.91
0.8 7.09 3.95
1.0 7.11 3.97
2.0 7.18 4.01
4.0 7.24 4.03
6.0 7.27 4.03
0.2. 1.04 3.95
G.4 7.10 3.98
0.6 .7.14 4.01
0.8 7.16 4.02
1.0 7.18 4.03
2.0 7.23 4.05
4.0 7.27 4.07
6.0 7.29 4.08

1.83
1.81
1.80
1.80
1.80
1.80
1.80
1.80
1.83
1.83
1.82
1.82
1.82
1.82
1.82
1.82
1.85
1.80
1.78
1.77
1.77
1.78
1.79
1.79
1.82
1.84
1.84
1.84
1.83
1.83
1.83
1.84
1.84
1.82
1.80
1.79
1.79
1.79
1.80
1.80
1.78
1.78
1.78
1.78
1.78
1.78
1.79
1.79

K Jl
(Mb) (Mb)

0.29 0.81 0.40
0.28 0.82 0.42
0.28 0.83 0.43
0.28 0.83 0.44
0.28 0.83 0.44
0.28 0.85 0.45
0.28 0.86 0.45
0.28 0.87 0.46
0.29 0.99 0.49
0.29 1.02 0.51
0.28 1.04 0.53
0.28 1.05 0.53
0.28 1.06 0.54
0.28 1.08 0.55
0.28 1.10 0.56
0.29 1.12 0.56
0.29 0.86 0.41
0.28 0.87 0.46
0.27 0.87 0.48
0.27 0.88 0.48
0.27 0.89 0.49
0.27 0.91 0.49
0.27 0.93 0.50
0.27 0.94 0.50
0.28 0.77 039
0.29 0.85 0.41
0.29 0.88 0.43
0.29 0.89 0.44
0.29 0.90 0.44
0.29 0.91 0.45
0.29 0.93 0.46
0.29 0.94 0.46
0.29 0.85 0.42
0.28 0.88 0.45
0.28 0.89 0.46
0.27 0.89 0.47
0.27 0.89 0.48
0.27 0.91 0.49
0.28 0.94 0.49
0.28 0.95 0.49
0.27 0.86 0.46
0.27 0.87 0.47
0.27 0.88 0.48
0.27 0.89 0.48
0.27 0.89 0.48
0.27 0.90 0.49
0.27 0.92 0.50
0.27 0.93 0.50
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. TABLE 1: (cont.)
Sample P Vp Vs VpNs C1 K jJ

(kb) (km/s) (km/s) (Mb) (Mb)

CY-4 1659.98 m 0.2 6.86 3.80 1.81 0.28 0.83 0.43
Gabbro 0.4 6.92 3.85 1.80 0.28 0.84 0.44

P =2.96 g/cm3 0.6 6.96 3.88 1.79 0.27 0.84 0.45
tP=0.2% 0.8 6.98 3.90 1.79 0.27 0.84 0.45

1.0 7.00 3.92 1.79. 0.27 0.85 0.46
2.0 7.06 3.99 1.77 0.27 0.85 0.47
4.0 7.13 4.06 1.76 0.26 0.86 0.49
6.0 7.17 4.10 1.75' 0.26 0.X7 0.50

CY-4 1680.06 m 0.2 7.15 3.82 un . 0.30 0.~3 0.43
Gabbro 0.4 7.24 3.85 1.88 0.30 0.96 0.44
p =2.95 g/cm3 0.6 7.29 3.87 1.88 0.30 0.98 0.44
tp=0.1% 0.8 7.32 3.88 1.88 0.30 0.99 0,44

1.0 7.33 3.90 1.88 0.30 0.99 0.45
2.0 7.38 3.93 1.88 0.30 1.00 0.46
4.0 7.42 3.97 1.87 0.30 1.01 0.47
6.0 7.44 3.99 U!6 0.30 1.01 0,47

CY-4 1699.~0 m 0.2 6.74 3.86 1.75 0.26 0.76 0.44
Gabbro 0.4 6.94 3.97 1.75 0.26 O.ISI 0,47

P =2.98 g/cm3 0.6 7.04 4.02 1.75 0.26 0.10 O,4K

t/J=0.2% 0.8 7.09 4.05 1.75 0.26 0.85 0.49
1.0 7.12 4.06 1.75 0.26 0.85 0.49
2.0 7.16 4.09 1.75 0.26 0.87 0.50
4.0 7.19 4.11 1.75 0.26 0.87 0.51
6.0 7.21 4.12 1.75 0.26 0.88 0.51

CY-4 1720.12 m 0.2 6.74 '3.95 1.71 0.24 0.72 0.46
Gabbro 0.4 6.98 4.03 1.73 0.25 0.79 0.47

P =2.92 g/cm3 0.6 7.07 4.07 1.74 0.25 0.82 0.48

tP=0.2% 0.8 7.11 4.09 1.74 0.25 0.83 0.49
1.0 7.13 4.10 1.74 0.25 0.83 0.49
2.0 7.16 4.13 1.74 0.25 0.84 0.50
4.0 7.19 4.15 1.73 0.25 0.84 0.51
6.0 7.20 4.16 1.73 0.25 0.85 0.51

CY-4 1740.02 m 0.2 7.06 4.10 1.72 0.25 0.85 0.52
Gabbro 0.4 7.18 4.14 1.73 0.25 0.89 0.53

P =3.09 g/cm3 0.6 7.24 4.16 1.74 0.25 0.91 0.54

tP=0.1% 0.8 7.28 4.18 1.74 0.25 0.92 0.54
1.0 7.30 4.19 1.74 0.25 0.92 0.54
2.0 7.36 4.23 1.74 0.25 0.94 0.55
4.0 7.41 4.26 1.74 0.25 0.95 0.56
6.0 7.43 4.27 1.74 0.25 0.96 0.57

CY-4 1759.86 m 0.2 7.60 4.15 1.83 0.29 1.08 0.54
Olivine Websterite 0.4 7.67 4.17 1.84 0.29 1.11 0.54

P =3.11 g/cm3 0.6 7.71 4.18 1.84 0.29 ' 1.12 0.55

tP=0.1% 0.8 7.73 4.19 1.85 0.29 1.13 0.55
1.0 7.75 4.20 1.85 0.29 1.14 0.55
2.0 7.80 4.20 1.86 0.30 1.16 0.55
4.0 7.84 4.20 1.87 0.30 1.18 0.55
6.0 7.86 4.20 1.87 0.30 1.20 0.55
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TABLE I: (cont.)
Sample P Vp Vs Vp/Vs (1 K II

(kb) (km/s) (km/s) (Mb) (Mb)
CY-4 1779.76 m 0.2 7.75 4.12 1.88 0.30 1.16 0.53
Websterite 0.4 7.79 4.18 1.87 0.30 1.17 0.54
p=3.11 g/cmJ 0.6 7.81 4.21 1.86 0.30 1.16 0.55
,p =0.2% 0.8 7.83 4.24 1.85 0.29 1.16 0.56

1.0 7.85 4.26 1.84 0.29 1.16 0.56
2.0 7.90 4.30 1.84 0.29 1.17 0.58
4.0 7.96 4.32 1.84 0.29 1.20 0.5H
6.0 7.99 4.33 1.85 0.29 1.21 0.58

CY-4 1799.99 m 0.2 7.22 3.88 1.86 0.30 0.97 0.45
Websterite 0.4 7.41 3.95 1.88 0.30 1.03 0.47
p =3.02 glcm3 0.6 7.49 4.00 1.87 0.30 1.05 0.48
,p =0.2% 0.8 7.53 4.03 1.87 0.30 1.06 0.49

1.0 7.55 4.04 1.87 0.30 1.06 0.49
2.0 7.60 4.08 1.86 0.30 1.08 0.50
4.0 7.65 4.09 1.87 0.30 1.10 0.51
6.0 7.67 4.10 1.87 0.30 1.11 0.51

CY-4 1820.03 m 0.2 7.43 4.16 1.79 0.27 0.99 0.53
Websterite 0.4 7.50 4.23 1.77 0.27 0.99 0.55

P =3.07 glcm3 0.6 7.53 4.27 1.76 0.26 0.99 0.56
,p =0.2% 0.8 7.55 4.28 1.76 0.26 1.00 0.56

1.0 7.56 4.29 1.76 0.26 1.00 0.57
2.0 7.61 4.30 1.77 0.27 1.02 0.57
4.0 7.68 4.31 1.78 0.27 1.05 0.57
6.0 7.72' 4.31 1.79 0.27 1.08 0.57

CY-4 1839.96 m 0.2 6.88 4.08 1.68 0.23 0.79 0.52
Olivine Websterite 0.4 7.21 4.12 1.75 0.26 0.92 0.53
p =3.14 g/cmJ 0.6 7.36 4.15 1.78 0.27 0.98 0.54
,p =0.2% 0.8 7.44 4.17 1.78 0.27. 1.01 0.55

1.0 7.48 4.18 1.79 0.27 1.02 0.55
2.0 7.56 4.24 1.78 0.27 1.04 0.56
4.0 7.62 4.29 1.78 0.27 1.06 0.58
6.0 7.66 4.33 1.77 0.27 1.06 0.59

CY -4 1880.05 m 0.2 7.46 4.09 1.82 0.29 1.07 0.54
Olivine Websterite 0.4 7.62 4.19 1.82 0.28 1.11 0.57

P =3.21 g/cm3 0.6 7.68 4.25 1.81 0.28 1.12 0.58
,p =0.1% 0.8 7.72 4.29 1.80 0.28 1.13 0.59

1.0 7.74 4.31 1.80 0.28 1.13 0.60
2.0 7.81 4.35 1.79 0.27 1.15 0.61
4.0 7.87 4.38 1.80 0.28 1.17 0.62
6.0 7.90 4.39 1.80 0.28 1.18 0.62.

CY-4 J899.94 m . 0.2 7.29 4.10 1.78 0.27 0.97 0.53
Plagioclase Websterite 0.4 7.41 4.23 1.75 0.26 0.99 0.57
p =3.17 glcm3 0.6 7.49 4.29 1.75 0.26 1.00 0.58
,p =0.1%

. 0.8 7.54 4.32 1.75 0.26 1.02 0.59
1.0 7.57 4.33 1.75 0.26 1.03 0.60
2.0 7.64 4.36 1.75 0.26 1.05 0.60
4.0 7.67 4.37 1.75 0.26 1.06 0.61
6.0 7.68 4.38 1.75 0.26 1.07 0.61
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TABLE 1: (cont.)
Sample P Vp Vs VpNs (1 K J1

(kb) (km/s) (km/s) (Mb) (Mb)

CY-4 1919.98 m 0.2 7.32 4.11 1.78 0.27 0.99 0.54
Olivine Websterite 0.4 7.39 4.20 1.76 0.26 1.00 0.57

P =3.21 g/cm3 0.6 7.44 4.24 1.75 0.26 1.01 0.58
tP=0.1% 0.8 7.48 4.26 1.76 0.26 1.02 0.58

1.0 7.52 4.27 1.76 0.26 1.03 0.59
2.0 7.62 4.30 1.77 0.27 1.07 0.60
4.0 7.67 4.33 1.77 0.27 1.09 0.60
6.0 7.67 4.34 1:77 0.26 1.09 0.61

CY-4 1939.88 m 0.2 7.49 4.17 1.80. 0.28 1.04 0.55
Websterite 0.4 7.68 4.27 1.80 0.28 1.10 0.58
p = 3.16 g/cm3 0.6 7.77 4.32 1.80 0.28 1.12 0.59
tP=0.2% 0.8 7.80 4.36 1.79 0.27 1.13 0.60

1.0 7.83 4.38 1.79 0.27 1.13 0.61
2.0 7.87 4.43 1.78 0.27 1.14 0.62
4.0 7.92 4.45 1.78 0.27 1.15 0.63
6.0 7.94 4.47 1.78 0.27 1.16 0.63

CY-4 1960.08 m 0.2 7.55 4.20 1.80 0.28 1.05 0.55
Plagioclase Websterite 0.4 7.63 4.26 1.79 0.27 1.07 0.57
p =3.13 g/cmJ 0.6 7.68 4.29 1.79 0.27 1.08 0.58
tP=0.1% 0.8 7.71 4.30 1.79 0.27 1.09 0.58

1.0 7.73 4.31 1.79 0.27 1.10 0.58
2.0 7.77 4.33 1.80 0.28 1.11 0.59
4.0 7.80 4.35 1.79 0.27 1.12 0.59
6.0 7.81 4.36 1.79 0.27 1.13 0.60

CY-4 2000.00 m 0.2 7.78 4.19 1.86 0.30 1.17 0.55
Olivine Websterite 0.4 7.88 4.25 1.86 0.30 1.20 0.57
p =3.14 g/cm3 0.6 7.93 4.28 1.85 0.29 1.21 0.58

tP=0.2% 0.8 7.97 4.30 1.85 0.29 1.22 0.58
1.0 7.99 4.32 1.85 0.29 1.23 0.59
2.0 8.06 4.37' 1.84 0.29 1.24 0.60
4.0 8.11 4.41 1.84 0.29 1.26 0.61
6.0 8.14 4.44 1.83 0.29 1.26 0.62

CY-4 2039.81 m 0.2 7.71 4.30 1.80 0.28 1.10 0.58
Olivine Wcbsterit~ 0.4 7.82 4.33 un 0.28 1.14 0.59
p = 3.15 g/cm3 0.6 7.87 4.35 un 0.28 1.16 0.60

tP=0.1% 0.8 7.91 4.36 1.81 0.28 1.17 0.60
1.0 7.93 4.37 1.81 0.28 1.18 0.60
2.0 7.98 4.40 1.82 0.28 1.20 0.61
4.0 8.03 4.41 1.82 0.28 1.22 0.61
6.0 8.06 4.42 1.82 0.29 1.23 0.62

CY-4 2079.89 m 0.2 7.61 4.12 1.85 0.29 1.11 0.53
Websterite 0.4 7.73 4.22 1.83 0.29 1.14 0.56
p =3.14 g/cm3 0.6 7.79 4.26 1.83 0.29 1.15 0.57

tP=0.2% 0.8 7.82 4.28 1.83 0.29 1.16 0.58
1.0 7.84 4.30 1.83 0.29 1.16 0.58
2.0 7.89 4.33 1.82 0.28 1.17 0.59
4.0 7.93 4.36 1.82 0.28 1.18 0.60
6.0 7.95 4.38 1.81 0.28 1.19 0.61
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TABLE I: (cont.)
Sample P Vp Vs VpNs (1 K II

(kb) (km/s) (km/s) (Mb) (Mb)

CY-4 2119.86 m 0.2 7.62 4.23 1.80 0.28 1.11 0.58
Olivine Websterite 0.4 7.82 4.32 1.81 0.28 1.18 0.61

P =3.24 gtcm3 0.6 7.92 4.38 1.81 0.28 1.20 0.62

t/J=0.1% 0.8 7.97 4.41 1.81 0.28 1.22 0.63
1.0 8.00 4.43 1.81 0.28 1.23 0.64
2.0 8.10 4.48 1.81 0.28 1.26 0.65
4.0 8.20 4.53 1.81 0.28 1.30 0.67
6.0 8.25 4.55 1.81 0.28 1.32 0.67

CY-4 2159.83 m 0.2 7.53 4.02 1.87 0.30 1.10 0.51
Olivine Websterite 0.4 7.59 4.08 1.86 0.30 1.11 0.52

P =3.13 gtcm3 0.6 7.62 4.12 1.85 0.29 1.11 0.53

t/J=0.2% 0.8 7.64 4.15 1.84 0.29 1.11 0.54
1.0 7.66 4.17 1.84 0.29 1.11 0.55
2.0 7.71 4.22 1.83 0.29 1.12 0.56
4.0 7.75 4.25 1.82 0.29 1.13 0.57
6.0 7.78 4.27 1.82 0.28 1.14 0.57

P =density; t/J=porosity.

Gabbro, 1140m 6.84 7.12 4.0%

Websterite, 1893m 7.71 7.58 1.7%

Websterite, 1910m 7.78 7.60 2.3%
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TABLE 2. Compressional Wave Velocities (Vp)
and Anisotropies at 2 kb Confining Pressure

Vp Vp
(horiz.) (ven.) Anisotropy
km/sec km/sec
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8.4 8.6

Figure 3: Comparison of CY-4 ultramafic rock velocities
with histogram of Pacific upper mantle velocities (data
from Christensen, 1982).
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increase from 3.2 km/sec to 3.8 km/sec over the same
incerval. The gradients reflect both decreasing porosity
and changes in secondary mineralogy caused by increasing
metamorphic grade with increasing depth. Average
porosities of dike rocks from the top of the drill hole are
3% whereas near the base of the sheeted dike section,
porosities are generally less than I% (Table I). The
uppermost dikes are primarily plagioclase-pyroxene rocks
with less than 10% secondary minerals. With increasing
depth, chlorite, laumontite, actinolite, epidote and
hornblende become abundant in thin section. Note that
compressional wave velocities for samples near the base of
the sheeted dike section exceed the 6.69 km/sec average
Layer 3 velocity of Rain (1963).

The second interval of seismic interest extends from
630 m to 950 m. This zone consists of high level gabbro
commonly containing amphibole. In addition, some dikes
occur in the upper 100 m of this zone. With increasing
depth, velocities first increase then decrease to 6.5 km/sec
and 3.6 km/sec for Vp and Vs, respectively, at
approximately 800 m. The velocity reversals originate
from alteration of plagioclase and p,mial replacement of
pyroxene by fibrous amphibole caused by deuteric
alteration of the gabbro. Also within this region are dikes
and sills of plagiogranite which have low velocities and
densities (Christensen, 1977). No vdocities were
measun:d for the Troodos plagiogranite since only a small
volume was encountered in the drill hole.

The third zone, extending from depths of 950 m to
1750 m, consists of relatively fresh pyroxene gabbros
containing minor amphibole, olivine and serpentine. The
gabbros within this region have remarkably uniform
vc:locities with compressional and shear wave velocities
aver.lging 7.2 km/sec and 4.0 km/sec, respectively. The
velocities reponed in Table I and shown in Figures I and 2
are for horizontal wave propagation. Petrographic
examination of thin sections over this depth interval shows
significant plagioclase orientation which produces some
anisotropy. Plagioclase is oriented with (010) normals
near venical, which would produce fast compressional
wave velocities for venical wave propagation (Ryzhova,
1964). The velocity measurements presented in Table 2
for a gabbro .sampled at 1140 m show that the resulting
anisotropy is approximately 4%.

The lowest zone, extending from a core depth of
1750 m to me bonom of the hole, consists of ultramafic
rocks. Lithologies are predominantly websterite and
olivine websterite CUt by diabase dikes. Although the
rocks in this interval are quite fresh, serpentine is locally
present. The 7.7 to 7.8 km/sec compressional wave
velocities in this section are lower than many reponed
oceanic Po velocities, but clearly fall within the range of
observed upper mantle velocities (Figure 3). The sharp
tranSition from gabbro to pyroxenite produces a major
refractor for compressional waves. The shear wave
velocity discontinuity, however, is not as abrupt (Figures I

and 2). In addition, anisotropy in the ultramafic section i~
low (Table 2) compared to anisotropies observed in
ultramafic rocks believed to have originated from the
oceanic upper mantle (Christensen, 19~4).

SUMMARY AND CONCLUSIONS

The velocity structure of the Troodos ophiolite a~
determined from laboratory studies is similar in many
ways to that of normaloceaniccrust. Rockvelocitiesfrom
the upper 700 m of the drill hole show strong posilive
gradients. similar to those in oceanic crustal Layer 2. Near
the base of the sheeled dikes an abrupl change of the
velocity gradient could hi: interprell:d as the boundary
between Layers 2 and 3. Compressional wave velocities in
the gabbroic section average approximately 7.0 km/sec, in
reasonable agreement wilh logging data from the hole (6.7
i:O.3 km/s; Salisbury and Christensen, I9~5) and wilh the
many reponed refraction velocities for Oceanic Layer 3.
The major discontinuity al 1750 m depth, which separates
overlying gabbros from ultramafic rocks, is similar 10 the
oceanic Mohorovicic discontinuity, as dctined by seismic
studies. The petrologic Moho, which separates cumulate
ultramafic rocks from underlying ultramafic tectonitl:s,
was nOIsampled by drilling and presumably lies deeper in
the section.

There are, however, important differences belween
the structure of Ihe CY-4 section and normal oceanic cru~1.
These differences may be common in oceanic cru~t forml.:d
in an arc environment. Of major significance is thl.:
thickness of the gabbroic section commonly e4uated with
Oceanic Layer 3. Average in situ Layer 3 thicknesse~
range between 4 and 5 km (Rain, 1963; Christensen ami
Salisbury, 1975), whereas the apparel1lthickness of LaYl.:r
3 in drill hole CY-4 is only I km. The measured velocities
in the underlying ultramafic section are clearly tOOhigh 10
be equated with Oceanic Layer 3, even if one assumes the
presence of a high velocity basal Layer 3B as proposed by
Sutton et al. (1971), but later queslioned by Lewis and
Snydsman (1977). Finally, the pyroxenite section from
CY-4 does nOI show the strong azimuthal anisotropy
commonly observed in the oceanic upper mantle. Sim:e
recovery textures become increasingly abundant lowanl
the base of the hole, strongly anisolropic ultramafic
tectonics may well exist deeper in the section.
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