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SESAMEEQUATIONOF STATENUMBER7530,BASALT

by

J. F. Barnesand S. P. Lyon

ABSTRACT

A full-rangeequationof state(EOS)for dry,nonporousbasaltwith

a grain densityof 2.868 g/cm3 has been constructedand placedon the

SESAMElibraryas materialnumber7530.

As with most rocks,basaltis foundwith varyingcomposition.It

is an igneousrock, composedlargelyof complexmineralsof theplagio-

clase feldsparand pyroxenegroups;typicallyit containsvery little

identifiablequartz. In oxide abundanceit is fairly similarto the

diabasesand gabbros,other igneousrocksof aboutthe samedensitybut

differenttexture. The particularmolecularcompositionrepresentedby

equation-of-state(EOS)7530 is given in Table I, where data are taken

from Clarkl;correspondingatomicabundanceis shown in Table II. For

this mixturethe averageatom, as used in the GRIZZLY2code,is calcu-

lated to have an atomic number ~ = 10.665and an atomicweight ~ =

21.574. The EOS is constructedto have a referencedensityp = 2.8680

g/cm3,the assumeddry grain densityof basalt. The EOS can be mixed

with

code

a suitableSESAMEEOS forwaterif desired,and throughthe hydro-

setupthe user can allowfor the desireddegreeof porosity.

High pressureshock Hugoniotdata on basaltare somewhatsparse,

and since in fact the compositionof the samplesused in the existing
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experimentswas not as givenin Table‘Ianyway,we choseto use the more

completeset of shock data on diabase given by McQueenSMarsh)and

Fritz3.Ahrens and Gregson4showedthatat the lowerpressureswhere

dataexistthe Hugoniotsfor gabbro,diabase,and basaltarein good

agreementwhenaccountis takenoftheirdifferinginitialdensity.We

wouldexpecttheHugoniotsto agreealsoat higherpressureswherethe

mineralmakeupis “forgotten.”Becausethediabasesampleshada density

of 2.99g/cm3,we constructedtheEOSat thatdensityandthenscaledit

to the basaltdensitygivenabove. We assumedthatthebreaksin the

experimentalshockdata reportedin Reference3 are due to a single

phase change ~ p Hugoniotby threestraightand approximatedthe U -U

lines,

A newversionof the‘~CHARTJD” ionthermal(nUCbIr) mode15 that

incorporatesan improvedtreatmentof themeltingtransitionwasused,

alongwiththeCHART-D6prescriptionforthevariationof,theGriineisen

parameter,gamma,withcompression.Referencegamma,Debyetemperature,

cohesiveenergy,and melt temperaturewere simplycomputedas the

number-weightedaverageof the majorconstituents>as shownin Table

III. Althoughthisis a crudeprocedure,bettertreatmentfor these

quantitiesisn’twarrantedwhen one considers1) the otherapproxi-

mationsusedin constructingequationsof stateformixtures(suchas

theaverageatomapproximation)and2)theuncertaintiesof someof the

entriesin TableIII. Notethat,forexample,sincesoundspeedsand

otherdatafor calculationof y. and EIDseemto be unavailablefor

ferrousoxidewe usedthecalculatedValU@SforF@203* It ‘hOuldalsO

be notedthat,as usedhere,cohesiveenergyistheenergyrequiredper

moleof averageatomsto separatea substanceintoitsseparateatomsat
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O K. The last line of Table III gives the calculatednumber-weighted

averagesof the quantitiesthat we used as input to GRIZZLY. In con-

structionof the cold curve,the Lemard-Jonesfactorwas taken to be

0.185,which resultedin a criticaltemperatureof about6675K.

Resultsare shown in Figures1 through4. Figure1 showsselected

pressure isothermsover the entire temperaturerange of the SESAME

library table. Below the calculatedcriticalisothermvan der Waal

loops are obtained,and the 301 table in SESAMEcontainsthese loops.

Figure2 showsthe correspondingisothermswithMaxwellequal-areacon-

struction. Data for effecting

tableof the library. Figure 3

the principalHugoniot.

ChemicalCompositionof

Si02

CaO

MgO

‘2°3

FeO

H20

Na20

Ti02

‘e203

K20

Mno

‘2°5

this replacement

showsthe energy

TABLEI

Basaltas

By Weight

50.83%

10.42

6.34

14.07

9.00

0.91

2.23

2.03

2.88

0.82

0.18

0.23

3

Used

are storedin the 401

isothermsand Figure4

in EOS 7530 (Ref.1)

ByNumber

53.04%

11.65

9.86

8.65

7.86

3.17

2.26

1.59

1.13

0.55

0.16

0.10



TABLEII

AtomicAbundanceasUsedinEOS7530

Element

o

Si

M

Ca

Fe

Mg

H

Na

Ti

K

P

Mn

Abundance(ByNumber)

60.11%

18.26

5.96

4.01

3.48

3.39

2.18

1.56

0.55

0.38

0.07

0.06



TABLEIII

Estimatesof the GriineisenParameter,DebyeTemperature,CohesiveEnergy,

and Melt Temperaturefor the Major Constituentsof Basalt and Their

Resulting WeightedAverages

Y.—

Si02 0.653

CaO 2.40

MgO 1.72

‘2°3
1.595

FeO (1.64)

‘e203 1.64

Basalt 1.17

‘D—

950 K

640

630

1034

(610)

610

851

Ecoh

146kcal/mol

127

118

145

110

114

137

Tm

1883K

2853

3125

2288

1642

1838

2158
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