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WE have been studying the serpentine group of minerals since 1943, as time 
permitted, in connection with several mineralogical and petrological problems. 
A large number of single specimens from worldwide localities and suites from 
various occurrences in the United States have been examined. Most of our data 
have been obtained from a collection of twenty chemioally analysed serpentines 
(Table 1), but only part of the data is given here. We have made many differential 
thermal analyses, dehydration studies, X-ray powder diffraction patterns, and 
spectrographio analyses. Some of the results and conclusions of this study are 
incorporated in a paper by NAGY and FAUST (submitted to the editor of the 
American Mineralogist). The complete set of these data together with their 
correlation and interpretation will be published later by the U.S. Geological 
Survey. 

The availability of this fine collection of analysed and selected materials 
offered an unusual opportunity to correlate the mineralogical and petrological 
data with the geochemistry of the specimens studied. This note presents the 
conclusions we have drawn from our research on the relation of minor elements to 
the kinds of rocks in which the serpentines are found. 

The samples used in this study were all prepared by carefully crushing large 
fragments down to the size where the serpentine became unlocked from associated 
minerals. These grains were then handpicked under a binocular microscope or 
jeweller'S loupe, and the purified samples crushed to a still fin~r size and re­
examined. After the entire sample was crushed to pass through a IOO-mesh-sieve, 
it was re-examined for impurities under the petrographic microscope. Almost all of 
the samples thus prepared contained no detectable impurities, but in a few samples 
small specks of chromite so finely divided as to preclude further purification were 
present. In only one specimen did the Cr20 3 amount to as much as 0·22%. If we 
assume that all of this Cr20 3 is present in chromite, and there are valid reasons to 
doubt this, then the maximum chromite content would have amounted 
to only 0'32%. 

The name 8erpentine has various connotations. In this paper we use the word 
serpentine to refer to a member of the serpentine group of minerals. Ultrabasic 
rocks which contain a mineral (or minerals) of the serpentine group are 
here designated Class- A, which includes dunites, pyroxenites, peridotites, and 
related rocks; the serpentine-bearing rocks of various types of metamorphic 
origins are designated Class B, which includes metamorphozed limestones and 
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dolomites, contac!' metamorphic deposits, 1l.1ll! hycLroLhel'lllal veinH, QUI' minol'­
elemont studies apparent,ly do not difl'eL'entiate Letween the serpentines of the two 
type:; of nlt,l'aLasie rocks within Class A, the alpine-type peridotites and the 
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'rublo ), LOCHli! it'H ,,[, till' ;:;p('eilllcnf; of >!cqwnt,in(' grollp minn,'nls studiod 

Class A 
(in IIltl'ubasic rocks) 

Sample I 
No. 

Class n 
(in mctamorphosed iimeRtones, 

dolomites, etc.) 

alnoite, kimberlite, mica-peridotite suite (see HESS, 1(55). Specimens F-40 and 
F-42, Table 1, belong to the later suite. 

The process of serpentinization is usually defined as the formation of serpentine 
from pre-existing ferromagnesian OI' magnesian minerals by hydrothermal solutions. 
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ChIOl'itf' , t.alc, sten'n.-ile, sapollitc, and ol,IH'L' hydrolls mngnm;i:UHilicu.tel:l com manly 
OCClIl' wi t·h ~el'pcn t inc. 

The specilllells selcctcd for the Rpectrogm]Jhic Htlldy of the minor clcmontR 
wero t.hose for whieh \\'e hnyc chemical nnnlYHcs. Othor spcctrographic data on 
ser]lcntincs in our files were al.'o considered in drawing onr conclllsions. vVc have 
diyidecl the ,-cl'pentine minerals into the two classes, prcviously montioned, bascd 
on their origin. Class A cout-ains nine specimens from localitics where ultrabasic 
rocks crop out. Thcse serpentinE's were formed by denteric or subsequent hydro­
thermal alteration of the original ultrabasic rocks. Class B contains eleven 
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Fig. 1. Graphical representation of tho concentration of some minor elements in the 
serpentine group m.inerals. Triangular black index represents sensitivity limit for the 
element. Points to the left of the index are samples in which the element was not 
detected. Solid circles represent serpentines associated with ultrabasic rocks. Empty 

eli'cles represent serpentines from other rock associations. 

specimens found chiefly in metamorphozed limestones and dolomites, in contact 
metamorphic deposits, and in hydrothermal veins. Except for the vein deposits, 
the serpentines have been formed by hydrothermal replacement of pre-existing 
ferromagnesian or magnesian minerals. 

Spectrographic analyses were made for the following chemical elements: 
Ni; Cr, Co, So, Cu, B, Mn, Ti, Zr, AI, Ca, Ba, Zn, Ge, Ga, As, V, Na, and Be. In 
addition, mercury was determined for four serpentines of Class A and four of 
Class B. The following elements were not found: Ag, Au, Cd, In, 1'1, Sn, Pb, Bi, 
Te, Pt, Mo, W, Nb, Y, Sb, La, Li, and P. 

The data for eight elements in our study are given in Fig. 1. 
The minor elements of serpentines are of unusual interest, because they were in 

part inherited from the parent rock that was serpentinized and in part introduced 
from external sources. Their study, therefore, provides valuable information 
regarding the chemistry of the serpentinization process. 

In general, ultrabasic rocks, which are the parent rocks for Class A serpentines, 
are considerably richer in minor elements than magnesian limestones, which are the 
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pn,l'C'nt, rock" fol' IlUWY or thc ('la B::> B sel'jlC'lItinps, Thi:; eli rl'Cl'CllCe ill thc composiLion 
of t.he p,t1'OIlf'. roOkH j~ rct.nincd Jl1Ol'O or le,'s intn,ot ill thc .e1'pcllt-ineR and oxplainH 
thc gcnerally higher ]1crGellt.agC'G of nickel , chromiulll, cobalt, and scandiulIl in 
scrpent-iJlc. of Class ....t , The mill ol'-c]emcnt composition of the parent rocks of the 
RampiC's. tudied is not In,lOwn ; hence, it is necessa.ry to uase t,bc prcscnt discll, sion 
on (1) puulished, In-erage compositioJls of such rocks and P) mineralogical data 
and paragenetic studies, Some of the data in the literat.ure on minot· elements in 
ultrabaRic rocks are based on samples that were serpentinized, but it has Bot ueen 
practical to eliminate such data and recomput.e the average abundances of the 
various elcments, For a more precise examination of the chemistry of serpentini­
zation, both the parent rocks and related serpentinos need to be studied together. 

There is a distinot difference in the concentmtion of nickel between the two 
classos of serpentines, No serpentine of Olass A contains less than 0·04% Ni, 
whereas no serpentine of Olass B contains more than 0'002% Ni. A whole order of 
magnitude of conoentration separates the two olasses, and an intermediate value, 
say 0,,01 %, might be used as the bounding value. If a serpentine of unknown 
classification were ,analysed for niokel and found to oontain 0·01 % or more, the 
present data indioate that it belongs in Olass A. 

Aocording to WELLS (1943) and GOLDSCHMIDT (1954, p. 670), the nickel content 
of ultra basic rocks ranges from 0·01 to 0'4%, and that of calcareous and dolomitic 
rocks is a few parts per million or less. As these ranges oorrespond well with the 
ranges in the two classes of serpentine, it seems safe to conclude that nickel is 
neither lost nor introduced in the process of serpentization. It should also be noted 
that nickel ocours to a lesser extent in nickeloan 8tevensite, pimelite, talc, and 
chlorite; these minerals are commonly associated with serpentine minerals. 

Ohromium, like nickel, is known to be high in ultrabasic rocks, and corre­
spondingly, Olass A serpentines tend to be higher in this element than those of 
Class B. The range of concentration is , however, much greater than for nickel, and 
there are two samples of Olass A serpentines that contain only a few parts per 
million of chromium. Unlike nickel, which is an integral component of olivine and 
other major silicate minerals of ultrabasic rocks, chrominm is present in the form of 
the accessory mineral chromite, which may be distributed very erratically in 
these rocks. Hence the chromium content of an ultrabasic rock could vary greatly 
from one hand specimen to the next, even from a single body of rock, depending on 
the amount of chromite that happened to be present in each specimen. The 
large variation in the chromium content of Ola.ss A serpentines is, therefore, 
ascribed to this erratic distribution of chromite in the parent rock rather than to 
any movement of chromium in or out of the rock during serpentinization. Examples 
of kammerite forming through the alteration of chromite have been described 
(MILLER, 1953), but the close association of the two minerals indicates that 
ohromium does not move any great distance during this reaction. The presence of 
0·01 % or more of ohromium is indicative of Olass A serpentine. 

Oobalt ranges from 0·001 to 0·007 % in Olass A serpentines, except for sample 
F-40, which it is abnormally low. Among Olass B serpentines, it is below the limit 
of detection (0'0005'% Co) in nine out of eleven samples and about 0·001 % in two 
samples. 
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Scandinm is known to sub titnte fol' magnesillm ill mincl'!lJs of the lIltrahasic 
rocks but, it.s content in dolomites and JlIn.gncHian calcitc is extremely low 
(RANJ{'\l\l ;~ and SAHA;\[A, 11)50 pp. 516-517). Thc element was detected only in 
Class A serpentines. 

Copper, titanium, and mangH.nese concentrations in the sel'pentines are nOIl­
diagnostic for determining the genetic class to which a serpentine belongs . 

. Boron is present in the serpentines, and ranges from O'OOO:J to -G4H:&.%. The /), {),$" % 
data suggest that Class B serpentines tend to be richer in this element. SAHAMA 
(1945) studied the boron content of ultrabasic rocks from Finland and found 
concentrations in the range of 0·003 to 0·03 % boron. He correlated the boron 
content with the degree of serpentinization of the dunites and. concluded that 
boron was introduced during the serpentinization process. Other observations, 
such as those of Dup ARC and SIGa ( 1914) on the presence of tourmaline in serpentine-
bearing rocks, have also suggested that boron might be associated with ultrabasic 
rocks. Our studies are not directly comparable with those of SAHAMA, for we did 
not study the relation of the fresh ultrabasic rocks to altered rocks containing 
successive increments of serpentine. The question of the relation of boron in the 
serpentines of Classes A and B to the parent rock is complicated by the occurrence 
of pegmatites at many localities. The trend for the Class B serpentines to be 
richer in boron seems to be a true one. 

In summary, we have found that the study of the minor elements in serpentines 
is of diagnostic value in studies on mineral genesis. Class A serpentines may be 
easily differentiated from Class B serpentines by their concentrations of nickel in 
excess of 0·01 %. Serpentines of Class A also tend to be significantly richer in 
chromium, cobalt, and scandium. Class B serpentines are richer in boron. In 
general, the concentrations of the minor elements in serpentines seem merely to 
reflect the concentrations of their parent rocks. Boron appears to be introduced 
from external sources. In some rocks, the boron may have been introduced by the 
fluids which formed the pegmatites associated with the serpentines. 
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THE OLIVINE-SPINEL INVERSIO I FAYALITE' 

A. E. Rr 'GWOon,z Dttnbm' Laboratory, Harvard University, 
C a'mbridge, M assachussetls. 

The author has previously described the synthesis under high pressure 
of a spinel polymorph of fayalite (Ringwood, 1958a, b). The early work 
on the transition was essentially of an exploratory nature. It revealed 
that fayalite was stable at pressures below 30,000 bars in the temperature 
range 400-6000 c., while the spinel was stable above 40,000 bars in the 
same temperature range. Within the pressure range 30,000-40,000 bars, 
conflicting results were obtained. These may have been caused by 
metastability or by insufficient experimental accuracy. In an attempt to 
resolve the conflict, further runs have been carried out. The position of 
the transition has been approximately located at 6000 C. and 5000 C., 
but the accuracy is not sufficient to provide a reliable slope (dp/dt). It 
is clear that many additional runs would be required in order to find 
the slope. Since the author has now ceased working on this problem, it 
seemed advisable to record the results of runs carried out (Table 1). 

Charges were prepared by weighing out ferric oxide, metallic iron 
powder, and Mallinckrodt silicic acid in the proportions required to 
give the fayalite composition plus a 10-20% excess of iron. These 
components were then intimately mixe4 together by grinding under 
acetone. The purpose of the excess iron was to maintain oxidized iron in 
the divalent state. The charges were subjected to the desired tempera­
ture and pressure in a "squeezer" apparatus (Griggs and Kennedy, 
1956) which was frequenlly calibrated for temperature and checked for 
piston distortion. 

After completion of a run, temperature and pressure were swiftly 
lowered. The transition is sluggish and no difficulty was experienced in 
quenching the high pressure form to atmospheric pressure. Products were 
examined by x-ray and optical methods. Identification of the spinel form 
of fayalite was based upon its optical properties and powder pattern, 
which have been previously described (Ringwood, 1958b) . 
_ Appearance of the charges under the microscope varied from opaque, 

indefinite aggregates to completely crystallized, colorless to green 
masses of fayalite or spinel crystals. The powder patterns showed that 
the opacity and darkness of samples was due principally to the presence 

I Paper o. 173, published under the auspices of the Committee on Experimental 
Geology and Geophysics and the Division of Geological Sciences at Harvard University. 

! Present address: Department of Geophysics, Australian ational University, Can­
berra, A.C.T., Australia. 
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NOTES AND NEWS 

TABLE 1. SUMlolARY OF:ExpERD4ENTAL RESULTS 

Temper- Time 
No. ature Pressure of run Phases present (a) (b) Notes 

(bars) • c. (hours) 

F3 5()() 20,000 7 magnetite (fayalite?) 
F6 S()() 20,000 24 fayalite, magnetite (c) 
Fll S()() 20,000 14 fayalite, (magnetite) 
F14 S()() 25,000 fayalite, (magnetite) 
F2 5()() 30,000 16 magnetite, spinel (e) 
F5 5()() 30,000 24 spinel, magnetite (c) 
F15 S()() 30,000 fayalite, magnetite 
F16 S()() 35,000 12 fayalite 
Fl 5()() 40,000 8 spinel, «magnetite» 
F4 5()() 40,000 24 spinel, (magnetite) 
F13 600 25,000 3 fayalite, magnetite 
F8 600 30,000 3 fayalite 
F9 600 35,000 3 fayalite 
FlO 600 40,000 3 spinel, ((fayalite» 
F12 600 45,000 3 spinel, (magnetite) 
F7 600 45,000 4 spinel (c) 
F17 600 70,000 1 spinel, ((fayalite» (d) 

(0) In all runs, some unreacted iron remained in the product. This has not been re­
corded in the above table. 

(b) Phases are recorded in order of abundance. Single brackets denote rarity, double 
brackets denote extreme rarity. 

(c) In these runs, thermocouple behaved irregularly, preceding a corrosion break. 
Temperature could have been as much as 20· higher than that recorded. 

(d) Starting charge was moistened Rockport fayalite. 
(e) "Spinel" refers to the spinel polymorph of fayalite. 

of magnetite. It was noticed that little or no magnetite was present when 
the charges had been prepared shortly before using. However if charges 
had been mixed more than one day, before being run, appreciable quan­
tities of magnetite were likely to be found in the product. This may 
be due to oxidation of metallic iron in the charge by water from the 
silicic acid. 

From Table 1 it is seen that the position of the transition at 6000 c. 
is close to 38,000 bars. At 5000 C. there appears to be a region of indif­
ference where equilibrium is not always attained, with the transition 
probably between 30,000 and 35,000 bars. 

A sample of moistened Rockport fayalite was run at 6000 C. and 
70,000 bars for one hour. Almost complete conversion to spinel was 
obtained. 
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