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METEORIC A N D  T E B R E S T B I A L  ROCKS. 

AN unavoidable clelay in the completion of 
the plates of a work to be published in the 
memoirs of the Xnseum of colnparative zoology 
has renclered it advisable to publish in aclvance 
a brief abstract of some of the results thus far 
obtainecl. The work will contain clescriptions 
of the n~icroscopic characters of meteorites 
and the allied rocks ; their classification ; col-
lected ancl arranged chemical analyses ; a dis-
cussion of the principles of classificatioi~ ; tlre 
origin of rocks ; the present and past state of 
the earth in its bearings upon petrography, 
etc. 

The previous delays in the publication of 
this work have been owing to other labors, a 
change of plan greatly extending its scope, 
and the fact that work of the proposed char-
rlcter is vastly more difficult than simply 

pigeon-holing ' rocks in clifTerent species, 
according to the minerals tlley happen to con-
tain. 

The results which i t  is desired to present 
here are as follows :-

1. Petrographical research demands a former 
liquid globe, and one whose interior portions 
are either now liquicl, or in such a condition 
that they can readily become so. 

2. That the interior of the earth is now 
probably liquid, is shown not only from petro- 
graphical and geological research, but also by 
the fact that the best and more recent obser~ra- 
tions either prove or render it probable that 
iron ancl such rock materials as are believecl to 
compose the infra-sedimentary portion of the 
earth are lighter when hot-solicl, at or near the 
melting point, than they are at about the same 
temperature when liquefied. Hence, according 
to Thomsoa's law, Frcssnre lowers their fusiag 
point, instead of raising it. 

3. No sinking of the earth's crust to the 
centre could take place ; for, since the interior 
is heterogeneous, tlie crust on sinking woiilcl 
meet with material of higher specific gravity, 
the heat imparted to the sinking matter mould 
cause it to grow lighter, ant1 the uiscosity of 
the material still liquid woulcl retard its descent. 

4. All so-calleci plirsical ancl mathematical 
demonstrations of the earth's solidity have 
been based on certain hypotlietical globes of 
unlike constitution with the earth ; ancl hence 
hare not tlie slightest application to it, but to 
the hypothetical globes only. 

5. All rocks original1~- came from the cool- 
ing molten material of the globe, and the 
chemical and seclimentary rocks have resulted 
from the disintegration of that material. 

6. All eruptive or volcanic (including plu- 
tonic) rocks were delired from material which 
either had never solidified, or hacl been re-
liquefiecl ; but they were not derived D o ~ n  sedi- 
me11tai.y or chemical deposits. 

7 .  I11 the shrinliage aiicl fract~lring of the 
earth's crnst, the clel~ression of any lsortioii 
into the still iiiolten interior wonlcl naturally 
displace and cause the hea\,ier liquid to over-
flow, just as the fracturing and depression of 
ice causes the heavier water to overflow it. 
8. JITater is the :~ccident of an eruption, and 

is not tlle cause. I t  is met by the lava on its 
Fay to the surface, but is not the muse of the 
advance ton-arcls that surface. Hence it is 
probable that explosive volcanic action has be- 
come more colninoii in recent times, while 
qaiet outflo~vs Tvere more abunclant in past 
ages. 

9 .  Regions of cystallirie rocks are, as a 
rule, regions in which eruptive, or mixed 
eruptive aiicl sedimentary, agencies have pre- 
vailed, and are of every geological age, -
meaning, by eruptive agencies, tlie original 
anel seconclary results of a cooling globe, in- 
cluding thermal miters. Bletarnorphism is even 
more common in eruptive than in sedimentary 
rocks. 

10. The original rock-materials of the uni- 
verse are the same, from whatsoever region 
they come, and the saille principles should be 
employee1 in classifj ing them ; while the classi- 
fication, to be natural, ought to express their 
relationships. 

11. A natural classification of rocks should 
bc, based on all their characters taken as a 
whole. I t  must be an enipirical one, as in 
zoiilogy and botany; and ascertained by 
stud! ing all known forms, and arranging them 
according to their petrological, litl~ological, 
and chemical characters, -taking the rocks as 
a whole, and considering all their relations. 

12. The present received classifications of 
rocks are artifici:~l, based on part of the 
characters to the exclasion of others ; they 
correspond to the liinnean artificial botanical 
classification, and hold about the same rela- 
tions to a natnral classification of rocks as that 
does to the natural classification of plants. 

13. The great mass of roclcs separatecl from 
one another as clistinct species in t h ~ s e  classi- 
fications are mere ~rarietal forms of certain 
definite natural species, -the variation owing 
to alteration, or to some little change in con-
ditions. 

Disi,inction should be made between superfi- 
cial weathering ancl the cliemical and molec~ilar 
changes that go on in all eruptive rocks aftcr 
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consolidation and exposure to the action of 
infiltrating waters: that is, changes in the 
rock-mass as a whole ; a change from an un
stable to a more stable condition, — a loss of 
energy. 

14. The original or eruptive rocks of the 
universe form a continuous series from the 
most basic to the most acidic; but for con
venience the}7 are to be divided into definite 
species or groups. 

15. The preponderance of characters, and 
not the presence or absence of any one mineral, 
ought to decide the place of any rock in the 
system, yet the latter is the fundamental basis 
of the received lithological classifications. The 
original characters of the rock ought to hold 
priority in classification over any secondary 
characters. 

16. Geological age has no bearing on classi
fication, beyond this : that the older the same 
rock is, under like conditions, the greater is 
its alteration. The greater number of the so-
called rock-species of pre-tertiary age are the 
altered forms of rocks which were once identi
cal with tertiary and modern rocks. 

17. A natural classification, in its broader 
applications, can be employed in the field as 
well as in the laboratory; for, as a rule, all 
the characters of rocks are so related to one 
another, that from one set the others can be 
inferred with a fair degree of accuracy. 

18. When complete (bausch) analyses are 
made of typical rocks, rock-species are be
lieved to have in their broader features certain 
limits of chemical composition outside of which 
the normal forms rarely go, and inside of 
which the normal forms of other species rarely 
come; but ^ie mineralogical composition is 
more or less unstable and variable, depending 
upon alteration and other conditions to which 
the rock has been subjected. The chemical 
relations of rocks would be much better shown 
if the percentages were expressed in terms of 
the elements, instead of their compounds. 

19. All rocks, except meteoritic and recent 
volcanic ones, are more or less altered; and 
it is from these altered rocks that the received 
classifications and the principles of classifica
tion have been chiefly based in Europe, — un
altered rocks being apparently limited there to 
the few active volcanoes. 

20. Fragmental or derived rocks should be 
classed, as far as possible, under the rocks 
from which they were derived. 

21. The relation of a rock to its associated 
rocks in the field is the principal criterion for 
determining its origin.. This is especially the 
case in the altered rocks. 

As examples of my meaning, it may be 
pointed out that the gabbros are here regarded 
as basaltic rocks lying near the peridotites; 
melaphyrs and diabases are principally altered 
basalts, but some rocks so classed are al
tered andesites ; the porphyrites, principally 
altered and older andesites, but part are more 
acidic rocks ; the propylites, with few excep
tions, are andesites which are less altered and 
younger than the porphyrites ; diorites, more 
or less altered forms of basalts, andesites, 
etc. ; the quartz porphyries and felsites, prin
cipally old rhyolites ; the nevadite is largely 
a vitreous rock, and belongs rather with the 
trachytes than with the rhyolites ; kersanton, 
to the gabbros ; minette, partly to the basalts 
and partly to more acidic rocks; the augite 
porphyries, partly to the basalts and partly to 
the andesites ; the phonolites, partly to the 
trachytes, and partly to the andesites; and 
so on. Many schistose rocks are also formed 
by the alteration of eruptive rocks. 

The position to which any rock should be 
assigned depends upon its affinities; and, in 
the above, the determination is based on such 
specimens as have been seen, which had been 
named by other lithologists. I t is not intended 
to claim that every rock called by a particular 
name belongs in the position here assigned 
that name. 

In applying the principles and methods given 
here, in the bulletin of the Museum of com
parative zoology, and in the proceedings of 
the Boston society of natural history, the 
writer has been led to classify the meteor
ites and the large but comparatively unknown 
series of terrestrial rocks that are more basic 
than the basalts, as follows : — 

1. Siderolite. — I n this species or group are 
included a series of rocks composed chiefly of 
iron, either native or in its secondary states, 
with or without nickel, schreibersite, pyrrho-
tite, graphite, etc. I t includes all masses of 
iron or iron-ore that have fallen as meteorites, 
those that can be shown to be original or 
eruptive portions of the earth, or directly de
rived from them; i.e., fragmental deposits. 
No veins or chemical deposits of iron-ore are 
included. The analyses of this species are 
imperfect; for they do not, as a rule, convey 
an idea of the composition of the rock-mass, 
but rather of the component minerals, espe
cially of the iron. I t is much as if a chemist 
should analyze magnetite from basalt, granite, 
and rhyolite, and then consider his analyses 
as typical of the rocks from which they wTere 
taken. When a larger number of analyses 
have been made, showing the composition of 
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these roclis as a whole, it is possible that they 
can be clivided into more than one species. 
As the analyses stand, the rocli is composed 
of iron, either nat,ire or combined, with or 
without va~ying alnoilnts of niclrcl, cobalt, 
tin, copper, sulphnr, titanurn, phosphorns, 
silica, graphite, etc. The specific gravity is 
high. The presence of glapllite shorvs that 
it is not of organic origin in this case. 

Many of the so-callecl mtltcoric irons are 
probably of terrestrial origin, and their envi- 
roilnient ought to be carefully studied. The 
Wiedmanstattien figures are in some nleasure 
paralleled by the lencoxene and clear-agc 
structure of titaniferous ancl magnetic iron in 
diabases, etc. 

'rile name siclerolite ' was f'or~nerly given 
by I\Iaskelyile to the species to ~vhicl-1 G. Rose 
had previously given the name ' pallasite ' ; 
hence, since the latter has the prior right, it 
is hopecl that AIaslieljne will allow the trans- 
ference of the term ' siderolite ' as his own, to 
this species, to which i t  most properly belongs, 
since its individuals are emphatically roclis of 
iron. 

2. Pallasite. -This species is formed frorn 
w series of roclis of like origin to the preceding ; 
and. the strnctllre is that of a sponge- or semi- 
sponge-like inass of iron, either native or sec- 
ondary, holding silicates. The iron has the 
associations usual in siclerolite ; ancl this as-
sociation holds good wherever the iron occurs 
in meteorites, and probably on more careful 
study ~vill be founcl to hold good, to a great 
extent, in terrestrial rocks. The silicates are 
principally olivine alone, or in association with 
enstatite ancl cliallage. I\Iorc rarely felclspar 
and other silicates occur. There are but two 
or three complete analyses of the pallasites 
that can be regartlecl of value ; Joy's [Amer. 
journ. sc., 1864 (2 )  xxxvii. 243-2483 being 
the best yet made. The silica increases in 
amount, up to some 30%, averaging about 
20 %, with variable quantities of magnesia, 
rarely exceeding 24% ; while the remaining 
constituents are chieflg iron and its associates. 
Specific gravity lcss than in the siderolites. 

Under pallasite are classed the supposed me- 
teorites of Atacama, Uitbnrg, Rrahin, Breit- 
enbach, Krasnojarsk, Potosi, Rittersgriin, 
Rogue River, Sierra de Chaco, Singhur, and 
more doubtf~illy those of Hainholz, Mejiel-
lones, and Lodran. Of terrestrial rocks under 
the pallasites belong the olivine-magnetite 
rocks of Cumberland, R.I . ,  and Taberg, Swe- 
den ; for which, as a varietal form, I would 
propose tile name ' cumberlandite '. I t  is 
probable that many other pnllasites will be 

fo~lncl on careful investig:ltion of the iron-
bearing rocks. Some schistose rocks (actino- 
litic) are probably the result of the extreme 
alteration of tile cumberlandite. 

The Ainsa ancl Carlton meteorites from Tuc- 
son have a fine sponge structure, and contain 
numerous olivine (?)  grains; but, although 
they approach the pallnsitcs, they have been 
classed rvith the side~olitcs. 

3.  Peridotite. -This term, appliecl by Ros- 
enbusch to the pre-tertiary terrestrial olivine 
rocks, I would extend to all terrestrial rocks 
and meteorites of a siinilar composition, -
inclucling every thing from the pallasites to 
the basalts. These rocks are coniposed prin- 
cipally of silicates and iron ; the former pre- 
ponclerating, and the latter solnetimes wanting. 
The silicates are principally olivine, enstatite, 
and diallage or augite, and sometimes feld-
spar. The iron is either native, or in the 
form of pyrrliotite, magnetite, chromite, etc. 
Silica ancl magnesia are inore abundant, as a 
rnle, than in the pallasites, and less so than 
in the basalts, while the iron is less than in 
the former. The specific gravity is also in- 
termecliate between the two above-mentioned 
species. 

If it is desired, similar varieties call be 
pointed out in the ineteoric peridotites as in 
the terrestrial forms; as, for instance, dunite 
(Chassigny), olivine-enstatite rock (Iowa Co., 
Knyahinya, Gopnlpur, Lanc4, Tourinnes, Wa- 
condir, Goalpara), lherzolite (Pnltusli, Esther- 
ville, New Concord, etc.). Also, if desired, 
an olivine-enstatite-augite tlivision can be made 
(Tieschitz, I-Iangen, Grosr~aja, etc.) . 

While part of the nletcoric peridotites are 
entirely crystalline, e.g., Estherville, the great 
lnajority are not so, but chonclritic in stracture. 
The chonclritic structare I believe to be caused 
by the rapid soliclification and arrested crystal- 
lization of the masses colnposed of n~inerals 
natarally taking a inore or less roanclecl form ; 
and not from mechanical action, as has gener- 
ally been claimed. These chondrae show, as 
a rule, a light or dark gray finely fibrous or 
fibrous-granular base and semi-base, answer- 
ing to the globulitic base of the basalts or tlic 
felty base of the anclesites. This base has 
heretofore been clescribcd as a flocculent 
opaque-white material, a cloudy substance, the 
comminutecl material, the feldspathic material, 
etc. Sometimes it is isotropic ; but more com- 
monly it affects polarized light according to 
the amount of olivine or enstatite granules 
formecl in it. When crystallization goes far 
enough. these granules form by their union 
the enstatite and olivine grains and crystals. 
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The base united with the olivine or eilstatite 
gives the structures which have becn taBcn 
by Drs. EIahn and \Vcinlaucl as of oiganic 
origin. I shonlcl cspect to find tlic choucliitic 
strtlctnrc in terrestrial periciotites, if any call 
bc fo1mcl in which tlic crj stallization hnd been 
arrcstcd and subsequent alteiation lias not 
takcn placc. 

The difference in structure bct~vcen the rap- 
idly solidiliccl, or cliondlitic, and the crystal- 
line l?criclotites is not ally greater tllan tliat 
betn eel1 the tach) litic, basaltic, doleritic, or 
diabasic statc of thc basalts. 

All serl~entincs not einstones, which h a ~ e  
been caref~illg- stlidied, appear to belong to 
periclotite, as a variety proclucccl by altera-
tion. 

4. Basalt. -To the basalts I shonlcl assign 
such inetcorites 35 those of J o n ~ n c ,  btanuern, 
Constantiuoplc, Petcrsbmg, Juvcuas, Sher-
gotty, Charkow, ITra~~lifort, Shallin, Biassing, 
Busti, Manegnuin, Ibbenbdreu, etc., so far as 
their cliaracters arc at  ~rese i i t  lrnown. These 
llavc a lower sl3ccific g r a ~  ity than tlic prccecl- 
ing, a higher l~ercentnge of silica, less iron 
an(1 inagnesia, but more lilne, tzlld ~~sunl lv  more 
aluminin. 

S o n ~ eof tllese mctcoritcs, likc tlie Sllcrgotty 
aiid AIanegaum ones, :we apparently allied to 
the gahbro v a r i e t ~  of basalt. 

Beyond tlic basalts are st fen. inlperfectly 
inrcstigatecl folms, wliich, in llie majority of 
cases, are regarclccl as c1oni)tfill meteorites, 
~ ~ l l i c happear to bcloilg to thc tlacllytes and 
rlzyolites, bnt which reqnire to he studied mi- 
croscopically before clefiilite stateinents call bc 
~nade.  Of thcse forms arc sonle dcscribcd by 
Shcpard, Silliliian, and Grcningli. Tllc cai- 
bonuceous lneteoritcs have been too little stud- 
iccl to bc givcn a detiniic poritioli yet ; but, 
csccpting tlic carbonaccoas ~nattci  , they chemi- 
cally appear to belong to thc pcridotites, nl- 
though it; is not improbable tliat they bcloiig 
to a ciistiilct spccies. 

So far ns stncliecl. I -vr7onlcl class thc inetcor- 
ites, the original aild ciuptibc roclis, ~uicler tlie 
follo~viiig spccies : lo,sitleiolitc ; 2", pallasite ; 
3O, periclotite ; 4", basalt ; jO,:~ndcsitc; G o ,  
trachytc ; To, rllj olite ; go, jaspilite. 

If flu tlicr stucly shon s that othcr specics are 
iiecclcd, then tlie signification of ally of tlie 
g r o n ~ s  from >~lliicll tlle new spccic~s are tn6en 
can easily k,c narron-ccl. As many varietal 
nalncs can be crnplo~ cd under c:lc11 6pecies ns 
the neccls of thc sciellce inax cielnz~ncl; hat 

varietal nalncs of quartz hold to the rninera- 
logical specics quartz. 

This ciassific:~tion is inlenclecl to indicate 
the piobahlc arrangcil~eilt of inatcrials in thc 
cart11 froin the interior out~v:n'cls, hcneatli 
thc serliiiicntary folmations, as re11 as to con-
nect, as far as possible, tile secliinentary rocks 
with those from wl~ich they \Yere de r i~ed .  

Xetcoritcs shorn, to my mind, characters in- 
dicating that they havc becil cleiivecl frorn a 
hot, liquicl mass, and not fro111 any gascoos or 
solid body, so far :IS concerns the portion they 
coine f~oo l .  Of all suggested sonrccs, tlic 
most probablc one is thc sun, provided the 
eruptive activlty now obscrved on his surfk~cr 
is sufficient to hurl such materials into space ; 
if not no\^^, in past times, nlien such actloll 
was more power f~~ l ;  else bodies of siiiliinr or 
nature. Meteorites, as far as I hare st~iclicd 
tiiem, show 110 fragmental or tufaceous charac- 
ter bej ond such as nould bc fornlecl kty hot, 
plastic clrops falling illto a liquid mass of thc 
same material. 

They also show that they llnre not been 
formed ill a locality n here life coulcl have cx-
istcd ; for, in that case, the ieaclily alterable 
inaterials of wllich they m r e  coinposed would 
have suff'cred change. 111. E. \VADSIYORTII. 

MOLL USILS OF THE F.4 ilIILIT 

COCiCULINiDAE. 


Exaarrsa~roxof spccimens of a Cocc~llina or 
an allied genus of that family, from tlie north 
Atlantic, sllons sonic rcniarltable fcaturcs. 
Thcse ~ ~ ~ o l l ~ s l i ~ ,  cliscovcrccl by the rcccntly 
U. S. fish-conimission in tlic clcep sea, are most 
nearly rcltltecl to thc liej holc liml~ets (Fissurel- 
lidac). The specilnens ohtailled by Prof. Ver- 
rill, and csamined by rile. were, homcver, all 
Scniales. A nolnber of specimens, of ariotllcr 
specics, scnl me by Dr. JcRicys for csalnina- 
tion, contained inclividuals of both sescs ; and 
tlie inxles mere found to possesr a ~ c l g c ,  per-
~nanently csscrtccl fioin tllc inner side of tlie 
right tcntncle. Tliis is a feature hitherto cn-
tilcly unkaon 11 in the orcler to nliich tiley be- 
long, none of thc littoral forms of a1ix of tlic 
farriilics 1)oss~ssiiig any such oigall ; tllongh, 
like othel limpets, dioccions. I t  is of course 
piohablc that tlie sprcies of Coccnliiia fhr~ild 
by the fish-coinmissioll aild Prof. A. Ag:lssix 
agree in tliis chanactcr nit11 tllc for111 SI 0111 the 
north Atlai~tic, about to be desciibed by Dr. 
Jeffreys ; but tlic lntler slionrs otlicr diffcrcnccs 
n liicl~ Inax ~-equirc it to be snbgclierically sepa- 

they shoulcl be as few as possible, and slio~~lcl ratecl fro111 Cocculina piopcr, tliongh e\idently 
hold the same relation to the spccics tli:tt tlie :I ~neiiiber of tlie same fa~liily. \VM. I T .  D ic r  


