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THE NEW PETROLOGY
.-BY CHARLES P. BERKEY*

1 suppose that one is not far wrong in ssying that Potrology is the
science of rocks. But we have not made ourselves very clear by saying il.
To the average student of the subject. who must-judge from what he is laught,
and from what he can find in texts, pelrology looks like a very complicaled
lot of methods of diserimination, coupled with still more compiicated schemes-
of classification, by means of which one sometimes succeeds in finding &
sufficiently mystifying name for & very innocent looking fragment of rock, to
satisfy a perfectly natural eraving for-worthwhilsness.

Bub this is not petrology—the resl petrology that ought lo be—no
maller how elaborate it is, or however minuiely every little detail may be
described. It is one kind of rock study,—one form of peirology. The
deseription of rocks is a form that no doubt bes served & very good purposp'in
collecting and recording and c‘laaﬁiffing data; but there are other things, to bo

done. : .
After the first steps in & new scientific fiold are taken, it i5 not

sufBcient to prescnt simply long lists of names and descriptions and deserip-
tive terms anda iubulations of facls ana classification schemes. Such dale.
alone do not satisfy the legitimate demauds for an explanation of some kind.
Such natural grouping of rocks as has been attempted, is & first stop toward -
meeting this demand, but it has not gone far enough in petrology. ’

THE FIELD ,
Tt is ensy to assume or to adopt too simple a conception of the term,

vock. It is clearly in the interest of beginners for them to think of u rock as
s mineral aggregate, repmsentaltiva of a structural wiit of considaralﬂe_ mag-
nitude, and as a very definite and constant and reliable thing. But this is ne
great aavantage to the investigator; and to inaist an. its magnitade and con-
staney may be very misleading indeed. . ‘ '

Petrology by rights iucludes the whole range of natursl products of
definile mineral make-up, all kinds of mineral aggregates, all kinds of origin,
and all soris of conditions. :
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In actual investigation, it is a mistake to be content with the types of
material 1ﬁpre§onﬁng only the more apparent large physical units, Some
‘innigqiﬁcant-looking portion, usually too unimporlant-looking 1o be regarded
asa roaktype at all, may carry more readable meaning than all the rest of the
sarrounding material. An ore, or a vein-matter, or a contact praduct, are as
suif.a'bl_e materigl for the potrographer as are the igneous rocks or the
sediments, . )

" ¥or this kind of ﬁntrology the term rock requires a revised defini-
tion. . - )

A rock is a natural mineral aggregate of sufficiently definite composi-
tion and character to be representativa of some stractural anit, or of some
process or condition, fo justify Baparalate consideration in arriving at-a working
understanding of the life-history and meaning of the physieal unit to which
it belongs.

How large these units may be, or how small, depends on the detail
of the study, and the significance of the material in contributing to the solu-
lion of the problem involved.

| Any petrograpber, who has iried fo make practicsl use of his
peitology and of his own skill io any reore aystematic or connected way than )
‘thal of simply naming or classifying separate fragments of rock, knows that
it 18 very easy indeea tw over-state the requirements of constancy of minersl
makeup. Two pieces taken from the samo physical unit in close proximity,
often vary enough to require classification as quite different rocks. In many
,comparatively-simpla igneous bodies, this variation 1s in many cases still
grealer, and a whole series of diiferent iypos could be recorded. " If one 15
content with classification—such classification as we now have—sueh condi-
tions may easly lead to confusion. There 18 no indication, in the terms
usrally used, of the fact that Lhese varietes are all one geological unit of a very
simple history and meaning. Emphasis on these classifieation-diffarences,
therefore, may‘be very misleading. Mauny difficuliies have arisen where the
goologist or the engineer tried to find in the field as many struetural units,
fs the pelrographer, whe described the rocks, called for.

The foult has been, in the past at least, Lhat the poirograpber dealt

Jurgely with mcchanical distinelions, wheicos the ficld o an hed o deal with
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genctic relations. The time has come now, surely, when a real petrogepher
must also be a field peologist, or he must at least appreciate the point of viow
of a field investigator.

THE OBJECT.

In the past our best petrographers have lent the weight of their infl.
uence and the fruits of their lahors to the field of tabulated detail, and to nice-
Yios of discriminalion, and to schemes of classification, a8 if tho chief aim

vere to divide and subdivide, and to diseover still more intricate or arbitrary
bases of further subdivision. Description has been recognized &$ f more or
less necesssry accompaniment, but this usually cmerad chiefly ttna fea.tures
vseful in the scheme of classification. Gtherwise 1 it becamo & more or less

rambling account of every thing that could be geen.

Thus to be able to describe and classify rocks, merked one a3 an
accomplished potrographer; aud to bave discovered a glightly different or new
minersl proporl.idn, or s slightly different chorieal proportion from anylhing
previously described, and to be thuughtful enough lo give it & new name,
marked one as an active contributor to the science. h

Tn the effort to reach the last wotd in this direction of intimate
discrimination, some of the foremost petragraphers of our own day have. gone
30 far a5 to wholly destrgy the actual rock by a complat.e cheémical analysis,
pefore even beginning the task of classification. Somahmes, by this method,
nineral constituents were listed in the recast of this analysis, and taken
into serious account, that never ocenrred afell in t'r;e live rock itself, wherens
the much more suggestive constituents and structures that it did have, were
inrgely disregarded.

The most serious offender in this respect is the so-called quantilative
system of rock classification, origin.ated_hy four emiment American petrogra-
phers. In saying these things, there is nn wish to be underatood a5 attempting
‘to beliltle any of this pioneor work. Much of 1t, doﬁhl!ess, bhad to be done, 1o
lay the foundation of critical inspection, discrimination, and comparison. The
quantitative prireiple was o good one to emphasize. The prineiple itself bas
come 1o slay; bul a classificalion as mechﬁﬁical as the quantitative systom,
can be at best only a side-issto in the real yetrology that is already coming.
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Much as we must value the contributions that have heen mades by the
systomatic petrographers and the' chemical petrographers, through their nice
points of discriminatich, and the increased appreciation of sound chemistry,
and their rigid requirements of q{mn itative thinking, I am guite convinced
that the apparent ob]act i viow is not a sufficiently high goal for the present
stege of development of geologtc scmnce This is not the .chief or the most
promising aim of rock study. ‘

To classify and describe rocks on puy syslem now in uss is at beut
only & first step toward a more raticnal petrology, just as learning tq disting-
uish and recognize words is a first step towerd reading. There ig, to my best
belief, no sweh thing as a rational scionge of patrolégy wholly apart from the
greal science of Geology. Whatever of significance attaches to a reck, is
largely gathered {o it from the processes and agents and forces and conditions
of ils own geologio setting and history. Practically all of petrology’s own
contnbutlons, if their meanings can be read, return to geology again o enrich
the knowledge of that great field—the field of geologic history.

In so far as & nice disecrimioation and 2 true sense of proportion serve
in detect.mg evidence of former conditions, or processes, or changes, or sourees,
they play directly toward the new aim. Itis of course appreciated, that me-
thods of discrimination and classification may have immense diseiplioary nnd
training value in education, quite apart from the chief 2im of & science itself,
but. then it should be frankly recognized as an educational objective. For
the science itself, discrimination for discrimination's sake alone, is not enongh,

Meaning and History are higher sitns. Interpretation is the objective
of the new school in petrology, just ag it is in the general science of geology.

The reading of the life-history of a rock s @ much higher accomplish-
ment than the ability o classify or deserile 46, It s the main objective of the
New Petralogy.

The ‘steps in the determination of the origin and successive modifica.
tions of an ore, are as proper a pelrographic ‘study, as is the life-history
ol an igneous rock or o sediment.

Whother or not 2 rock has been raunch medified since its original
deposition, whether or not some of its present make-up las Leen added 1o it
since that time, or. whether or not it records some peculiar reversal in ihe



18 Bulletin of the Geological Sociely of China

course of development along which it first started, m.y be of immersely more
importance than its name or its minern} proporlions, or any arount of minute
description, or even a complete chemical snalysis with all soris of formal
recasts of its elements. ‘

Practical work, covering many years, and touching a very wide renge
of materials and problems, has convinced the writer that the new eim is
practicable, and that the greatest usefulness of petrology is in some way
involved in unraveling the origin and life-history of rocks. The principal field

~of this kind of pa{:rblogy lies in the reading of obscure history. Its chief claim
to distinction lies in the antiquity of its malerials, and tho minuteness of its
diseriminations, and ihe Tefinement of the methods, out of which, and by

means of which, thesa histories are read. '

Any methods and any criteria and any nomenclatures that serve
these ends, are the legitimate equipment apd instruments and media of the
petrologist. But he himsolf is first of ali & geologist, helping in his own way
to unravel the history of the earth, or else he is not in this elass.

The petrology of the past has beon developed and advanced in con-
‘aiderﬁble part by men Who were tirst of all mineralogists; and it is nobat all
sarprising, therefore, that something of tbe point of view of the mineralogist
ghould have déminated in-this intermediate field. Under this leadership tho
mineralogy of rocks, comparison of rocks by means of mineral differences, and
classifications emphasizing mineral proportions. ware perfectly natural growths.
Thus geologic principles at first did not make much of an eppeal. Other
juterests of petrology have been bronght forward more recently and almost
wholly by geologista—applied and economic goologists—rather than by
professional petrographers. This bas been forced by an aitempt to use the
methods of petrography as geologic aids. These attempts’ are not new, but
to regard them as belonging to the lroe fold of petrology is mew, and no
aystematic presentation of this kind of petrology has ever been mads.

METHODS AND CRITERIA.
Every refinement of method that can promise auy n'ew, insight into
the obscure features of rocks must be resorled to, for rock-interpretation requires
all the skill of discriminaiion that can. be hronght 0 Lear. The difference,
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howaever, between the New and the older use of them lics in the purpose. The
new effort is not only to detect differences, but to see meaning in them in
terms of life hislory,- or in terms of any other claim that a given special
problem may present. '

Much attention is given to structure,—quite as much as to composi--
tion. Structural features ate much-more likely to have genstic and bistorical
significance than are mineral propoi:t.i_on or enmposilion,

As an equipment one must have a sound appreciation of the working
of gaoiogic processes, the complex interplay of chemieal changes under varying
physical conditions, end the inAuence of the forces and agents that make ana
modify rocks. One' must assemble the supposed criteria end learn how 1o uss
them. One must discover, or learn how to apply, new criteris—tha criteria
that aid in interprelation.

How shall I determine that a rock is igneous in origin, if I do not
know that already from some other circumsiance or relation? It is notan
easy thing to do-—yet most patrographic work starts with that ay an assumption.

How shall I determine thgt the miinerals that T now see in the
make-up of the rock, bave been, in part at least, introduced long since the rock
was first made? It is not an easy thing to do, but it may woll be the moxt
important thing about the whole history.

How shail I determine that the ore values that I can see in a
porphyry copper ore, are primary or secondary? And, if they are mixed, as
they well mav be, what are the evidences of their distribution?

How shall I determine that & specimen of rock has come from s
formstion that has been deformed and recrystallized and invaded by igneous
material, and subsequently mineralized and secondarily enriched, uutil it is
8 workabla nre? This is much more important than its name.

How ‘shall I determine that the formor cunstituonls havs deen
replaced, that the composition which the rock now has, is wholly new: and
if 1 can determine that, how shail I ever find out what the original was?

In an historicel direction;, and for practical and applied purposos,
these are soma of the things that one must find ways of doing. These and
meany other questions one will sometimes solve. These and many others one
will many times fail {o solve. Somelimes, no doubt, the.fault or couse of
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failure is lock of sufficient crilical {yaining in ol servaiien; somelimes it is
an inecmplete ccmerd of the principles of geolegic yreceszes; gcmelimes it is
little fecility in geologic reaconirg or tco preat fecilily in- 1ccvm' TEASCNINE; BLC
sometimes it is & lack of properly standardized eriteria.

Perhaps therefore & word abut these needs would not be out of place.
The last of these Teasonsi—ihe lack of properly standardized criteria—is &
strictly petrographic question, while the others are in large part individuel and
personal. | ' ’

DIFFICULTIES AND NEEDS.

1 supposs that every rock has jmpressed on it, and to some degres
preserves, traces of its origin-and of every subsequent stage in its history. The
difficulty is in.rcading these fraces and imlerpreting them. Doubtless muny
of them sre too obseure to be detectcd by eny method (hat we know how to'use.
Doublless, also, the effects of the later heppenings tend to obliterate or obeeure
{hose {hat existed before. It may.even be, {hat Leyond a ceriain period, every
ihing is lost because of the very violence or ccmpleteness of- the revolulion.
Suck is {he case where a rock suffers igneous fusion ; or, agein, where there
is complele reconsiruciion,—es in someé forms of melamorphism.

These difficulties, and the severe Nimitations set by the pature of 1he
forces and changes that one hag to deal with, however. do not furnish
sufficient excuse for avoiding the problem. ‘The Ffome kind of limitations
surround all brancbes of geologic rescerch. The inherent difficulties do not
remove ‘the problem, they gimply emphasize the peenliar nature of the .pro-
blemos of the scienes, -

The great.needs &re stendardized orileria. One must now assemble °
his own; and a liltle exporience in nssembling them, will soon show how very
scattering are ‘the observations and commonts, that serve as reliable source
records, and how much of & task it really 19,'130 organize & workiog schieme
along any line of petrographic interpretation. '

For example one needs criféria of origin, and for source of original
inaterial, and for the srder of -appearance nf the different constitutuents, for
deformution and recr'ystulhlization, for introduced mifdcral:izundh,-_ for hydro-
thermal influences, for preumalolitic  action, ~for deep-seated, alteration as
conimnsted with weathering or supergene ¢hunges, -for deuteric effects, or end-
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product _cﬁan'ges a3 conirasled with entirely iadependent subseguent modtfica-
tions, for secondary enrichanent, for primary as contragted with secondary
constituents, for high-pressure-temperature as contrasted with low-pressure.-
temperature conditions, “for silication, for ecarbonation, for replacement or
melasomatism, Tor melamorphism, or any other geologic. process in ils effesls
on rocks, or for any quelily or condition that might make them more readalle
and better understeod.

- For & good many years the writer and his students and associatas
bave kbeen slowly assembling and lrying out such, criteria, and have bheen
attempting to interpret rocks. Fven the imperfect standards that have been
- used show beyond doubt that the resalts are gerviceable. Buf there is a long
way to go, to perfect & working scheme of criteria.

ITS SERVICE.

This kind of petrology has already earned a place for itself in studies
of ore deposits. It is more readily appreciated in that field, than in most
otkers, that origin and subsequent changes and present exact condition of the )
material are vital metters. On an undarstandir;g of these factors, dependent
as they are on perfectly normal geologic processes, depends slso the extent and
quality and distribution of the ore, as well as its changes in quality or value
in depth or distance. No other methods than those of the new petrology have
over been successful in determining any of these fundamental faclors.

In thet vranch of the science of geology, where grest linancinl
interests are often dependent on correct interpretation of conditions and origin,
it is comparatively easy fo show the Practical value of methods that serve these
ends. But as a matter of facl, wherever a Detter understandivg of the life-
history and the canses of the present condition of rock materinl is needed,
" there the new petrology—the interpretative method of rock study—is of real
servica.

That kind of sorvice i3 a9 broad as are the wanls of geologic history.
1t is probahle, indeed, that by petrographic miethods designed lo this end,
one could pry mueh firther into the obsoure secrots of many plases of
geologic history than by any ollier mezns. It will do for struclucal history
what paleontology does for stratigrapic history and whut pliysiography doss'
for the surfcial history of the earth.
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It would bo easy to illustrate some of these . forms of service by a
variety of praclical problems in which such methods have been used. Two

or.three cerfainly will suffice.

1. It appears that a good zine ore was being worked, and questions
arose about its extent and probable distribulion as a basis for future develop-
ment. The field indications, thus far bad not been clear, and there

were several allernafive pussibilities. The ore was a mixture, and
oceurred in limestone. It might be (a) essentinlly primary, or (b} simply sn
altered primary constituont in place, or it might (c} be introdueed, or (d)
altored introduced materinl, In the latter case the distribution of the original
introduced minerul, and ils origin, would be an important link in the history.
Tt wus & stricily praciical interpretation problem. One needed only & working
knowledge of the crieria of sedimentary and organie rock origin, of melallic
mineralization, of replacement, and of mineral alleration. It conld be
shown then that ibe ore in gueslion was nearly all secondary; that it had been
transformed Ly supergens (weathering) agencies from a sulphide lead-zine-
bearing ore which was the original; thet this original ore had been itsolf
introduced into the limestone subsequent to its own formation and deforma-
lion; and that the principal present ore yalues did not occupy the place of the
original sulphide minerals, but, instead, hud themselves veplaced porlions of
the limestone, and that there was some selestive distribution. The ore was
strictly s saperficial or noar-surface deposit and had no chance of continuing
in depth Lelow ihe oxidized zone.

2. An old silver mine in Mexico, said {o have been a.}m.ndoned after
renching & cerlain level, mot because of any fault .with the ore, had been
exumined by competent mining engineers and sampled. Because, however,
of difficult conditions at that time in Mexico, all of their shipped samples had
Leen lost or destroyed, only s handfull of small chips Eemninilng which one
of the engincers had with some forothought carried out in his pockut:

The question they wished answerad was o very direcl one, i.e., bas
the mine been worked out? Or is there real evidence Lo show thal the ore,still
continues at the bLottom much like that ac higher levels, so thal ﬁ{iditiomd
work mighl hiope o lind workable valucs ot still grontey deptﬁ‘f
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It is a perfectly good potrographic problem. The conditions are
unustial and discouraging; but it can be solved by those methods ar else il
cannot be soived atall. One must have s working knowledge of ‘the origin
of ores of that iind, and of the principles of alteration and secondary enrich-
ment, with their influence on distribution. One must be told about the
rolaiive distribution of thess gamples taken from:the old mine and somathing
of the structural fucts. ‘hen if oue can read the criteria avd interpret the

date, he can venturs an Oopmion based ou real facts even in such an extreme
case ag this.

3. Several years ago ihe auther published a short description of the
““Bluestone’ of New York, making the study chiefly one of composition and
micro-structural conditions. It was not by auy means well-done it one Tespect
at least, and that was its interpretation. It was noticed that most of the
origina! grains are now made up of aggregates, but it was then thought that
thess aggregates were ‘secondary, resulting from the ‘alferation of original,
simple mineral grains. This interpretation is cerlainly wrong. These grains
were originslly aggregates, and are not at all due to subsequent alteratiou.
It i3 cerlain also that some of these grains, perhaps nearly all of them, were
disintegration products from older formations, which were themsalves fine-
grained aggregates in make-up, such as the slates or argillites.

Such an interpretation is supported also by the fact thet older
formations were certajnly available to furnish the supply. The bluestons is
of Devonian sge, aud beneath strata of that age, and bepeath an umepn:
formity, lies the so.called Hudson River Series, which is made up wholly of
slates and graywackes and closely related varieties of sediments.

As far as the bluestone itself is concerned, the story could end here;
but the simila'rity of th%graywackes of Hudson River age, fo the bluestone of
much later origin, challenges an examination of it by the same mctheds.
When this is done, it is discovered that the older graywacke of the Hudson
River Series is also made up of original aggregate giains. In other words, it
is ;made up, in like manuer, chiefly of complex aggregale grains most of which
must have been derived from a still older, fine-grained rock series, not very
unlike itself.
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But when one looks below the next uncenformity for a corresponding
rock sevies, o real difficulty is encountercd. Apparently the next underlying
serios eonsists of the ancient erystalline gneisses and schists'of the Highlands
of the Lower Hudson, and no rocks similar to the grains in the praywacke
oceur at-all. .

On the south side ot the Highlands, however, there is u crystalline
series of disg;uled agre, which, was-originally, before ils exvensive melamor-
phism, and is still in those parts which are not so completely mstamorphosed,
very like the required quaiity of material. If, therefore, this crystalline saries,
the so-called Manbatian schist-Inwood limestone-Lowarre quarlzite .s&rias,
i8 really older than the Hudson River slate-Wappinger limestone-Poughquag
quarizite series, it could furnish the required materinl. Nothing elss is
known that could. ‘

In so far, therefore; as this line of reasoning goes, it supports the
contention that these two series of rocks are really of very different ages, end
not ¢gne the metamorphosed representative of the other, as has sometimes been
Uhought. Thus interpratative petrograpby may throw real light on e problem
which is quite outside of the usual field covered by petrographic description.

4. Tt is usually considered comparatively easy to distinguish between
s quartzite and o limestone, yet even this may become & very difficult thing
to do. The writer has had cccasion to work with material of this kind in
whieh & microscopic determination of the relative amounts of silica would not
suffice. The only method left, wes that of petrographic interpretalion, on the
basis of origin and subsequent modification, including contact metamorphism, '
replacement, silication, silicification, cavbonation and melallic mineralization -
Without discovering criteria by which rock-material of this history, i.e.,
original limestones, sandy limestones, and sandstones, could be distinguisbed
one from the other, the determinq.t-ioﬂs could not be done ab all. With
oxtreme enulion swch criteria can usually be discovered and used, ns was doue
in ihis case.  Iven in samples, where a rock, that was drig'innll}.' o limestone,
now auries as much free ciunftz as ig.ususl in o quartzite, it was generally
possible to dislingnish the criginnl limestone repres;an{a.th'c fron the quarizite;

md, incidentally, help to solve importaut, practical. statigenphic and economic
Problems. : :
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ITS’ DISCOVERIES.
The chief discoveries of the new petrology are:
1st, that it is both practieé.ble and very practical.

2nd,that it is very much more interesting and altraclive aa an
ingtruction sabject than is the old form.

3rd, That it yields beawtifully -to the application and teaching of
regearch methods-under simple end controllabla circamatances.

4th, that petrographic nomenclature is sadly deficient in descriptive
terms and names for this particular kind of rock deseription.

The first three items reanire no additionsl comment, but perhaps the
last one does. It is the chief direction, in addition to the estublishing of
toliable criteria, for important contributions,

in the new view genesis and hislory, or origin and subsequend changes
ere fandamental factors. Ip some way they must he kept in the fore-
ground, both in description and iu olassitication. OQther features need not be
neglected but are, for this purpose at least, of secondary rank. The larger
groupings must be on these ore important factors where tha greater signific-
ance lies.

When onue fries lo apply these revised ideas {o hiz own work, ¢t s
discovered, 1n the course of lime, that there are very many rock Lypes and rotk:
condifions and process effests, for whick there are no corresponding pelrographic
lerms af all.

Petrology 18 a branch of seience which is thought by many to lave
too great an abundance of names and terms now, end with this eriticism we may
all agree in principle. Many of Lhe terms are too mechsnical in their concept-
jion and too l'mproductive in their significance. Yet this can scarcely be
ctounted agatngt new ones if they can demonstrate their userulness.

My only purposs is to point out a few discoveries of this-kind, and to
venture the opinion, that within a very few }'ea‘.‘é, suitable terms will be in use
among petrographers for many more such processes and effects; ana that, by
and by, a whole new svstem of classification will be worked out, designed lo
emphasize these prineiples,
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EXAMPLES.

1. Geologists speak of the residue left by the evaporation of a solution
as n precipitate; but there is no name for the preduet of {he resction helween
two mixing ‘solntions such as seems to have produced some of our ores. To

& petrographer or & chemist the latter is the belter prec*.plls.te, but he would
like at least to distinguish between them. The genetlc idea is carried betler
if the product of evapomtlon were called an cveporate as Dr. Graban does in
his work on Salt Depomts and the product cf reacviion by mixing were called

" a rearfionate. Perbaps one conld write them evaporife and reactionile.

9. These are still different aguin from the praduet of simplo reduclion
of temperature or prossure in an ascending saturated solution for which there
is no name is it to be o saftrife? And for the product of reaclion between a
solution and a rock-wall, resnlting in precipitation from the solution, there

is also mo name.

3 These ave all very different genetically from the product of reaction
betweon solation and rock-wall or host, when the reaclion causes recrganiza-
tion of portions of the rock itself, taking something out of the solution lo
add to its owri constituents. It is a form of reactionste also but very differant
indeed from either of the others. There must be & whole family of veactionates
differing in various, quite fandamental, ways one from another, and altogether
producing & most interesting and important lot of pelrographic materinls

encountered in many practical problems.

Jf one has worked lille with ores and their relations, these needs
woulld not necessaxily bave been felt; ‘but if one has followed applied peirology
with mining engineers, he will have discovered that there are no nemes for s
very great many of his perfectly typical things. But one does nob need 1o
invade thal field, howevar, to feel this poverty of nomenelature. Thao fact is
thnt geology as related to petrogenesis has oulstripped pelrology as a separate,
deseriptive branch, and there are now many perfectly clear conconts of

procosses and peoducts for which there are no petrographic térmis.

J. Sometimes ono substauce completely replaces nnbﬂ_xer, or cerlain

onos completely Teplace others, producing an onlirely new composition.
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There m-llJ.Bt_ka s whole family of these types. 1 snppose we can call them
ezchangiles or replacites or melasomatiles, and if we do, we ghall be easily
underbtood  but there not any such words in petrography.

5. What term sghall one use for an ash that has been completaly
silicified? I.know that cne form of 1t hes been called novaculite; —but not at
all -because of its origin. And on that very aocount the term would bardly
serve for a rock that had a coarse structure. There simply isn’t any adequate
term. '

This 18 not a rare thing. There i8 mush more of this type of rock
in the ground than there is of Jacupirangite, or of Luxullmmha Or many
othem ihat could be named.

6. What constitutes a quertzite? And why should not one distin-
guith between & quartz rook that is atill in its original unmodified condition,
and one that has been indurated with silica, and. yet again one that has been
deformed There are immense differences historically, and all types are very
abundant indeed.

In the field of katamorphism there are whole groups of products
of immense 1mporiance. to the prackical pahumpher; for which there are no -
classification terms, although tham are geologic terma descriptive of the major
Processes. .

7. For exampls, how ehall one designate the average product of
simple disintegration? 1Is it a disinfegrationite?

' 8. What shall one call the products of leaching? Shall we eall them
all laterites or leachites? In laterite sn extreme condition' represented less
perfectly by ell of the leachitea?

9. Or; again, what shall one call the product of simple oxidation? I
know that ‘“gossan’’ is an oxidation-product from sulphides; —bnt are they all
1o be called gossans? There cught-to be a betler name for the whole family of
ozidaiioniles.

10. Ur, how shall one indicate in simple terms, or by a suitable
name, that a rock is a carbonation-product, when the original was not &
carbonate rock at all? One has had little experience who has not seen such
rocks and wondered how to classify them.
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11. Hydration is one of the commonest processes active in the
alteration of rocks. Serpentines ayad! such origin, derived from anhydrous
gilicale onglnals But there is no nams for the whole family of hydrationdies.

19. . A sandstone in which carbonate occuts is nsually called a
caleareous sandatone; but there is a great difference in meaning, whether the
carbonate is origingl with the rest of the rock, or was introduced a8 an
induration effect, or was traded in & process of replacement for parts of the
game {hat heve disappeard. How shall one designate these conditions?

13, A belief in recrystallization has come to stay. Recrysta]lu.atmn
does not presuppose any particular composition or particulor stracture.  Shall
we call the group of much products the w&ystallizatimtites?

- Fundementally there are iwo divisions of this group, the massive
" ones and the foliated or stretched ones, but we have no clearly recognized
_ namas for them.

If T call the latter foliates as Miller does in his reclassification of
melamorphic lerms, in what way shall we distinguish the primery folinted
recks of both igneoua and sedimentary origin?

~ There is, of courss, no cbject in pressing thesq questions farther.
They have been used only to indicate at how many peints the terminology
and clagsification schemes of petrogmphy fall short of the working congep-
tions of epplied geologist. It it is true, as it seems:to me to be, that the
rightiul field of petrology is rook interpretation, and that its greatost service
lios in its contribution to geologic history, then, scomer ar later, & consider-
sble modification in terminology is sure to como in petrography itself.

Petrologists of the new school wiil have to be, first of all, geologists,
both in fundementsl iraining aod m thinking habit, rather than miner-
alogists, because their subjest is an intimate part of the field of geologic
history, and their scienca is but & bra.nch of the science of geology.

Petrogenesis, the life history of rocks--geolo’yzc Ristory hid in the
obscure imner recesses of the rocks themselues—these are the c‘mef interests of

the new petrology and these.dbjeatives map out its major _aomua





