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rent is slackened by striking the ocean where a shoal is 
forming. 

Since the formation of these marshes the beaches, by 
the action of mind anti wave, have been moving inland. 
Inlets are becoming shallower, and the beaches, in places, 
have been completely blown from their original bed over 
on to the marshes, so that the rnnrsh mud is often ex-
posed on the ocean side. 

This accounts for the size which the trees attain in 
these places. Many beaches support only a shrubby 
vegetation, others are covered with beautiful forests of 
trees of surprising size. Red cedar, holly, sassafras, oak, 
liquid amber, sour gum, magnolia, sweetgale and grape 
vines grow to be unusually large. Some of the finest 
specimens of holly in existence may be found on several 
of these beaches, and tho red cedar which grows there is 
more durable than that of the mainland. The size of 
these trees is due to the fact that their roots have pene-
trated through the sand of the beach into the rich, black 
mud of the marsh beneath. 

These forests are doomed. The wind picks u p  the fine 
white sand of the beach and piles i t  in dunes. These are 
often as high as the tree tops and are m o ~ i n g  gradually 
inland, leaving only a mass of clark gray trunks behind. 
Unfortunately the trees themselves prevent the west and 
and north minds from blowing b:tck the sand. 

The fact that Jersey is slowly sinking complicates these 
changes. The marshes, in consequence, are intruding 
upon the mainland. Xven white cedars, wliich only grow 
in pure fresh water, have been foulid buried in the 
marsh. Little islands and Indian shell heaps are slowly 
disappearing. 

I n  the formation of these marshes organic agencies 
play an important part. An examination of the mud in 
shallow bays and salt ponds shows enormous quantities of 
beautiful diatoms. There, too, are many kinds of shells. 
Other animals, especially those of the crab tribe, coni- 
pietely honeycomb the marsh in places. 

These meadows are very rich and valuable for farming. 
When banked and sluiced, although they shrink, they 
freshen and, after being worked for a time, yield enor-
mous crops. In  several places in South Jersey they have 
been converted into flourishing farms. I n  other places 
up the rivers they have been abandoned because of the 
muskrats which underlr~ine the banlis. 

These vast stretches of marsh are richly colored, ancl at  
times, in places, are covered with white, pink and yellow 
flowers. They are alive, in season, with wiid migratory 
water-fowl, infested with flies and nlosquitoes and flecked 
with the sails of boats moving in the creeks and bays. I n  
winter they a,re deserted ancl dreary, the monotony of 
which is only broken by a bay or fish house here and 
there or the remnants of a stranded schooner. 

The collecting of the hay which grows on the marshes 
is one of the leading industries of that part of the state. 
It is still, in many places, cut with the scythe and carried 
on hand poles to large clumsy scows, which are rowed 
with two long oars to the landings. 

There are 300,000 acres of marsh region in South Jer-
sey. At least one-twentieth of this is cut for hay. An 
acre yields, without sowing or care, other than a little 
ditching, at  times, and bu.rni2g once a year, at  least one 
and a half tons. The many creeks which bend in eyery 
direction render i t  easy of access. It is worth at  least six 
dollars a ton. The annual crop is worth then not a cent 
less than $135,000. 

The marshes are often too soft for horses; in places 
they are provided with wooden shoes, and many meadows 
are hard enough for the use of machines. 

The two plants of greatest value yielding hay on these 
marshes are &"a?-tilza juncea or "salt-hay" and Juncus  
ye?-ut-cl~or "black-grass." The one is a true grass, the 
other a rush. The salt hay is light in color, contains few 
seeds, is cut late in summer and is fed to horses. The 
black grass grons in brackish regions, is full of seeds, is 
dark in color, is cut in mid-s~~mmer and is fed to cattle. 

If reclainied on a very large scale, as in Louisiana, the 
writer believes that these marshes may and will soon be 
converted into flourishing farms. 

1bJETHODS OF PRESEKTING GEOLOGY I N  OUR 

SCHOOLS AND COLLEGES." 


BY UISS NARY E. HOLXES, PH.D., TIOCKFORD, ILL. 


B~n3one offering any suggestions as to c'metl~ods" of 
presenting this stucly, let us state a few axioms : 

First. For the successful study of any subject there 
rnust be some foundation. 

Second. Comparatively few of our high school pupils 
enter college. 

Third. The large majority of school age will not ad-
vance beyond the grammar grade. 

Fourth. The impressions earliest made are most endur- 
ing. 

Fiftli. If we would make geology a life force, a life in- 
s ~ i r a t i o a  to the masses generally and to those in our 
high schools and colleges, we must begin with the little 
chi1cli.e-u. 

Wow early a child's attention may be profitably called 
to the elements of geology may be questioned, but 1think 
as soon as 21e can talk, and understand what is said to 
him. Of course the first lessons will be very, very sim- 
ple--mostly inyorn~ and cola?'. He will gladly gather for 
you the "pitty stones," and you will notice that these, 
gathered 611 izimselj; and when alone, are generally either 
definitely colored, or smooth rounded ones, or srnooth 
flattened ones, few being angular. T\-ith your aid let him 
separate the rounded froin fiattened, calling his atLention 
to the clifference in shape. Mix them and separate again. 
Repeat the process many times, a t  first always letting the 
child hand you the stones, you frequently asking : "X'here 
shall we place this one? '' Later, let him place them him- 
self. In  a few days he will have so mastered the distinc- 
tion betweenJlnt and round,  that he can separate quite 
correctly a large pile. Never contiilue the lessons till he 
is weary. When such signs appear suggest that he run out 
doors and play. I u  a11 probability ho will return with an- 
other pocketful of stones. Appear pleased with his ac- 
quisitions and be pleased. He will detect any insincerity. 
Give him a box, or a low shelf of his ver.y oion for his treas- 
ures. With encouraging words, the child will thus spend 
many hours ; they are not play, nor work, brtt happy, in- 
structive seasons. 

Having learned to separate rouncl from flattened stones, 
call his attention to rough, a?zgularforms. H e  will quickiy 
note the difference. Show him that these are angular 
because Frolcen froill a larger stone. Illustrate by some 
broken toy of his own. Also show him how to make more 
angular ones by cracking these with a hammer. If he 
poui~ils his fingers, a little experience will remedy that as 
a frequent future result. hie cannot appreciate the 
smoot,hing effect of water, so pass i t  by. Many lessons 
upon surfaces may be received unconsciously in this way, 
the child learning how to use his eyes, and to compare one 
object with another. 

Xext, take the colors of the stones. Separate them into 
piles, dark and light. Separate again the blackish, the red- 

This hay is often baled and shipped away. The greater * A  paper read before the Woman's Department in Geology in 
part  is consumed a t  home. Poor qualities are used by the World's Congress Auxiliary of the World's Columbian Expo-
glass factories for packing purposes. sitiorl a t  Chicago, August 21,1892. 
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dish, the gray ancl the white. Do it with liitli Inany times, 
but sach time he niil  i?o i",i>o~s ancl rnore I~i!nself, till 11s 
acconlplishes i t  alone. Shoulcl any pebble have a hole in 
it, or any special feature, his exe and f i n g e r - ~ ~ i i l  be iiure 
to find 26,and an exclamation mi!! burst f o ~ t h :  "kieo!" E o  
has dixco'uered something. I l e  now looks for more, like, 
or similar to it. 

Next, teach him to select them according to tustre, if in 
a vicinity where micaeeous or other specially 1ustro:is 
rocks are frequent. If not, as a special privilege, let him 
wet soine in a bozo1 oJ' 7~:atern~hiie the others are dry. Tlie 
difference he quiclily sees, aud next tirne, if no 77-ater is 
at  hand, he will be riiore than apt to wet them 7,~-it,h his 
tongue, and exclaim again "See ! " his tone and loolr indi- 
cating that he ~~ecogn i ze san effect upor, the stone like that 
produced before by the ivater. Here he has real11 learned 
that one general agent, ander two fornls, froni t\vo cliffer- 
ent sources may produce a similar eRect. As to l ~ i a d s  of 

nnReei7 gas v e  cai! (,a;-bo~lzcacirl gas. Let tlie pupils taste 
a little coolei?, boiled water, alld some fresl1, haul :  well 
mater. Oile tastes,Jaf, the other good. Tile same thing 
that esca,ped froill the stone. beer and soda water, gives, 
in the nlain, the diff'erence of taste 1:etv-een these two 
~vaters; viz.: cai.bonic acid gas. Try; iiioro stones :\-it11 the 
e l .  8ome lliss, SOXM do unt. All that do, lmve tkia gas 
in tlrt+r:i, and are caiiecl ca t~ /~o !~a ic s .Try the acid agaiu ou 
n carho?zu/e. It boils; coatjmle ponying it slov~ly till boil- 
ing ceases. Noie tile elfect; the stone has .turned to sand-
Zi2eyjarLicles. Take another carboriate, polur on seid ; it 
boils. Ai'%era moment pou:, on some a2iLa ciin:stc,!cl'n, the  
boiling ceases ; pour on more, tile stone does izol ci-urn-
ble. Tflke a third carbonzte; pour oa ammonia, only. 
There is n o  apparent effect. I n  the first case tho stcixle 
eriiinbied ; in the second, the crumbling was checked, 
and in the third, there was no change, Evidently some- 
thing l~ol i l sthe ~j;.ai,zs togelhc,.. V'ilat? Some clliid will 

lustre, he may be readily triLined to recognize pearly,  like say '.t?:st gas that blew away." :?lTT\tat is it calleci \\Tllat 
the inside of the shell on the inantel, and glassy; also that 
the absence of lustre is clu71. Cif dq~,r.ec.s,c:tn co1:lpr.e- 1:e 
hend s h i ~ z i ~ z yand glisiczn,z'ny, and learn the ~vords  as \\-ell. 
A child does not need snc,h short \ \~ords as Tre often think. 
EIe delights in ~nltstering a . 'big \I-orrl," if only for the 
protracted sound, but  if i t  co3veys a pleasant thought, his 
interest is greatly intensified. 

Next, teach hard,zess by rubbing t ~ i ~ o  stones together, 
and by letting him try to scratch them; ijrst mith a nail, 
and aecond with a sharp..eclged piece of i j u a ~ t zor,fli~zt.He 
can nrake perhaps three piles-those s$, easily scratched 
mith anything; those ha~.tlt>r,only scratched with the nail 
and quartz, and those ila?'desl, not scratchecl by tho nail, 
but  by the quartz. These distinctions %re crude, but  real, 
to the child that recoguizes them. 

TTJ6'hat has been thus pursued froin day to day in the 
realm of stones, if the mother or kindergartner is -\vise, 
should have been carried on also with plants, insects, and 
birds, even some lessons on the " tv:inkling stars." Gf 
these, botany, zoijlogy, and astronomy, we do not now 
speak, but, be i t  re~~lernberecl, atthat no single scieuce 
once bears as strong a relatiox to, a,nd Is so dependent 
upon, a knowledge of botany, biology, chemistry, mineral- 
ogy, physics and astronomy, as is geology. I t  emphati- 
cally furnishes a founclation for them, and in kirn must 
look to then1 for the interpretation of its data. 

By the time a child is of orclinary school age, under 
such a course of observation, comlxtrison and generalizn- 
tion as the foregoing -r;ould suggest, he llns formed a 
habil of being inte~.esieclin ecerything aboz~t l ~ i r r ~ .  If he is a 
city cllild, he a n  have learned all here outliaec?, or its 
equivalent; and if a coantiy child, even more, for he i:; 
constantly in direct coinmanication with Nature's open 
al'uurn of new and beautiful objects for ohserration a1113 
subjects for reflection. 

Continuing our study of stones, we will try the action 
of 'toatel- as a solvent. The teacher should place in tile 
pupil's may some varieties, as rock salt, or a hard lump of 
common salt, -which are quickly soluble, alum, .rzof as qrciclly; 
a rusty nail that will color the waier in a fern hours, aud 
the chilcl's on-n quartz pebbles, insoLu,i:le. Call attention 
to the different actions. With tlie salt a lesson on sc~iu-
rated solutions may be given. EIaving shown the effect of 
water, try acids-strong vinegar or hydrochloric acid- 
upon various stones. Some are unaffected, some hiss a 
little, some boil violently. Can j-ou see anytliiug passing 
off ? Xo. Can you heat- a i l~ th ingY Yes; L'irere is a bub- 
bling. -\Vhat do  you see? The burstiug of the bubbles. 
Why do they burs t?  An itzuisiiile gas is passing off. 
Have you ever seen anything else boii l ike  tirat in a bottle 
or a glass ? Some pupil will suggest " beer '' or " soda-
water." Yes, and the sa,me cause produces both ; this 

are :dl s~iclistones called P Drill on this thorou.ghly. Ii-
lusti.at,e solubility and carboiii~tes :~,lso by baking soda and 
crenln of tartar. Diasolve a little of each in tumblers of 
water. Let tlie pupils taste both in the dry powder. 
One, soda, is a 01,aci~iiih,szieel; the other, tartar, is a defi-
nite soicr. l"our p a ~ t  of the soda solution into the tartar 
tumbler ; boiling or gf(<j~uesce?zcf: Tasteis instantaneous. 
the tartar water now. Al,nosf szoeet? What has been 
given ofY to produce this change? Polur the rest of t'he 
soda into some S O L ~ Tmi l k .  It ,  too, effei~rescos. Taste it. 
I t  is stueete~zed. The sour ~nbstancesare acids. This ele- 
ment that sweetens then1 is an a1i:ali. Anlmonia is anoth.crr 
alkali. Uost alkalies are oilo?*less,and all, if strong, will 
burn the skin severely. So children should nesTer taste 
nor play with things in bottles without permission. Give 
some tiny experiments with heat. Throw several stones 
into a hot fire. Perhaps some ,szoell Z L ~ ,some grow ~so?~ozss 
q ' l i l t:  ,~-apidly,others nzo1.e slo?(;Z~j,r~nil sonle are Z L I Z C ~ L ~ I ~ , ~ ~ C ~ .  

80111e change color, and some cliscolor the flanie nearest 
them-making i t  yellozoe7-. Tell the pupils the explana- 
tion of this will come later, bu t  because heat does 
this sometimes, i t  is usod as a test. As far as pos-
sible, always use the children's own stones, and lot them, 
in sections, do the work aJte7- you. There mill be a little 
rivalry as to which can do it best and quickest. They mill 
not weary thol~gh they see the same thing performedmany 
times. If certain ones are peculiarly apt, let them, at your  
o7-dei3,perform the experiment for the first time. Among 
tho cllildren's fragments there will be a large amount of 
ral)bish. Fro111 time to time the teac,her can propose ( ' to  
assort the collections," and casually renlnrk : "So many 
of tlmse are so nearly alike, which are the nzust g~el;i'r(.l of 
their kind ? Let us lay s l~ch  aside, n ~ c l  put  the rest in a 
refereuca pile for a tirne of need." The plan is readily 
accepted, the "collectioils " greatly reduced, and the ref- 
-ilse piled in a corner out of doors, to graciually scatter. 

XTn o  lessons will be nlore acceptable to the pupils than 
those of erusiota ancl i;edin~ei~iaiiol-i,taught by calling atteu- 
tion to the water in the streets and p t t e r s  after a gentle 
rain, and after a heavy  one, a sl~o7,ione and a p~ 'o t ruc t c~ l  
ona. They will readily see its c~sso?.l?'!zyeffect. They will 
notice the little tewaces made, i~~ild that the form of these 
-t,heir compar;zti~e height-dependsw-idth a ~ ~ d  upon the 
celocity as: meli as u j~~ou? i tof ~;\-nter flowing along. Note 
ho\v they narrow and deepen when passing uiider cross-
walks, and that the current is swifter. llaving noted 
these things, ca1.l attention to any ravines, or creeks, or 
the river and its bnnli. FIhom that when a creek widens, 
the edges, on either side, are apt to be nzc11,shy. Why ? 
Notice the different appearances of the bottom. If grav- 
elly, is i t  clean or dirty ? Id'liy? Some pupil goes too 
near the edge, and the bank caves off. \VhyP A shrub 
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is nearly undermined. Why? Explain how the earth, 
carried from these parts, is dropped, gradually, farther on. 

Thus far our work has been adapted, in the main, to the 
city pupil with only a limited field for his sand and gravel 
explorations, the street gutter and an occasional excursion 
to some picnic ground, a grove and a creek. If a bank 
of Drift should be at hand, he will have a bonanza for 
these happy lessons. Pupils will then find some stones 
with strange markings, suggesting a shell, or one of the 
corals on the mantel They have learned to observe and 
compare, and now draw their own inferences with a cer
tainty that these are shells and corals, in the stones. Is the 
marking the inside, or outside, of tbe shell? Is it a com
plete shell, or only one valve ? Did it probably have two 
valves, like a clam, or was it like a snail, coiled or straight? 
Teach them to note not only degrees, but kinds of resem
blance and difference ; really to distinguish between anal
ogies and homologies. A child often really knows more of 
a thing than he has the power to tell, unless drawn out by 
questions. How did these shells and corals come here so 
high above the water ? Mother's shells came from the dis
tant ocean. Once, long, long ago, did the ocean ever come 
here f and were these alive then ? Yes, but they are " fos
sils," now, petrified thoughts of God, kept all this time for 
us to study. They are masks without the actors, poems of 
life written unconsciously. Tell the class something of 
the habits of similar animals now, enough to stimulate 
them to further research. Never, by chart, picture or 
word, tell them directly what they can find out themselves 
from their own specimens, or walks, or speculations. Al
ways manifest an interest in every new thing they discover 
and bring you, however trivial it seems to you. To lead 
them on, if possible, ask some question the answer to 
which is not obtained from a casual examination. 

With a little plan on the part of the teacher, a very fair 
working cabinet of the locality may be built up for the 
school-room. Most children will gladly give their best 
specimens "for the school," especially if their names 
may appear as the donors upon the labels. Here they get 
an idea of permanent labels and how to prepare them. 

Before advancing farther, we may note some of the in
cidental, but not less valuable, benefits to accrue from 
these studies—not only the habit of interest in common things 
—habits of observation, investigation, comparison, and 
classification, but those of industry, honesty, a supreme 
love for truth, a seeking for it earnestly, and a careful ex
amination as to evidence, also to recognize the fact that 
one may often, by a single omission, reach a wrong conclu
sion and have to acknowledge and correct his error. These 
effects are not immediate, not strikingly apparent, but 
sure and enduring. I venture to assert that no single 
study in the usual curriculum of high school and col
lege, aside from the Bible, will more fully fortify against 
evil influences in youth, adolescence and middle life, and 
cheer in declining years, than an early, continued and 
devoutly reverent scientific study, pre-eminently of geol
ogy, for it gives constant occupation to the senses and 
tends inevitably toward the highest and grandest induc
tions and deductions. The pleasures of observation any 
and everywhere, of the imagination and of reflection, con
nected with this science, involving as it does, and must, 
more or less, all the others, are themselves almost a guar
antee against vice. If "the undevout astronomer is mad," 
much more the undevout geologist, who touches the very 
handiwork of the great Creator of this and all worlds. 

Thus far we have considered Primary and Grammar 
grade work. In any grade, teacher and student should 
work together, and with the same great end in view. A 
stream rises no higher than its source. No extended lab-
moratory is essential and but few instruments, though the 
joaore complete JĴ e reference library the better. President 

G-arfield said casually that " a saw-log and the society of 
Dr. Mark Hopkins was a university of itself," so largely 
is the student the result of his environment. If he feels in 
every breath, sees in every act of his professor or teacher, 
a consecration of energy, a spirit of investigation, a love 
and zeal for the work, born of intelligent enthusiasm, 
every latent power in that student's being is, perforce, 
awakened, and his whole life is aglow with scientific re
search. Books have their place, and a very large one, 
yet any geological study founded on book knowledge 
alone is of little worth. The student must yerify for him
self, and learn by many mistakes to recognize and inter
pret the ordinary geologic phenomena of the field and 
laboratory. The teacher and pupils, with hammer, cold 
chisel, compass, basket and note-book, and pencil, should 
go together to the field, the quarry, the ravine, the gravel 
bank, all these being lacking, to the gutter of the street 
after a heavy rain, or even to the open prairie. Just the 
direction of the geologic study, whether structural and 
physical, or palaeontological, must necessarily depend 
upon the locality of the school. The prime object to be 
secured is to train pupils to see for themselves, to collect 
their own data, then study and arrange them, drawing 
their own deductions. Every teacher should require of 
the pupils carefully drawn sections or diagrams of this or 
that special locality, the course of a creek for half a mile, 
a ravine, a sandpit or a particular quarry. So far as may 
be, let them be on an approximate scale, giving altitude, 
thickness, dip and strike of strata, etc. They should also 
collect any fossils characteristic of the layers, labelling 
each as from its layer, to avoid confusion in farther study. 
Having made a number of these investigations, each pupil 
should compare his or her own papers and specimens 
one with another, noting down their resemblances and 
differences, how the strata alter from one layer to another; 
what fossils are common to all, which abundant, which 
frequent, which rare; which, whether abundant or rare, 
are confined to a limited district, etc. 

In all science study and teaching our first object should 
be to be natural. In geology this requires a familiarity 
with rocks, their form, structure, position and chemical 
composition. If the course, as previously indicated for 
primary and grammar grades, has been followed, the stu
dent is now ready, with great zeal and profit, to take up 
more extended field observations, and the regular lecture 
with a text book. All field study should be followed by 
a lecture or quizz by the teacher, developing the knowl
edge of the pupil, and adding to it materially by refer
ences, with page and paragraph, to the best authorities, 
the presentation of charts, pictures, photos, specially illus
trative specimens, chemical experiments, etc. Far better 
results are obtained if, under each head, some single illus
tration is taken and traced as far as possible. For in
stance, under igneous agencies take Vesuvius, giving 
every thing that can be gathered, its cone, materials 
erupted, and their amount, the buried cities,—include, it 
may be, even some poetic references. Then will natural
ly follow the kinds of volcanoes, their location, age, the 
theories of their origin, and earthquakes and their phenom
ena. Under aqueous agencies nothing can be more stim
ulating and convincing than a study of our own Missis
sippi River, as fully described by Abbott and Humphrey. 
Let the pupil identify all he can. For erosive action of 
water on a large scale take Niagara. For both erosion 
and sedimentation, on a very small but quite as true a 
scale, take a city gutter, near its source and at its outlet. 
Present one typical illustration under each head so fully 
that it will be a standard for the pupil in all similar pro
cesses, whether in field, laboratory or class room. 

In our own section, about Eockford, 111., we have the 
Gralena Division of the Trenton, outcropping in various 
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places along Roclr Rixrer, and exposed in many railroad 
cuts. While tne general exposure is only of the yellow 
or buff stone, in several localities i t  has been quarried 
down to the blue. TVitll a piece of each color in hand, 
and the quarry itself under close inspection, a vah~able 
series of facts may be discovered by the pupils-the 
strata joiuts, seams, eto., whether they are equally distinct 
in all pa,rts of the exposure, whether acijoining strata are 
decided contra~ts ;  if so, in what respects, color, texture, 
I~omogenaity, hardness, etc. Enquire which strata are 
the oldest, ancl svhy so decicied? T17hich strn.ta are best 
adapted to the purpose of q u m q i n g ?  As a building 
stone, will it be greatly affectec? by water? Tt'eigl.1 a 
fragment in its natural condition; dry it as fi1lj.y as pos-
sible and meigh again,-a druggist's scales will give tha 
change. Judging from various exposures, does the 
stone "weather" smootll or in clepuessions? Can you tell 
the original upper surfase of a flzgging stone hom the 
lower? Horn ? I n  building, is i t  better to "lay" tile 
stone mith any reference to this origiizal surface ? 7 1 % ~1 
JFTith a hancl magnifier of ordiilr2ry power, estri-nine the 
texture of the rock, coarse or fine? Are there occasional 
little "pockets" in it U s  the sautl in these the same as 
in the rock itself? Those white, irregular stones, imbed- 
ded here and there, ~ y h a t  are they, and how do they differ 
from the others ? They are flint or quartz,-strike them 
sharply with a piece of steel,-fire Aies. -\Irhat are those 
little brick-red masses heye and there? flow do they 
differ in texture and shape of grains? I s  the rock firmer 
or less firm in their vicinity'? Tiley are iron nodules. 
Are they beneficial? Why? Note the reddish powder 
around any nodule, if kept clamp, and how the stone 
streaks. What other forms have you found ? .An iacrus- 
tation ? Ires. Touuer.tiize, a deposit of carbonate of lime 
from the water trickling among the strata. ETom do you 
know it is a ca~bo~za fe? This time try nitric acid instead 
of hydrochloric on these peculiar forms, carbonate, quartz 
and iron,-uote the diEerence of action. In  this way a 
thousand things familiar to every geologist mill be 
learned by the atudeat: and bring to hiliz the inspiration 
of a discoue~y.  

The pupils have gathered all the fossils they could, 
whether rmmy oi. few. Some are manifestly co?.nls and a 
form allied, fossil. spoizges; others are shells. Separate 
them. TThat do they suggest as to the origin of the 
rocks ? TVliere >yere they formed ? Are they rilore closely 
allied to salt or fresh water species? Xxamlne carefully 
the valves, hinge liae? ribs or s t ~ i ~ ~ ,  beak and umho, ~ixlus 
and folds. Find speciniens g i v i ~ g  both int,ernal a ~ l d  ex- 
ternal structures or characteristics, if yo11. can. Distin-
guish between a cast and the fossil itself. Are tne casts 
of any value ? T<\~a t  Classify, as meii as :nay be, all? 
the fossils collected, according to,/ij~.i?x and according to 

inter?ml s t ~ u c t u r e ,  so far as i t  can be traced. Not all shells 
that look siniilar on the outside belocg to the same 
genus, nor do all belonging to the same g e n ~ ~ s  look alike, 
necessa.rily, After the student Ilas nzade a, goodly collec- 
tion of fossils and facts about them, the teacher may lcaci 
hi-m on, with State Reports ancl other authorities, till tlie 
final identification is reached, but  the pnpil should take 
every step himself for himself, when able. I n  ail these 
lectures and cyuizzes, the blncliboaud is an invaluable help, 
making diagrams as you progress, rather than present a 
more perfect one, completed befora the class enters. 

At lXockford, also, we have a fair exposure of the Drzjl. 
After studxing the stratified roclrs as such, the class is 
ready to study stratification as presented here, and to 
make further rlzaps or diagrams. Note tlie sizes of the 
gravel stones and their arrange~ilent. I s  there a regular- 
ity in distribution as to size of pebbles? Fern better 
fields in a prairie section cau. be found for the  varied 

forms of quartz. Occasionally bits of mineral are found, 
-r/nlena and copper,---the former suggesting the mining 
districts of Northern Illinois and Southern TT'isconsin; 
the latter, from its form, the Lake Superior region. Fos-
sils of various kinds are not infrequent, but  of genera 
and species yaite clifferent, usually, from those found in 
the quarries and raiiroad cuts. The drift has brought 
them from several formations and from long dista,nces. 
Biten the internal and external ~ t ruc tures  of these speci- 
mens are better preservecl. than in those im'bedded in the 
rock. Indeed, most of the best, and most exact descrip-
tiom of palzeozoic corals hal-e been based upon drift, 
specimens. The pnpils having nlnde collections of the 
different varieties of c-c;cFFrom the drift, the teacher may 
here give some ready tests of identification for comrnon 
forms, or some simple mineralogical table. 7Ve have few 
bowlders? but  those Pew, mith the drift rocks, submit them- 
selves to the same kind of stndy as rocks 2'1% s i tu,  whether 
macroscopic, microscopic, or chemical, so are ~vell  adapted 
to dl petxographic study, save geographical limits. 

At Hockford we have the deep, heavy prairie deposit, 
black as are all rich soils due to the decay of .regetable 
substances. If this soil is buvned, there is little change, 
save iil color,-the mass is argillaceous matter, mith a 
little fine s ~ u d .  The strati6cation noticed in the ivalis of 
~+-e!ls, and in artesian. well borings suggests the same 
agency as the quarry and the drift, I-iz.: water; but  the 
occa.siona! sholl fragments found bear little resemblance 
to those iu the quarry, rather to our fresil-water Unio, 
Anadontru and Paluclina, genera still living in the rivers 
and mn,rs!res. The inference, then, is that at  some remote 
time, but later thnn the qnarry and the drift with their 
salt-water fauna, there was a fresh-mater lake, perhaps 
nu nrru of Lake Michigm, reaching out toward the Missis- 
sippi River, or the Nis~issiplsi extended this way. 

As the conservation of energy has given us a new 
plugsics, so the microscopic stucly of rocirs and fossils has 
given us a new geology. Though microscopic rocli-sec-
tions were first made in 1864, it was not ~a-tltil they mere 
introduced into Germany a, f e ~ vgears ago, that they be-
came an active agent in geologic researcl~. Only by this 
careful xilethod can these petrified thougilts of the Cre-
ator be fully understood. Palzecntology is essentiallybio- 
logical, dcaliag with the plants and animals o n  the globe 
rather than with the life of the globe, but  i t  has rendered 
an inestimable service in determiiing the question of 
evolution, so the niicroscopic section will be of inestimable 
service to the petrographer with his crystalline rocks, 
whether volcanic, pllltonic or metamorphic. making 
these sections let the papils use their own ingenuity i a  
preparing the simple apparat~ls really essential. If a sec- 
tion c1:tter is a t  hand of approvscl pattern, or an electric 
or foo t~-~~o~\ ie r  lathe, very .I\-ell; but  if not, i t  isjtrsl as toell? 
for with cold chisel, hanuner and file, the student car1 
easily recll~ce his specimen to a proper size for grinding. 
The si~perficial s~arface max be as large as preferi-ed, hut 
the t i~icki~ess not more than one-foarth inch, if the intention 
is to il1:tlte a t~*ansb.uce~zt If only one surface is to be slide. 
ground, the only care will be to get the ~7aqledesii-ed for 
the examinat,ioo. For  early ~vork only cnlcnr-cous speci-
mens should be used. Led; tbe student furnish hirtl.self 
with a plate 12x16 inches of floor glass, smooti? on one 
or both sides; a half-dozen pieces 04 iloi~bleor treble thick 
glass 2x2 inches, a half-dozen spring clot1;es pins, emery of 
4-7 grades, the finest being emery "dime;" a piece of 
chamois skin, stretclled tigllCly over a slllooth bowd &o 
polish upon; some Canada balsani, ]lard and soft; Rome 
alcohol, a lamp and sonle matches: s l ~ d  a little water. 
With a few needles in -wooden lla,n,dles, and a Grill table 
to work upon, he is i n d e ~ e ; ~ d e n t  of szrroundings. Kis 
patience, time and skill mill be + j ~ , ~ e d :  theiqlt itbese are 
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wrapping paper and cord to secure this trophy of the 
past, and draw from it its inmost secrets. The grinding 
is simply friction with emery and water till the first face 
1s prepared, and polished on the cllarnois skin with dvy 
emery slime. This should 'be as perfectly done as possi-
ble. The specimen may be considered as finished at  this 
atage, if no complete examination of structures is intended, 
no tracing of homologies in various genera and species. 
If this exact study is to be prosecuted, on one of the 
small glass pieces, polished surface down, imbed the 
specimen in balsam, just hard enough and cleep enough 
to securely hold it, but not so hard as to crack off, as the 
grinding of the second surface advances. Care must be 
taken to hold the glass ho~izon,tally, lest the specimen be 
of unequal thickness at  the close. When neariy tra?zslu- 
cent, great care must be t,aken by grinding liglitly and 
more and more lightly, till the work is complete and the 
polishing done. RTarm the balsani which fitill holds it 
to the glass, and delicately slide the well-earned treasure 
to a new microscopic slide, 1x3 inches, on mhich 
is a drop of hot balsam. This successfully clone, remove 

being within an hour of setting, its slanting rays illu-
minated these strongly. It vas  therefore with surprise 
that I saw shoot athwart these sharply-defined, intensely 
dark bars of shadow. These evidently came from a por-
tion of cumulus-like thunder-cloud, vhich topped the 
main mass just below and to the right of the new moon. 
Some of the rays sprang direct from its edge, but others 
a t  a distance of 2 O  to loQ. I n  the shadow the filmy 
clouds vere  absolutely invisible, the sky seemingly being 
o f  a clear blue, although the shifting of the  bars of 
shadow indicslted their actual presence everywhere. 

T--~HADOVV ACT T:  DUBIN.CON, WITH 
I 

a SPACE BF;TWEEM CLOUD SHADOW, 

any air bubbles and lay on the cover glass, removing. 
bubbles again. Clamp i t  wit,h a, clothes pin till clry and 
cold, then remove all surpl i~s  balsam with turpentine, 
taking care that it does not also run under the cover 
glass. It is now ready for study. TTllen several speci- 
mens of different species or 'genera of Ilicgosn, for in-
stance, have been made, fine lessons nlay be drawn in 
homologies, especially of mural, septnl and tabular sys-
tems. 

As the large majority of students mill not carry their 
scientific studies, as such, farther than the requ i re l l~e~~ts  
of the college curriculum, it is eminently important that 
their attention be called all along to certain prominent 
things as prominent, as the great questions to be sought 
out. I n  giving these special points of the field in general, 
the teacher or professor .cvill naturally present in a more 
extended way that special field which has most attracted 
his or her own attention or investigation. For  reference 
and for present benefit the pupils should each, under the 
eye of the teacher, make a geological rnap of the United 
States; one of his own state on a larger sca!c, and of his 
own section on a still larger one. ]He should also 
number carefully and permanently his specimens, u-sing a 
tiny circle of paper and glue unaffected by ordinary 
moisture, these numbers corresponding tto those on labels 
bearing name of formation, group, genera and species, 
with the clate and locality. 

I n  preparing this paper I: have been painfully conscious 
of its inadequacy ancl its great imperfections, yet from 
experience and observation I hope to have measured an 
arc in the circle of scientific and geologic education in 
our schools whose circunlfarence may be eventually coln- 
pleted. 

LETTERS TO THE EDITOIR. 
;*,Correspondents are requested to be as brief as possible. The 
Griter's name is in all cases required as a proof of good faith. 

On request in advance, one hundred copies of the nunlber con-
taining his communication \vill be furnished free to any corres-
p n d e z t .  

The editor will be glad to publish any queries consonant wit12 
the character of the journal. 

Ox Thursday evening, May 18th, occurled a t  Pork ol?e 
of those smart thunder-showers which followed the brezk- 
up over the greater part of England of the sunniest, ivarnlest 
and driest spring within the memory of most: Nail 
had fallen, and five minutes later, at  6.60, clear sky appeased 
among the storm-clouds. Not quito clear, however, for i t  ixTas 
flecked with those very delicate, filmy, white clouds which 
one usually assigns to a very lofty altitude. The sun 

But tho strange qusstion arises, what was the real 
height of the film-clouds? Must they not, obviously, 
]lave been at  a lower level than tbis portion of the thun- 
der-cloud, though higher than the h a i n  mass ? ,4nd yet 
portions must have been piled higher against the thun-
der-cloud. Else there could not have been the illuminated 
space dividing the shadow from the cloud. I n  some 
cases the dark bars merged into sheets of shadow, which 
stretcher1 away 20Qor more from the cloud. Apparently, 
if seen in section, the effect nlust have been as in the ap- 
pended sketches. 

J t  is SiBcult to conceive any other explanation than the 
above. I-fence, either such filr~l-clouds form at lower 
levels than is generally snpposed, or the summits of 
thunder-clouds penetrate higher than has been supposed. 

J. EDLIUXDCLARK. 

\WHYNOT THE COLLECTIONS OF SEEDS1 

INthese days of stamp, coin, shell, mineral, plant and 
insect collectors, the writel- has often wondered why 
it is that so few have turned their attention to 
making collections of seeds. The field, as it appears 
to me, is one of exceptional interest; exceptional not 
merely because of the work of real inerit that may be done 
therein, but  because it is  practically inexhaustible; be- 
cause the rll~~terials are very largely of such a nature as to 
be cared for with a nlinimuln amount of labor, and re-
quire but  little space; and because in many instances seeds 
are thelriselves objects of great beauty. There are fern 
pursuits in which greater latitude may be allowed, or 
greater opportunity is given for display of indiviEina1 
energy and mental scope. The amateur, whether man or 
wornan, boy or girl, business 1nan or teacher, cripple or 
invalid, may each and all collect and find ampla room for 
so much or so little study as he or she may choose to de- 
vote to it. One may collect only such seeds as have in 


