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' tlons have been lareely pro :

and visiblo bending ofthe svat, 10 Jowb e SIS il uplcaral
in which the simple tnlined (f’la,tl 2, ishnctmn to the other great clagg
the prevailing condition, mthcr s yt gurvel) plane of original deposition is
would be found in this latter ol ¢, ony examples of complete ‘ basing’
water basin. . class, In the case of filled-up and dvied-up

4. The primary conditions - :

tions of " the pheﬁgmeno;);ie. ﬁ]gﬁ'gguceﬁl vy e The essential condi-
in an inclined channel, of whatever di;vwzngver fy body of water confincd
a total or partial obstruction in its pr S10m8, 13 arrested or retarded by
as to be pressed back above that level I; o%rtejs ;0 its point of dischargo, so
when the increase of pressure so pro’du:eg c;usgsel:n ?111'1::136 i Ditiainled
supply of water at the upper end, or wh eos odua it the
These conditions mro produned coni’sinualvlv en ox{r}er‘ﬂow takes place there.
cesy of formation of sedimentary rocks inirl o n?i e by, the ordm'm'y Proc
the strata either from the origin o oF ently'of any trning wp of
subsequent disturbance. Evenginalanfogﬁnoﬁvgl’z:rﬂobzls'Of tclllep%sxfmn Nl
strietly horizontal deposits is a very exceptional occulxx-lre . i? 1ma}t;1 - o
always greafer deposition on the side from which the sedi:;fe’ t i f} ool
It is similar in the case of deposits formed above water leveinb ]ih en;.ed.
of rain and rivers, of which we have such extensive instzmc'zs in8 ]tiled{mf
acenmulation takes place most rapidly in the border zone where the dem;ai,
ing action of these agencies changes into one of deposition; and thus &(;
alluvial plains present a constantly increasing slope from the sea-margin to
the foot of the uplands whence their materials are derived, In this wa
the first condition of artesian springs is established originally in all set}iy—
mentary rocks, in the prevailing slope of deposition; su%sequent disturb-
ance would generally increase this condition of slope or ‘fall.’ 'The other
conditions are also often aboriginally provided for in stratified rocks: in
the distribution of coarse and fine deposits by alternation, or by the latter
covering the former, the confined water channel is produced ; and the usu-
ally greater accumulation of the coarser materials at and near the higher
marginal zoneof the so-called basin ensures the retarded discharge and tho
consequent accumulatich of water ab a higher level, which is the active

factor in artesian springs.

5, Baperimental illustrations.—The foregoing statements may bo mado
plain by the following experimental facts.* A leaden pipe of half inch bore
and about 7 feet long was placed on an inclined board, raised 15 inches ub
one end, making a slope of about 10 degrees, as shown in figure 1 of the an-
nexed plate. Arrangement was made for a constantsupply of water, sccord-
ing to demand, ab the upper end. At intervals of about. 19 i_nches.fmm tha
lower end of the pipe, holes were made on the npper side, in which glasa
tubes were fixed, reaching to the height of the upper end of the pipe. In
the free pipe so placed, with a full supply of waterab t}xe upper end, t'hcm
was a discharge of 322 cubic inches per minute. The pipo was then filled

with small shot (No. 8), and the feed water being kepb strictly level Wlt&
the surface of the shot at the top, therc was only a .dxschm:ge fess .thzm 5
cubic inches per minute. In neither of theso cases, t.e., while the pipe was
quite straight, whether with the water rushing through the free pipe !01‘
slowly percolating throngh the shot, was thero the slightest tendency of tho

11 am much indebted to my colleague, Mr. F. R. Mallet, for his nssistance in ‘f"‘,s‘“"*f
these experiments.  Simple as they are, greak cure is necded to ensure necursto “,“dl w.n!g‘(
rable results. 1f by inattention thefeed of water £alls for an instant below the z!ui f;UP'Ii .:~
wir enters the pipe and becomes entangled in the web shot, nnd the whole has to bu < idfﬁ,\.r
again with dried shol in a dry pipe: and this has to be done ab every change of exj«riieite

"The water should be first let in from below and very gradually.
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« tions have been larsely pr .
and visible bending%f glepsgigge?nby dﬁtmﬁbaﬁnee{ causing partial upheaval
In which the simple inclined &ﬁ i contradisbinetion to the other preat clag
the prevailing condition, alihc fhy curved) plane of original deposition is
would be found in thié Toit ugh the only examples of complete ‘bam’n§
water basin. . er class, in the case of filled-up and dfied‘“;
) 4. The primary conditions s . )
tions of “the pher?omenoriogié g]éjﬁ‘ggmf on mabure—The essential condi-
in an inclined chanmel, of whateve d'w enever a body of water confined
a total or partial obstruction o itr 11‘nen51ons, 1s arrested or retarded by
as to be pressed back above that levei Drogross to its point of discharge, so
when the increase of pressare so ’dal state of permanence being attained
supply of water at the upper en%ro u=cedhmusea 2 igenarge equal to tho
These conditions are produced com’;irgi I‘lV o oo takes place there.
cess of formation of sedimentary rock ally in nature by the ordinary pro-
the strata either from the oo yu:;)f fsg mde%)er}l]dently of any turning up of
szbseﬁuelxllt disturbance. Evengin an jﬁnowzt;‘ﬁ%xif t(}lleep t;sﬁionﬁor byf'
strictly horizontal deposits is a very exceptional for thore 5
always greafer deposition on the sidlc;,yfro g 1(1)'115111 e et o there &
Tt ie sioilar in the ous of doposits form:(11 Wb ich the sediment is demv'ed.
of rain and rivers, of which we h iy W@ter'level by t'h © petion
?,ccumulation takes place most rapidlagrvfnsggl bgﬁzi}s gi;n;ilzlanceihm (% "
ing action of these agencies changes into one of deposition f:re d ei;hermc%1 ,
alluvial plains present a constantly increasing slope flz'om the s?zn sin fo
the foot of the uplands whence their materials aI;e derived Iaz;-néi'?gm o
the first condition of artesian springs is established originally in allls “Iim'y
mentary rocks, in the prevailing slope of deposition; subse u%n’n distifr‘:;‘
ance would generally increase this condition of slope’ or ‘fa?l > The othe;'
conditions are also often aboriginally provided for in stratified rocks: in
the distribution of coarse and fine deposits by alternation, or by the latter
covering the former, the confined water channel is produced ; and the usu-
ally greater accumulation of the coarser materials a} and near the higher
marginal zone of the so-called basin ensuves the retarded discharge and the
consequent accumulation of water at a higher level, which is the active
factor in artesian springs.
5. Huperimental illustrations.—~The foregoing statements may be made

plain by the following experimental facts.? A leaden pipe of half inch boro
ined board, raised 15 inches ab

and about 7 feet long was placed on an incl

one end, making a, slope of about 10 degrees, as shown in figure 1 of the an-
nexed plate. Arrangement was made for a constant sapply of water, accord-
ing to demand, at the upper end. At intervals of about 19 inches from the
lower end of the pipe, holes were made on the upper side, in which glass
tubes were fixed, reaching to the height of the upper end of the pipe. In

the free pipe so placed, with a full supply of waterab the upper end, thero
was a discharge of 322 cubic inches per minute. The pipe was then filled
with small shot (No. 8), and the feed water being kept strictly level with
the surface of the shot at the top, there was only a discharge less .tlmn 5
cubic inches per minute. In mneither of these cases, i.e., while the pipe was
quite straight, whether with the water rushing through the free pipo or
slowly percolating through the shot, was there the slightest tendency of tho

11 gm much indebted to my colleague, Mr. F. R. M allet, for bis assistance in making
these experiments. Simple as they are, great care is needed to ensura accurate wxd compas
rable results. 1f by inattention thefeed of water flls for an instant below the full supply,
nir enters the pipe and becomes entangled in the wet shot, and the whole bas to be cl}:"‘}-}'«"l
again with dried shot in a dry pipe: and this has to be done at cvery chinge of expurinment.
"The water should be firstlet in from below and very gradually.
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water to rise 1n {he glass tn ) . wero
the same at every pownt of . . . prus-
sure, or vis a tergo, producew vy we. .o . .
+rawlo n that the discharge of the pipe depends upon three factors—its
. ® the pipy, nnd
- . the following
experzments  The pipe was ben’ at the upper ciu, guviug b a dually
decreasing slope to near the thurd tubo  Shot (No 8) was agasn filled in, a3
in the preceding experiment, and water laid on and mamntained at the
exact upper surface of the shot, when a considerable rse took place1n the
three glfass tubes as represented u =T T,
to o patural scale of about y'5th* .
the mses that would take place m .. | 3 . )
only change 1n this esperiment from the previous oncis theinereased poten-
tial dascharge 1 the upper part of the tube owing to increased slopo; tlug
flow 15 obstructed and retarded . N TVt and dhng p
pressure, or s a lergo, 18 produc - the
nise 1n the several tubes, In th . bat
this condition of 1nereased SloPe wwarws v cv . n
the formation of sedimentary rocks The next expermment (caso No 3}
shows the effect of unelgnal porosity, all else being s case No 1. Tho
pipe was charged with No 8 shot to between the first and second tulbxs, and
then filled up with much larger shot (BB)  The rises that took place are
1 . T 1 4 #lashaskime of the preater poten-

(UL pipte awn o . . .
the timer matenal being swept on to the lower or more aistant pusiaou. <
show the independent éffect of a change of capacity 1n tho water stratum,
apipe of 1 1nch bore was jomed to the smaller pipe, between the first
and second tubes, and the whole compound pine filled with the small shot
(No. 8), as 1n case No 1. The effect, shown o .
tbhan o case No. 3no doubt m exact prope . » .
dscharge of the oneanch pipe charged with N .. .

length of half-inch pipe filled with BB shot .. .-
a normal resulf of the process of rock formafite y vee g = 1"

coarse matertals ab the upper margin of depontion would give a vastly
greater sectional area to the water strata m that position, thuinmng out inde~
timtely beneath the finer snceceding depossts Numerous other experiments
were made, from which I select two . one to show the extreme hmt of con-
ditton No 3;the upper part of the pipe was left free of shot, when the
rse 1n the tubes was, of course, very great, as shown in fgure 5. T.

Tho
combined ¢ffect of eass 3 and 4 are shown n figure 6, when the larger pipo
was §lled with BB shot.? As occurrng wn natare these several conditions

VIt Ix anteresting 1o oleerve that in thi espeniment the line joo.op these Laguis i
strasght, aod that s probungation antorsects the two termumls of acpply and duclarge.
m;;m was coufirnsd whon the head was rusad € 1.30 m;}.g;ad lowered to 20 snches, 1,
within t} o ran-e of th $ ipd.cates 2 Jaw ¢ eonditaons,

[ 1 Tae of thad expnments By ronstact bead Ievd)) are uconled,
- . o .t o= 1 . & aneethe Sppr tule, sctualy

> . - Ioar . sfo nm'lylicuuz.}.u.{umu
T s espurimest the fod was managed UF & sopanew Fegsted by 2 prnch-oxk, frum s
AT srtk ot veotont trgher taan the icp f the p e, the Lmer ead of the £,
Witz elnt 03 tik s.rface at thetop of the jpe, 12 sncrersed rse 1 the tbe mas
evidestly ¢ ¢ 1o the continoous hwpact of tuetay piol water by whiea toe Loed w5 10
sl To Loz, sk (it sr.terfimumoe 83 1o.Telsle culern w2k wisdied, Lasutg a0
YLIEON 10 ena gy 4 enatant surlace st sluw L.och orezthe top of e goge, Labetes
WAL A 2020, Tt 1 2Tt W 1hed CUSTTALIG, 1 3 Gt
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are of course almost infinitely varie
detection from the surface; but thy
sult must rigourously conform to th
ments. '

. _6. Prﬂctzca.l dzﬁ_e):ence betiween basing of disturbance and of original depo-
sition.—The simplicity of the primary conditions that have been shown
to govern the action of artesian wells might lead to very false expectations
as to the ease and cerfainty with which snch wells may be established.
It neefds some knowledge of geology to be aware of all the chances that
may intervene to frustrate the best laid hopes, and how those hopes have
in the first instance to be based upon inferences that are far shovt of cer-
tainty. In this respect there is much difference in the data of obsorva-
tion between the_txyo classes of sources I have indicated, those entirely
dependent upon original conditions of deposition, and those whick are largely
due to subsequent disturbances of the strata. In the latter case it would
seem as 1f additional complications were introduced: and to a certain ex-
tent tlusg is 121’1}8, f?l‘ such strata are affected by fissures and dislocations
from which difficulties the undisturbed deposits are free. But on the whole
there is a balance of available information in favour of the more compli-
cated structure.

7. Ewamples.-—T.he contrast can be illustrated from familiar examples.
The strata from which the deep artesian sources of London and Paris ave
derived ave turned up and exposed in the country swrrounding the valleys
of the Thames and the Seine. The sequence of the sitraia on both sides
can thus be observed and compared, and a fair opinion formed as to the
water-bearing strata, and as to the depth at which they will be found within
the basin. It is obviously different from deposits that still lie in their busin
of formation. Here only the topmost beds are visible, and we can have no
actual particulars, unless by trial sinking, as to the composition and depth
of what lies below the surface. It is quite certain, however, that on the
whole they are made up of alternations of porous and nop-porous materials ;
and in the case of river valley deposits there i1s a further presumption that
the bottom beds, formed largely of the debris of local rocks, woul.d be
coarse and porous, while, as the deposits accumulate und spread at highee
levels, finer sediment would predominate : one might travel over the plains
of India, from the delta of the Ganges to that of the Indus, withour finding
a transported pebble larger than a pea. Accordingly, it is a mutter ot
very wide experience that artesian springs are 'ubuudautly ywhied by such
rvecent deposits. Those of Lombardy, of the Sahara and of Pondicherry
are of this nature.

8. Older rock-basins in India.—There are in India several lnrge aruis
occupied by old formations having a general synclinul disposition. Imf
distribution of the rocks in isolafed basins is quite a general fuature of
Indian geology, and it cannot be asserted as impossible chal there shufxld hae
artesian sources within some of these basins, In the south therv ure thu
Kadapah, Kalddgi, and Bhima areas in which the strata dip um";;.x;ds i;.m.l-’

‘. o rim of gneiss, but the rocks ave too much indurated to be propes ¥ 5:‘.’ ji““;;

. and the frequent local contortions within the basin would others xs{,.trlh H;n
any calculation as to the continuity of any v]_):u'i:u:ul.'u- group .u: ; "if:‘{mx-x
the north there is the great aven of Upper V indhyan roess, _ml;hil “1:{1 x i;‘
Behir round by Sigar to Dholpur. The composition ’“; tid r‘;"x:y:w .
thick alternating musses of sandstones and .sh:xlvs, presents t e .!-mf.: | ’til:; ;m
able original conditions for the retention of zuzflergwl"“i "’I““‘} 3 :;il e,
of the strata is equally propitious, with a gentls inward ‘k'“plb 0:! 2 S
But here again the rocks are in too advanced a state ol i f!f:; s
‘Df thcm are 1)01'0115 in Lhc d(.'gl't.‘f.' rcquu-cd fui‘ A ltl'uhfm waler 55 3

d, and beyond all possibility of accurate

oughout every complication the total re.

e laws indicated in the foregoing experi-
s
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that, unless the supply were mded by fissures or other aceidents, 1t conld
searcely be counted upon A more direct canse of failure 2t many, points
of the area would be found in the clevated position of the rock basin,
which 18 orograplucilly a platean  Thus although the outerops of the
several lower glonps on the boiders of the area are higher than much of
the surface m the centre, most of the mvers dramn across the northern
scarp m deep gorges or cafions, which would afford 2 natural outlet for
percolation from those groups ab o lower level than the upland plams

9 Secondary roc! basmns ut Iudia —Some of the objections made 1n the
case of the older rochs would not apply with the same force to the great
series of secondary tocks hnown as the Gondwanme system This alo s
distributed thronghout the northern half of the pemnsula,*m moro or less
solated basims, partly of omgimal limitation, but 2 good deal affected by
subsequent, compression It 1s composed largely of mnssive sandstones
with subordinate clays, all 1n o much less advanced state of consolidation
than are the Vindhyan rocks, but greatly more compacted than the upper
sccondary strata from which the deep artesian springs of the London and
Paris basims are derived  The least permeable beds are, however, those at
the base of the serics  Although these generally include a great conglo
merate, the ‘boulder bed’ of the Talelir group, supposed to be in some
degree of glacial formntion, the matrix of this bed i1s'a fine silt, quite ;-
pervious to water Still, m certam posit 1t 18 not impossible that
artesian sorines mirht ho fortheomme 1a these rochs  thus 1in a south

ated Lelow
R - water that
. on may be
noticed 1n the mterior valley along the northern edge of the Satpur basi,
where the Denwa cliys me supposed to bo underlud by an attenuated
extension of the Pachmar: sandstone, which mses into ugh Inlls 1mme.
diately to the sonth I mention this ground because partial trials wero
magde here 1n the borings for coal 1t Khapa and Maneguon, the former to
o depth of 720 feet, the latter to 420 fcet But 1n neither ense did any
water 1se to the surface, although 1 the Khapa hole an ingress of sand
and water under pressure occurred 2t some points, necessitating the uso of
piping to o depth of 270 feet It 18 rather to be hoped that no such storo
of water does exst 1 these deposits, as 1t would be a serous obstacle to
deep mming, which may at some future time be undertaben I am unable
to quote any nstances of an artesian bormng 1 rochs that had undergone
a considerable degree of mduration  "Thag state almost precludes the con.
ditions required for artesian springs  porosity 1 an adequate degree can
hardly exist, and the water coculation 18 relegated to crachs and fissares
which affeet tho indurated mmpervious beds as well as the orgnally porous
ones, so that the water dwstribution becomes promuscuous mstead of 1n
sheets - '

10 Inquiries made 1 Madias i 1864 —In 1864 anxious INAUIrICs were
made by the Government of Madras s to the prospect of artesian borngs
;n certain distrets cspecaally Dable to drought, as specificd 1n the subjoined

etter —
“ From Sceretary to the Board of Resenue, to Secretary to Governtacnt,"dated Madras,
2oth Apnl 1861

“8ir,~ am directed by the Board of Revenus to sabmat, for the conmideratzon of
G t, that 1t 1s expedient fo make 3 thorou, b triad of t} 6 artestan well seezs
in such parts of the country as, 1 communication with t1s Gecloical Survey Doz~
ment may be deemtd most favourably circumstanced fur the puirprie

*The wtual and sertonn deficiency of water for dreling anl domese F, T8>
becomes yamfully consjicuous 1o a sesson of drovght such 4v tha prevert, gl w

A,
»
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ns the Board can judge, the evil is ore i iti i
mw%‘?ﬁm e proposgd’experime; \ 'gruatest in localities which hold ont faiy promise of
] wy may instance Coimbatore in the nejehbour i
'ﬁﬂuaﬁ' :&% far {rom the It{amundroog range, fxlxscrl pzfxutls}g)fo ngtf(‘lf;)J;h l\zgﬁi{f:lﬁmzye Foron,
ally suflicient proximi i : indic: nids fach 2 tom
Pt s It y to |billy tracts to indicate primd fucie that the s;stem
“The Collectors could point out to tl i
' : . 10 Geological Department
;:},‘\egiigi; ‘gomtlfu?}(, 1\\:;%}1‘ is 511105(; ke%rzb_r fz(:llf;, when in the h(l))t andv:llry szzsgzaggllzggzi
t L : *} Some miles to obtain drinking water, and not unfy h
to pay for it to the fortunate possessor of a spring, su ke, or sl o e
Boad believe that the Geological Sx;x'vL s conld Syithont meh el nd the
! I eyors could without much labour determi
whether the cont, rafificati Sotess Tan o
o LWeHs.: ntour and stratification of the country allowed kope of success for ar-

In two of the districts mentioned, the hills, which i

possible sources of artesian springs,, are entir,el , as ngfxz &oem t:guggtbzs-;
neath the plaing, of erystalline metamorphic rocks. In the thirdgthe rocks
are slates and quartzites of the transition series, in which the prospects are
scavcely botter.” In connection with these ingniries two deep borings were
recommended by Captain F. Fischer, R.E., to be made in the Belltéry dis-
trict, and the work was sanctioned by tho Madras Government !, but the

were not carried out from want of funds.? ’ ¥
) 11. Dorings in tertiary vocks at Gogah, Guzerdt—The only artesian boring
in Indin in vocky older than the alluvium that I can find mention of is
one at Gogah (Gogo), « little promontory in the Gulf of Cambay, on the
east coast of Kattywar, in Guzerdt. It was put down in upper tertiary
rocks, tho same as those so well known for their fossil mammabian remains
in the Island of Perim, 6 miles distant to the south-east. A notice of it
is recorded in the Journal of the Asiatic Society of Bengal for 1837 (Vol
V1, p. 786), by the officer in charge, Lieutenant George Fulljumes, presum-
ably the oviginator of the enterprise. A full section of the boring is
given, to a depth of 335 feet, the work being then in progress, but so far
without result.3 The section in the boring is not altogether unfavourable;
in the lower portion there is o great preponderance of “stiff blue clay,”
which would form a thorough cover for any water-bearing bed below it ; but
there seems little or no prospect of success in such a position, ab least from
the tertiavy beds themselves. These lie flatly, or with a gentle easterly
slope of original deposition, but they are only a fringing belt on the Katty-

! Order No. 1893, dated 14th October 1864,

2 Proceedings, Government of Madras, No. 138, dated 14th J anum:y.1865. .

3 My inquiries as to any further knowledge of this boring has elicited the following
interesting information from the Public Works Secrefariat, Bombay, dated 29th June
1881 :—

% «In reply to your letter No. 162, dated 12th May 1881, I have the honour fo state
that Lieutenant Fulljomes’ xeport cannot now be traced, but that it appears thnt’from 1831
to 1837-38, an outlay of Rs. 65,163 was incurred in boring experiments in Guzerdt, Kolaha,
the Southern Maratha country, and Poona, .

# As regards the experiments in Guzerdt, the Collector of Ahmedabad ina report, dated
14¢h March 1842, stated as follows: . . . "

«< With respect to the advantages which have hitherto attended the experiments, I ta‘ e
this opportunity of observing that, although a moderste supply of sweet water nﬁay
generally be obtained by this means in the Dholka purgunna, and undoubtedly in years “;1 en
£he monsoon fails and water is not procurable under any circumstances, the benefit to t} o;e
villages where 2 bore has been successful cannot be too highly appreciated, yet on the.t‘]‘; 1;;1 e
I am of opinion their success cannot be considered to bave been commensurate wi e

expense, including the risk of failure which attends them.’ i :
P «“ At Poona, the operations were discontinued in_ consequerce of the little Iilwslé:ct og
success arising from the unfayourable nature of the strata. At Kolaba also the attemp

roved an entire failure. ) . .
v Turther search will be made for Lieutenant Fulljames’ report, and if forthcoming

copies will be duly transmitted to you.” .
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ply fiom dramage 18 2lso very vestricted, for at about 12 mules fiom Gogﬁx
the trap forms a small range msing to a summit of 986 fect The bedding
mn this rock 15 cither horizonta), or, probably having a low westerly ineln-
ation  The runfall, moreover, 18 small, seldom exceeding 20 inches  All
things considered, tho best chance of an aricsian spring at Gogah would
seem to be the possibility of a supply in the bottom beds, derived from the
trap, or, more remotely stll, from the opposito side of the basin of deposie
tion, 50 miles to the east, where lower terhary strata mse to somo lttle
olovation at the baso of the R4)mipla lulls, formed of the Deccan trap
These two suggestions illustrate the considerations that may, as a lash
rosonrce, be tahen 1nto account 1n sveculating upon artesian sources

12 Alluwial plans —The want of water 1s nowhire more felt than m
parts of the great alluvial plamns of Tudia, and all the deep borings
Northern Indin have been made n that region  None other offers such
fair prospect of success although lutherto the results have been disappoint-
g The plaims are correctly spohen of ag alluvial as bewng still more or
Iesy subject to increase from inundation or atmospheric action, but these
surface deposits are ofton mn_continuons sequence with simfar underlyng
strata of great thickness, and, no doubt, rangmg 1n sgo to early pleistocene
tunes  These alluvial areas may be distingmished as of two hands thero
are_extensivo upland valley plums, ontirely encompassed by Infls or low
rocky outcrops, and the plans of tho great mvers termunatwg on the
seaboard

13 Midland plans  the Narbada Valley surface fuatures—Of the
mudland plams we have a good example m tho country known as ¢the
Narbada Valley, in the centre of the penmsula, stretching for “bout 200
mles between Jabalpur and Harda, with & width of about -0 mles. The
clovatians of these two places are 1 351 51 and 946 75 feet * mving a total
fall of o littlo over 400 feet, or nhout 2 feet per nule Tho cross section of
the valley equally indicates that its surface 1s due to actual, or very recent
alluvial conditions  although the main river, the Narbada, enters the valley
from the southern kalls, at the east end 1its course throughout the valley
Leeps near to the northern sido, a fact no doubt connected with the much
greater influx of detrital matter from the south The watershed on the
north 18 along the Vindhyan scarp, immediately overbangmng the valley,
wlnle tho southern afffucnts of the Narbada dran a large area of the
Satpurn range, composed of much softer rochs than the Vindhyans On
the branch hno to the Mohpani eoal field there 1s & fall from 1,242 fect, at
tho foob of tho southern lully, to 1,157 72 at Gadarwara Junction, 1n a
length of 11 mles, or about 7 fect per mile

1% Recent erosion and ss cause —Although the deposits of the Narbada
valley are the work of the existing rivers we have to note this prunary
result a3 completed, so far as the chicf rivers are concerned, and as having
alrewdy undergone modification of o most important hind as regards artesian
springs  The Narbada and all its main afflucnts now flow 1 permanuntly
defined channels well bolow the general surface, and mever musdate the
adjomng
unliss i
moda of ac . . °

¥ Theso elevations were kindly pive s to me by Mr I H Edwards D strct Fogoer,

10 ILl' Rulvay, at Jubalpur, thty refer to the level of the ruls aboyc mean sea datus
ur]
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power, in the annual di g .
tnerensed fall. or to on g ﬁfit:%g of ‘;mter; and this may be due either to an
vegulation .of th - volume of water, or to a chanwe i
oo oI the same total discharce from a distri ange in the
argely by pereolation, to one talcine o] 0 a distributed gradual escape,
scarcely doubtful to which of thege‘p ace 1 concenfrated floods. It is
be assigned. An inoreased fall Whet%auseg the ‘actual conditions are to
escape, or by o 1ise of the aren oy et er by a lowering of the level of
in the inequality of its effects at diff e Wguld almost surely be detectable
work done by “the main rive;' ! efrept points of the basin, either in the
the observed sonditions of recentoéro(;iolts affluents on either side; whereas
{efa;h streang cnters the valley, as muchn ::)sc c;lif f?]ll): ?nic%ug(l)liytallf Egr’ ]‘lv hore
e second cause may also be laid aside; there i e o g Arge:
supposﬁ?on of a great yincrease ofaig,iisflafll? ’iih(la;:elstilﬁgmg’l‘%}esupporﬁ f’hﬁ
reason to think that the effect under notice i but e e
gﬁ?sebrqentigned, the increased l‘apidi(};;l OI%OS::a;Se (?E tzﬁult)tggdggalﬂigdg li']d
his bemg due to, the progressive deforesting of th i atoric
times with, ne ¢ progres: g of the land since prehistoric
Wiﬂlge o gggs;rg; e};ﬁ);latlon. The effect of this upon artesian springs
15. Underground features of alluvial —
conjectures as to the {mdergroﬁfnd conditi:gsl Z%sén 1Iv§1?c7:§)1 IEZ ::E:empb sofm .
water supply so much depend, we are at once confronted by th an%es ity
ment}oned in para. 6. A first presumption regarding an :;Lllgviz;l3 S Sltlmmify
that it had under other conditions been excavated by the agencies xxflf" iy o
now filling it up, the chauge of operation having been effected eit) 1cb ra
suitable movement of the ground, or simply %y the backwawgl ;ilw:vtg ?
deposits from the delta. Under this latter simplest, and perhaps cfmmones?ﬁ
condition’ of alluvial deposition, one assumption can be made regardin the
depth of the deposits, that the maximum depth in any cross-section isgless
than that of any cross-section below it (down-stream), i.e., that the alluvial
area is not a ‘rock-basin’-—one in which the bottom of hard rock is cup-
shaped, with interior depths greater than the lowest point of the enclosing
barrier.! But this relative imformation is of no practical value without a
knowledge of the maximum depth at any cross-section. A further uncer-
taivty avises from the great irregularity of surface-form produced by subaerial '
denudation, according to the texture and posture of the rocks acted on.- For
instance, the upper valley of the Damuda, between the gneissic plateaus of
Rénchi and Flaziribdgh, is chiefly occupied by detached basins of Gondwina
strata, which the river and its affluents have cavved into hills of various
shapes, leaving some central masses of sandstone nearly as high as the
adjoining uplands of metamorphic rocks. If this valley were fo become
filled with alluvium, the future well-sinker might think himself safe in
choosing 2 central position for bis boring; and at many places he might sink

successfully to a depth of several hundred feet, whereas not far off, in what
und, his rods would strike rock near

he might think move open and safer gro
the surface, on what are now the Lagu and the Maudi hills of Gondwins
sandstone. Thus, to return to the actual case of the Narbada valley, the
fact that outerops of rock only occur near to the north or south boundary
gives very small presumption as to the depth of the deposits at any point.
16. Ezemplified by the Narbuda Vailey —Other causes besides the simple
ones jusk mentioned, and more local in their effects, may have contributed
to bring about the formation of an alluvial basin and to complicate the
underground features. The Narbada valley would seem to be a case in

1 This is, of course, only true generally, and within moderate limits, for it is common to
ove a rock barrier; where soft or decomposable rock occurs

find in river heds a deep pool ab ¢ ymp ) ,
above that forming the barrier; and it would be difficult to assign o limit to this action.
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Vindhyau platean in Lower
occupisd by hills of gnZioss ]3"!]112(1110}}]]:]1&%;@. That aven had certainly been
equally certain that at the Deccan trl'f mgﬂzlyz'ms were doposited,  and i iy
its prosent level, tho basolt boie fo;gc{)ilzh 1tl had been reduced to about
thqt on Vindhyans of the Szigzu‘b latean (I ¢ o ground continuous with
chiefly, if not wholly, due to si?nple &re%thgl,u?o- 13); and that yosult was
then suppose that the same had occurred in the zage‘ cft% 915\1)' e might
and thab its re-excavation in the basaltic rock or tue Narbada valle,
the effect of denudation. Thero would be ctilf)n the old lines, was simply
supposition, and, indeed, to a great extentnicz; h];sg tvei;'y fé)rced o such
o féheé', facts that would not thus be acconnted for © be adopted, but there
. Continued : the Sulalheri anid Qddarwdra bors g
;eferr;a]c} tohcoulc%) not have heen discovergd fgg;a;zybg?ﬁ;g:;gﬁ: aftagli gzst
ace ; they have been brought to light i 5 =
was conjectured that the G%)ndw;inabcoalbgleigll?rzsﬁg?}ﬂ?to}qmgs f(:;r coal._ o
valleys'of. the metamorphie hills, which formed the enzz e1 ez endde d’mto
the basin in this pogition, and borings were undertakengin tl?e ]olun. oy ?f
front of the Mohpdni coal-field, one at Sukakheri, 3 miles fr& ?Iflm?ll'llm
and one at Gadarwdra junction, 11 miles from the’hills Thgmllatt: g -
sunk to a depth of 251 feet, and the former to 491 feet aItooeﬂ:e?v?S
alluvial deposits. The operations could not be carried farther, and vy
tically they answered the purpose for which they were undertaken %)Orla(;;
would scarcely be profitable at present to sink for coal through such a thick-
ness o.f soft rock; hut, of course, it still remains unknown what fo;'mation
underlies the valley deposits at these 'points. The discovery of the great
depth of the alluvium is, however, in itself a very interesting and unexpgcted
fact, as showing that the alluvial basin of the Narbada vallbey is a rock-basin
of considerable depth. The vock-bed of the Narbada at Hindia, a few
miles north of Harda, may be about 100 feet lower than the surface at
Harda; and thus it wounld be nearly 150 feet higher than the bottom of the
bore-hole at Sukakheri (where the rock had not yeb been touched), at a
point 115 miles higher up the valley; and it cannot be assumed that the
Sukakheri boring chanced upon the deepest point of the alluvial deposits.
It may thus be fairly presumed that special subsidence contributed to the
formation of the valley; and this contribution must have been made at a
comparatively recent date, for it is introduced to account for the depression
of the actual rock-surface beneath the alluvial covering. Direct observa-

tion gives support to this supposition. Although, indeed, we find (as at
Mohpdni) the basalt resting upon crushed and denuded lowest Gondwina
Jiff of Upper Gondwéna sandstone—showing thab

beds close in front of the ¢
much of the disturbance and erosion affecting this formation had taken place

before the Deccan trap period—yeb there are numerous sections on the line
of the southern edge of the N: arbada valley to show that the trap itself
has undergone much displacement in that position.

19. Continued : special obstacles o artesian springs.—So much then for
the geological discussion of the facts; we may mow lock to their bearing
on the artesian well question. We are assured of a basin of quite unexpected
dimensions, and most of the surface conditions seem favounrable, yet in two
borings of very considerable depth no sign of an artesian spring occurred.
This wvould, indeed, be fully accounted for by the fact thab neither boring
passed through or touched any bed of porous material. An occasional
pebble was brought up, but the whole mass passed thyough geems to consist
of more or less impervious clay. I find ib vecorded in the boring journals

that the hole had partly filled up again and had to he cleared out, bub this
1 Manual of Geology of India, p. 87,
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scems to have oceurred whete the rods were far (sometimes 50 feet) ahead
of the tubing, o fact m stself sufficiently proving the tenacity of the ground.
We nught then der the quest a8 flected by theso expeiiments,
but I think T can point ovt o cirenmstance which would, independently
of the condibon of o porous water-stratum, prevent the occurience of an
artesian spring ab the general surfaco level of such a valley as this, which
18, I 1magme, as reguds superficial featmes, typical of the midland allu.
vial arens of Indin ~ The level to which water would mse 1 a boring
depends primanly upon its level ot #12 kead of supply, now although Suka-
Lher is 70 feet, and Gadarwara 84 feet, lower than the summt lovel on the
branch railway close to the foot of the lulls, the Sitariva river where 1t
cnters the alluvium has cut 1ts bed down to about 100 fect below the same
level Tlus, of course, ncts as a complete drain upon the accumulation of
underground water to a considerable deptht The only chance then of a
spriug rismg to the surface 1n such an area would scem to he from 2 source
far up the valley I am not at all prepared to say that the expectation of
such & source would be unrcasonable, but for the prabability that this
pressure also would find a leak through bottom coarse deposits to the sides
of the valley at the lateral stream channels, and so undergo constant adyust-
ment to the fall The canse of failure here noticed 15 analogous to that
powted out for the old rock basins ab the end of para 8, and 1615 the effect
of the recent eromon deseribed m para 14

20 Coastal allumal plams —The case of alluvial plams ending ot the
sea 18 somewhat different from that of the upland valley plamns  1In these
latter we can seldom (previous to tmal) count upon a greater depth of
alfuvial strats than the level of the rock bed af the pont of diseharge,
the former case there 18 no such limitation, and there would be & general
probability of a depth mcreasing towards the sea margimm  There would,
moreover, be o less chance of great inequalhities of depth, for the floor upon
which such deposiis rest wauld for the most part have been prepared by
marmme denudation, which does 1ts work m a more regular manuer than
atmosph g The prospect thon of an artesian boring in a coastal
alluvial region would, as regards primary conditions, be reduced to the con-
sideration of the catchment area and rasnfall

31 The Coromandel ploans —The successful artesian bormgs ab Pondi.
cherry give a general illustration of the conditions under consideration, or
at least of one phase of them The wholo Coromandel coast 1s fringed with
alluvium, although at intervals between the prineipal rivers rocks come
close to the ghore, or even touch 1t ak a few pomnts ~ South of the Kistna
none of the rivers of the penimsula are able to mmntam an encroacling
deltn, there seems a temporary nentrality estabhshed between them and the
sen, for on us mde tho sea does no mare than shake out and spread the
alluvial matter 1t receives from the mvers, so that the sea-bottom 13 almost
a stmple continoation of the alluvial plaxn At 10 wiles from the shore the
depth only vares between 20 and 30 fathoms, giving a slope of 1 1n 400,
or 15 feeb mm a mile Under such circumstances the shore liue s very
regular, almost straight, but 1nside 1t the roch margmn of the alluvial plan
1s most smuous, retreating rapidly inland between tho low plateans of
tertiary sandstone that separate the main river basins back to the upland
of gneissic rock, and far up the valleys of the prmeipal streams From
these highest begimmings of the alluvial area the prmeipal rivers ale, or
have been till very recently, in the distributing phase of action, +¢ sending
off dwstributores, or flood water subsidiary chanuels, any one of which

VAt n d stance of & guarter mule the bed of the Sakar 18 95 feet below the level at
the Gadarwra Lonng
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may, according to civcumstances, be adopted ss i
one be;mg abandoned. This feature is a n%cessal*;hgozlsggo?a(?fne]’c{he O‘ld
ing river, for when' the stream acts principally as an agent of :ro paall
ycces:sa,rlly deepcns its channel and fixes its position permanent] ;}}0111, v
s evident that this plain is of the most recent formation. ¥ vtk
22. The Pondicherry borings—Poundicherry is situated on the shore, at
the extre}ne north-east corner of one of these plains, where the alluv’ina
runs up like a wedge between the sea and the rounded south-east edoe g;
the low platean of tertiary sandstone, which is only 2 miles distanbbfrom
the town. 'To the south, for a width of about 15 miles, the plain has a
c}epth (from the shore line) of about 25 miles, wish a mean slope of about
5 feet in a mile. To all appearance Pondicherry is thus least favourabl
placed as regards an under-ground water-supply from the allavium; bu{
Mons. C. Poulain, the enterprising manager of the Savana factor undertook
the experiment with entire confidence, and was rewarded wi,th suceess
There are now three artesian wells in continuous operation within a circle
of 600 yards radius, close to the sea. The surface at the wells is only from
6 to 9 feet above mean sea level, the extreme tidal range being (for
Madras) 5 feet 4 inches. In one case the artesian water rose to a height

of 15 feet above sea level:—
Artesian wells at Pondicherry.

Uischarge, Diameterof [Tem
it o . at
Position, . Depth, feet. gnrllllﬁihggt é),“ tube, mches. E{e‘m 'ure:
T —8avane .. 174 30 567 914
IL.—Uphlem ... 119 100 708 -
I11.—Jardin Qacelimatation e 261 146'5 10°23 9374

v

Qeneralised section of well No. I1L

Depth. |{Thickness.| Na.
Feeb. Feet.
4 4 Soil.
14 10 1 { Clayey sands.
27 13 9 | Alternating coarse sands.
36 9 3 | Black clay and fine sand.
40 4 4 | Clayey sands.
52 12 5 | Clean sand.
89 37 6 | Black clays, some sandy.
-101 12 7 | Alternating sand and clay.
110 9 8 | Sandy clay and sand.
158 48 9 | Black clay.
180 22 | 10 | Fine earthy sand. .
198 18 | 11 | Coarse sand, partly ferruginous. )
217 19 | 12 | White sand, earthy, and .conglomeratxc.
235 38 | 18 | Sand and ferruginous grit.
242 7 { 14 { Fine saud. .
261 18 | 15 | Sand, gravelly and ferruginous.
5,13, 14, and

o
Decayed wood was brought up from several of these bands, 2, an
156- ELz?rnd also fragments gf shells, presumably marine, from No. 9. T]lxcexelx is
a decided correspondence in the sections of the three wells, the black clay

bands Nos. 6 and 9 being well represented in all, and indicabing 2 steady
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3”‘13“*“{ eerwanter ot whatever depth, A good instance of how rapid]
rd effectually this duty is performed may be quoted from Madras: o tid'g
praene evlinder was sunk {0 about 12 feet on the shore close to tﬂe hieh
\';M:;r: m;;-k,f :\m’;ﬂyﬁﬂc‘d with frosli water.t aHe
=0, sifven Loliiey Legien 23 Akne i ——
it on the proiect T l ;‘: ;5’(‘(‘(% 1{:1; 1] rfmr?;-‘ In the report of the Com-
project dor the Colewtia boring? 1 find the followine mention
uf- an :».*aémz:mfi!y sneeessful artesian boring in an alluvial srea of Western
hv}m: “While dr;w:u‘xg up ourrepert, we hear of the eminentd good fortune
which hes ottonded Lientinant Fultjames attempts in Guzerdt, at Ahme-
datend ¥ wher water rushed np with great foree through the fnbes to the
ux:tu'zx:dmu-n.t of the Snesperirneed in such metters.  The soil in the plains
of Guzerldt iv co sandy ansd unretentive of moistare that most of the wells
have n depth exceoding 100 feet, The boring was commenced at the
bottetn of an shundoned well” T have not succeeded in finding any
furiber information regarding this boring (sce note 3, 7. 6), and probably
fhe Tast sentenee of the quotation explains this defeet, in that the spring
was only partially artesian, and never reached the surface. This 3s an
jnporfant re-oures that is not known of in many districts where it might
Be of uee. | have buen told that in parts of North-western Todia it is the
praciiee to exeavate wells down to a certain bed of clay, and to bore a hole
in {his thronel which the water vises {o o more or less constant height.
27, Ir Dee—~The familiar word “deltn’ js most inconveniently vagae
w6 term uf physical geogmphy, being based npon quite a special com-
bination of conditions, the escentials of which commonly oceur without
rodueing pnsthing like what is generally nnderstood as a delta. A strict
dofinition of the term would by—the aren embraced bebween the extrems
distribintaries of o river and the sca. In the case of the Nile the land so
defined did form nearly an equi-lateral triangle, and hence the name from
the Groek letter A, The word alwaysimplies proximity to the sea, but the
cs-optial point of the feavmre is the permunent dividing of the waters of
the viver, and this may occur anywhere in the alluvial aren, however far
from the sea. To take an extreme instance: there was almost eertainly
& time (and it might reeur hut fur human interference) when the dJumna
divided its waters near the sub-Himalayan zone, sending some to the
Arabinn Sca and some to the Bay of Bengal, and thus the whole of penin-
sular India would be incladed in its delta, as above defined ; or again, mosb
of the coastal plains of the Coromandel, as nlx-gady _descnbed, are deltaic,
as embraced by the distributaries of the principal rivers; but they have »
much greater slope than obtains under the flnvio.marine conditions olf t'l}:;
tree delia, which may be deseribed as. the extren}eL form o-f. al’}'\'h
where deposition from inundation merges into deposition in a
water-basin,  In the lower paris of a delta all except the topmost lay;rlz
mnst be of the latter kind, exeept where depression has mﬁer\‘ened to s
a land surface below the sea level Ev_en as tln}§ described, de@tas .fa;g
greatly from the point of view of artesian conditions. Mere size 1s

i { i 1 i s§ pro-
important consideration, here, involving as it does the ]é;l‘ef‘ltf (;1’ less pum
Jongation of the strata with a minimum slope and having 2 mininy
capacity as water-hearing. . . . n

! 98 “The Calonits Loring—~The foregoing reflections may go far to expla
‘O e Lol Wi 334 1y
3 3 servations: ¢ T have, I
1 Information from Captain Baird, R.E,, in charge of tidal ob.?rv..fttxl(;ttxﬁer ﬁ rtliculzx X
think, given all the important facts of the experience ab PondwhL’Ix;z"y‘(ﬁ,‘:i 0{"01. her p oo 113
reforence may be made to Reconls, Geological Survey of India, X111,

ground,

A . Ae. Soc,, Bengal, 1833, Vol. IT. p. 372 ;
2 Jour.. As. Soc., Bengal, 1833, I p. 8720
g 'l‘gﬁre]cmﬁon of abmedabad is 195 feeb; the distance from the head of the Guifo

Cambay is 50 miles.
*
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thofulore of the artesian boring at Caleutta 1n 1838, with the mference that
1 such a case there may be no chance of success Caleutta, althongh 70
railes from the sea 1s far withun the tidd area of the delta, the nearest edgo
of the alluvial basim 13 about 80 miles distant to the west, o large portion of
N N T ot hniead head of the delta,
. 18 170 ymles to the north
Calcutta the strata are
as nearly horizontal as any deposits can be, where, of course, any residue of
pressure from the head 1s of the smallest It may be, too, that m such very
fresh deposits shil 1n great part under water, consohidation has been so
ypartial that diffusion of water from the lowest beds ¢an sensibly take effect
throughout the mass Some sach inferences are, I think, the lesson to be
taken from the boring -
hopeless  The follos
from the account by
Calentta Journal of Nuurit duswory (voi 1, p oss, 1041) ~

Section of the Tort William Boring Aprl 1836 to September 1838

Depth  |Thickness| No
. Tret
10 1o 1| Artificaal sonl
50 40 2 | Blue adt emve clay, becomes darher from carbonaccous matter
11l between 30 to 50 feet large preces of peat wer. brought up
60 10 3 | Calcareous clay, with Lafhar
7 15 4 | Sihewous clay greenat top  lower portion with kankar
120 43 5 | Vanegated sendy clay, with layers of kanhw
122 5 6 | Barl
128 3 %7 | Frable sand, earthy
150 22 8 | Marl
175 25 9 | Sandy clay with grms of latente
188 8 10 { Quartz gravel finer helow
203 22 11 } Hard ferruginons clay
208 3 12 | Sund more or less ndurated
380 172 13 | Ferruginous smwd with calearcons carthy Iayers kankar and
pebbles of primary rocks are frequent 1 the loner part, where
also fossil bones occurred
382 2 14 | Blue marl with ghells
302 10 15 [ Peaty clay, rolled fragments of coal at base
481 89 16 | Sand lwnth pebbles of prumary rocks, fossil bones, and deeayed
wond

To all appearance the alternation of beds in this section 18 very favonr.
able for an artesian effect, and of course upon the withdrasal of steff fiom
the tube there was a contmuons inrush of sexm fluid sand from the beds 7,
10 and 16, 1t was the chief diffienlty 1n the prosecution of the operation,
but the water seems never to have risen above the ordinary level of the
upper gronnd water, which varied from 10 to 12 feet from the surface
according 1o the season The frequent cccurrence of decayed wood, and
especnally of bones, down to the lowest beds reached 13 very remarhable,
showing that the deponits there are far from bemg fully, if at all, marme
At the bottom of the bore the pebbles (mentioned 1n the section) were of

cather ebb to the

° « Wlentta borng bup
from a drawing to scle of the cylinder let down as & Jist resource to free the hole Ly
exjlosion tho wmtert al diumeter of the tube ab the lowe & depth wust have been at least 6
inches, and st would scum that only one tube was used throughout
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large size; it was in the endd - ;
further penetration of th:dffggu; lfgtbgak these stones', to admit of the
and the operation bronght to an end.  The moer e % Mo irioably stuck,
primary rocks is the most GXCF:pﬁona:I ot bPresence of these large stones of
compared with what ae 19ngth to light by the horine

. would now be possible in th it & A5
require the presence of rocks 0 st m hn 1s pOSltIOD. It seems to
suspected from the surfag fentures 1f ; Illdc ?egu'er thzm_ could have heen
'bﬂs% gf the delaje d eposits, » 1, 1ndeed, 1t do not indicate the local

29, Borings at Venice, fur co /5070~ .
parison an instance of suécg;sful {iﬁ;l:;g ‘ bo{f]}nmay‘begviall‘to give for gom-
years Rtftlgz t)ulel breakdown of the Caleutia experglsnéllllt figi;c J%g;und.’ ?ﬁx
cminent Yreuch engincer of artesian borings 70 d’t ' L gousce, e
wells for the I'ain-x:mter cisterns n ioh Voo e sy Substitute artesian
: 5 pon which Venice had hitherto chj fl

pended for its water-supmly. Venice i ; rio chiefly de.
Iying well to the north otpghye; mouth;cgf ltieng; lzlzln ciljhteil dﬁg oF & great e
the confluent deltas of a number of smaller Alpine stre , b]ge ;h b otands in
of formation are the same, From the inner g:)rder i)faaz 1 ucf e co}in Cuions
fringing area of flat alluvial ground, having a minimum “:gai?l?nsfb ;re 110
miles to the north-west of Venice, Between this and the foot fotha o
tains there is a zone, 16 to 20 miles wide, of higher oro’ung fofamgun;:
coarser gravelly. deposits, the preglacial ‘diluvium’ of local geolog;;?si bxgt
{1311;1; 111111:‘(31‘15211'1)81(}3 s%'at{igcutxon, and presumably passing indefinitely beneath
T i, a} bsorbs much swater from the Alpine streams, and M. De-
g , preammary 1nvestigation, looked 1o these deposits for his
water-supply. In {his, howevet, he was mistaken ; ab least no such rock
was struck in the hore;; the discharge came from typically deltaic deposits.
M. Degousée also recognised the importance of the fach that the fuvio.
marine deposits themselves stretched for a great distance beneath the sea
ab o gentle slope, the 25 {fathom line being nearly 50 miles from shore. In
several borings a copious discharge took place from a depth of about 200
feet, the hydrostatic level rising to about 9 feet above that of the lagoons.
A frce escape of inflammable hydrocarbons with sulphurous gas accompanied
the water. From these facts, and the proportion of nitrogenous organic
matter in the water, it was presumed that the source of the supply was in
the marshy ground of the alluvial avea; but this may, I think, be doubted ;
there is abundance of organic matter in the beds themselves for the pro-
duction of those ingredients, and the rise of water rather suggests that the
water stratum is the deltaic prolongation of the gravel deposits of the inner
slopes; this may, indeed, have been Mons. Degousée’s view of it, only it is
not so expressed. In hopes of finding a purer source, one of the borings was
continued to a depth of 422 feet, but without any further success. The
following is a section of this desper boring.! The upper beds correspond

with those found in all the borings :— '
Section of Artesian boring: Piazza Santa Maria Formosa, Venice.

Tepth. {Thickness.f No, /

Metres. Metres.

10 1-0 1 | Made ground, .
4:50 3:50 2 | Earthy caleareous sand, marine shells.
475 025 3 | Groy sandy clay. .
50 025 [+ 4 {Layer of marine shells.
90 40 § | Clay, blue and yellow.
150 60 6 | Sand, fine, silicio-calcareous.
1 €. A. de Challaye: Bull, Soc., Géol. de Franee, 2nd Ser., Vol. V. (1847-48), p. 23
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Depth Thmknessl No \

Metres Metres

1850 350 %7 1 Snd, blwsh, running,
8 | Clay, grey, marly

Sand

23 50 180 10 j Clay

2430 080 11 | Sand

2920 170 14 | Clay, peaty

310 180 15} , whte, finw

N% | 075 | 18| , peoty, meaccons

33 80 203 17 , marly, firm

4550 | 1170 18 | Sand, earthy, compact

4600 030 19 | Clay, wiute, louse
peaty

4823 025 21} , white
5250 425 22| » loose, ronnmg
630 050 23} , whtoanl petty
53 2. 023 24| , whte compact
. 5650 827 25 | Band, earthy, miciceons
5730 080 26 | Clay, grey, loose
67 60 030 27| » podty.
600 240 23} 4,  sandy, wlite, micaceony
%650 | 1650 29 | Sand, grey, mcaceous, running  Water bed.
800 350 30 | Clay, whte, calcareous, marne shells
8020 | 020 | 81 » pesty
8200 | 270 | 23| ., grey, runmng
8485 | 195 | 83 |Sund, groy, very fine
850 016 34 | Peat, dry, light
8650 | 150 | 85 | Clay, greenush grey

10550 | 190 36 S'mdédcanrsxsh, ronmng, with caleareous gravel and decayed
. WO

1290 | 740 | 27 | Qlay, grey, hight

1190 610 38 | Band, very mcaceous,, marineshells

i VOTY fine
12650 | 150 { 40 | Clay, bluish, light
12680 030 41 { Peat, earthy
13044 | 364 | 42 | Clay, grey, peaty.
13212 4% | Sand, grey, micaceons

The layers of peat (Nos 14, 20, 34, and 41) are taken to marh four
. - N b:e acts of subsidence of

. . N . * must now attempt t
notice the features of the great Indo-Gangetic plains, thongh for the sgecuﬁ

object m view the data of observation are very scanty. In respect of the
- [ " with that of the coastal
. nble thoce discussed for

. Y . . 12l pla £
occupy = great valley between the rocks of pel'liusu]-:xx'plxxxzxi!sxa,cm;l h&f g&’g

and the Hmalaya on the north  As might be expected, the Himala

rvers play a completely domunant part in the formation apd ozculiatxoxﬁx;

these plams  The Jumna, which 1s the most western affluent of the castern
11t may be interesting to # % 5

of the Followung drmennons (.?,‘2232‘.)“‘_‘ Sresctsof pipesbad to be uaod o thus bemaz

-

Diameter AR o T_
Doeler « v v o e 0 o . . ond ml| o o] X
og . . oD Y e aas] s 1 § ==
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river-gystem, leavos the .Siwalik hill
\ 3 s s at a level .
roster ourte to Delhi (700 feo), 120 miles 0 sonh by oo vith 2
e ﬁ?‘c- es one of the mosb northerly extension y%WESt of the porgo;
o elhi it flows to south-by-east for 110 miles 4o ZO the Auvali rocks,
to Allajlflfll)z:; C(Lézgrfe Cés)se gy’ and thence on to eastséuglr tzggf gofeEQtf)S’OWh'?m
: Teet), where it joins th b e e
}Ja(;lnt']ze Tiver again touches the s]outherner?c?ll;sg ?%i]ld%l h; O ol
tﬁ lts due easterly course for 370 miles to below S{ihmi))’ mil repeated.
ofrglsle oﬁé}}? Soﬁﬁllla 111191?1‘1%’ ab right angles, round tlie north sqiaeﬂf eglrire'tl;
b 4jmahal hills (4nd of the peni L Ig
region. The elevation here is rechme:apcie i:)nzlg})astrfg(]){ filz'j;a)’ ’_Iil}ito tho deltalo
spopdmg gradual decrease of elevation eastwards alo otfg oS o o
Plains at the base of the Siwalik (sub-Himalayan) rI;; een}?fe% edge of the
;iui hgzgc%ei . ﬁo gn}}:e]f eastH of the Jumna gorge), the h%iéht 1': 9531?0‘:2 riu(:g
e oikkim Himalayas, nearly due i >
;gﬁilwgﬁ ﬂtleblTeefsiia adl: t}%e mouth of its goz{ge ma;1 %?%b?uthQ&elgﬁng, ';]]ig
g table of leveis a t i "whi
runs in a nearly north andoszglﬂil?lge%i%zrg'oﬁeg%ﬁlgusrtiagb RTISWWI’ Wflll o
;};Z Cfogifa 3;?1 théa Jln;ounpains) to Sara on the left bank of the glang;: lmeair 1(3)1112
) e delta, gives an instructive section of the plains in thi it
showmf that for a distance of 60 miles to the northetlll)emgfo:;;hliss Pz?:éxﬁffﬁl,
lower than on the banks of the great river :— ind

-

Height. | Distance. Place. ’

Feet. Miles.

42218 196 Siligari . . feuri i

ggggl 123 Shil%::p - F:;»Sztl; here to Jalpaiguri the line runs to south-
93 173 Jalpaiguri . . | Close to right bank of

25712 | 167 Mundolghat . | Ditto. Aght bank of tho Tecsta.

23800 1595 Haldibari.

214:28 153 Chilahati,

18616 14325 | Dowmer.
16680 18275 | Nilphamari.

14553 124 Darwani.

14021 120'5 Saidpur.

121:99 111-25 | Parbatipur . | 83 miles to cast, Kannia on the Teesta is 11122
10913 100 Phulbari.

10259 | 9245 | Birampur.
79-96 84-75 | Hillee,
7825 785 Panchbibi,
76'34 y2-25 | Jaipur.
6497 63 Nawabganj.
4749 545 Chaitangram.
4910 515 Sultanpur,
4604 465 | Raninagar. |
4730 3875 | Atral.

4990 |° -32%5 | Madbanagar.

4756 24 Nattore,
57°10 16-25 | Malanchi.
53'73 845 | Gopalpur.
5531 1 Saran . . . |1milefrom Gunges: 112 miles bolow { south-cast
of ) the Sihcbganj bend.
& .
r are taken from the perfectly

any others throughont this pape
ded on the wmaps of the Survey
1 recorded may not be the top

of Indin; but there i often

1 These elovations and m
of n house or otlier poitt of

accurate measurements recor
some doubt whether the heigl
trigonometrieal observation.
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81 The weslern system —The western nver system 1g much more simple
il the five rivers of the Punjab (the Sutle], Beas, Ravi, Chinab, and
Jhelum), and their great confluent, the Indus, follow o more or less direct
-ourse from the hills to the sea  The Sutle) 13 the chief exception to this
ule  from Rupar, whete 1t leaves the Siwaliks, at an elevation of 875 feet,
t flows westwards for about 100 mules to 1ts junction with the Beas, near
Sobraon At Terozepore, 30 mles below tlus junction, the plains’ level 15
545 feet  at Bahawalpur, 212 mles lower down and 70 miles above the con-
uence with the Indus, the elovation 18 875 feet

32 The ‘ Duwnde’—Tho ground between these two river systems 1810
respect of 1ts drunagoe the most peenhar portion of the Indo Gangetic plains
[t cannot be ealled » watershed, for no rivulet from 1t runs into either the
Jumna or tho Sutlej, and, except along the very base of the hills where
lluvial accumulations have raised the surfrce considerably ahove the level
of the great mvers at their gorges,! the ughest ground on any longitudinal
section of the plunsis found ab the old alluvial banks of the Jumna  Thus,
on the section at about 20 mles from the base of the Inlls, pasung through
Ambala and Saharanpur, the levels on the old Jumna banks are 928 feet and
024 feel, that of the interveming valley bemng 876, at the banks of the
BMarkanda (the nearest mmor river to the west) the level 13 913 feet faling
off to 905 at Ambala and 871 about Sirhind, at the Hindan (the firststream
east of the Jumna) the level 13 910 fect, falling off to 900 feet at Saharanpur
and 884 at Rurky (Roorhee) Tho level of the Sutley 4t Ludhane 13 about
the same as that of the Jumna at Karnal, the lattex bemng twice as far from
the halls This area between the Jumna and the Sutlei1 has, 1 fact, the
same configuration as any other parallel segment of the plams Tt 1s 75
miles wide between the gorges, but owing to the divergent directions of
these two mvers 1t rapidly widens, on a parallel hine through Delln the
Jumna and Sutley are 230 mles apart Two considerable streams, the Mar
Landa and the Ghagger, and many minor ones, leave the hlls withan this
area, and flow straight away seawards, but they are mnearly expended by
eA T m T ek e v —~‘hesonth boundary of the province,

Bickamir It 18 easy, however, to

mag N

by

and more obscured by the ever encroachmg
west A e or band of mmmum clevation 15 determined where the
alluvral spill from the Arval axis meets that from the Himalaya The 700
feet contour at Dellu can be followed to the west by north a httle south of
Rohtak and of Hissar, the surface msing from 1t both to north and south
Between Hisswr and Sirsa 1t lifarcates, gomg north north west along the
Himalayan spll to south of Lahore (709 feet),and curving to the south-
west along the Arvali spill to the west of Brchamr (715 feet)

33 Ricent erosion —The whole of these Indo Gangetic plains are then of
very recent alluvial formation But here too we find the same feature as
already noticed 1n the case of the midland alluvial areas the greater part
of the plams, and most markedly 1 the margnal zone, the land 1s not now
subject to mundatic~ £ — 4t~ t- - O 1 - + ~  for them-

selves permancnt »osits, which
are generally expos the present
mwundation valley { land have

become current 1o the Anglo Indian vernacular 77adar for the mundation
valley , and bhangar for the upland. The word doad (two waters) for the

T At 1o Mol pass mideay between the Jumve and the Gapges the top of the
diludial slope hs v elevation of 1,400 feet



(20 )
area between o pair of confluent v .
in 5 mamnor the. Gonveras dfeaf;?vr?sl 1(sjl also a familiar term in India; it
altered condition of the plains ma brc ¢ elta. Varions explanations of thi:
monts; and such causes have pres:?; me &ﬁempted by means of earth move-
1 question ; bub I am inclined to- g erated locally within the period
Narbada valley (para. 14), by th account for the feature as in the case%f bh
been steadily in PI'O"‘-l'ess ’sigce er%%?etra]:_defpresting of the country tl'mt ha:
thereby cffected in “the regula'gon'lsfm!ﬁc times, and the great disturbance
universality of the fact is greatly in £ wmospheric waters. The equable
obvious effect of this .Superﬁcimlycg dfbt"roul‘, of such an explanation. The
available for artesian springs has fme;l allrmg in lowering the head of water
the direct action of the prime cause ine? y menfioned (para. 19), although
plains scems to have outdone this seconds: owémig the spring Jevel in the
the?)cda S(i[’(;f the Jumna. *y ettect, as will be pointed out in
34, The water-head zone, easter —W; .
tioned in the last paragrapl; tﬁiteg;;giﬁ:atiwmh the partial exception men-
construction of thase great plains mg as fon and, as far as can be seen, the
could be for ) ' Tavourable as any original basi
or the success of artesian borings. Ieavi 7 orgt asth
may for the present, the comparatively in%i' if paving oub of count, as we
tributaries, we have a great inclined plain wi%ﬁl cant aveas of the southern
up to as much as 50 feet in a mile, next the ma g;&giually increasing slope,
steepest zone, for a width of 10 to 12 miles, is f o atlns' his highest and
and sand of various degrees of coarseness an,d m Orlj)ne of bqulders, grz.wel,
as diluvial as distinguished from the alluvium afy o appropriatoly described
Tt is locally called the bhd 2 ot moro franquil deposition.
y called the bhdbar, or forest belt; it is naturall . :
water, so much so that minor streams, un,less when in %ve:iy pervions 1o
absorbed in it. Outside this zone, where the coarser de 0‘% ’ aﬁe wholy
slope is reduced to about 12 feet in the mile, there is a (13);) Si1 s ’;ﬁnd ﬂl?
springs producing a second zone, of specially swam pi0us. OMLLOW O
dine veoetati . Swampy ground with corre-
sponding vegetation, and well known as the tarai ; it gradually me int
the more habitable area. It used to be supposed’that the targi oc lege's élln .
actual depression, until simple levelling showed it to have the ver ccoglle' Izm
able slope of 12 feet in the mile, the marshy condition being full y'«ccozﬁﬁi
for by the continuous supply of surface water from the bidbar y".i‘he latest
popular misrepresentation of this phenomenon describes 1 the houlder deposits
of the bhdbar as resting in an actual basin of impervious clay from'the%ute;*
rim of which the water absorbed on the upper side is dischz:rged again inte
the torai. Such an ar?angement.would, I need hardly say, put an end to
speculation as to arfesian wells in the plains. It is, however, presumable
!}hat this highest zone of the plains deposits is almost exclusively formed to
its very base of like coarser materials ; that near the base such deposits
extend to a much greater distance than at the present surface; and that thoy
are there in conbinuons connection with similar beds underlying the plaius
more or less continuously thronghout. No doubt, as the formation grow in
thickness the coarse beds became acenmulated ab the steeper edge of deposi-
tion, and at their outer limit were freely interbedded swith the finer deposits,
so that at any point a bed of clay may be found passing under the mpper
beds of the bhabar gravels; but there can scarcely be a doubt that on the
whole the distribution is as I have described it. ~ From this: point of view
the tarai springs become simply the overflow from the fully charged lower
water-bearing strata throughout the formation ; and this Jevel may be taken
a5 the minimum * head ” from which an artesian spring may be expected atb

any point in the plains,

¥} The Tarai District: E. T, Afkinson. Governmont Press, North- Western Provinces, 1857,



35 Different conditron of western area —Unfortunately this gange 13 not
available where 1613 most wanted the tara: does not occur to the west of

the Ganges " ctions
of the two section
for 12 mile * road,

and II, a section 1n the same posihon on the Sahiranpur Mussoore roed,
the lowest firure 1n No I bemng at the outer edge of the tara1 and ending
st 12 mles from Haldwim at the foot of the hills, 1 No II the lughest
level begms at 12 mles from the foot of the Siwahks at Mohan both are
taken from the level charts of the Survey of India ~

1 1

791 979 63 The exceptional cases showing a
763 —28 97479 —436 nse aro probably on brdges or
746 =17 0965 —979 other artificinl surface

724 —22 94727 —1773

7z 12 91062 —665

701 11 93513 ~549

680 21 92830 —~683

682 +2 92768 062

€718 —4 92097 —~691

e77 —1 91679 —398

862 —1B 905 —1179

658 -4 N207 4707

65187 —613 903 -—707

The total fall on the taraa section 18 139 13 feet and on the parallel
section to the west only 79 66  This great contrast of surface conditions
seems to be fully accounted for by the relative efficiency of the agents of
denudation in the two regions  In the eastern mver system there 1s actually
and relatively far more wuter-powe'r at work, and this difference 1s mereased

by the ° pon the water i the western
ares protected by vegetation, bat
the sof nore developed, so that the
amount equal areas 18 much greater

The effect seems imperceptible 1n the open plains  for example, the level
(408 feet) at Mnltan, about 800 xiles distant from Madhopur at the gorge
of the Ravi! (the central one of the five Punjab rivers) 1s the same as that
at an cqual distance, half-way between Cawnpore and Fattchpur, below
Hardwir, at the gorge of the Ganges It 13 naturally near the hills that the
eftect 18 seen, waere tne surpius ‘purden 15 el 'vdnind, w ve affected only
by the feeble action of a moderate rawnfall and the 1rregular action of the
wind For an excellent deseription of the conditions under notice reference
may be made to Mr B H Baden-Powell’s account of the chos, or sandy-
bedded torrents, from the Siwahks i the Hoshifrpur district 2 Under
such circumstances a tarax 18, of course, out of the question

36 The water-head level wn western avea —The distribution of the nnder.
ground water m these north.western plains 13 a very obscure question, and
2 most, mmportant one 1 the present mguiry The few facts I can guote
relating to 1t mdicate how varsblesbr *' + -7 £
nary observation In 1878 I noticed a w
head of the houlder zone, close to the
raw (torrent), 8 mules west of Mohan, about midway between the Jumna
and the Ganges A considerable depth had already Leen attained, alto.

1 The flood level nt Madhopur 1s 1,146 feet, that of the old gravel bank bemng 1,197
feet (informatinn handly supplied by Mr M Garbett, Supenntending Engeer)
2 Selections from the Reconds of the Government of the Punyab, new scmes, ho XV,

9
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gether in conrse houlder gravel » ' .

1{1’;) io{dnte Oﬂn'ough the gindne;saz(}’ %;;;}:?nbgrg];]f%%d %ﬂ,f}w prggr esz
forests, n the 11th December last the ;ﬁot lé T was o 0
with 11oot & inches of water; by the § tix £ \; L s 197 foot. 9 inches

. . ) h the water had i
to 2 feet 8 inches, but fell ar’rm‘zz ra ;)dlromrfd&m Dt op A greased
was nearly dry.  There remained &n%thgl" full ggni;;lllzeoiztthhc?'m? e e
test weather, bat it would scom that the depth of 200feet ma1 lez imﬁl hot
prelty nearly the permanent water level at this point. The eley t(?  of the -
surface can be lttle le ' o o eration of the
¢ less that at Mohan (1,400 feet), which is about th

greatest elevation of the recent deposits along the whole Himalayan bord ;
According to preceding considerations, this fevel of 1,200 feet‘wzould 11; *
maximum limit of the ‘head” from which the und:erground distribut?og
1s regulated.  We have not far to go for a qualifying observation. An
account is given' by Lieutenant W. 1. Baker (Engineers) of the sinking
of a well on tho right bank of the Jumna at RaiyanéIa, near the base of
the Siwaliks. It is' 3 miles below Hitnikind, where the deposits terminate
within the open gorge of the river, but the elevation is still 1,052 feet.
The surface is less than 10 feet over the water in the river, and only 60
yards from the edge, but the well was sunk through houlders, gravel, and
sand for 60 fect without finding water. Lieutenant Baker mentions the
fact as an nnomalous instance of the impermeability of the coarse river
deposits at this spot, contrasting it with what takes place in the similar
deposits of the bhibar east of the Ganges, as already moticed. This is of
course an erroneons impression: there is a deep and rapid current in the
Jumna at Riyanwila, and the traction of the stream does not give any
particle of the water timo to chdnge its course and sink info the ground.
The ease is very different for small streams spreading oub over the surface.
Another well was sunk through the very same deposits at Chéndpur, only
400 yards from the bank at Riyanwdla, the surface being 14 feet over the
water in the river. In this well a permanent water level was found at a
depth of 80 feet, 66 feet below the water in the river, or at a reduced level
of about 972 feet. These observations are veéry interesting, as showing

that the river valleys have no present effect (at least in the bhibar zone)
in draining the deep gronnd-water from the adjoining uplands, their natural
action in this way being outdone by the drain towards the plains. We
may then perhaps take this Chéndpur well as giving a lowest Limit (972
feet) for the head of water from which the deep lying strata to the south
may draw their supply. It is presumable that in parallel sections away
from the river this level would not be so low, the great facility of drain-

ace in tho khadar of the river faking greatest effect on the gronnd imme-’

dlpate]y to the north. ' . _

3%, Qroundwater distribution away from the Tills—A seemingly analo-
gous case to that of the Chéndpur well, but where it might be less expected
Z-in the lowest ground in the plains’ section—has been brought to my
notice by Captain J. C. Ross, R.E., from observations made during the
construction of an ¢escape’ into the Jumna from the southern branch of
the great Ganges canal above Etdwah, 250 miles to soatb-sonth-east of
Chéndpur. The banks of the river here present a most intricate maze of
deep narrow ravines worn by the rainwash in the edge of the thaiga;'é ‘211:

f ich, s iste from the river, is 517 feet.
level of which, at a short distance fro v By oving tablo ato

f th face and of the ground-water g t
z‘lkenemsnl;lng these ravines. g%he flood level of the Jumna here is about
410 feet and its lowest level about 391 feet.

1 Jour., As. Soc., Bengal, Vol VI (188%), p- 54.
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Water levels Level of ground Intervals Distance
Feet Feet
Jumng river 1 394 54 (4]
2 39421 817 317
8 39443 500 817
4 39411 500 1317
5 39274 500 1817
6 39163 600 2317
5 88545 41005 500 2817
8 89431 41636 2548 5365
9 40448 430 32 2073 7,438
10 422 66 45049 1,578 9016

In No 7 of this fable we find, at a distance of abont 940 yards from the
miver, o position of lowest water level, more than 9 feet lower than the
water in the niver, and 25 feet from the surface The steady rse of the
water level from tlus line towards the river shows that this is distanctly
a source of percolation, and the more rapid nse towards the upland to the

north indicates the much hgher area,
where, m fach, the permanent + feet,
from the surface, or at o redr . the

ground water m uplands towards deep river channels 13 o famihar fact, 1t
13 the natural operation of the conditions upon wlich all drunage works
are bused There 1s an excellent lustration of this m a paper by Laeute
nunt W E DBaker (Engimcers), on an obhque section of the pluns butween
Karnul on the Jumna and Ludhana on the Sutle;*  The figured section
ghons the depths of the wells along the line, and how markedly that
depth 1ncreases as the rivers are approached The generni nnderstanding
of this feature 15 that below that decp well water lovel the whole ground
18 permanently stocked with water in the permenble strata If this were
the case the mamn nivers should give « miumyum water level for the wholo
nren and the fact brought to notice by Captain Ross must thon represent
an actual removal of water at the surface, for which the only assignable
cause wounld be evaporation T am not prepared to say that this 13 1mpos-
sible, T have elsowhere? made large demands npon the chmatal conditions
of this part of India, and these dit must be ted among
the steep bare sarfaces of clay and sand 1 the ravimes of the Jumna,
percolation 13, moreoyer, o slow process i such fine deposits  The alter-
native mference would be that below the river bed, and practically 1solated
M “"7  hingw arey,

or 1 wiich

. A - to estoblish o

percolation slope from the Jumna of nearly 1§ feet m the mile The lne
of lowest ground water (No 7 of the table) would be where this plane of
under ground drunage miersceted that of the upland water table = So far
within the basin of the ewtern mver system there 15 some dufficulty mn
" ely presumable that

beneath the Gan-

remarks can, how-

BYLL, BLALLLLY GUELL LG YUESUON UL UL dilisian springs, nnless ag show-
g that the souvce of such springs must by cut off from the waferless

ground referred to
1 Jour, As Soc, Bengnt Vol IX (184 o83
2 On the Reh sols of Upper Tnd » Lecords, G 8 1 (18S0) V¥ \IIL g
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38, Desiccated ground sout], 1
; 3 i of the Pungab plains : Biekaniy
b:xsm of the western river.system there {z'oulzc)l bzé 10 géiﬁlmgruﬁlls'gh e
?tsunlxm.g the deop cexhaustion of water from the surface Themf ﬁlon' m
: :}:;25 r;h;m of & native descriptipn of the wells in Bickanir will e'v: af) ng
e :?roif; 1qu iﬁ;{:}:‘;}bﬁlgﬁz{xd Iyglrlxg t?l the fouth of the plains of th:e Pm%ﬁ
reg is almo: nn the alluvial spill from the Arvali, ‘
deposits are quite continmous with th 4 1 fro toe s the
s with t f the spill from th ;
change from one to the other can onl et D Tovalie tachmont
‘ y be detected by a levelling i
The acconnt was sent to me by Colonel C. A. Mcﬁaz;vgz}lfg’izn:s t;gm;f;

follows ;—
* Within the city of Bickanir {here are 14 wells, the water of eight of which is

sweef, and of six brackish. Outside the city tl 2
whicl is slightly brackich, and of the remaigingle;,%{g:e;té ‘ﬁlz’hzhﬁozattﬁr o th Of‘
wells, all 9£ }vllxclx yicld sweet water. There are, therefo;'e in all 42 well ereﬁrehoué
ft{:g ggls 1r&55deﬂﬂv§‘1 ciéy is ((3)0 purs o; 300 Zath (cubitsi de‘ep Thee xf'.ells (fgtsige
e eIty and in the Fort are 50 purs or 250 cubits deep. . is dug vari
kinds of earth are foum}. Firg; gravelly, whichsis iﬁm‘ﬁflﬁﬁy i;sﬂ(};bcvmtﬁs
ton degth of § or 6 cubits; next, seeak matti (black earth), varying £ l_oun 0
- cubits In depth; next, safaid matti : ng hom 15 to 20
n depth; , safaid matti (caleareous chalky or whife earth), from 80 to
100 cubits deep; next, panjrangt matt (five-coloured earth), to a depth of 40 to 50
cubits; after tlxat comes peelec matti (yellow earth), 70 or 80 cubits deep; next,
sangreza matli ames ( gravel mixed with earth ) to a'depth of 30 to 40 cubilzs, ; and
Iastly, a kind of soft rock, zamin doz pathar, 5 or 6 cubits deep, is reached 'after
which n spring is arrived af. The cost of sinking a well is from Rs. 30,000 to
Rs, 40,000. Most of the wells have two drawing wheels; some have four; and one
known as ¢ Alak Sigar,” has eight drawing wheels, This last cost about & lac of
rupees, and its water is that generally used by the city people, who obtain the same by
paying to the mdices who draw the well at the following rates: for 1 small pice
a matka {or large earthen jar), 1 rupee for 12 bullock pakhal® or 5 camel pakhalfuls.
The wells are all worked day and night, and not withstanding this the water is inex-
Dbaustible. In the villages between Bickanir and Sujangarh (75 miles to east-south-
east), as well as in those betseon Bickanir and Nagour (62 miles to south-sonth-east),
and between Bickanir and Jaisalmir (160 miles to west-south-west) wells are 80 purs
or 400 cubits deep: and between Anupgarh (80 miles to north) and Bickanir they are

200 cubits in depth.”

At the same time as this document a specimen was sent from the Poli-
tical Agent at Bickanir; it had been taken from the bottom of a well that
had recently been sunk to a depth of 870 kaths, and Colonel Mchahon
states that he was informed that the Bickanir fafh is equal to abont 21
inches. At this scale the well in question would be 647 feet deep; bub
even taking the cubit to be 18 inches the depth would be 555 feet. It was
quite indeterminable whether the soft rock” from the bottom was a
decomposed sandstone or a partially consolidated bed of the alluvial deposits.
There is, indeed, no reliable information regarding the geology of Bic-
kamir. In the recently (1879) published official Réjputdna Gazetteer
(Vol. I, p.182), it is stated that “the city of Bickanir is built upon a rock
formation,” and that © it is considerably higher than the surrounding heavy
sand tract and is composed of sandstone.”  On the large scale map of the

f India, there is clear indi-

city of Bickanir, lately issued by the Survey o ear ind
cation of low flat hilly ground immediately to the sonth of the city; 1b1s

not improbably a small outlier (or inlier, if we regard the alluvium as & for-
mation) o There are numerous beights

£ the horizontal Vindhyan rocks.
marked on this map ; in this ground, and the lowest

the highest is 799 feet !
is 715 to the north-east of the city. I cannot, however, think that any
of the city wells, as described in the foregoing note, are in the old rock. As

1 A pakhal is a pair of large leather Dbags or packs for waber-carrying laden on animals.
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regards the pomt now under consideration the question 13 not of ymport.
ance, as m either case the source of water would be the same
30 Underground features of the great plans —It1s necessary tosay some.
{lung regarding the underground conditions of the basin ~In enquiries
for artesian water the usual first guestion 18 a8 to the depth, and becanse
1 many cases thos can be answered with considerable accarncy, a vagne
answer 18 recetved as & mark of imbeahty I bave explained m pare
63how this 1s the cssential difference between the two classes of artesian
sonrces, and a good illustratjon of this practical difficulty, supported
by tual bomngs, wwas given in the case of the Nuarbada valley (paras
16, 17, 18) In the case of the Indo Gangetic plams this  question
may be smd to present the lending puzzle in Indian geclogy—to give an
t of the relations bet the highly contrasting rock features of
penimsular and extra-peninsular Indin all direct observation of the connect-
ng structural fentures bemg concealed by the alluvial deposits of the in.
tervemngplans A few statements will show how the matter stands ~ All
the rochs w contact with the alluviam on the south are of immense anti-
quity, the small patch of the Gondwana formation at the extreme east i
the Rajmahfl hills bemng the newest, and 1t13 of middle secondary age
whereas, on the north of the plains, there 13 a prodigions thickness of
newest tertiary deposits Agamn on the south none but the oldest rocks of
all, the ¢ tion an t phic, have underg more than local dis-
turbance, while on the north the newest stn‘xta exhibit extreme disturbance
ooy ‘ P .

througho * ~=~t - * theroek sur-
g

face on severally and
BTLCCESSIY

. . mng that sur
face, and 1n this cuse there can be no doubt as to the very strong and late
action of crust movements on one mde of the ares TFrom the absence
m the pemmsular area of any trace of that disturbance, or of the rochs
upon winch 1t operated, 1t secms probable that the conditions of that area
extend for a considerablo distance morthwards, and that the plans on
the south are underlsid possibly at no very great depth, by grewssic
rocks there are inliers of gnews and gramte appeanng throngh the alla-
vium to the north of the tranwtion racks 1 Bahar, and the strueture of
the Vindhyan basin suggests that 1ts present northern scarp, overlook
g the allavinm between the Jumna and the Sone, 1s not far from 1ts
ongmal boundary 1n this direction and that there also the gneiss 18 olose
by This mference has to be qualified by another The great antigmty of
the southern area does mot refer only to the age of the rocks found there,
a3 already mentioned but also to the actual configuration of that area In
the discussion of the Narbada valley ease (para 17), 1t was shown that
the gnessic area of Lower Bundellhand was very much what 1t 15 now
an the Deccan trap period (upper cretaceous),  bay of a great basm to the
north  Again, far to the east 1n the actual nver valleys draiming to the
north from the gnewssic upland of Hazambrgh, remnants of Talchir (loswest
Gondwana) deposit occur -t the level of the Ganges allumum It 1s thus
prety clear that o grewt drminage basin in the approximate position of the
Grnges valley has exsted sinco it least pretertiary times, and 1t 15 highly
probable thaf the tertiwry deposits so enormously developed at the base
of the Himalaya extended over n great part of that basmn, they may only
be overlapped by tho present alluvium ot a short distance from 1fs sonth
margm In an artesian bormg the passago from the alluvium nto upper
tertinry beds, such as are now exposed along the foot of the mountains,
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1':;:;‘;113 é)fl :;15 ;:?nﬁmgggglnc ﬁogkst%lemsfelvgs, and to take up the discnssion
o ical depths, of which many will i
there has already heen t00 much in i T e o oatty think
. - . 3 Whl ﬁ X i
The fo.regou_lg indications will suffice -1,:0 ;i(r)r‘fag&:o E?)x:egéicglncgg ik
;iiltlicéllﬂls;;;ss;s)ness t:glrgyt;ne, %fy gre ﬂ}iractically futile when we come tr(f S:rlxlt‘:%
a : lmating the depth of the upper deposits at i
Observation has done its duty in pointing out that th(la) main conzslrilgogg?jl:
successful artesian boring are to all appearances present.
L 4«0 The Ambdla boring.—~I may now make some remarks upon the three
orings that have been made in search for water in the upper regions of the
plains, beginning with the most important, that at Ambila. The follo-
ing section is somewhat abridged from the detailed record, some of the
thinner alternations being grouped into a single band :—

Depth, |Thickness] No, Section of artesian boring at Ambala (st November 1869 to 186
February 1872).
Feet. Feet.
4 41 1 1{Soil .
12 8 | 2 {Sand and sandy clay.
27 15 | 8 | Clay, stiff, with kankar at base.
41 14 | 4 | Sand, fine; damp at 27 feet, water at 32 feet.
50 9| 5 | Clay, brown and blue.
87 37 | 6 | Sand and clay alternating.
122 35 | % |Clay, brown, very stiff.
124 2| 8 | Kankar (impure segregated limestone).
154 30 | 9 |Sand and clay, with kankar at 151 feet.
166 12 | 10 | Clay, dark red.
174 8 | 11 | Sand with clay; tubes sunk 4 fect by their own weight.
181 7 | 12 { Clay, with kankar at base,
199 18 | 18 | Sand, with some clay and kankar; on reaching this bed water rose
suddenly 40 feet, and in two hours 70 fect; its temperature
was 78%
202 3 | 14 { Clay, with kankar.
211 9 { 15 | Sand.
223 12 | 16 | Clay, red and brown, with some sand and kankar.
250 27 | 17 | Sand, with a little clay and kankar.
278 28 | 18 | Clay, top very stiff, red, with ¢ shingle.
302 24, | 19 | Sand, with some clay, pebbles, and “boulders.”
327 25 | 20 | Clay, with some kankar.
332 5 | 21 | Sand, dark-brown and grey. ,
335 3 | 22 | Clay, stiff, brown, with kankar.
376 41 | 28 | Sand, with some clay and kankar,
394 18 | 24 | Clay, with some sand.
424 30 | 25 | Sand, some gravel, with “large stones and bonlders and black
kankar. ”
431 7 1 26 | Clay, stiff, red. )
432 1 | 27 | Saud or silt, dark, running.
446 14, | 28 | Clay, red, very sandy.
448 2 | 29 | Sand or silt, %nrk, running.
, ved, stiff.
igé g g(l) g{l:%, dark, running, with kavkar and “clay boulders.”
463 4, | 32 | Clay, stiff, red, }vith kankar,
467 4 | 83 | Sand, fine, running.
457 10 | 84 | Clay, stiff, red.
484 # | 85 { Sand, running sand.
502 18 | 36 | Clay, some stiff; some sandy.
507 5 | 87 | Sand, running.
515 8 | 88 | Clay, stiff, red.
546 51 | 89 | Sand, coarse.
585 s0 | 40 | Clay, stiff, some sandy.
oo el
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1
Depth, [Thickness | No Bectlou of artestan boﬂmi- ﬁt‘ram lll ;7155 )m November 1506 Lo 3at.
601 16 ,n{c..u M e @ 1w
631 40
64 3 .
678 34 kanlar
683 5
639 6
701 12 |

\mbéla 18 only 20 mles distant from tho nearest pont of tho Suyalihs,
nd this proximity 18 the only unfavourablo point m tho prospeet of tho
ormg for being thus on the upper and steeper slope of the plains thote is
sk of 1ts bemng above the line of artesian rise, which 1tself slopes sontli.
ards from the presumed head to the lower edge of tho dopouts Stll
here 18 a fur margin for success  Tho lovel of tho Ghaggar, whero 1t euts
be base of the Siwallh hills at Devinagar, 25 mules duo north of Am.
ala, and the proposed site of the reservoir for tho Ambdla water supply,
118 feet There are no observations as to what may bo the permancut
evel of the underground water 1n this posnition, but 1 have pmntcd out
pwa 36) what 13 presomably a Iowest hmit for the head lovel m that
rround, namely, the water lovel (972 feet) below the bed of tho Jumna nt
he pomnt where 1t Jeaves the lls, and the surface level at Ambiln 18 908
eet, Even if the nise of 70 feet that did occur at the depth of 200 fcet (sco
able) were derived from that hughest source, there would still ho hopo,
or 1t 13 very possible, or even probable, that anabsolutely Ingher rimo from
he same head should be dertved from a lower stratum, a3 tho rso 18 moto
mflzenced by the vamations of potential discharge 1n the severnl water stratn
than by the head, the head 1tself being determmed by tho total russtancen,
It would be quite 1 the natural order for case G to occur helow enso 3
of the experiments described 1n para 5  There 18 nothing whatover in the
above section of the boring to ruggest that the band No 1315 the haso of
the alluvial deposits, the beds below that level are decidedly of tho srmo
type, and the equal frequency of alternations shows that tho strabifien
tion 13 stll undisturbed. On the vhole the siction secms promiing {m
ultmate snegess, the great thochoess of clay lowir down, w o whah o
bore was stopped, mives secanty for theeofation of any water stratum tn
coarser deposits that ehould be foand at the base of the formstion®  In
this respect—the propect of finding ench busal doposits—=tho pomtion of
Ambals, near the uppe~ margin of the basm, 18 favenrable  Tho montion
of ‘bonlders” m eevemzl beds 13 releadiry I maldo early nquiricy shoot
1, and Major Thacke=s-, B.E , vho was then Excentive § ngancer in o] arps
of the final gmhm}g.cw_m; 1 ¢ broksn tubes, gave the Olwing
wlormation (30th Mareh 1574) “ T cannot traor any rucorls of lonpe
stones bewng found than the gz I grnd you (from 14 29), norof wy
boulders havmg been ezaash A np” Prom the mention of “ day boal Jor
1 Bome places T farew {kat )l wewe of thet ratore, Jumps of (Ja7 yl:;,‘
tully consohdated, prh.pe by Lene carbozrte Lk “largs #lor * F0T
fo s an oblomy pkiie of gquzents, 1dtle 1 than 2 Jrobes 175 &2
?g‘il“e cubic imches m volnme, 14 LS”.'/"] sere eulom an sl s 27 17.’;,‘:;
Y weler vorn, Yt 1t bas £ fresh padfar of fradar M0 T2
ot ot
m;e;féewnuw.vauwuq [ TPTRITER 2 T ot 275

-
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Depth jThickness] No ect on of the bonng ot Bb wanl 1877
207 22 6 ] Clean sand
234 29 # | Sand with 1mperfect pebbles of sandstone at 231 a large
boulder gob up (sandstone)
238 4 8
287 49 9
396 109 10 .
413 17 1
a7 4 12 e upouy
431 13 | Sand

The water at the bottom was still brachish  The samples described 1 this
section wero carefully exammed on the spot by Colonel McMahon, a most
competent Judge, who recorded the following observations — The ‘elay’ 18
stmply very fine earthy sand cemented into & wmass hy the infiltration of
carbonate of lime  the ‘conglomerate’ 13 coarser sand the gramns of which
are frequently distinetly waterworn, ted together 1o 5 simular manner,
with harder concretions here and there , the ‘boulders’ are lamps, 4 or
5 incheslong, of dark earthy sand, lidated mto ec y nodules
by carbonate of lime, and sufficiently hard to reqmire a smart blow from a
hammer to break e 1 As far as the
bormg has gone ¢ bed of uui-
form ‘matenal, admts the
free passage of the ram falling on the surface of the ground ! The ab-
sence of any clay deposit, as well as of any coarser water rolled materalsin
such comparative proximity to rock masses, throughout so great a thickness
of deposits 1s remarkable, and, of course, very unfavourable for any pro-
Ject of deep-well sinking 1n this region

42 Tle Sab~alket borimng —There only remains to be noticed the borng
at Sabzalbot, 1n the Dera Ghazi Khan district of the Ponjab It 13 com
monly spoken of as artesian, thongh 1t was never expected to be more than
partially 6o, as a source to replemish and freshen an already very deep well
1 which the water was too saline for use The postion would seem to
preclude any other expectation From the best informntion I eon procurs
as to the ground, the place 1s a small fortified outpost close to the frontier,
at the foot of a long slope 4 miles from the base of the hills, and 28 miles
from the Indus, 1 a direct line through Asmi  The alluvial level at the
Tiver1s 295 feet, stretching nearly to Asni (10 miles), where the height 1s
only 802 feet, the direct distance from the ges 13 350 mules I'rom Asnx
there 13 a rise of nearly 5 feet 1n the mle to the frontier road, at 6 miles to
westward, where the elevation 15 331 feet  From this road the ground 1s
sa1d to slope at about 8 feet 1n the mile mp to Sabzalhot, 12 miles which
would give an elevation of 427 feet for that place I thmk 1t ikely that the
slope mcreases very much towards the hulls, and that the real clevation of
Sabzalkot may be considerably hugher than the estimate Just given  If the
height given be correct, we have to acconnt for the remarkable fact of the
ground water level being 100 feet lower than the water 1 the Indus forin
the well at Sabzallot 1t stands permanently at about 224 feet from tho
surfaco 1t would bo additional evidence of the great desiceation the ground
has undergone m £his region of India and of the msigmficnt effect of
streams 1 ymbipating that movatable result of the destruction of forest
vogetation, although the Indus here annually mundates a broad tract of

! From Official Correspondenee, dated 5th March 1678

.
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ground. The contribution ﬁ‘"om th :

e o g ! e western hills bt

iglibt%e :ttﬁmfall is deﬁmfant and uncertain; hug 1e§efyc:&g§{zzge!y in;?ll,

bills JIrS L e ﬁozﬁrs]? marginal del?osits forming the slopes at the %as;sofaﬂ?n

currént oé‘wa’cae - Wﬁi HC;esg;'zbed in g;his very neighbourhood how a steadye
¢ _ 1sappeared ab the outerop of 3 hed o

ate in fhoso Goposta Tho ollowing ablo i abridged from (o Sty
o ¢ artments of Public Works., Ther

of 93-inch tubing, to 410 fasts 114 § inch tubiog, £ bag e foch

50 feoh of 5-inchbtubing, o 57,4' Ty eet r;wf 7-inch tubing, to 524 feet; and

Abstract section of Sabzalkot boring : Now, 187\0 fo Aug. 1878,

Depth, | Thickness. | No, of bed.
Feet, Pect,
157 157 1to 14 | Sand: some beds earthy, some
174 17 15 { Limestone boulders. ¥ pebly.
189 15 16 | Clay and sand, very compact,
199 10 17 | Loose sand and pebbles,
216 17 18 | Hard clay and sand.
240 24 19 | Brown running sand. Rotiom of well 230 Jeet ; waler
level 222 to 224 feet.
247 7 - 20 | Very stiff clay.
251 4 21 | Very coarse sand.
267 16 22 | Sand and clay intimately mixed.
275 8 23 | Fine running sand.
347 72 24 to 85 | Alternations of sand and clay.
351 4 86 | Gravel with houlders.
406 55 87to 54 | Alternations of clay, sand, and gravel.
410 4 55 | Very coarse gravel and boulders. Water abundant.
500 90 56t0 78 | Alternations of clay and sand.
526 26 79 | Clay.
574 48 | 80to 117 | Thin alternations of clay andsand resting on o boulder
bed, with abundant water.

The comparative scarcity of coarse materials in a deep section so near the
hills is fully accounted for by the unconsolidated condition of the newer
tertiary rocks forming those hills. The only hard rock mentioned is the
limestone of the ¢ boulders’; it is no doubt the nummulitic limestone from
the higher inner ranges. From several of the porous strata passcd through
water rose freely, but always stopped at the original water surface of the

 bed, i ibed

11. The supply from the bottom boulder bed, at 574 feet, is deseri

a“;e ¢ plenti??ul },)Pa{ the same time, when drawn upon at the moderate rate of
it was lowered 66 fect. Tlis supply is, however,

8 Sari o Mo The constancy of the Ievel, o

fficient for the wants of the outpost. y o
:1111:]; ];he Owatex' rises from so many different strate, indicates o common

ree, which also accounts for the water in all being brackish, only less so
2?110; than in the top beds, and in a drinkable degree to the pcofplg ?f if;gc
country who are extensively used to this quality. The_origin F Ibuibu ”K;
purity isa point of much interest; there is no known deposit o s:rmr 3 H;%
rocks forming the adjoining hills; and the conditions gencrally snl,r;a'eq.t,cr ul
its origin may be the samc asfr thatthof thi qsahtx)l'c?ﬂ?fﬁ:]ﬁ{?;:&; 1.1“1‘2110 o
oencral on this side of India—from the seakage arly rainfall 1!
;s:lgg;zi (;':ilxllsdst»gﬁing with it the soluble results of carth decomposition at

1 Records, G. S. I, Vol. VII, p. 147.
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every vespeel superior  Two chuns attached fo the ring'of « brace head
passed subsequently thiongh a triple block fixed to the apex of the g,
and were then led to two powerful crabs, firmly bolted to lmge fixed
sleepers, at about 15 or 18 feet fiom the g A chaum was attached
to each ciab, and on the screw of the wupper rod bemng entered into the
biace-head, the crabs were worked simultaneously, and the power
of both thus brought to bear 1 12151 the mass of the rods, or 1n any
other necessry manner

On the 28th of April the actual excavation of the bore was commenced
with a six inch anger, beng that adapted {o the tubing 16 was intended
to employ. On the depth of 120 feet bemg attawned, the quicksand,
which had rendered the hrst attempt abortive, was agun met with.
T he expenience of #s previous effects had rendcred appuent the necesuty
of secunng firmly the yownts of the tubes, which was accordingly done by
means of four short but strong serews o this precaution the success
of the woik so far was undoubtedly to be attmbuted, as the difficulties
were found most serious from the loose, even semifluid, consistence of
the sand, which on the removal of a portion of the water, then standing
1 the tubes withm 15 feet of the surface, immedintely rose to 17 feet,
and, though the worl was continned mght and duy, actually rose faster
than 1ts removal could be effected, so that at the end of eleven days and
mghts of mecessant toil 16 had risen fiom 124 to 103 feet

Hence 1t became evident that the only mode of overcoming the
obstacles presented by the sand was to foree the tubes down fall, coming
m contact with some firm stratum, the sand should be excluded, by
uonrelaxmg perseverance ind much lnbour, frequently with «n advance of
not more than 2 few mches 1 the day, the tubes at length attamed
depth of 157 feet Thesand was then perceptibly gained upon, and at 19
feet o stiff elay was reached, and the borer, which during the prevalence
of the sand was always behind the tubing, now passed 1t, and 1 twenty -
four hours attamed a depth of 175 feet

The open wuger, 1t was found, could not be used with effect except
woil g through clay, a valved mnstrument, therefore, called the
¢ mudshell,” had hitherto been employed for rmsing thesand  This tool,
banenien, here heewe wedlen from wme dafeeh v the neion of Uhe wlive,
which fmled either to admit o1 retamn the sand, now coarse and
giavelly, and 13 consequence 1t was found impracticable to penetrate with
1t beyond 175 feet  One of the augers, however, bemng fitted with a valve,
and otherwise altered so as to retan the sand, was employed with par-
t1al success, but not to in extent sufficient to prevent the sind rising 1 the
tubes, smee, after worlung twenty-one days, and the tubing having been
forced down to a depth of 177 feet 2 anches, 1t was found mpossible to
work the auger lower than 167 fiet 10 inches, oceasonally a partial
advance was made, but 1t was nesther permanent nor cetain, from the
constant vauation of the height of the sand 1n the tubes

On entering the stiatum of shiff clay, above alluded to, the might-
work had ccased, but 1t was ngain found necessary to resume 1t as the
only mes of overcoming the existing difficulties ~ The cffect of this was
to carry the bore succe stully to a depth of 182 feet 8 inches by the 27th
of July, when ~ temporary suspension of the operations took place, fiom
the supply of 10ds binving become exhnusted It may be mentioned that
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for some davs pr .
X ays prior to this dat SR L
experienced by the stoppage of thg })c(;?s‘dﬁmmq 1nconvenience "had been
by some obstacle, the nature of whicher’ ]?lth th 1ts ascent and descent,
been constant in its position, it micht }cou 1 not be ascertained. Had it
ing had again been dislocatel v }:{ve been anticipated that the tub-
fl‘om'{his being the case, the borer O(c; .zmr;ltbe perpendicular, but so fay
up without the Jeast difficalty ; this tz}sxonz? yd_escend‘e d‘and was brought
by the re-appearance of the jmpedim Gnﬁr{)omrx tnfermission was. followed
terly disappeared altogether Pecuments again 1t intermitted, and lat-

A further supply of ﬂ;e : ‘

- r d av 1 T
boring was resumed Jt;n the 13t?hs(1))§t"lgg bfgn obtamec} from Delhi, the
of suspension, however, 3t was fors d0 te}rt }36. During this interval
OIWD weight from 183 to 187 feet, and the}%)ofc:ecmll)gs ad iunk by s
the depth of 189 feet 0 © cowd now be worked fo
font 5Pinches - bc.aenB:{’t ttz:zﬁelclOﬂi];l}e%x;:fbi{i éoﬂgzvn_lg‘: a depth of 238
work avising from the imperfect acti Tt rosecuting the
}ng the sand, in consequgnce of wh;?)ﬁ (;igl:ﬁs]s: lclgx?i:;ftse 1;}121}?)’9% lﬁ er

requently removed during its ' o sua” were
tion of the valves of such ?nsfrurgzsx?tienizc%‘;tsgggﬁ q:fhzh(; ??I}Struc‘
_be paid, as on the effective action of these the progress ?)];bth t Sperati “
15 most essentially dependent, 8 © operations

On the 15th November, an atte i
‘ , an attempt was made to bring up some water
Iroin the bottom of the bore by lowering a bottle with a large brass plum-
met attached to it, to cauee it to sink; but unfortunately before it could
be raised the connecting string broke, and the plummet was left below.
Considerable anxiety was excited by this, from the anticipation (subse-
?u‘eu;dy realized) of the auger coming in contact with the plummet and
yeing jammed within the tubing. On arriving at the depth of 271 feet,
the lower part of the mudshell, incliding the valve, from some unknown
cause broke off, and remained at the bottom of the bore. This accident
caused much trouble, but after various attempts to extricate the fractured
shell the perforation of an aperture in'it, by the use of a jumper, admit-
ted of a strong conical worm auger being screwed into if, and by the
hold thus obtained it was successfully raised to the surface.

At the depth of 324 feet the borer came in contact with the long lost
pf}zmmet, and became so firmly jammed between it and the tubing as to
foil every effort made for its extrication, though the force applied at one

time was so greabas to raise the whole body of the tubing about 4 inches,
exclusive of fric~

the weight of this being certainly not less than 7% tons,
al fracture of the

tion. To guard against the inconvenience of an accident,
beneath the surface, while they were sub-

rods at any considerable distance

ject to snch strains, Captain Thomson of the Engineers suggested that the
uppermost rod should be made thinner and weaker than those within the
bore (s0-as to give way first), but yet capable of bearing a stramn of 25
tons. The force subsequently applied caused the rods, however, to break
at their connection with the mudshell, and though they were all brought

up'the tool remained below. A new operation therefore became neces-
he upper portion of it was con-

sary for extracting the shell, and first ¢ !
A drill was then introduced,

siderably widened by the use of a jumper. :
and after several days’ labour a hole, sufficiently large to admit of the

eonical worm auger being screwed into the shell, was drilled, The entare
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shell was 1mmediately brought up, beaning ample wndications of having
Lee% m contach with the plummet, but leaving 1t still at the bottom of
the bore

On the 1st of October 1837 the depth attamed by the tubing was
431 feet, winle the depth of the bore vailed from 418 to 426 feet, accord-
ing to the height of the s1nd  The water stood from 10 to 12 feet
from the surface, according to the seasons By the 30th of Apnl 1838
the bore was 460 feet decp, and by the 18th September following a
total depth of 481 feet was reached  Just prior, however, to that depth
being attained, the pirogress of the tubing was arrested by large stones
requiring the use of the jumper By 1ts aid the tubing was agmn set
free, but at 481 feet agmn arrested, nud a repetition of the employment
of the jumper became necessary ~ As the tool ongmally emploved proved
1nsufhelent, to fracture the stones then met with, a larger and heavier one
was attached to the rods, and after a few blows seemed to have effected
}‘ts purpose, but on attempting to yase 1t agmn it was’fo‘}xnd to be so
G T o X

g
d

'
° . 1
of 15 feet, were then given to the head of the rods, 1 the hope that
the vibration thus communicated to them would tend to loosen theyump-
er from 1ts hold ‘Lhe large acenmulation of sand over the tool and
round the rods rendered 1f, however, problematical 1f the vibravions ever
reached the jumper , and 1f they did, there canbe hittle doubt that the
al ove cause tended most materially to dimmsh their intensity, as no use-
ful 1esult followed the tmal of this experiment Agan, and as a final
effort, the tubing was securely held down, and four powerful jack screws
were applied to ruse the rods, whnch, after stretching 2 feet 6 inches
and thereby affording a gleam of hope that the difficulty was vanquished,
unfortunately bioke off at one of the connecting joints, 160 feet from the
s;lrfz‘x)f'e, the remaining 320 feet attached to the jumper bewg left within
the bore

Under these cirenmstances the only bope of being able to continue the
operations lay 1n the practicability of nnscrewmng and rmswg the rods,
and this atter much difficulty was at length so far satisfactonly effected
by the use of an wgemous nstrument designed by Captamn John Thom-
son, that 200 of the 820 feet of the rods were successfully extracted
Tlus 1wstrument consisted of three steel arms rivetted to -n iron bell,
and subsequently welded to the end of the undermost boring vod  The
nterior suttaces of the steel arms were cut 1 grooves so inchved that
on the hend of the rod to be extracted bemng grasped withwn them, and
rotatory motion communicated to the instrument from above, the teeth
cut 1nto the soft 1ron, and by the hold thus obtained the unserewin g and
rasing were effected The bell acted as a gwide, and was made of dia-
moeter Just sufficient to admit of the instrument being readily worked
within the tubmg Tt became necessary to pass non pins through all
the connecting joints of the rods, otherwise the rotatory motion would
have unscrewed them,

On the 16th of February 1839 the mstrument above described was
agun successtully employed 1 unscrewing 20 feeb more of the fiac-
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Return showmng the progress on the dilestan well-boring at Ambdla fiom
the 1st November 1569 untel the 1st February 1572—(contd.)

Date Depth from the Deseniption of Soil and General Remarks

1871 Bormng
It In

A sample of flat rope has just been recenved from
Messrs Harton and Co, Calcutta, that will answer
very well to 1eplace the worn rope, and a length of
1,000 feet has been ordered

9th October Unable to pass the pump or auger down the 5§ mch

tubes owing to the latter bemng bent Some of the

o1t of the tubes have been forced asunder,m conse
quence of the great pressure (44 tons) that had to be

exerted to force the tubes down, showing that a

greater pressure could not be put on the tubes

otk , A smll pump was attached fo four 3 inch pipes, and

the whole lowered down the & inch tubes, but the

pump and 3 inch pipes atuck fast 1 the jount of the

B inch pipes

1ith . The pump and 3 inch pipes extricated with consider-
able pressure

1xdh . Preparing to lower the 31nch pipes, making sludge
pump, clamps, and auger

Wk, . Erectmg beams, blocks and clamps for lowenng the
3 1uch pipes, which will weigh altogether 3} tons

1ith ” Same as on the 13th

w.th 3 mch pipes lowered to a depth of 250 feet

e, » » » 275 fest on a level mith

bottom of 5 inch tubes

18th 25 feet of sand 1n the pipes, boring with reds mnd
pumping out the san

19th . Pumping out the sand, tubes lowered 1 foot, total
depth 526 feet

20th N Pumping and nsing the anger and boring rods  Pipes
lowered 1 foot 6 inches

21t Pumping out the sand, pipes wept down 1 foot 9

mches, total depth 529 feet 3 incles

529 8 | Tle mew rope for the 3 nch pipes 13 bewng made at
Caleutts, but will not be ready for three weeks The
Agent, Sainde and Delln Railway, has been asked if
he van lend a Fope of 11 inch or 13 inch dameter for
bormg 1m the 3 wmch pipes to prevent the delay caused
by boring with rods until the Caleutta rupe 13 ready

22, 529 3 | Holday

24th 538 0 |3 inch tubes lowered 3 feet 9 inches

25th 534 9 » » 1lfootd A
2Wth 537 0O » » 2fcetd

27, . 639 3 » » 2.8 4,

26th - 641 11 » 5 2w »

Tipes gomg down well with therr own wesght without
pressure, stratum of thick clay with a small quantity
of sand and kunkar

The boring durmg the past weck was carried on en
tarely by boring orders, and in thick clay stratum this
18 found to be a3 effectual as bormg with the rope and
auger

0th 544 8 |3 mfkel tubes got down 2 feet 6 mches
3t . 516 11 » n 2o 6y

16t November 59 8 " w 2.9,




lie 'pro‘gi'ess " th;a' 'well bf-m.r al 1
er ) J-the ls Fb ‘Laﬂ/Jb

gt red sy
1 sight nnxbure of gond 5 pres

11th
13th 569 9
1440 91 Clay wit!
15th gy| o fhe 3 -mch tubes

ub on n the 63:(13 m 'c\lbe.

¥ otiff red 3 clay & at 578 fee
£ serted 0 n the tabes.
own vey fa uly ;
. bub cssr

16th
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18th

20th
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Return showng the progiess on the Ailesian well-boring af Ambdla from
the 1st November 1869 until the 1st Iebruary 1872—(contd )

Date Depth from the Deseription of Sail and General Bemaths
1871 Boring
Ft In
30th Noveml er 605 11 | Loamy clay at 66 fect,  inch tubes lowered
1st December 608 7 Loxmi.y cluy, pressure of 32 toxs cxerted to force down
the tubes
2nd ” €00 7 | Loamy clay, pressure of 30 tons exerted to foree down
the tubes
3rd » 611 1 | Loumy clay, pressure of 30 tons exerted to force down
the tubes
Ath » . 613 1 | Very lowmy clay
Bth » 615 7 | Soft elny with kunkur, small pebbles at 615 fect.
6th ” 619 1 | Dark red elay at 617 feet 6 mches
7th » 621 1 | Dark red clay
&l » 623 7 ” »
Sth » 626 1 | Laghter coloured clay at 625 feet, very stiff red cliy
with small ad:\m(turc of kunhur at 626 feet A pres
' e -
from Caleatta on the 7th instant
MWh . 628 1 | Sff red clay with o little kunkar  Attached tho 60th
tube 8 inch diameter Pressure of 32 tons on the
tubes
12th » 630 4 |Tcd clay at 630 feet  Pressure of 30 tons on the tubes
13th » 631 10 » » »
14th » 634 4 » » »
15th » 636 4 » » B
- . %70th tube attached, tubes shghtly bent
wth o, . 638 0 |Red clay, very stiff
The new flat Tope has yust armved
18th » €30 10 | Stiff red clay at 638 fect 6 inches
18th » 641 10 | Very staff black clay at 641 feet  This 13 2 new vanety
of clay, and the first of this description that has buen
met wath,
20th 613 4 » » »
2t Thickness of stratum of black elay only 3 fect
2md 614 10 | Stiff red clvy with shight admixture of hunkur at 644 foct
231 » 617 4 [536=191
Prossure of 40 tons found necessary to force down the
3 mch tubes  The new flat rope for the 3 mch tules
armved from Caleutta during the week, and the work
of pumping 15 much _expeditcd  Bonng has still to
be contmued with rods as there 13not o ratehet shaped
plate for tumng the horing rod m the 3 inch tuhcs,
the size of the tubes beng too small to allow of such
an arrengement
25th ., Clitstm1s day
20th 619 10 | Staff ved ehy with a little kunkur
27th €32 1 | Loamy clay at 632 feet .
25th » €3 7
2t 6.7 3
30th ” 660 1 | Very stiff red chiy

Bottom of the bore 15 feet below the tuhes no sand
hanteen mut vath for the last 59 fut
Pressure on tubes 40 tons




Return showing the progres
the 1st November
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8 on the Arigsian well-boring at dmigly.
1879 untii the 1st Lebruary 1875-——(&&5? Jrote

Depth from the

Deseription of Soil and General Remarks:

Date. surface,
1872, Boring.
Ft. In.
2nd J nuary ...
» » 660 1
3 s e ter
3d s
4th » .ts
51?11 » bad
Sbh ”» .
Sth
9th » 661 7
10th 663 4
th ,, .. 665 4
12th »s ver 667 10
13‘311 » 670 6
15th 2 ves 672 2
16th 5, . 674 2
1'”?11 2 soe 675 8
18th 6798 b
19b‘i\ » L 680 3
20th 682 3
22nd 684 6
23rd 686 O
24f3h 33 ) 688 g
25th 689 6
26th 690 6
27th 693 0
29'011 2 695 6
30th L, .. 698 3
31512 3 LA 700 0

1st February ...

Yesterday Mr. Harrop reported that the 24 feot 3.inch
tubes from the top of the well had broken af the flange.
He has succeeded in drawing up the upper 24 tubes
and work will be praceeded with, The fracture of
the tube shows that the S-inch pipesare not strong
enough to resist a pressure of 40 tons, and it is not
probable that they can be forced down more than a
few feet further,

226 feet from the smface; the 3-inch tubes fractured
under a pressure of 44 tons; and as nothing conld be
got down past the fracture, the upper 24 tubes were
brought up. .

Employed drilling through the obstiction, ‘

Succeeded, bub found another at 328 feet below surface.

And another at 430 feet. o

Passed the third obstruction, and met with another at
580 feet below the surface.

Note.—The obstruction is probably caused by a piece of
the fractured pipe having fallen into the bube. -

Passed the obstruction in the 3-inch tubes at 580 feet,
and met with another at 646 feet in the bottom tube.
This was also passed. .

Boring below the hottom of 3-inch tubes.

This boring may be continuned for afow feet lower
below the bottom of the tubes, but the 3-inch tubes
eannot be got down lower without the whole being
brought up and again lowered from the top.

Loamy clay.

»

Hard"dry sandy clay. This earth seems to harden when
exposed to the air.

2

» 3 124

The boring is now 27 feet 3 inches below the bottom of
the tubes. The sand does not fall in, and fill the bore
as much as would be expected, considering the depth
of the bore below the bottom of the tubes.

Very stiff yellow clay and kunkur at 683 feet.

X .
)

b 2

b2

»
Yellow clay. o )
Pumping occupied five howrs; clay beginning to fall in.

The bottom of the bore is now 38 feet below the bottom
of the 3-inch tubes.
Soft sandy clay al 698 feet.

s of the bore began to fall in, the

2 »
i he sid
A e bons s 48 feet below the bottom of

bottom of the bore being
the 3-inch tubes.

1 Received instructions from Govermment to take wp the

3-inch tubes and endcavour to lower them to a greater

depth. i
Preparing to bring up the 3-inch tubes.
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Return showing the progress on the Artesian well-boring ot Ambila from
the 1st November 1869 untel the Ist Febyuary 1872,—concld.

Date Depth from the Deseription of Sul and General Remarkg
1872 DBorung
Tt In
2nd February Bronght up the three top tubes of 8 wnch duameter, the
lower ome beng very much dumaged and spht for a
length of 6 feet
3rd ” A good hold was taken of the 3 inch, but did not
succeed m bringang them up  The fish bhead mple
- ment used for tahing hold of the tubes Lroke, and

§th to 12th Feb
raary

700

broken pieces of the 3 inch tubes seem to have becomeo
jammed between the 5 mch and 3 mch tubes  The
party of mx sappers employed on the well left
Umbatlr on the 3ud, having heen ordered to youn therr
company proceeding to Peshawur

Tubes betng brought up mn sccordance with mstrnetions
from Government

E T THACKERAY, Capfgin, R E,

Erzeculive Engineer, Lower Sirkind Dicvpion
’



SUBZIL-KA-KOT BORING.

Narratz};)e .@eg;o;z! o:ié ?‘é}e ﬁs(rgsz'm Well at Sabzallot, Southern Derajot,
xrjav, Gy . 5. McGowan, ¢.B,, Oficiating Brecuts '
Mooitan Provincial Division, eiating Bresutive Togio,

; 1. Best 30?“5“'7/ Jor bor Z_’lﬁ-*{lfter much consideration as to the most
suitable locality for experimenting on an artesian boring for supplying
the garrison of the _Sabzalkqt outpost commanding the Sharee, Chook
and Pitook passes in the hills, on the south-western frontier of the
Punjab, between the Shatee and Chedgee rivers, with sweet and drinkable
water, it was finally decided, from a military point of view, not to aban-
don the ruinous outpost then existing at Sabzalkot, but to entirely
reconstruet it and to benefit with a view 4o economy and time by com-
mencing the bore at 280 feet below ground level, this being the depth of
the bottom of the well then existing within the fortified walls of the
outpost. From the strata exhibited in the 280 feet of excavation of the
old well, it was known that pebble and boulder strata would have to he
bored through ‘were work commenced from the surface of the ground;
the starting on ground level would have facilitated considerably the
baulage of tubes to be lowered, haulage of plant, examination of excavated
material, and given more room for working the screw-jacks, and the
workmen, and to supervising the work in progress, but all these advan-
tages counterbalanced that of having to pierce loose pebble and boulder
strata which have heretofore proved more difficult and expensive to bore
through than solid rock, even with the best machinery. o

2. Situation of Sabzalkot outpost—The Sabzalkob outpost is in the
Rajanpur sub-division of the Dera Ghazi Khan district in the Southern
Derajat of the Punjab province, and situated near the foot of a long
slope at the base of the hills forming the south-west frontier of the
Punjab, about 22 miles west of the frontier station of Rag:mpu_r. The
slope is of varying widf];lh and composed apparently of the debris of the

igher hills 12 miles to the west, o
b ) Description of old well in outpost.—~—The old w_ell in this outpost
excavated prior to 1857 is 230 feet decp, 9 feet in diameter forlﬂle
first 24 feet helow ground surface, having its sides for these 24 feet be O“{Z
oround level encased or supported by a wooden framework, the nex

2 i £ excavation varied in the diameter from 6 to 9 feeb
199 Tooh I oepth ® £ soil deseribed in the annexed sec-

hrough various strata o
zilcl)(le.Pa?[?ES dtiamet%r at the end of this sef:tion of 192 feet, or 216 fee{, %egog\‘:
vound level, was 11 feet ; from this point a steining of nmsolnry, t%)meed
thick, built prior to boring operations being taken in haf:c ) (éon uf e
downwards for 14 feet, or a total depth of 230 feet below groun Sl'un‘ ce
4. Water in the old well—1It is believed water collected m"f;he “beﬂcl f
mere infiltration from thesides. No spring esisted, the Waﬁe}lj Wétfu nlk by

:sh and tarnished brass vessels, and was totally unfit to be

either men or animals. D lable water
mer water-supply for the garrison. ]
5y Tormer et R which consisted of 26

had, therefore, to be brought for the garrison,
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Cavalry and 7 Foot, or 83 men and 26 horses, 1n leather bags or pakhals
on camels, from a distance of 8 mules, and 1 the hottest months of
summer , sometimes from 4suz, 16 miles distant, ab an average annual cost
of Rs 600
6 Obect for undertaking the Ariesian borwg —Prompted by theso
circumstances 1t was deerded to expertment on a deeper boring 1n search
for a supply of pure and sweet water than any that had herctofore been
undertaken by excavation of wells m that part of the province
7 Description of and metkod of employing mackimery —The locality
for the experimental artesian boring having been finally decided upon,
measures were taken 1n 1869 to transfer the plant and machinery lately
used for the artesian boring at Ambala for employment at Sabzalkot
1he machmery employed, and the method of working 1t, have been
so fully deseribed with illustrations, vde “ Professional Papers on Indian
Engineering,” 1st series, April 1870, extra No IIL A, page 106 e
seq, and 2nd sertes, May 1874, No XII, page 117 ef seq respectively,
that 1t 15 needless here to recapitulate either 2 deseription of the plant
or the method of using 1t
8 Commencement of work by sleining lowest 24 feet of well —Work
was tahen n hand at the latter end of 1870, the first thing undertaken
being the stetmng of the mdes of the well for a height of 24 feet, com.
meneing from a_height of 216 feet below ground surface, or yust above
the old masonry, 1} feet thick, which extended for a depth of 14 feet
downwards, theburnt brick in lme masonry was carnied up perpendicu-
larly for 24 feet, 2 feet thnck, and giving the well a elear mternal
diameter of 9 feet, so as to leave suflicient room for fixing the timber
platforms on which to work the jacks
9 Boring with 9% wck tubes damefer commenced al 216 feet and
completed at 410 feet below surface —After the steimng of the well for a
height of 24 from 216 feet below ground surface, just described, had
been completed, an artesian boring with 93 inches internal diameter tubes
was tahen m hand, the water level 1n the old well prior fo zctual bormg
being 274 feet below surface, and the supply 40 gallonz per hour, this
water level, however, vaned, nising at times 2 feet to 222 fect below
ground surface  Boring operations commenced 1 November 1570 under
the immedizte supervision of Mr Harrop, the Engincer, under whose
management a sumilar artesan boring at Amlels v2. effected. In
DMarch 1871, or about 5 months afterwards, the trenty-tva 93 nch
tubes available were reported to have been ntihized m tmtany from 2 porze
216 feet below surface, or 8 feet above the level ¢ tho water 10 the 014
well to a total depth of 410 feet below groamd pxrfare, the strafum
penetrated by the lowest 8% inch tube was of ¢czvse 2wl 2nd b 1em,
beanng an abundant supply of water, sofm 223 sl 2s o 2ozt O
the bore standing untubed for the lact 10 foo <2 5ts dopely, g Lo =
lIact 9 feet of the length of the bormz {1, Testds 194 £ vez 2
untubed, this length of 9 feet, was Lewerey, £ 063 16 o Lepmr 5
7 1och pipes commencel 10 Jammarr 179, viem farf e «So T
mede to foree the 97 inch dameter dn'ws Loy vl 1w simrnm £ 55
gravel 2nd boaldes - P
10, Water struck at 410 fer! 177 a0 prpfuesaiioe gims=
coar= gravel and boulews, 2# 415 foud Tuffmy 7 e

- "
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bleni;iful supply of water, whi . .
below ground surface, or 4 ?elgf higher 2%9 pipes to o height'of 990 foet-
old well and fell only 8 feet in the ?;ubtlss gn Ievel- of the witer in the
gallons per hour; the water was clear “é ((lm‘ putiped a6 the rate.f 400
when not pumped regularly in 1 o nkable, but unfortunately, -
Snbqunently reported i bo b};ackisha;,ge quantities, stagnated and wa
garrison ceased fo drink ib, althouch si%H:: exé:ﬁnti s0 much so that the
for cattle which did not seem to suffer ﬁ.oH‘: $ Y awn 1n small quantities -
using 3t, the garrison obtaining their drinki sease'of any nature by
15 miles di : g rmiking water either from Asni
es distant, or that collected by rainfall i P
outpost, Y all m a pool close to the
1. Question of continuin ; i
: : g bore with small — :
l:il b.ore with E‘)i:}-mch tubes fo a depth (;;.ﬂ flr Opyi?:gi; bz;l(lﬁve;}ﬁrlment;
aving proved a success, it was decided to i .
ther depth of 200 feet T;'if:,h tubes of sontinue  the bore for a fur-
b ) a small i " ¥z
n}ches, gf which there were 38 available, zac?l e; )’?Satterﬂ:gf xz?ete{),’ W'~7
view being that of striking a water-bearing stratum thok “e:oghgecf; ;n
sweetﬁvater :};;h ‘ohlat would not stagnate or turn brackish i drawjxr)wig
a'small quantity only, viz., 120 gallous daily, suffici
reqzjzlgemeuts of the o’utpost gar?'ison. w1y, sulleiont only to meef the
. Resumption of work in Janvary 1873.~~0On resumi ki
nuary 1873, the level of the water in the tubes was fm!lxrl:él %o?)oélééll«gfi{etf-;
feet bplow ground surface, or 22 inches below that in the old well, and on
pumping for two months continuously at the rate of 860 gallons every 24
hours, the water still continued to be of a bad quality; it was conse-
quently supposed that the brackish water in the old well had access to
%eb2n€§20é'32f6 the 9%.inch tubing ; such, however, proved afterwards not.
13. Analysis of water struck at 410 feet below ground level.~In Nov-
ember 1873 two bottles of the water yielded by the stratum of coarse
gravel and boulders at 410 feet helow surface, were sent to the Chemical
Txaminer to the Punjab Government, ab Tahore, for analysis. The re-

sult of the analysis was as follows ;—

iy

Total Perma- Tolal
nent solid PrivcIrar Sivrs,

hardness. | harduesd, | grains.

soda and carbonate of lime and

101 55 | 252:0 | Chloride and ‘sulphate of
magnesia. Offensive taste and odour from presence of

ammonin and sulphuretted hydrogen. -

The water was objectionable on account of the large amount of saline
matters. The sulphurretted hydrogen and ammonia were probably due |

to decomposition of sulphate and organic matter resulting from the water
could be undertaken ; 1t

having stood so long before the anylysis
was unfortunately allowed to stand in the bottles for about two months
before the analysis was made, so that this test can hardly be considered

a very fair one.
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4 Refimng of mackinery e desuse since 1871 —Owing to the maeln-
uery having been m disuse since March 1871, when the 93 meh die
meter boring came to 1 close, the several parts had rusted very much
and took four months to clean thoroughly and put together mn worl ing
order agrun, when i 1674 furtber boring had been finully dearded upon

15 January 1874, flat rope found do be useless anl bore choked fo 219
Below suiface —In Jonuay 1874, when all the requisites were ready for
prosecuting further borng, 1t was discovered that the fiat 10pe employed
for rmsing and lowenng the pump had also decnyed and two round ones
of 11 inch diameter weie sewn together and used 1 lien of the flat one,
but fuled owing to their twisting, and had eventually to be substituted by
a new flat rope of moony, 2 mches wide and % mnch thiel , which took con-
siderable time to make  With all these delays however, work on actnal
boung was resumed on the 8rxd March 1874, when the bore was found to
be choled with silt, debnis fiom above, and 2 dip pump formerly n
use, up to a height of ¥19 feet below swface, or 5 feet above level of
water mn the old well  The upper 192 feet 1n height of the old well werenot
stemned with brich masonry, and the choking was caused chiefly by =
portion of the unlined sides of the well falling i  In remedymng the ac-
ciaent a portion of the dip pump was taken out as well as the silt and
debus, but the rest of the dip pump fell to the bottom of the bore

16 Ertended wooden stewning 16 feet lower dow : —Before the boring
with 7-inch tubes could be proceeded with, the unstemed sides, especially
the uppermost, 16 feet 1n heaght, shewed signs of falling 1n,and consequent~
1y actual bormg with the 7 mch tubes was postponed owmg to the danger
Jabourers and others would be exposed to 1 venturiog below on to the plat-
fom to worl the sciew-Jacks and pumps About Movember 1874 a
wooden steimng or framing wns commenced at 2 depth of 24 fect below
surface, and ¢arried down 16 feet giving a total depth of 40 feet steined
with wood from the top, s also 38 runming feet with masonry from the
bottom of the old well, o1 a total of 78 feet out of a total depth of 230
feet stened

17 Further effortsio lower 93 ek tubing below 410 feet from sus face —
After this work of bormng lower was commenced, and before proceeding to
Tomer the smaller dometan T webdnbes, Santher effonks were wade 4o lower
the 94 mch tubing with the a1d of twos1x ton Jucel s beyond the stratum of
coarse gravel and boulders, but besides tubing the last 9 feet of the bore,
actually first executed m 1871, from 185 to 104 feet below surface and
left untabed then, nothing was done, 2nd the 93 mch tubmng for want of
more powerful jack power, consequently came to 1 stand still at 410 feet
below surface of ground The bore was now cleared of silt and the broken
dip pump that fell to the bottom m March 1674 forced to one side

18 Bay 1875—lovering of 7 wnck diameter iubes commenced —After
these prehmnary operations, on the 10th May 1875 Jowering the 7 mch
tubes commenced, the worl progressed satisfactonly for one month tall the
10th June 1575, until the lowest 7 inch diameter tube reached a stiatum of
pebbles and swnd {No 58), 421 feet below ground surface, or 11 feet
below the end of the 9% inch diameter tubing, the 7 meh pipes conld
not be forced through this stratum of conrse sand and pebbles 1 foot thick
with the two six ton Jachs available, and work on actually boymg loner
down ceased till more powerful Jact power could be obtamned
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19.  Sleining well wi ; e R
mean time as dc%ris fronﬁ?;e&:z% work restmed: i -May 1877 2Ty the
the wall wag CO!lf-fmmﬂy fn}ﬁhem‘ammg unhx;ed pm-f.ion:q 'of f,hc.s-'i.di': (:lc
upon catrying up the briokowang o122 choking the boto, it was desided

n riek-work st p 5 ] eeided
the lowest 38 feet having already ] eimng, 1 foot thick, to ground surfacee
a height of 192 feet o Duild 1 y ’?%171 lined with brick-work, {hus l-':m:;nt:
May 1877, and by the 10th 13_-1") ork on this steining was. started in
1 foot, thick, clear internal diametere %)f Mllf same year a cil'cular,:stéiuillg',.
up perpendicalatly for n heieht of 70; well being 9 feet, had been carvigd
out of 230 fet depth of gt eeb, so that a total depth of 10 feat
was only stopped for want of carriaiei:c‘wat}"n had been Iined, and then
want of suitable soil could not be n;};,e %r bricks, which unfortunately for,
20, Boring with P-tncktubes from 4?} acéured o sie. o
an July 1877 ~New and more powerful 1o 524 feet below suface commenced
the boring with 7-inch tubes wlFich (131 6 Jacks having been now obtained,
921 feet below surface, was agein staz;zdsngf)ed on the 10th June 1875 at
two years afterwards, with acpair each ofmlIO o grfzh}y L6717, more Ehan
peuctrated under a pressure of 44 tons than : -fon Jacks; the pipes
m};’l‘ coarse sand through which they cc:uld f:x:flg:‘?fﬁgg ‘ i?lsJOf pelbstI gs
with a pressure of 12 tons, the maximum the two si {on jaoke )
available could exert. After passi i o si-fon jacks then
lowered comparatively easily g)?s;nﬁetléif i{f;;'m]t_génfthte ,'137 -inch gubes Miri
624 feet below surface in about 44 moll)zths which fi? i 141 :12 fect 1o
spenb in remedying accident, ne:;rly one ’foot 3 :i’ ves,f mctu g e
The boring bar actually reached a depth of 52633‘1‘7 Ot; éwl .y
although the 7-inch tubes stuek fast 2 Eeet higher u e;t ’;4? ? iugfxlzce,
surface of ground; boring operations with the 7 ig;h d?i ge te{))w
finally ended on tht? 6th December 1877, when it-was foui?eigpr;cteif
cable to foree the 7-inch- tubes ending at 524 feet below surface in the
stratum of clay 26 feet thick on to the stratum of coarse sand and
pebbles at 526 feet below ground surface, or 2 feet lower down, with a
jack power of 44 tons, the maximum available.

21, Difficully experienced in taking out insoluble cloy from bottom of
dore.—~In lowering the 7-inch tubes from 422 to 524 feet below surface, the
average pressure exerted was 12 tons, which sufficed to lower the tubes
through the strata of stiff clay and sand met with in.that length of
102 feet. Considernble delay was, however, caused by the difficulty ex-
perienced in taking up the stiff clay after it had been excavated, as it
pened and the water in

was insoluble, more especially so when the hore dee
the tubes was as much as 800 feet deep, which rendered the work of

the boring bar less effective.

29. Rush of fine sand into bore on strilung water-bearing strata.—
When the strata of sand were hit upon, as a rule a plentiful supply of
water was obtained, but the influx carried in a considerable quantity. of
fine sand into the bore which delayed boring operations; as also the .
falling~in of a moonj rope, 40 feet long and 1 inch in diameter. On the
1877 the rope stuck fast in the pipes, after the silt in

20th September
e water settled, and had eventually to be cut out.

suspension in th :
~bearing 489% feet below suzface—On the
14 feet thick,

ay,

93. Stratum No. 74, water
face, when -watber

ond October 1877 a stratum (No. 74) of sandy el
was bored through from 489} to 491 feet below sur
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appeared 1n the bore and rose to 224 feet below ground surface, which,
after three hours’ pumping with the dip pump at 187 gallons per hour,
fell only 7 feet, the water 1n taste was stmilu to that before met with,—
brackish
24 Clay stratum No 77 struck and water skut off from bore —On
the 8th October 1677 clay, was met with, stratum No 77, when the
weater was shut out from the bore and did not appear agaimn till a stratum
of sand (No 78), 1 foot thick, was entered at 499 feet Lelow ground
sarface, on the 10th October 1877 this flow of water into the bore
was ngun eut off

25 Stratum of clay 26 feet thick reacked at 500 feet below surfuce —
On the 11lth October 1877, the tubes entered a stratum (No 79) of
clay, 26 feet m thickness, extending from 500 to 526 feet below surface

96 decrdent lo wad culter —In preremg this clay stratum on the
16th October 1877 an acadent occurred, the wadeutter got jammed and
the moony rope to which 1t wag attached, an old one three years i use,
broke, the wadcutfer and rope were, however, fished out by the 19th of
the same month and the bore pumped dry, the water 1n the tubes bemng
that accumulated from the leakage thiough the imperfect jomnts of the
7-mch pipes

27 Stratum No 80, pebbles and coarse sand at 526 feet below ground
surfuace —After passing through 24 out of 26 feet of the stratum of clay,
or 524 feet below surface, the 7-inch tubes stuck, but the boring bm
reached a layer (stratum No 80), 2 feet thick, of coarse gravel
and sand yrelding o plentiful supply of water, which rose to a height
of 224 feet below surface of ground m the tubes  On the 24th October
1877, punaping for fom hours, 2t the rate of 221 gallons per hour, was
taken m hand, and the water n the bore lowered 86 feet from 224 to
310 feet below surface, but on the following morning was found to have
agun nsen to 224 feet below surface On reaching this stratum of
pebbles and cowrse sand a great rush of slt mto the bore ensued, chohing
the tubing for a height of 22 feet fiom the bottom, the lowest 2 feet of
bore, 224 to 226 feet, being untubed , the water yielded by this stratum
was also brachish  Oun the 6th November 1877, the bore was agam
pumped 1nd the level of the water lowered 140 feef, from 224 to 364
feet below surface, while the tubes during the pumping siited up for a
height of 19 fees from the bottom of the bore

28 End of Twmch tubing at 524 feel below surface —The 7 inch
diameter tubes finally 1ested at 524 feet below ground surface, and could
not be forced on to the stratum of pebbles and coarse sand with the
maximum avalible pressure of 44 tons, and as two 12 and one 10 ton
Jack had therr endless screws damaged 1n attempting to force the tubes
lower, further endeavours were abandoned, and the 7-inch diameter bor-
11nsg cume to an end at 524 feet below ground level on the 6th December

77

29 Varabions w level of waler 1n tubes —Generally, throughout the
7 mch bonng operations, there was 1 scanty supply of water from the
bottom of the bore, at times bardly enough to feed the engine’s baler,
and as a rule, when 2 stritum of firm and plastie clay, very msoluble
and consequently diffienlt to tahe up, wis met, very hitle or no water
entered the bore fiom the bottom, but cenmulrfed from the leakage



into the T-ineh {ul
e tubes throngh theiy ine doi :
and Unese Fals scomnt 1S ”fgle\lrl 'J_Hf:.ﬁttmg jomnls with one anothey
the fubes at differe ' ariations n the level of th in
e W diferent stages of the horine operations © water in
g AR T g ; * 2 t ¢ !
0. Lc«zl:zge of waler info the 7-inek tnbing—The ] 1
E.)“‘fll fubes is {hus accounted for When thy.l . e:ilkage b the
7 ineh) enters s swaty . ¢ lower end of the pi
s o siratum of ¢lay, no water rises iy ; pipe
of the bote, hud the 97 s 0 waler rises 1n it from the Lotte
. » he O3-inch tubing i i T
contains wiler, heing fod fron thg:‘i{:gg%)?g that of 7-inch diameter,
gravel and boulder, 410 feet below (rmtm(i g(:;f;ec:;nng Slh“&flu‘m of oo
it will be noted {hat ther a Cof fihe o gt 168 end rests
) al there was a space of fths of an i ’

o . 1 sihs of an inch all v
1{:.1\'.(:{311 { hp external face of the 7vineh, and infernal face of the 331331011(11

» £y . K . 0 $cor 4"
jt :;:Omrt e{ ipxgm.-,, where lthc water rising from the gravel and boulder sﬁfnﬁum

AU Leet below ground surface was contained, and it i ‘
ound 1t e ne amed, and 1t was this water that

s way through the joints of the 7-inc i
110 o o hough Joinds he 7-inch tubes oceurring between
jmd 24 feet, helow surface into the bore.

‘ 3l. Lrelusion of leakage into 7-inch fndes.—Althoneh attempts to
exelude the leakage from the 7-inch tubes by caulking the £th-inch space
all vound swith hemp failed, yet were a stratum yielding sweet water
sfruck lower down 1t could have heen drawn uncontaminated after a
Shm:, tumne, 1t is believed ; as after actual boring operations ceased and
2)10( .1-111?13 i{ ubes, fitting loosely into those of 9%-inch diameter, had been
stationary for some time, they would have had their joints closed by

rust.
2. Completion of brick sleining.—The T-inch boring last described

Dals
having come to a stand at 526 feet below surface, and farther horing
with tubes of a smaller diameter not having then been determined uponf
the opportunity was taken, prior to receipt of orders, to complete the
steining of the well with brick work ; the brick lining was last deseribed
as completed to a beight of 108 feet from the bottom, leaving a height.
of 230 feet—108 feet =122 feet to build. Whilst boring operations with
7-inch {ubes were in progress, bricks were manufactured for complebing
the steining of the well to ground level; they were not made at site,
and had 1o be conveyed a long distance after being removed from the
kilns. Carringe for them could not be procured in the winter of 1876-77,
and the cummer of 1877 setting in delayed work in lining the sides of
ihe well 4ill there was a cessation of boring operations with the 7-inch
otk was commenced and the brick-work carried up 1 foob
thick perpendicularly for a further height of 83 fect, giving a length
of 141 out of 230 fect of steining completed to within 89 feet of ground
From this point it was considered advisable to carry up the brick-
ameter of the well from 9 feet to 6 feet
th vigorously and finished
thus com-~

{vbes, when w

level.
work, decreasing the internal di
at ground level.  The work was proceeded vi .
by the 19ih of February 1878, or in about 2% months’ time,
pleting a brick-work steining 230 feet in depth. .

35. Boring with pipes §incl in diameter.—In the mean time sanc-

tion was obtained to continue the bore to a total depth of 600 feet below
24 feet) with tubes

surface (the 7-inch tubes having only- reached 5 _
of 5-inch internal diameter, which were in store. Before commencing
operations, however, {wo entire pipes and a length of 34 feet of a
third of 7-inch diameter pipesh ake roum for low-
ering the 5-inch tubes.

ad to be removed lo m
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34 Lowering 5-inck {tubes commenced —Lowermg the 5 ek tubes
nto those of 7-inch mternal diameter commenced on the 17th March
1878, and by the 3rd Apnl following the first seb of thirteen tubes
had been let down On the 11th of the same month lowering the second
seb of thirteen tubes began and was completed by the 22nd Aprl 1878

35  dccrdent towooden gange wn ascertaming coupling of first witk
second set of thirleen 5 inch diameter Yubes —To ascertmn whether this
second batch of thirteen 5-inch tubes had fairly coupled with the first
thirteen loweied, a plug or piston of tamarnsh wood 3 feet 4 1nches Jong and
43 inch diameter was lowered, 1t got jammed i the bore having
expanded by soalimg 1n the water and could only be extracted by rawsmg
the last seb of 13 tubes sent down, all however, were not taken up
to the surface, but only six of the uppetmost, the piston beng found
closely fitted i the last of these, heat was applied when the wood
contracted and was forced out, this acaident delayed boring operations
for a fortmght

36 Re lowering second set of thirteen & wnch diometer fubes ~On
the 31d May 1878, re lowering the second set of thirteen 5 nch dia
roeter tubes commenced and reached the end of the 7 inch tubng At
525 feet below ground surface they were forced through the last  feet of
the stratum of clay 26 feet thick and ending at 526 feet below surface
on to stratum No 80 of pebbles and eoarse sand first bored to on the
22nd November 1877 (vide under head 27 of this report)

37 A e Ve PR v Trenp
surface — .
suiface talk .
sandy clvy, G mches thicl, overlymg stratum No 84 of 1 foot of sand,
when the tubes, although jached down with a pressure of 12 tonson
closimg work 1n the ovemng, during the mght of the 81st lowered by
therr own gravity 1 foot through stratum No 84 and rested on stratum
No 85 of cluy 2 feet thich  'Lhe tubes m thus unexpectedly descending

A1 e basE T 1Y en £ o pfew of the nppermost

n which the serew jachs

tube from the bottom

so that o entue and a portion of the 36th tube descended one foot, whilst

the rest of the 36th tube remamed fast with the few upper ones

clamped to the platform, the broken tube was cut out and replaced m
three day s’ time

38 ¥ ater-bearing stratum No 86 met with — After prereing No 86
of clay, 2 feet thich, water was struck, onthe 10th June 1878, i stratum
No 86 of sandand peblles 1 foot m depth vt 535 fect below gronnd
surface , silt was forced 1mnto the tubes for a height of 12 feet from the
bottom by the force of the water and fook fwe days to clear oub

39 T ater agawn struel at 637 feel below ground surface —The next
stratum No 87 was of clay, after passmg which water was agatn struch on
the 15th June 1878, m stratum No 88,2t 537 feet below ground surface ,
here there was a great influx of s1lt (coarse sand), which chol ed the tubes to
2 heght of 24 fect from the bottom  The silt was coarseand great diffi-
eulty was experienced n drawing 1t up, owing o the shell pump valves
ond plunger getting yammed withit, the 1esult being that no actual bormg:
could Lo done for si1x days Bomng was stopped for thiee weeks and

¥
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i
resumed on the 11th Jul
r, B -~
of clay, one foot deep wa}s re: 15; tdhe 17th of that month strtum X o2
surface « 1 4 ached, or a depth of 516 1 |
surface ; in the last 64 feet depth of borine silf o] G feck below v
teet in the tabes had to be taken u gﬁmg silt alone fora beight f 37
Pipes being attributable to the sand ps,f:mte ]}:)11‘3'8 quantity of siit in ths
. 40.  Water struck ot 5513 h[owy 2 hored through latterly.,
815t July 1878 strata Nos, 99 to 105 v yroce—From the 13th ¢
cumstances to nokice ; . were bored through, the only cir.
] otice in boring befween 546 and 3 7 ) L
being that stratum No. 102 of sandy anc 901 feet below surfice
‘below ground surface, had water izzm'lt‘y STy 2 oot thick, at 3511 f:
stratum No. 105 of firm sand at '166 ;ud uo on the bore rexching
tubes became very stiff an‘d r:z‘ '3d ol below grouud surface, the
oy quired an inerease of pressure {o lower
41. Inefficacy of boring bar 59 lks. in wes
J ee§ deep.~—As thejgoﬁno-gwa;, nowa;e?t)zi;p i’gg [ rhex orked i wabrr VW
tubes in the morning found fo be over 3 ecp, and the water in the
Tate] - S ! 0 be over 300 feet in depth. it was abso-
y necessary to lower the water in the pipes at least 100 feet Lofore
commencing the day’s work on boring, as the boring bar, 50 1bs i }f,:t y
was found not to work satisfactorily in water SOObfc;f;’dcc ) );Im E‘i’,;.“f’
of the flat rope to which it was attached being much Oren{g i;)i *:*&(I me
reduced considerably the force of the blow that the “boriue Lar w il
othezgwse have delivered at each fall. g AT wen
. Boring between 561 and 5734 fect below grous . 3

of the silt.—From the 1st to the 14th Augustg§80?u8,1(igzgﬁ;w&gfiggz;
115, or a total depth of 12% feet, were bored througjh, sand chiefly being
met with. The bore was always found choked with silt in {he mAning.
After stratum No. 115,ab 5731 feet below surface, was reached, the hre
on the following morning was found choked for aheight of 3S feet from
the bottom, 85 feet of sand from stratum No. 114, and 3 feet of grav.d
from stratum No, 115, the latter stratum permitting the sand from abise
;)t to be washed through by the force of the water rushing inta the

ore.
~43 . Tubes lowered 1 foot by gravity on night of the Qth Arzuv!
1878.—On the night of the 9th August 1878, when the bore hal
reached 569 feet helow ground surface, the tubes lowerad 1 font by
their own gravity into strabum No, 112, which was of leose sand, 2 fot

thick.
2. —On epmmence

44, Accident to 40t% and 41st of S-inch diameler {ub

ing work on the 15th August 1873, it was discovered that the 40th and
412t of the 5-inch diameter tubes lowered had digjointrd at 528 fuot
below surface and broken ; the breaking of these tubes is supposad fo e
due to an unequal pressure having been exerted by the serow-jack-; the

pressure actually applied was about 12 tons only, or about Jth {ut & tote
per squa

re inch of section) the mavimum admissible.
d5. TWater-bearing stratum No, 117 reached al 57:4 fec! defrem rround evi-
crations.~The Droken {uhes were reroen
and replaced by others by the 22nd Aungust 1578, and »tratnm Noo 3
of boulders and pebbles was reached at 471 feet below grootmd sarla
On the 24th of the same month, after weirhiing the bormg Lop, wht %
proved too light fo be worked at this depth,
down only 3 inches deeper.  Continued efforls were ma

face. Conclusion of boring op

the boripe wae v ¢
T TR R I £ s
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1he boring bar to picrce stratam No. 117 of pebbles and boulders, hut
without success. The bore was carited down 3 inches further, and all

ndeavours with the appl available failling to force the tubes lowe,
they wee allowed to rest here at 574} fect below ground surface, which
completed actual boring operations at Sabzalhot.

46, Storage of mackinery—The results of the bore to 5743 feet below
ground surface not having proved satisfactory, further boring to the
proposed depth of 600 feet below ground level was abandoned; the
machinery was removed to Rajunpur, there taken to pieces and stored
for further use.

47, Quality of waler struck af 574 feet below ground surface.~There
was a plentiful supply of water in this pebble and boulder stratum (the
thickness of which conld not be ascertained), which rose to 223 fect below
ground smface, bub 3t was still brackish although it did not tarnish
brass, as the brackish water fiom the old well did. Pamping at the rate of
156 gallons per hour, the level of the water fell to 290 feet below ground
surface, or 66 feet below level of water in the old well. The outpost
garrison drank this water, which was drawn up by a 5-mch dip pump
made of 2sth inch sheet copper at the rate of 8 gallons m ten minutes ;
the pump was attached to a flat rope wound by a single purchase erab
w

inch,

43. Planked shoot for guding dip pump wnto the bell-mouth at top
of tubing.—To facilitate the drawing of water fiom the bore for the use
of the gariison o bell-mouth was fized to the top of the 5-mch
tubes, and a plwked platform erected on a level with the top of the
bell-mouth, and to gude the dip pump nto the bore a shoot of planks
fixed together was set up. A spare flat rope was provided, and an addi-
tional cip pump, so that two pumps could be worked together, the one
descending empty whilst the other aseending full to the top, the rope pass-
g over two pulley wheels of common wood, 3 feet m diameter, tixed to
apughts.
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the boring br to pierce shatum No 117 of pebbles and boulders, hut
without success The bore was carried down 3 nches fwither, and all
endeavours with the appliances available fathug to force the tubes lower,
they weie allowed to 1est here at 574} fect below ground smface, wiich
completed tctual bonng operations at Sabzalkot

46 Storage of mackmery—The results of the bore to 5743 feet below
ground surface not having proved satisfactory, further borng to the
rroposed depth of 600 feet below ground level was abandomed, the
machery was removed to Rajunpur, there taken to preces and stored
for further use

47 Qualily of waler strucl, ai 574 feet below ground surface ~There
was a plentiful supply of water m this pebble and boulder “stratum (the
thickness of which could not be ascertained), which 10se to 223 feet below
mound smface, but 1t was stul brachish although 1t did not tarmsh
brass, as the braclish water fiom theold well dul  Pumping at the rate of
156 gallons per hour, the level of the water fell to 290 fect below ground
smface, or 66 feet below level of water in the old well The outpost
garnson diank tlis water, which was drawn up by a 5anch dip pump
made of fsth meh sheet coppe: at the rate of 8 gallons i ten mmnutes,
the pump was attached to a flat rope wound by a smgle purchase erab
winch,

48. Planked shoot jfor guding dip pump wnto lhe bell-mouth at top
of tubing —To facilitate the drawing of water fiom the bore for the use
of the garnson a_ bell mouth was fixed to the top of the 5 nch
tubes, and a planked platform erected on a level with the top of the
bell-mouth, and to gwde the dip pump 1nto the bore a shoot of planks
fixed together was set up A spare flat rope was provided, and an addi-
tional dip pump, so that two pumps could be worked together, the one
descending empty whnlst the other ascending full to the top, the rope pass-
g over two pulley wheels of common wood, 3 feet 1n diameter, fixed to
upnghts
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the boring Dar to pierce stiatum No 117 of pebbls and bouhlem,l b::lt{
cor wd

without success The bore
endeavours with the apphan - lower,
they weio allowed to1est bu cuww 2, « o - which
completed vctual borng operations at Sabzalhot

46 Storage of mackinery—The results of the bore to 5743 feet below

ground surfaco not havmg proved satisfactory, further borng to the
proposed depth of 600 feet below ground level was abandoned, the
maclinery was removed to Rajunpur, there tahen to preces 1nd stored
for further use

47 Quality of water struck at 574 feet below grou:d surface —Thero
was a plenfiful supply of water in this pebble and boulder stratum (the
thichness of which could not be ascertamed), which rose to 223 fect below
giound surface, but 1t was still brackish although 1t did not tarmch
brass, as the brachish water fiom the old well did  Pumping b the rate of
156 gallons per hour, the level of the water fell to 290 feet below ground
surface, or 66 feet below level of water m the old well The outpost
garrson drank this water, which was drawn up by a 5-inch dip pump
made of fth mch sheet copper at the rate of 8 gallons i ten minutes,
the phump was attached to a flat rope wound by a smgle purchase crab
winely,

48 Planked shoot for gmding dip pump nto the bellemoalh at tcp
of tubing —To facitate the drawmg of water fiom the bore for the use
of the garnson a bell mouth was fixed to the top of the 3-mch
tubes, and a planked platform erected on a level with the top of the
bell mouth, and to gmde the dip pump 1nto the bore a shoot of plazks
1 » was provided, and an 233i-
' fbel lworlxl;zd toguther, the cz2

5 > 1ull to the top, thenpe pu =
mg 0\}7:? two pulley wheels of common woobd, 3 feet n dxgine:er, .{z:é e}
uprights
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Detailed Section af the Sabzaikol Boring.

. . . P
g1, 8 E s | :§
| BE| 3% 3 |gd| <%
=1 I
@ (5 2% Nature of Stratum. % |g5| 2a Nature of Stratum,
- |35 3 CRERIRE .
S jB3®) 53 %1 82
3 (5 (=~ 3 B g I
% © % A
Ft, | Ft Ft, | Ft.
2 f ing sand. 59 8 430 | Ciay,
2f % 5 3335530‘;‘;2’3‘5&. ) 60{ 2| 432 |Sand. \
3 & 43 Sa;ul with alight mixture of g% i ggg 1‘?}3{; ; s;lnodwan&vatcr
clay. . H ater,
5 3 1 438% | Clay.
g g g?, %%1:;1 gggséag:;nd. 34, 23 440J I:‘irm sand,
4 (] 60 | Hord clay and sand, gg i‘z iﬁg g;:gl
g 2 gg ggg::g i?x’:\(cll with small peb-{l 67} 137 | 457 Clay.
¢ o 3 19 géuf]xgy g}gy. with  oecasional
9 7 78 Is)mfl wit(llx large pebbles, 6] 9 469 l:llyers oF st o0
0] Io 8 o o 9 andy clay.
L 23 109 | Fine sand compregsed. ;Ig 2 igé o l‘i‘y clug with  oceasional
121 4 118 | Very compact sand. a i layers of sandy clay,
1] s | 13 | Cia s oo pnct, || 12 6} | 488} | Sandy clay,
13{ 29 157 | Clay and sand vgry compact, 75 1 439§ Clay. .
b1 17 174 | Simestone bau\ emc'ompu.(:t 74 13 491 | Sandy clay.
37| 10 | 19 | osessont sud pobirenr- < | TE1 g3 b B ki
171 10 309 | Lioose ?an d szfnd > 0| 3 495 | Firm sand ; water brackish,
18] 17 226 { Hard clay =:]1}n cand 77l 3 409 | Clay ; uo water, o
19y 2 ?’,’i‘? gzﬁ;";‘t{{ff;};f * 78 1 500 gnnd 5 water appears again.
2 o y ay. A
;ll) i 201 | Yery conrsosand. fel gg 23, ggg Pelfhles and sand ; water which
22 10 267 jSand and  elay intimately - rose to 224 feet below ground
mixed. d ronning surface,
2 276 } Finc sand ron . 301 | Clay. -
2:3 1? 286 | Sandy clay, slightly fef} gé %i gm Pebbles and sand.
25 2 288% { Very hard redd:]sh clay, & 4| 532" | Sondy clay.
%1 8 2914 é’er{l cg:lx;;e sand. g1 | 1 533 F}Tc sand,
s, ) . . - 2 + .
-;'Zi 19} 385 V‘Z.lr1 gtm‘ sand and clay with gg ? 55§3 sau§ and pebbles; water.
2 o i)éw pebbles. a7l 1 837 | Clay. bles s
1 | Running sand. 538 Coarse sand and ne c8 3
§8 8% g[‘)g) Sandy cTny. d 81 1 water,
p s 320 | Running sand. ) 3| 5383 clay. )
gé 8 323” gcr(’i ystclli:llyhghbcolored elay. 3% g ggg; (s)il:;l and pebbles.
381 63| 333y Sandy ey, and. 81 :
3 & 3333) Yery stilf red clay and sand 5 i 5293 (s:?:yd and pebbles.
Wl o3l ¥ ol wi . AN { and pebbles.
36 4 351 Graveltyiz%thk})otﬂdera 4 3 5423 g:};:d aund pe
37 7 gg% ¥§;§. csxo;rs(t:! s:’;;xd. gg % gig); Fin);'snnd.
401 35 365 Lxght-colgte clay. 8l o g 1(7; Saud
P ! ggg’; (I}Ioa;‘flsg 0‘;“;’“1' 138 % 550 | Clay and sand.
42 % s
5 33 870" | Stil c%;um stones. W0 1) BB iy clay ; waler.
: 371 | Sandy clay. 102 B3}
:51 .‘} 3';'2 Coarse gm'vﬁl 5‘1:1%1?;;1.‘&~ 103 2 ggg g:;;(rjy day.
1f 13) orap) Blae and sello J031 3| ot |Firmesud.
€7 1} 375 Stiff ¢ ai)yl. gand 105 11 5611 Pebbles and sand.
] 7| % g?:yr nd stones. | 5] 3| e |cay. a
%8 g 387 | Gravel and boulders. 108 H Egﬁ gﬂ]c;ete saud.
611 13y 888y Stlf dayf sand 091 3 565" | Sand water,
52 13 890" |} Coarse blue {ors 110 3| o) Sand
53] 156 405 | Gravel :1md boul . 1 ‘3) 89 |Gl g
bk 1 406 | Sandy clay. ravel and boul-]| 112 < 6713 | Clay.
85y 4 410 Vgrysconrsc & i‘%g 111 573" | Lodse s:md.l
crs. i 00se £
i d sand, 3 573} | Firm gravel.
i) 3 ilﬁ gggc‘l’g ‘mes N ¢ {llg 3} 5;4’ Glay.l s and boulders ; waler.
gg f 422 | Course sand pebbles, plenby 17 i| 57z | Bebble s s weler
water.







