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ABSTRACT

The Watkins Glen areq lies along the western edge, and
at the northern termination of mapped Allegheny Plareau
Jolding. Surface mapping of the Devonian srrata identified
a sevies of northeasi-southwest trending open folds. Studies
ta the wartheast of the brine field in the mine of the Cayuga
Rock Solt Company at Myers, New York resulted in the
identification of a decollement beneath the mine-saft sac-
uon, the faulting and folding being easily correlated with
the major surface structure, In the Working Glen brine freld
a major north-south strice-skip fuult exrends dawn ar leasr
to a bedding (step) thrust alony which the block to the west
af the rear fauir has moved north ¢ minimumn of 1200° in
the southern portion of the brine field. As the thrust breaks
up inte the upper portion of the section ro rhe north, the
JSault divides into several faults each of which compensates
Jor a portion of the toial displacersent alang the single
thrust 1o the south, Additional faulting on a small scate as
well as minor folding are recorded in nearly all weils, but
correlation of these is not possible.

INTRODUCTION

The Watking Glen area lies along the northwestern
edge, and near the northeastern terminarion of mapped
Allegheny Plateau folding (Figure 1) Surface mupping of
the Devontan strata in 1909 {Willtams, Tarr, and Kindle)
defined a series of cast-northeast trending open folds,
prominent among which is the Firtree Point anticline
Until 1955 most geofogsts considered such broad open
folds of the Appalachian Platean (Allegheny Plateau of
the Watkins Glen area) as deep structures which persisted
inio the ynderlying Paleozoic sequence of rocks. Although
this view prevailed for the plateau in general, the Cumber-
iﬁfld Block marginal to the thrust faulted Valley and
Ridgz Province in the Southern Appalachians was docu-
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Figure T. index map, Wotkins Gisn, Naw York area.

mented as early as 1934 (Rich, 1934) overlying a bedding
thrust (Pine Mounzain). Subsequent study (Wilson and
Stearns, 1958} resulted in the identification of a simlar
thrust to the south and west of the Sequatchie anticline.

Although bedding thrusts were accepted for the Cum-
berland Platean of the Southern Appalachians, no such
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Figura 2, Thearetical cross section of Appaiachign Platesu provinee in Wes: Virginia {along tine A-AY, #igure 5} to iHustrate the decollement
hypothesis for folding. Vertizal and disgonei fines indicate possible extend of decsliements, as in Figure B. Letter symbois: U—Carboniferous
{inchuing Permiank; D—Devonian {heavy line = Lowar Devonian; 5—ilurien; O-Ordavician; G -Cambrian; pC—Precambrian {Hodgers, 1950},

structures were identified or even considered a probability
in the Allegheny Plateau adjacent to the Central Appala-
chians, This in part might be attributed 1o the domination
of the deformation of the adjacent Valley and Ridge Prov-
ince by folding rather than by faulting. However, with the
drilling of the Sandhilt Well, in Wood County, West Vir-

" ginia in 19535, there began the development of the concept
of northwestward sliding of the near horizontal strata
which overlie the viscoplastic Silurian salt on the Plateau
{Figure 2}, {(Rogers, 1959). This concept has since been
documented in several additional arcas as a result of re-
newed subsurface exploration on the Plateau.

Although by 1953, the regional picture of the decolle.
ment tectonics in the Allegheny Plateau was well estab-
lished, little was known about the details of movement in
and above the lubricating Salina sal. In 1935 Jacoby ob-
tained the first salt core recovered in the Watking Glen
area and a year later secured 2 similar Watkins Glen arca
core from Well 25 (Figure 3) which cut only the F and
F2 salts. Partially due to the intense deformation and
flowage which had been observed in the F1 salt in the
Cayuga mine at Mevers, New York, the faulting in the
Watikins Glen-Ludiowville area went uninterpreted.

With the drilling of Well 29 st Watkins Glen in 1938,
core logs and gamma ray curves gave the first discernible
evidence that thrust faulting had occurred. Coring and
logging of additional wells led to the establishment of the
first cross section of the Salina in this area in 1961 (Jacoby,
1963, 1969),

Prucha {1968y in 1964 conducted a study in the mine
of the Cayuga Rock Salt Company at Meyers, New York
which resulted in the identifcation of the decolicinent
beneath the mine salt section, the fauiting and folding
being easilv correlated with the major surface structure. In
his anatysis of deformation he predicts that southward the
surface of detachment would pass info a thrust faalt, In
1967, Dellwig undertook a comprehensive studv of the
structural aspects of the Watkins Gien brine feld, utilizing
additional cores and gamma logs made available by the
drilling of Wells 19, 40, 41 and 42 in 1964. In 1968 this
study was further expanded by wutilizing logs from the
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Figure 3, tndex map, Watking Gler, New York, brine field, inter
nationdl Sely Compeny, Upper number of edch pair is wall nurnbar,
tower is surface slevation (where known}.

newly drilled Wells 43 and 44 and again in 1972 with data
from Wells 47, 48, 49, 50, 51 and 52.
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BRINE FIELD

The first salt well was drilled in Watkins Glen at Sah
Point in February 1893, This and the subseguent wells
were jocated in and around International Salt Company's
evaporator plant in the development of what 18 now
rermed the “South Field.” These wells used the sysiem
known as “Annular Injection” in which water is pumped
down the annulus formed by the casing and the tubing of
the well and the brine is recovered through the tubing,
Due to the folk-lore belief of the cable ool drillers as to
the location of bottom of the salt formation, plus the
presence of 4 4 to 6 ft. layer of anhydrite within the F3 salt
sequence which blankets the Waikins Glen area, wells
were terminated after penetraring Y0 £t of the F3 salt.

Wells dnlled during these early years were drilled as
single wells equipped with a string of swaged (wo dismeter
wrought tron casing, seme type of pumping device and
tubing. The wrought fron casing was not cemented in
place and occasicnally was galvanized or wrapped to pre-
venl s corrosion by the Oriskany or Cherry Valley “black
water.” The original air lifts which were installed in the
wells were made necessary by the lack of the seal behind
the casing which would have isolated the brining fhids
from the overlying formational fuids. This air lift system
gave way to modernization by the installation of submersi-
ble pumps and tubing. Gradually, during brining operus
tions, all of these old sivle wells which had formed a
morning glory-shaped cavity, coalesced with adjacent
wells ar the conticr between the top of the F3 salt and the
overlying shale. Pue to the broad roof spans which were
developed, there was apprehension of damage to the surs
face by rock movement. Brining operations in the vicinity
of the plant were discontinued with the closing down of
Weils 4 and 7TA in 1560.

With the drilling of Well 25 in 1953, not only was ihe
first accurate subsurface geoiogical data obtained in the
Watkins (Glen area, but a rovary il fleld nig was unilized
for the first time for the dritling of a salt well in the state
of New York. Additionally, this was the first salt well in
the state of New York 1o be hydraulically fractared. This
new style of sult well was fracturad at the bottom of the
salt sequences which was by then (1935) known to have
& total aggrepate thickness of over 300 feet. Generally,
these wells were drilled with a 12-1/4 in. bit equipped with
a string of 8-3/8 in. siecl casing and cemenied back to
surface. This cementing not only aliowed a pair of frecrure
connecied wells 1o operate on pressurized U tube system,
but it also protected thy casing against the corrosional
black waters of the formarions penetrared by the well.
Fracturérig of the salt formations was accomplished either
PY perforating the casing ut a presefected point in the salt
just above the Vernon shale or “landing” the casing just
above this point, dniling cut aind applytng the pressure 1o
the formution exposed 1o the well bore.
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All subsequent welis were cored and electricaily logged
in order to clartfy an understanding of the local geology,
interpred the results of hydraulic fracturing and extrapo-
late thesg findings for the location of other salt wells, Ax
development proceeded with raspect to fracturing and
brining operations, it becarne cbvious that more care was
required in the interpretation of the geological data,

STRATIGRAPHY

The salt sequence of the Syracuse Formation pene-
trated by the brine wells at Watkins Glen consisis of an
interbedded sequence of salt, dolomite and shale, ranging
in thickness from north to south from 725 ft. (a true
thickness with no duplication through thrusting) to 300 f1,
The base of the sequence there is found to depths of 2900
ft. (at an elevation of ~2100 fL.} as compared with a depth
of —1880 ft. at the Cayuga Rock Salt Company mine
Based on subsurface log data, the base of the sequence
sfrikes M. 78° E. and dips 185-190 f1./mi. to the south.

In the definition of stratigraphic units in the wells in the
Watkins Glen brine feld, both the classification used in
early fogging and that of Landes (1945} are indicated. The
uppermost identifiable salt of the sequence was originally
defined as the No. 1 Salt (FF3 Salt) and the rock unit
immediately below the No. | Rock, On this basis six sali
and ¥ intervening rock units were ariginatly defined, units
weve easily recogmized by the gamma rav log signature
{Figures 4,5). Several stratigraphic logs show some digres-
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Figure 4. North-south section carrelsting on Jamrna ray fogs, Na, t
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Figure 5. North-south section correiating on gamama ray ogs, No. 1
Sait 1o No. 4 Rock. Thick vertical lines delirit repeated saction,

sion from the normal ciassification and these were revised
to fit the normal sequence. At the northern end of the field,
correlation of No. 4 Salt, No. 6 Salt and No. 4 Rock can
be accomplished with little difficulty, whereas in the south
end of the field, repetition of the lower units is common
but correlation can be accomplished with relative ease in
rock and salt units 1, 2 and 3. Repetition of rock units is
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generally easily identifiable, for the gamma ray-neutron
log “signature™ of each individual unit is unigue (Figure
6). Reperition within a salt unit 1s more difficult fo recog-
nize because of the lack of a characteristic signature.

STRUCTURE
In gross aspect the local stroctural picture is relatively
simple, provided of course, that one ignores the multiplic-
ity of small fanlts which play a critical role in the develop-
ment of the brine field. A major north-south strike-shp
fault is located east of Wells 41, 37 and 29; a tear which
extends down at least 1o 2 bedding (step} thrust along

which the block to the west of the tear fault has moved

north a nunimum of 1,200 ft. in the southern portion of

the brine field. This estimate is based on the repetition of
the No. 3 Rock in Wells 36 and 30 (Figure 4), the distance -
between these wells being approximately 1,200 ft. The
north-south section through Wells 37 and 31 (Figure 5)

shows good correlation of No. 3 Rock, duplication be.
tween 30 and 31, but to the south in Well 37 the repeated
section is in No. 4 Rock, indicating some tearing between

Wells 36 and 37. This condition is not uncommon

throughout the brine field. The major tear has been de-

fined by a consistent lack of correlation between wells.
across this Hne (Figure 7). As the thrust breaks up into the
upper portion of the section to the north, the faclt divides

Figure 6. Sample correfations in faulted sections. Left -Gamma-ray log for Wall 40 is normal, correlation at top of rack unit with Weli 36
shown in center log, corvelation at bose is effected through movemsnt into position on right. Center—iayg for Well 40 is normal, Corralaiio

with tap ot log 35 is shown in center fog. Correlation with base of rock unit is effecied through movement into position on righy, Right—Dug
icatian of secrion is demonstratad through movemnent of g as sthawe by arrow, numbers era logging depth, sot elavations.
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into several faults each of which compensates for a portion
of the total displacement along the singhe thrust to the
south. These movements, along with flowage in the incom-
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Figure 7, Cffsot sorass tear foid is marxed by offset hetwasn Walls

3?;hand 42, Ajt {ogs gloted reiative 10 sea level datwm as shown on
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petent salt units, coliectively aecommadate the movement
along the single faull to the south. Additional faulting on
a small scale as well as minor folding are recorded in
nearly all wells, but correlation of these 18 not possible.
East of the tear fault, thrusting is on a small scale and
displacermnent is negligible. The absence of significant repe-
tition theough thrusting east of the tear faull has been used
to establish the position of the fault.

The major thrust in the western half of the brine field
is identifiable through repetition of beds in the lower por-
tion af the section at the south end of the feld. Thrusting
apparently has occurred in shale beds or along salt-gshale
contacts. At irregular intervals the thrust breaks into and
across the averlyiag rock and salt to the next higher lu-
bricating shale layer along which movement can continue.
As the fault breaks zcross the No. 3 Rock into the overly-
ing salt, the angle of dip of the fault plane increases and
the fault horsetails. Bome thickening and locally high dips
in the beds indicate that flowage has also compensated for
some of the displacement which appears to have been
along the single fault surface to the south. The structure
contour map on the top of the szli gives no indication of
the faults breaking up into the overlying sediments. It
wauld seem reasonable to assume that to the south the
fault drops down into the underlying Vernon Shale.

Structure contour and isopach maps reveal that both
the upper and lower surfaces of the salt are relatively
uniform; the lower surface shows a regional southerly dip
and the upper surface shows a pronounced dip to the west
as a result of a general southeasterly thickening of the sal
unit. However, thickening to the southeast is contrary to
expectations, because thickening through fanlting has oc-
curred west of a north-scuth tear fault east of Wells, 41,
37, and 29 and west of Well 28, Repetition of anits east
of this kine has been minor,

In addition to the faulting described, it is noted in
lithologic logs that slickenslides at the top of the No. 3
Rock are apparently common to all wells. In general the
section downward from the top of the No. 3 Rock is
dominated by clastics, whereas the section above the No.
3 Rack is predominantly salt. The movement of the apper
more plastic section over the underlying more rigid sec-
tion would be anticipated and apparently has occurred,
but the extent of movement cannot be determined. In the
norithern portion of the field, to accommodete slippage
along this contact, the major strike-slip fault may extend
down below the thrast fauit to the top of the No. 3 Rock,

In detail the picture is much more complex. Numerous
small faults resulting in repetition of section and identifi-
able in only a single or several wells are found throughout
the ficld. Variations in thickness of salt units though flow-
age and/or faulting (inseparable because of the lack of a
characteristic log signature} is also nol uncommon and
this, combined with the faclting presenis a complex pat-
tern of minor displacements superimposed on a general
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south dipping decollement broken by a major north-south
tear, the terminal expression of the total movement Bnding
surface manifestation in the Firtree Point anticline.

STRUCTURAL CONTROL OF BRINEFIELD
DEVELOPMENT

It should thus be expected that difficulties in produc-
tion arising from the geologic environment should be en-
couniered and explainable to at least some degree in the
fight of the structural setting. For example,

Well 29. During fracturing, & flow of hrine at the sur-
face 0.5 mi. to the north must certainly be interpreted as
the result of movement of brine from the well along the
tear fault,

Weli 33, 34, 43. In fracruring of Well 33 to 34, aliernate
buildup and recession of pumping pressures indicated that
the solution channel was being closed by rock movement
from time to time. In the light of subseguent geclogic
information, the occurrence of mfermittent collapse
should not have been vnexpected, inasmuch as in this area
of the brine field the major thrust has broken up, into and
through the No. 3 Salt. Faulting above the cavity created
by solution between Wells 33 and 34 may have resulted in
a weakness which led rto the observed periodic collepse
and pressure buildup. It is aver this area that the major
thrust bifurcates at several different points, creating a se-
ries of planes of weakness in the section overlying the
solution zone.

Wells 4, 42, and 37 The inability to fracture from
Well 41 to 42 and the subsequent connection between 41
and 37 may be related 1o the position of the fear fault. One
might postulate that movement of solution from Well 37
may have been blocked to some degree by the tear fault
(f it extends helow the thrust) but, even if this were not
the case, movement of fluid along the tear fault or up dip
along the thrust would be with a much greater degree of
ease than across the tear fault into Well 42. However, an
effort to fracture from Well 40 to Well 39 resulted in
connection with Well 42; no connection was made with
41, this demonstrating the complexity of the strucrural
setting in this area.

SENECA LAKE SALT ANTICLINE

The total salt-rock sequence shows a constant increase
in thickness in a west to east direction (Figare 8). As
mentioned previously, the base of the salt shows a consis-
tent dip to the south, whereas the top of the sequence
expresses the increase through a dip to the west.

Seneca Lake siands a 445 fi. above sea kevel and bot-
toms at 174 fi. below sea level. Northward projection of
data obtained through drilling south of the lake in glacial
vatley-fill suggests that the take is bottomed with approxi-
mately 600 ft. of gravel, thus, the estimated elevation of
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Figure 8. Southern half, Watkins Glen brise figid showing well
designations {upper figure of sach pair] and toml szit thicknass
flower figure ot sach pair},

the bedrock surface ar the bottom of the lake is approx
mately ~775 ft. The top of the salt section in Wells 24, 25,
and 27 next to the lake is at an elevation between 1305
and 1315 f1. Westward from the lake in the brine field area
the ground elevation rises 1o approximately 300 fi. above
lake tevel. Thus the salt in the brine field is loaded with:
approximately 2,000 ft, of rock compared with the salt
beneath the lake which is loaded with the equivalent (as-’
surning a porosity of 30 per cent for gravel and an averag
rock density of 2.7) of 1300 ft. of ruck. In the prese:
atmosphere of peofantasy one cannot help but postulate
that the higher elevation of the upper salt surface to the
east toward the lake is in large part due to Bowage of t
salt toward the area of least overburden beneath Seneca
Lake and there is the possibility of the existence of a salt-
structure province in west central New York.
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