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Abstract

In the last 21 years the Lamont-Doherty Observatory has studied and monitored
seismicity in the northeastern U.S. for the purpose of understanding tectonic
processes responsible for seismogenesis in this intraplate area and for estimating
earthquake hazard. Central to this effort has been a seismic network covering most
of New York State, northern New Jersey, and northern and central Vermont
(generally referred to as the New York State Seismic Network (NYSSN)). Temporary
networks of portable stations have also been deployed in many instances to study
aftershocks or other earthquake sequences of special significance. This multi-faceted
program involving both an engineering and a scientific effort has been supported
primarily by the Nuclear Regulatory Commission and by the US Geological Survey.
Five digital strong ground motion accelerographs are also operated as part of a
program sponsored by the National Center for Earthquake Engineering.

During the period covered by this report the NYSSN continued to undergo
major changes. These changes reflect three factors:

a) changes in research directions and in data requirements,

b) improvements in the available technologies;

¢) reductions of the budgets for earthquake monitoring by regional networks.

Basically, a centralized telemetered network, relying primarily on very
expensive dedicated phone lines, has been transformed into four sub-networks
with seismic field stations radio telemetered to "smart" recording stations. These
recording stations are located at Palisades, NY (L-DGO); Newcomb, NY; Middlebury,
Vt (Middlebury College); and Potsdam, NY (SI/NY/Potsdam).

The major research effort during this year was related to a m2.8 earthquake
which occurred on October 25, 1990, near Bridgeton, NJ. In addition to pruviding
information leading to a more accurate velocity model for central New Jersev, it also
provided additional information regarding the Newark Basin Seismic Zone.









Introduction

This report describes activity during the period April 1, 1990 through March
31, 1991. The key personnel active in this program were N. Seeber, D. H. Johnson,
and J. Armbruster. The activity during this period was reduced relative to earlier
periods due to reduced funding, and the lack of significant aftershock field activity.
Operation of the network was supported by both the NRC and the USGS: NRC
support was used primarily for continued operation, with a substantially reduced
research effort, and USGS support was used primarily for network improvements,
with ernphasis on reducing communication costs, and integration with the new US
National Seismic Network (USNSN). A substantial amount of .upport was
provided indirectly by the USGS by assuming the cost of leased telephone lines.

During this period we completed the transformation of the network from a
centralized telemetered configuration, relying primarily on expensive dedicated
phone lines, into four sub-networks with seismic field stations radio telemetered to
“smart" recording stations. These recording stations are located at Palisades, NY (L-
DGO); Newcomb, NY; Middlebury, Vt (Middiebury College); and Potsdam, NY
(SUNY/Potsdam). The total number of active stations was reduced to 28, including
four operated jointly with SUNY/Potsdam. Costs for leased telephone lines were
reduced from $5,546/month to $2,583/month, during this period.

The principal scientific activity during this period stemmed from a m2.8
earthquake near Bridgeton, NJ on Qctober 23, 1990. This event provided significant
additional information regarding the Newark Basin Seismic Zone, and also resulted
in a revised velocity model for central New Jersey.

Technical Activities
Seismicity Monitoring:

Events recorded and analyzed during this period were:
Regional earthquakes: 29,
Teleseismic earthquakes: 73,
Blasts: 725.

The seismicity for the period 4/1/90-3/31/91 is shown in Figure 1, and the
cumulative seismicity from 1970 to 3/31/91 is shown in Figure 2. A summary of
the time distribution of the natural source activity (regional and teleseismic) for two
one year periods starting 4/1/89 and 4/1/90 is shown in Figure 3.

The most significant regional earthquakes during this period both occurred
outside the network in October, 1:90:

a m4.0 at 07:01 north of Ottawa, Canada on the 19th,
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10/15: Installed new SUN/Cutler recording system at Adirondack Ecological
Center in Newcomb, NY

10/17-19: attend ESSA meeting in Va: paper re NYSSN

10/19: m4.0 at 07:01 north of Ottawa, Canada.

10/23: r 2.8 at 01:34 in the Bridgeton area of New Jersey. Felt in surrounding
area of Cumberland and Salem counties, and Kent county in Delaware. This
event occurred in an area of little seismic activity. The relatively large signal
allowed us to recalculate a more accurate velocity model for southern New
lersey.

10/25: serviced HMC; premature battery failure.

10/31: measured seismometer period at HMC.

11/05: discontinued leased telephone line to Newcomb, NY.

11/13,14: installed new radio communication channel between the University
of Vermont and Middlebury, Vt. Installed repeater in Charlotte, Vt., in
addition to new equipment at U of Vt. and Middlebury College.

12/1: Started assembly of new Sun/Cutler recording system for Middlebury
College.

12/20: Removed and reinstalled HMC after calibration at LI2GO.

Completed construction of new SUN/Cutler system for Middlebury College.
Started continuous recording/evaluation of CMG-4 seismometers at LDGO
(PAL station).

1/17. replaced rechargeable batteries at GPD vvith fully charged units: solar
power system working normally: low voltage due to negative power budget
(not enough sunshine!).

2/5: replaced suspect amp/vco at CRNY

2/7: Installed SUN/Cutler system at Middlebury College. Rerouted FLET and
HBVT signals to Middlebury (in addition to PNY signal previously rerouted).
3/12:leased telephone line from Burlington and Middlebury dis ontinued..
This also eliminated stations WNY and AMNH. WNY will be replaced at
some future date with a station which can be radio telemetered to Middlebury
directly, if feasible. AMNH will be replaced by either a radio telemetered
station (very difficult in the midst of NYC), or installation of an SSA-1
recorder (as currently used by NCEER for strong ground motion
measurement), if funding is available.

3/27: serviced LVN]. Replaced amp/vco

3/29: scrviced CTR

3/29: repaired signal cable at ECO. Installed new GNF receiving antenna at
Adirondack Ecological Center
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Seismicity is concentratea ‘round the borders of (he Newark Basin, particularly
around the northern half of the basin, but very few epicenters occur within it
(Aggarwal and Sykes, 1978; Yang and Aggarwal, 1931; Kafka et al., 1987). As might be
expected from the general lack of seismicity in the sedimentary rock of the eastern
North American platform, earthquakes do not seem to occur in the shallow layer of
sedimentary rock within the basin. More surprisingly, the ' stalline rock below the
basin is also ns --ly devoid of seismicity. This spatial distribution of seismicity,
which seems to cl.aracterize other rift basins along the Atlantic margin as well, has
not yet been satisfactorily explained.

The Newark Basin is clearly asymmetric from the structural point of view,
with a border fault on the northwest side and a feather edge unconformity on the
southeast side. Similarly, the seismicity is also asymmetric about the basin; two
distinct sub-zones of seismicity can be recognized, one along the Hudson Highlands
and Reading Prong, on the northwest side of the basin, and the other along the
Manhattan Prong and extending southwest into the Piedmont of eastern
Pennsylvania, on the southeast side of the basin. These two zones of seismicity are
similar in the number of earthquakes but distin.: on the basis of their magnitude
distribution: events larger than M=3 occur primarily on the southeast side of the

basin.

Most of the M23 epicenters fal' along a broad belt that follows Cameron’s Line
and the Martic Line, two segments of the early Paleocoic suture along the
sov** . =rn border of the basin (Figure 11). A ~ -parison between seismicity and
structu. low spatial resolution could sug,-.  : neotectonic reactivation of this
major suture. Both earthquake locations and rupture geometries, however, m ke a
direct association of known seismicity with the Paleozoic suture unlikely. The
seismicity southeast of the Newark Basin includes two recent M=4.0 events, one in
1984 near Lancaster, Pa. ( Armbruster and Seeber, 1987b) and the other in 1985 near
the town of Ardsley in Westchester Co., N.Y. (Seeber and Armboruster 1989). The
ruptures of these events, as resolved from aftershocks and focal mechanisi. , strike
north and northwest, respectively, at large angles to the overall strike of the seismic
zone and to the strike of the Paleozoic suture.

The 1990 Bridgeton Earthquake is an additional event on the southeast -..ie of
the NBSZ for which the fault plane solution has been determined (Figure 12). The
surtace exprassion of the Paleozoic suture southeast of the Newark Basin is a ductile
structure with no evidence of reactivation during Mesozoic rifting (e.g.,
Merguerian, 1986); therefore, neotectonic reactivation of this structure woula seem
unlikely. In contrast, the Ramapo fault, the border fault on the northwest side of the
basin, is a major brittle structure superimposed on earlier ductile structures. This
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Table 1: Central NJ Velocity Model

Depth(km)
Qld Model: 0 5.98
7 6.62
35 8.1
New N s 0 6.4
18 6.8
35 8.0
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Figure 1. NYSSN Seismicity: April 1, 1990 - March 31, 1991
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Figure 2. NYSSN Seismicity: 1970 - March 31, 1991

11



NYSSN Regional
1 i !

and Teleseismic Events: 4/1/89-3/31/9
1l

12 1 i i T f 1 % } { % + f )
= | B Regional
L o s s e ity e Te{esmaﬁmnc_ir
g | .% .
e | —
w 1 4
2 i 4
z 6 «: s -+ R
4 T
2 . i
0 : 5 i ¥ oed]
April May June July Aug Sept Oct Nov Dec Jan Feb Mar
NYSSN Regional and Teleseismic Events: 4/1/90-3/:11/91
12 | 4 i -+ - L o B l d i it l
L 1 1 T ki 1] 1 i Ll | T‘ l i
L - B Regional s
TN 25| ...k Teleseismic 1.
28 = A
@
3
% oot
2 6 + il T ey vy Y NPT QU <\ WO 5 1. W W ...
[
4 e e

o
Il
F oy

April May June July Aug Sept Oct Nov Dec

Jan Feb Mar

Figure 3. NYSSN Earthquake Rate from 4/1/89 to 3/31/91



suoilels NSSAN ‘v @inbij

q”l””r‘ln”].»ull “J

002 00l 0
QONI h Ocm
SOb / % . 7 2Ol
v YNud A / .
b b ; L~ ~
it { _WINAI ! y o
) vs__:.« Wdwad9> A e !
o Y a9\ 4 4mm_\ f .w- Pl /
o AN \ ¢ \ 3
e/ - 4 f /x 7 1 \ o $
[ ~ / w 2 f
. M i \ «— \ \ . % = \.
ﬂ,./ Y \ . ? ﬂ _._, e & . «._ a
Lo s : i e U
.‘ X \._% % \ V . \ 3
- 4 . { \ g% KIAmY
O~ £ , 4 Y ,.,. !
) \ ) A 4 “,,,,,, } NHAY .w o
q.,~ I , ./,.4 2 ‘ i >Cm=2 \tv, , \
y i n ’ / _ _ . \/ ,,/. ‘\,
g’ W3 # f rC&A- ANO \ { J
vooA I u>>2 \ S e
2 I {  AOWw! ,4\::: N [ T o,
< u $oy «ﬂ\.k P
| At NLSY gzm S O e
\ o 1nanwe ! S i i =g
! r , . w,vj VASEA 4 42?_\ @. -#.,v,% _Q NA..,_»
Vo) o aauwles HORVE O gpeno y
4 OE . ~ANSWY* . N
Svl- i ‘ : ¢ - oG
R b N £ 2N f i s
f n,_:,.‘ D P\ N | N, S S B
0Ol 08

13




UNIV OF

LOCAL DISPLAY & < LDGO DIGITAL
TAPE CARTRIDGE RECORDING SYSTEM

TO LDGO VIA
DIRECY DIAL
TELCO

St Lawrence Network

Recording
System
 P—
Tape Carwridge
Lake Champlain Network K

-internet (1991)

Figure 5a. NYSSN Data Communication Networks: St Lawrence & Lake Champlain
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Figure 5b. NYSSN Data Corwmunication Networks: Adirondacks and Metropolitan New York
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NYSSN Leased Line Cost/mon as of April each year
$10000
Cost/mon 4

1986 1987 1988 1889 1990 1991

Figure 7. NYSSN Leased Telephone Line Cost History
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Southern New Jersey
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