ZUSGS

science for a changing world

HAWAIIAN VOLCANO OBSERVATORY

1971 QUARTERLY ADMINISTRATIVE REPORTS
INTRODUCTORY NOTE BY THOMAS L. WRIGHT AND JENNIFER S. NAKATA

COMPILED BY JENNIFER S. NAKATA

SUMMARY 61
JANUARY, FEBRUARY, AND MARCH 1971
BY ROBERT Y. KOYANAGI, ELLIOT T. ENDO, AND ARNOLD T. OKAMURA

CHRONOLOGICAL SUMMARY By W. A. DUFFIELD

JANUARY-MARCH 1971 LEVELING AT KILAUEA AND TABULATED
COMPARISONS WITH PREVIOUS DATA
BY REGINALD T. OKAMURA AND DONALD A. SWANSON

SUMMARY 62
APRIL, MAY, AND JUNE 1971
BY ARNOLD T. OKAMURA, ROBERT Y. KOYANAGI, AND PATRICIA STEVENSON

CHRONOLOGICAL SUMMARY BY DONALD A. SWANSON

SUMMARY 63
JULY, AUGUST, AND SEPTEMBER 1971
BY ROBERT Y. KOYANAGI, ARNOLD T. OKAMURA, AND GEORGE KOJIMA

CHRONOLOGICAL SUMMARY BY DONALD W. PETERSON

SUMMARY 64
OCTOBER, NOVEMBER, AND DECEMBER 1971
BY ARNOLD T. OKAMURA, ROBERT Y. KOYANAGI, AND MARIE S. ONOUYE

CHRONOLOGICAL SUMMARY BY ROBERT L. CHRISTIANSEN

OPEN-FILE REPORT 2007-1331
U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY



U.S. Department of the Interior
DIRK KEMPTHORNE, Secretary

U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia 2007

For product and ordering information:
World Wide Web: http://www.usgs.gov/pubprod
Telephone: 1-888-ASK-USGS

For more information on the USGS—the Federal source for science about the Earth,
its natural and living resources, natural hazards, and the environment:

World Wide Web: http://www.usgs.gov

Telephone: 1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.

Although this report is in the public domain, permission must be secured from the individual
copyright owners to reproduce any copyrighted material contained within this report.


http://www.usgs.gov/pubprod
http://www.usgs.gov

INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly
Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-
ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports.
The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to
the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-
eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation
data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are
published separately, due to differing schedules of data reduction.

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published.
Two of these (4™ quarter 1959, 1t quarter 1960) have now been published, using handwritten notes of Jerry Eaton
(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to
California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-
pared.

Chronology

The following Kilauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kilauea Iki crater (Kilauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes
Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages
Halemaumau (Kilauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during

uninterrupted inflation fol-
lowing the 1960 eruption

Halemaumau (Kilauea's summit) 3/22/1961 3/25/1961 Same as above.
Halemaumau (Kilauea’s summit) 7/10/1961 7/17/1961 Same as above.
Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kilauea eruptions. The HVO staff was kept busy
with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which
were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-
quence in 1961, the staff never caught up, and the seismic records were set aside for later study.

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of HVO's cataloged database. The annual
listings have been appended to the 1* Quarter Report of 1960 and to the 4™ Quarter Report for 1961. The number of
earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961,
is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

Thomas L. Wright and Jennifer S. Nakata
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INTRODUCTION

1971 marks the second year of a cooperative effort by the U. S.
Geological Survey's National Center for Earthquake Research (NCER) and
the Hawaiian Volcano Observatory to publish quarterly summaries on a
regular basis. The usefulness of the summary has often been questioned.
It is hoped that constant improvements and the timely publication of
summaries will obviate this question. With the continued expansion of
the Observatory's seismic net it is obviously important to maintain a
readily available reference to serve as a guide for detailed analysis
of the large volume of data being collected. As such a reference an
attempt is made to document as accurately as possible seismometer
station lists, instrumentation, parameters used for preliminary data
analysis, changes in tilt, and the chronology of events for the quarter.
In addition when the opportunity is presented, detailed descriptions
of other Observatory projects will be published.

The Observatory seismic net has been undergoing a significant
expansion in size and a marked improvement in the quality of instrumen-
tation. More stations have been added to the net or updated using
preamp/voltage controlled oscillators for seismic telemetry (cable or
FM radio). All the telemetered stations are recorded side by side
along with the Uwekahuna chronometer and the WWVH radio trace, on a
single 16 mm film strip on a Develocorder located at the Observatory.
The stability in timing at the few outstations in the net have also
been improved substantially by the replacement of old pendulum clocks
with more stable crystal controlled chronometers. As a result of the
continued improvements the volume and quality of usable recorded
seismic data has increased both in the number of stations available
for each earthquake and in the total number of earthquakes that are
sufficiently well recorded to be located.

Seismogram readings are punched on computer cards to provide an
input deck for use in a slightly modified version of the location pro-
gram HYPOLAYR (Eaton, 1969), which generates an output deck summarizing
the solution of each event. The output deck is a convenient source of
material for further analyses of the earthquakes, and the input deck
is saved for possible reanalysis. Starting in the first quarter of
1971, a velocity-depth model based on refraction studies by Hill (1969)
is used in the determination of hypocenters (as tabulated below).

Velocity model used for locating earthquakes in Hawaii

Velocity Depth Thickness
Layer km/sec. km km
1 1.8 0 0.8
2 3.1 0.8 1.4
3 5.2 2.2 5.8
4 6.8 8.0 5.5
5 8.25 13.5



For future summaries, as has been done in this quarter, an attempt
will be made to limit changes in the methods of analysis or computer
program parameters to the first quarter and appropriately described in
the first summary of the year. On the other hand, an effort will be
made to continually improve the format and also to simplify the process

of preparing the summaries so that the summaries are rapidly available
as a reference.
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CHRONOLOGICAL SUMMARY

JANUARY-MARCH 1971 (lst quarter of 1971)

The Mauna Ulu eruption continued throughout this quarter in much
the same manner as during the preceding 6 months. A brief outbreak in
late January and early February from a new vent west of Mauna Ulu was
the only major departure from the general pattern of activity on Mauna
Ulu's east flank.

The quarter began with a comparative 1lull in activity. The lava
lake in the summit crater (by now sufficiently widened by rock falls to
make obsolete the term, fissure) of Mauna Ulu remained 25-35 m below the
rim, and no lava was visible along the chain of vents to the east. The
last remaining bridge along this chain collapsed on January 2, leaving
a talus-mantled collapse trench more than 300 m long and 15-25 m deep
(Figure 2).

The lull ended on January 14, when the trench became filled with a
stream of lava flowing eastward and spilling over its banks. Some of
these overflows reached the floor of the subsidence bowl in Alae Crater.
At times. the lava took part in the familiar rise-fall cycle, centered
at the site of the engulfed December 20 collapse pit (see last summary).
During this interval of trench activity, the lake in the summit crater
rose to within 12-15 m of the rim. By January 21, lava had drained from
the trench except for a small pool of bubbling lava at the site of the
December 20 pit. Lava was, however, moving in conduits below the floor
of the trench, for lava continued to pour through the old tube system
into the Alae holding reservoir. Small flows fed by outlet tubes from
Alae spilled into Makaopuhi Crater on January 23 and over Poliokeawe and
Holei Palis on" January 24.

These flows continued until January 28, when a new vent opened on
Mauna Ulu's lower west flank, causing an abrupt change in pattern. Low
fountains issued from a 650 m-long fissure that crossed the buried Chain
of Craters road 50 m east of the west edge of the 1969-70 lava field
(Figure 2). This outbreak continued until February 10 and fed flows that
eventually built a low satellitic shield over the site of most persistent
activity at the east end of the fissure. New flows covered several
square kilometers south of the fissure, in places ponding against the
scarp along Kalanaokuaiki Pali.

Activity on the east flank of Mauna Ulu resumed immediately after
the new outbreak had ended. On February 11, a vigorous flow was pouring
into the Alae subsidence bowl, which had already filled with new lava.
Over the next several days a wide area was covered by lava that spilled
from Alae (Figure 2). This surface flow stopped between February 18 and
20, although lava continued to pour out of Alae through the tube system.



A new subsidence bowl resulted from this continued withdrawal and is
described by Swanson and Peterson (1972).

During most of the January 28 - February 10 outbreaks, the lava lake
in Mauna Ulu's summit crater continued its slow circulation and cyclic
rise-fall action apparently unrelated to the activity on the west flank.
On February 7-9, the lake rose to within 3 m of the crater rim, but by
February 11, when the east-flank activity had resumed, it had dropped to
its usual depth of 15-20 m below the rim. Lake level continued to drop
slowly throughout March and, by the end of the quarter, fluctuated between
depths of 40 and 55 m.

On February 22, a new lava stream, fed by the outlet tube from Alae,
plunged over Poliokeawe and Holei Palis. It then pooled at the base of
the palis, crossed the Chain of Craters road, and continued slowly ,
toward the sea, finally reaching it near the Hawaiian village site of
Kealakomo on March 8. Lava continued to enter the sea for the rest of
the month, slowly building a lava delta outward away from the old shore-
line. This delta and its formation are described by Moore and others
(1973). '

Throughout March, no lava could be seen in the trench on Mauna Ulu's
east flank, but it could be heard flowing and bubbling beneath the
rubbly trench floor. By the end of March, the trench was about 350 m
long and varied from 15 to 50 m in depth. The trench was growing westward,
and the summit crater eastward, because of rockfalls; on March 23 the
bridge separating them was 50 m wide but by March 28 had narrowed to only
12 m wide.
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January-March 1971 leveling at Kilauea
and tabulated comparisons with previous data

by

R. T. Okamura and D. A. Swanson

An extensive leveling survey was conducted at Kilauea in January,
February, and early March 1971. A line was run from the Hilo tide gage
to Kilauea summit along Highway 11, and from the summit to Kupapau tide
gage and BM 10 at Kalapana Protestant Church via two routes, the Chain
of Craters road and the Kalapana trail. In addition, numerous bench-
marks in the summit area were occupied. Figure 3 shows the location of
all benchmarks used. Precise locations for benchmarks established in
1958 or earlier are given in a report by Yamamoto (1957-1958), which can
be obtained from either the Topographic Division of the U.S.G.S. or from
the Volcano Observatory. Locations of benchmarks installed since 1958,
including reset older benchmarks, are on file at the Volcano Observatory.

Two crews working simultaneously were used for the Hilo-Kilauea
summit run and in the summit area; one crew did the rest. Each crew used
a Zeiss Ni2 pendulum level and yard rods with invar strips. In general,
procedures as outlined by Karren (1959) and the U. S. Geological Survey
(1966) were followed in the field. For most of the leveling, the same
rod was sighted first from each setup (that is, foresights were made
before backsights about half the time) in order to minimize small system-
atic errors, a procedure suggested by J. P. Church. Both levels were peg-
tested at least once a day to a tolerance of 0.003 ft, and both seemed
to be quite stable. Foresights and backsights were generally balanced.
The pendulum housing was tapped before each reading, quite vigorously
‘during rainy or misty periods when the pendulum has a greater chance
of sticking. The three-wire method of observation was used exclusively.
In almost every case, the same rod was used for a foresight and the accom-
panying backsight, thereby cancelling any rod index errors; when different
rods were used, a rod-index correction was made if significant.

Field books are on file at the Volcano Observatory. The notes were
completely checked and recomputed in the office as the leveling progressed
and at a subsequent time. Major discrepancies in elevation differences
when compared with previous leveling were immediately checked, and in
only one case was an error in the 1971 leveling detected; thus the large
elevation differences indicate either errors in the previous leveling or
more generally, real vertical displacement. Orthometric corrections were
applied, using the technique given by the U. S. Geological Survey (1966),
based on the Hilo datum. These corrections were small, reaching a maximum
of 0.045 ft at Hilina triangulation station.

Rod pairs T232964-T232965 and T232966-T232967 were used; these rods
were loaned by the Topographic Division of the U.S5.G.S., courtesy of
J. P. Church. Six months after the field work, the rods were checked for
length by the Topographic Division in Washington, D. C. using a calibrated



invar tape known to be accurate throughout within 1 part in 30,000. The
invar in the tape is the same as that of the rods, so temperature cor-
rections were unnecessary. That part of each rod between the 0.2 and 3.9
yard graduations was checked; the error between the surface of the foot-
plate and the 0.2 graduation, the rod index error, was also measured.

The length of the calibration tape was corrected for the 4 pounds of
tension applied to it during measurement of the rod. Two measurements of
each rod interval were made, each by a different individual, and the
results were averaged. ‘

The results of these tests are shown in Table 1 and Figure 4. All four
rods are too long, so that the true height above the ground is more than
the rod reading and a positive correction must be added to the reading.
The error is not proportional to the length of the rods; if it were, a
rod correction could be computed by multiplying the difference of eleva-
tion between two benchmarks by a constant based on the mean excess length.
Because the error is not proportional, each rod reading should be corrected
individually. This was done for several typical benchmark intervals, but
was too time-consuming to be done for all the data.

The method of Karren (1959) was used for making the rod corrections.
The average backsight and foresight per interval were computed in yards
by dividing the sum of the thread readings by the product of the number
of setups times 3 (to convert from feet to yards). The mean rod correction
for the average backsight was obtained from the appropriate graph (Figure
4, A or B), as was the mean correction for the average foresight. The
difference between the mean corrections was then computed, with due
regard to the signs. Since the rods are all long, the sign of the correction
for an uphill interval is positive if the backsight correction is more than
the foresight correction and negative if less; for downhill intervals,
the sign of the correction is positive if the foresight correction is more
than the backsight correction and negative if less. If the signs are
positive, then the difference in elevation between the backsight and
foresight benchmarks is increased; if the signs are negative, the differ-
ence in elevation is decreased. Usually the signs are positive, because
the upper part of the rods generally is in error by more than the lower
part. Once the difference in backsight and foresight corrections had been
obtained, this difference was multiplied by the number of instrument
setups to give the total correction to be applied to the elevation of the
foresight benchmark. The results using this method checked closely
with those from the intervals for which each rod reading was corrected
individually. '

As an example of this method, assume that the raw difference in ele-
vation going from BM 1 to BM 2 is -169.058 ft, BM 1 being higher than
BM 2. There were 26 setups between the benchmarks, and the sum of the
backsight and foresight thread readings is 63.309 ft and 232.367 ft,
respectively. Thus, the average backsight and foresight readings, in
yards, are .812 and 2.979, respectively. Rod pair T232966-T232967 was
used, and Figure 4B shows that the mean correction to the average back-
sight is .00070 ft, and to the average foresight is .00115 ft. The
difference between these corrections is .00045 ft, and the sign is

8



positive since the foresight correction is greater than the backsight
correction and the route is downhill. The number of setups (26) times
the difference in corrections (+.00045) is .012, and this added to the
difference in elevation of 169.058 gives a final difference of 169.070,
which means that BM 2 is 169.070 ft below BM 1.

No average backsight or foresight during the leveling was signifi-
cantly less than 0.2 yd, the datum for the rod calibration; the average
shots slightly less than 0.2 yd were considered to have no error. No
average sight was more than 3.9 yds.

Rod corrections significantly reduced the closure error in the sev-
eral circuits in the network. For example, the long, 28.36 mi loop
defined by the Kalapana trail and the Chain of Craters road closed
-0.215 ft before rod corrections and -0.150 ft after corrections.

The rod corrections are based on the assumption that the rods did
not change length during the leveling. There is no way to check this,
but consideration of the type of rod makes this assumption seem reason-
able. No corrections for length changes because of varying temperature
were applied during the leveling, but these corrections would be minor
because of the very small coefficient of expansion of the invar.

Closure adjustments were made after correcting for rod error by
applying a correction proportional to the distance from the start of
the circuit. Elevations on spur lines are based on the adjusted eleva-
tion at the tie point.

A1l loops closed to within second order tolerance (0.035 ft times
the VIength of section In miles). Many short, unclosed spur lines were
run, and the long line from Hilo to the summit was also not closed;
these lines are technically of third-order accuracy. However, many selected
portions of the Hilo-summit run were releveled, both in flat and steep
terrain, and comparison of the results suggests that this leveling is of
second-order quality, despite the lack of a closed loop.

Table 2 lists the elevations of all benchmarks in the 1971 leveling
network before and after rod corrections. The datum is USC&GS tidal
benchmark E 2 in Hilo, which was assumed to have an elevation of 7.936
ft, in order to facilitate comparison with earlier work (Rappleye, 1929;
Karren, 1959). Recent measurements between BM 4, the USC&GS primary tidal
benchmark a short distance from E 2, suggest that the elevation of E 2
should be lowered by 0.016 ft to an elevation of 7.920 ft. Since E2 is
located on busy Pier 1, which is subject to considerable heavy truck
traffic, it is not surprising that it should subside; moreover, bench-
mark F 2, located farther out on the pier, is known to be subsiding
(Karren, 1959; table 3 of this paper). However, BM 4 is located in the
concrete footpad for a large water tower, and it seems likely that it may
change elevation slightly as a result of the water load in the tower,
although level lines run periodically by the USC&GS to a nearby tide gage
suggest that such movement is small. Probably this spurious change would



be in the sense of lowering its elevation and all elevations based on it,
although the water level in the tank may fluctuate and cause the eleva-
tion to do likewise. 1In short, the datum E 2 is probably slowly sub-
siding but this cannot be proved and in any event would not seriously
affect any comparison of the 1971 survey to previous surveys.

Table 3 shows a comparison in meters of first-order leveling in 1926,
second- and third-order leveling in 1957-58, and the present leveling.
The data from the previous surveys are taken from Rappleye (1929), Karren
(1959), and Yamamoto (1957-58). Several benchmarks were reset after
1958; data for transferring the reset elevation to the original elevation
are listed in Table 8.

In 1965, R. W. Decker supervised a leveling crew that installed and
occupied many benchmarks along the Chain of Craters road from near
Kilauea summit to BM 10, at the Kalapana Protestant Church. The note-
books are filed at the Volcano Observatory. The equipment was similar
to that used in 1971. The invar rods (numbers 299 and 315) were not
checked for length errors. These same rods have been used by the Volcano
Observatory since then and in April 1971 were calibrated by the Topo-
graphic Division in the same manner as described earlier. Table 4 and
Figure 5 give the results for the pair 299-315, as well as the pair
260838-260839, a frequently used pair of rods at the Volcano Observatory
but not used in any leveling quoted in this report. It is not known how
much, if any, rods 299 and 315 were in error in 1965. On the assumption
that the corrections in 1971 were applicable in 1965, Decker's leveling
has been examined and rod corrections applied, using the method described
earlier. Table 5 shows a comparison of the final 1971 and 1958 eleva-
tions with the 1965 elevations before and after rod corrections, using
the 1958 U.S.G.S. elevation of 10.812 ft at BM 10 as the datum.

In February 1921, R. M. Wilson leveled from Keaau (BM 359.3) to
Volcano House Flag via Kalapana. Over the course of the next year he
leveled in the vicinity of the summit of Kilauea, and in January-February
1922 he ran a line from Keaau to Crater Hotel (since destroyed), which
allowed closure of the circuit containing the February 1921 line. This
leveling is discussed by Wilson (1935) and Karren (1959); the notebooks
and related memoranda are on file at the Topographic Division of the
U.S.G.S. in Menlo Park, California. The leveling is probably of poor
quality for the reasons given by Karren (1959). In particular, the prob-
lem of incorrect rod length is of utmost importance. The wooden rods
used in 1921-22 were long and changed length repeatedly (Wilson, 1935).
Wilson applied a proportional correction based on the most recently
measured length of the rods for a particular period of leveling. This
method is wvalid only if the error of a rod is proportional to its length,
a dubious assumption and one that would give somewhat erroneous results
if applied to the 1958 and 1971 leveling. However, this type of correction
for Wilson's rods is probably better than no correction at all.

We have recomputed the 1921 leveling between BM 10 (Kalapana Pro-

testant Church) and BM 2738, south of Makaopuhi Crater. This leveling
was done between February 4 and 9, 1921. The rod lengths were measured
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on February 8, apparently under field conditions of humidity and tempera-
ture. The tape Wilson used for the measurement of the rods was later
found to be long by .0008 ft in 9 ft; that is, at 9 ft the tape read

only 8.9992 ft. Wilson realized this but did not take it into account
when making his rod corrections. We have recomputed the rod corrections
based on the corrected tape. Thus, as measured on February 8, 1921,

rod A 9 was long by 0.0076 ft in 9 ft and rod 42 was long by 0.0051 in

9 ft. The mean of these errors is +0.00635 ft/9 ft, which is the rod
correction to be applied proportionally to the 1921 raw data between

BM's 10 and 2728. 1In addition, we recomputed Wilson's collimation
corrections more precisely than he had done, taking into account curvature
and refraction.

Table 6 shows the 1921 raw data and our corrections. Table 7 com-
pares the 1921, 1958, and 1971 elevations holding BM 10 at the 1958
elevation of 10.812 ft.

The 1921-22 line from Keaau via Kalapana closed 0.488 ft low at
Crater Hotel relative to the direct Keaau-Crater Hotel line. After
Wilson's rod and collimation corrections, the closure was 1.940 ft low.
Karren (1959) used this to cast doubt on the reliability of Wilson's
method of correction, which should have reduced the closure error.
However, it is important to take into account the timing of the surveys.
The line via Kalapana was run in February 1921 during continuous eruption
in Halemaumau; this is typically a time of summit stability, a conclusion
based on knowledge acquired over the last 20 years. Beginning in March
1921, the magma column withdrew in Halemaumau, and throughout the next
year it fluctuated greatly in height. This time, clearly one of instabil-
ity in the magma column, could well have been accompanied by substantial
ground deformation. The direct run from Keaau to Crater Hotel was not
made until January-February 1922, almost a full year after the 1921
leveling, and it is quite possible that the summit area was considerably
higher than in early 1921. 1In this regard, it is notable that a flank
eruption occurred in Makaopuhil Crater in May 1922, shortly after the
1922 survey; usually such flank eruptions are preceded by long periods
of summit uplift. Thus, the closure error in Wilson's circuit may not
be as bad as it seems, although it still should be emphasized that the
1921-22 leveling was of poor quality and should be used with caution.

We feel that the differences between the 1921, 1958, and 1971 surveys
along the short Kalapana trail are large enough to indicate important
vertical displacements. These displacements will be interpreted by
Swanson and colleagues in future publicationms.

We thank Jack P. Church of the Topographic Division of the U.S.G.S.
for his interest, advice and patience in dealing with all our questions
and requests. Virtually all members of the Volcano Observatory took
part on survey crews, and the Kilauea Job Corps contributed rodmen at
times. CDR Moran, Ensign Lilley and Mr. Stanley Shibuya of the Coast and
Geodetic Survey (then ESSA) showed us the Hilo tide gage and nearby bench-
marks.
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Figure 3.--Location of all benchmarks and leveling routes used in the
January-March 1971 leveling on Kilauea.
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Figure 4.--Graphs used in determining rod corrections for rod pairs T232964-T232965 and
T232966-T232967. These rods were used in the 1971 leveling. See text and Table 1.
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Table 1.--Data for correcting rods used in 1971 leveling.

Rod reading,
in yards

0.2
0.5
1.0
1.5
2.0
2.5
3.0
3.5
3.9

Rod index error

Calibrated at T3°F on August 5, 1971.

Correction in feet.

T23296L4
0

+.00064
+.00141
+.00153
+.0011L
+.00150
+.001L0
+.00130

+.00178

+.00150

T232965

15

0

.00032
.00113
.00130
.00158
.00150
.00158
.001k2

.00165

.00125

7232966
0
+.00060
+.00108
+.00090
+.00086
+.00118
+;00132
+.00105

+.00160

+.00125

T232967
0
+.00027
+.00071
+.00113
+.00122
+.00120
+.00107
+.00085

+.00112

+.00100



Table 2 .--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft.

Elevation
"before rod Final elevation after
correction rod correction
B.M. ft ft m
U.S.E. Pier 1 7.518 7.518 2.291
F2 7.656 7.656 2.334
E2 7.936 7.936 2.419
D 2 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>