
DEPARTMENT OF THE INTERIOR 

U.S. GEOLOGICAL SURVEY

Determinations of the depth to the surfaces of active lava lakes 

at Mauna Ulu and Alae, Kilauea Volcano, Hawaii

Robert I. Tilling 1 , Robert L. Christiansen2 ,

Wendell A. Duffield3 , Robin T. Holcomb4 ,

4 and Donald W. Peterson

Open-File Report 86-367

This report is preliminary and has not been reviewed for 

conformity with U.S. Geological Survey editorial standards 

and stratigraphic nomenclature. Any use of trade names is 

for descriptive purposes only and does not imply endorsement

by the USGS.

Reston, Virginia 

2 Menlo Park, California

o
Flagstaff, Arizona 

Vancouver, Washington



TABLE OF CONTENTS

Page 

ABSTRACT.......................................... 1

INTRODUCTION...................................... 1

ACKNOWLEDGMENTS................................... 1

MEASUREMENT TECHNIQUE............................. 1

MEASUREMENT REPRODUCIBILITY AND UNCERTAINTY....... 2

SIGNIFICANCE OF THE MEASUREMENTS.................. 2

REFERENCES CITED.................................. 3

LIST OF TABLES AND FIGURE 

Table Page

1. Measurements of depth to surfaces of
active lava lakes and related observations... 4

2. Test of rangefinder measurements obtained
with instrument # 1 (November 22, 1972)...... 14

3. Test of rangefinder measurements obtained
with instrument # 2 (June 18, 1973).......... 15

Figure

1. Comparison of rangefinder distances and
taped distances for two tests of rangefinder 
measu rements................................. 16



ABSTRACT

Many measurements of the depth to the surfaces of the active lava lakes 
at Mauna Ulu and Alae were made during the 1972-1974 Mauna Ulu eruption of 
Kilauea Volcano, Hawaii. These measurements significantly increased the 
body of data for similar measurements at Mauna Ulu during 1969-1971. The 
measurement method is simple and requires only the use of a Brunton compass 
and optical rangefinder. Tests of measurement reproducibility, involving 
experienced and inexperienced observers and two different rangefinders, indi­ 
cate an overall uncertainty of no more than about 10 % for depth-to-surface 
determinations ^ 100 m, and 5 % or less for depth-to-surface determinations 
« 50 m.

INTRODUCTION

Throughout the 1972-74 Mauna Ulu eruption (Tilling and others, in press), 
frequent determinations were made of the depth to the surfaces of the active 
lava lakes contained in summit craters of Mauna Ulu and Alae volcanic shields 
(Table 1). We use the term "depth to surface" to refer to the vertical 
distance from the point of measurement, almost always the crater rim, to the 
surface of the actively circulating lava lake. If the lake surface is crusted 
over (i.e., no molten lava is visible, no circulation), the "depth to surface" 
is equivalent to the depth to the apparent solid floor of the summit crater. 
The true floor of the crater, of course, only can be seen with complete 
draining of the lava lake.

The visible active surface area of the lava lake can occupy the entire 
crater, or can be restricted to one or more smaller areas that occur as 
openings in the solidified crust or as perched lava pools confined by levees 
and surrounding moat. In the latter case, the lake surface can be highly 
irregular, variable in the measured "depth to surface", depending upon which 
point(s) is (are) used for depth determination.
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(National Center, Reston, Virginia), reviewed an early draft of this report, 
and their constructive criticisms and helpful suggestions are greatly 
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MEASUREMENT TECHNIQUE

The depth-to-surface measurements were made by a simple method illus­ 
trated by Swanson and others (1979, Figure 49): an optical rangefinder 
measured the slope distance to one or more distinctive points on the lake 
surface, and the corresponding vertical angles to the point(s) were measured



by the clinometer of a Brunton compass. The depth to lake surface (or 
apparent crater floor) is the product of the sine of the angle and range 
finder distance.

MEASUREMENT REPRODUCIBILITY AND UNCERTAINTY

Our measurements indicated that each observer could generally obtain 
reproducible angle measurements to within + 0.5 degree using the Brunton 
clinometer, thus yielding a maximum uncertainty of about 1 percent for the 
sines of the range of angles measured. However, the reproducibility of 
rangefinder measurements among different observers was considerably less 
satisfactory, and we conducted tests of precision, accuracy, and possible 
operator error. During the course of the eruption, two different range- 
finders were used for distance measurements, and tests were conducted for 
each (Tables 2 and 3).

In the test of instrument # 1 (November 1972), involving eight observers, 
it was possible to assess possible operator bias as well as precision and 
accuracy; five were regular users (observers 1-5, Table 2), and three (obser­ 
vers 6-8) had little or no experience. Not surprisingly, the inexperienced 
users obtained the most discrepant readings, in terms of both precision and 
accuracy, especially for distances greater than 80 m (Table 2). The results 
suggest that the measurements obtained by experienced users have a precision 
of about 5 % or less for distances up to about 110 m and about 10 % for 
distances approaching 200 m; accuracy worsens for measurements of distances 
over 100 m.

In the test of instrument # 2 (June 1973), only experienced users were 
involved (Table 3). This instrument yielded somewhat more precise results 
than instrument # 1, as suggested by differences in standard deviations (cf. 
Tables 2 and 3). In both tests, for distances greater than 100 m, the range- 
finders give significantly smaller distances than the taped distances 
(Fig. 1). At these long distances, the under-measurment by the rangefinders 
is in part instrumental and possibly in part due to the tendency of the 
stretched steel tape to drape around minor irregularities of the ground 
surface between the two points measured. Therefore, the differences between 
rangefinder readings and actual distances could be somewhat smaller than 
those indicated by the tests of the rangefinders. We estimate the total 
uncertainty--rangefinder and clinometer readings as well as operator varia­ 
tions to be no more than about 10 % for the deeper lava-lake stands 
( * 100 m) and 5% or less for higher stands ( < 50 m).

SIGNIFICANCE OF THE MEASUREMENTS

The measurements made during the 1972-1974 eruptive activity signifi­ 
cantly increased the body of data for similar measurements at Mauna Ulu during 
its 1969-1971 eruption (Swanson and others, 1979, Fig. 7). Through mid-1973 
of the 1972-1974 Mauna Ulu eruption, at times the measured depth(s) to the 
surface for Mauna Ulu lava lake varied sympathetically with those for Alae 
lava lake, as well as showed positive correlation with Kilauea summit tilt.



This observation led Tilling and others (in press) to suggest that a delicate 
hydrostatic balance existed between the Kilauea summit reservoir, the Mauna 
Ulu holding tank, and the Mauna Ulu-fed vent at Alae.
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Table 2. Test of rangefinder measurements (in meters) obtained with
instrument #1 (November 22, 1972) Observers 1-5 are experienced 
users, observers 6-8 inexperienced.

Observer

1

2

3

4

5

6

7

8

Average 
(1-8) 
Range

Standard 
(%)

Average 
(6-8) 
Range

Standard 
(%)

Average 
(1-5) 
Range

Standard 
(%)

DISTANCE

Distances, m

A

43

42.7

44

41.7

45

47.3

45.8

45.5

44.4 

41.7-47.3

deviation 1.9 
(4.3)

46.2 

45.4-47.3

deviation 1.0 
(2.2)

43.3

41.7-45

deviation 1.3 
(3.0)

43.6

B

88

80

84

85

78

75.5

94

95

84.9 

75.5-95

7.1 
(8.4)

88.2 

75.5-95

11.0 
(12.5)

83.3

78-88

4.0 
(4.8)

82.0

C

110

111

115

108

105

110

100

120

109.9 

105-120

6.0 
(5.4)

110.0 

100-120

10 
(9.1)

109.8

105-115

3.7 
(3.4)

110.0

D

175

170

205

210

174

158

220

239

193.9 

158-239

28.6 
(14.7)

205.7 

158-239

42.4 
(20.6)

186.8

174-210

19.1 
(10.2)

189.6
(measured by 
steel tape)
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Table 3. Test of rangefinder measurements with instrument #2
(June 18, 1973). All observers are experienced users. 
Instrument readings in "feet" and converted to "meters."

Observer Distances, m

1

2

3

4

5 

Average 

Range 12.

Standard 
deviation

(%)

DISTANCE 
(measured 
by steel 
tape)

A

12.3

12.5

12.8

12.5

12.4

12.5

3-12.8

0.2

1.6

12.2

B

22.7

22.7

23.2

23.2

23.0

23.0

22.7-23.2

0.2

1.0

22.9

C

45.8

45.1

46.0

45.8

44.2

45.4

44.2-46.0

0.7

1.5

45.8

D

75.0

74.1

75.0

76.2

76.2

75.3

74.1-76.2

0.9

1.2

76.2

E

122.0

115.9

117.4

122.0

109.8

117.4

109.8-122.0

5.1

4.3

122.0

F

177.0

167.8

183.0

166.8

180.0

174.9

166.8-183.0

7.3

4.2

183.0

G

289.8

289.8

259.2

266.9

289.8

279.1

259.2-289.8

14.9

5.3

294.0
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Figure 1. Comparison of rangefinder distance and the 
actual distance measured by steel tape for 
two tests of rangefinder measurements (data 
of Tables 2 and 3).
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