Appendix B-I Digital Files: Read Me First

Appendixes B-H supplement chapters 2-8. Tables are prepared in Microsoft Word, saved as .rtf files. Figures are saved in a
.pdf file for each chapter.

Time series plots comprise the beginning pages of all .pdf files and, in chapters 5 and 7, where the eruptive sequence is
divided into stages, time series files are interleaved with map plots whose letter and number designation are given in the
figure columns of time series text tables for chapters 4, 5, 6, and 7. The time series plots emphasize earthquake swarms and
are also divided into year-by-year tabulations in order to more easily enable study of short time periods or individual events.

The map plots show earthquakes occurring before, during, and after tabulated eruptions, intrusions, and a few large
earthquakes with foreshocks and aftershocks, as in the plots included in the text chapters.

Appendix I stands alone with text, tables, and figures that describe the application of Mogi models to tilt and level data.



Appendix B. Supplementary Material to Support Chapter 2

Tables Bla and B1b list earthquakes of magnitudes between 5 and 6 for the same time periods as text tables 2.1 and 2.2, respectively.
Table B2 shows azimuth and distance from Uwékahuna and Whitney Vaults to points within Kilauea Caldera shown in text figure 2.4.
Table B3 contains Whitney tilt data to support text figure 2.3.

Figure B1 plots occurrence of earthquakes designated as "south Hawai‘i" on a timeline that also shows (1) Kilauea eruptions and

intrusions, (2) Mauna Loa eruptions, and (3) Kilauea earthquake swarms.



Appendix B Table B1 a. Earthquakes M 5-6, 1790-1894

Date Date end | Loc.l | Type2 | Comment References

begin

1/9/1826 EQ Earthquakes, M 5.3—locations unknown, but possibly beneath Kilauea (Klein and Wright, 2000)

11/5/1827 EQ

4/12/1829 EQ

11/22/1829 EQ

10/13/1833 | 1/29/1838 | sf?? EQ M 5.3, 5.6 (4), 5.9-- classified as “south Hawai‘i” (Klein and Wright, 2000)

4/7/1839 sf? EQ M 5.3—<classified as “south Hawai‘i” (Klein and Wright, 2000)

12/18/1840 sf?? EQ M 5.6—<classified as “south Hawai‘i” (Klein and Wright, 2000)

9/30/1841 sf?? EQ M 5.3—<classified as “south Hawai‘i” (Klein and Wright, 2000)

11/9/1842 M 5.3—<classified as “south Hawai‘i”

9/1/1844 1/8/1856 sf?? EQ M 5.6, 5.3—17 shocks classified as “south Hawai‘i” (Klein and Wright, 2000)

10/22/1855 hm C Earlier dome collapsed, lava 100 ft down, no activity (Coan, 1856b)

7/30/1857 sf?? EQ M6.1 (Klein and Wright, 2000)

9/9/1857 sf? EQ M 5.6 (Klein and Wright, 2000)

4/30/1858 6/1/1860 sf?? EQ M 5.6—three shocks classified as “south Hawai‘i” (Klein and Wright, 2000)

3/12/1861 sf?? EQ M 5.3—<classified as “south Hawai‘i” (Klein and Wright, 2000)

12/30/1861 sf?? EQ M 5.6 (Klein and Wright, 2000)

5/9/1863 sf?? EQ M 5.9—<classified as “Hawai‘i” (Klein and Wright, 2000)

11/26/1863 sf?? EQ M 5.9—<classified as “south Hawai‘i” (Klein and Wright, 2000)

12/11/1865 | 11/7/1867 | sf?? EQ M 5.3 (2), 5.6- classified as “south Hawai‘i” (Klein and Wright, 2000)

4/19/1868 5/17/1868 | sf?? EQ M 5.3 (4) aftershocks of the 1868 earthquake classified as “South (Klein and Wright, 2000)
Hawai‘i”

6/10/1868 sf?? EQ M 5.3--do.? (Klein and Wright, 2000)

7/12/1868 M 5.3--do.

7/23/1868 sf?? EQ M 5.9—do. (Klein and Wright, 2000)

8/7/1868 11/1/1876 | sf?? EQ M5.0(2),M53(45),M54(2),M55 M5.6(12), M5.9 (3)—do. (Klein and Wright, 2000)

11/16/1868 sf? EQ M 5.6 (Klein and Wright, 2000)

9/13/1871 sf? M5.9 (Klein and Wright, 2000)

8/2/1877 sf?? EQ M 5.3 (2)--do. (Klein and Wright, 2000)

3/16/1879

5/15/1879 | 6/20/1880 | sf?? EQ M 5.3 (4), M 5.6--do. (Klein and Wright, 2000)

5/21/1882 12/2/1885 | sf?? EQ M 5.0,5.3 (4),5.4 (3),5.6 (2)--do. (Klein and Wright, 2000)

10/18/1886 | 7/26/1890 | sf?? EQ M5.6(2),5.9,53(4),59,5.4,5.2—do. (Klein and Wright, 2000)

10/15/1891 | 6/16/1894 | s?? M 5.3 (4), 5.6 (with aftershocks)--do. (Klein and Wright, 2000)

' Location abbreviations: Kilauea caldera (kc); Halemaumau crater (hm); East rift zone (erz); Southwest rift zone (swr); seismic southwest rift zone (sswr); Koa‘e fault zone (koae); South flank (sf)

? Eruption (E); intrusion (I); Earthquake > M5 (EQ); Earthquake swarm (EQS); Collapse of Kilauea’s summit (C)
? do. = aftershocks of the 1868 earthquake classified as “South Hawai‘i”




Appendix B Table B1. b. Earthquakes M 5-6, 1895-1925

Date begin | Dateend | Loc.' | Type’? | Comment References

3/10/1897 5/6/1897 sf?? EQ M 5.3 (3)--classified as “south Hawai‘i” (Klein and Wright, 2000)

10/24/1897 sf? EQ M 5.3—<classified as “Kilauea south flank?” (Klein and Wright, 2000)

5/17/1898 sf?? EQ M 5.3--classified as “south Hawai‘i” (3 dates) (Klein and Wright, 2000)

9/15/1898

1/4/1899

10/31/1899 sf?? EQ M 5.3--classified as “south Hawai‘i” (3 dates) (Klein and Wright, 2000)

7/10/1900

10/12/1900

9/28/1902 sf? EQ M 5.6—<classified as “Kilauea south flank??” (Klein and Wright, 2000)

5/3/1905 5/7/1905 sf? EQ M 6.18 w M 5.3 foreshock and many aftershocks, some as strong | (Klein and Wright, 2000)
as M S5—classified as “Kilauea south flank?”

9/5/1907 9/7/1907 sf? EQ M 5.16 with at least 2 aftershocks, one of M 5.3—classified as (Klein and Wright, 2000)
“Kilauea south flank?”

3/13/1909 kcal EQ M 5.35, deep beneath Kilauea caldera?? (Klein and Wright, 2000)

4/19/1910 sf?? EQ M 5.3 classified as “Kilauea?” (Klein and Wright, 2000)

4/10/1912 sf?? EQ M 5.3--classified as “south Hawai‘i” (Klein and Wright, 2000)

5/22/1912 sf? EQ M 5.9—<classified as “Kilauea south flank?” (Klein and Wright, 2000)

10/14/1912 10/15/1912 | kcal EQS Kilauea caldera 0-5 km?—Halema‘uma‘u obscured, so not sure (Jaggar, 1947, p. 43-45; Klein and Wright, 2000)
how shallow earthquakes relate

10/25/1913 11/9/1913 ksf EQ M 5.81-- Kilauea south flank, at least 14 aftershocks (Klein and Wright, 2000)

5/24/1914 6/2/1914 sf? M 5.22 on 6/1/1914 (Klein and Wright, 2000)

5/26/1915 sf? EQ M 5.24 classified as “Kilauea south flank??”—at least 7 as (Klein and Wright, 2000)

7/11/1916 sf? EQ M 5.04 classified as “Kilauea south flank?” (Klein and Wright, 2000)

10/3/1916 10/7/1916 sf?? EQS? 12 events 20-30 km (Klein and Wright, 2000)

10/8/1916 sf? EQ classified as “unknown”, but felt generally over south Hawai‘i -- | (Klein and Wright, 2000)
Kilauea south flank?

7/29/1917 sf? EQ M 5.2 (2) classified as “Kilauea south flank?” (Klein and Wright, 2000)

5/21/1918 5/23/1918 keal EQ M 5.14 deep beneath Kilauea caldera??—2 aftershocks (Klein and Wright, 2000)

2/25/1919 sf? EQ M 5.2 classified as “Kilauea south flank?” (Klein and Wright, 2000)

6/18/1919 hm EQS?/C | ass. with lowering of Halema‘uma‘u lava lake level? (Klein and Wright, 2000)

8/26/1919 kcal? | EQ M 5.00 deep beneath Kilauea caldera? (Klein and Wright, 2000)

11/28/1919 12/4/1919 erz EQS/C/1 | >200 events associated with draining of Halema‘uma‘u lava (Bevens and others, 1988, v. 2, p. 1059; Klein and
lake. Assume middle east rift intrusion with south flank response | Wright, 2000)

10/27/1920 sf? EQ M 4.2 classified as “Kilauea south flank?” (Klein and Wright, 2000)

5/19/1921 sf? EQ M 4.5 felt all island (Klein and Wright, 2000)

2/21/1922 sf? EQ M 5.72 classified as “Kilauea south flank?”—several aftershocks | (Klein and Wright, 2000)

3/12/1922 kcal EQ M 4.63 classified as “deep beneath Kilauea caldera??”—several (Klein and Wright, 2000)
aftershocks

sf 6/1/1922 kcal EQS earthquake swarm of 560 events (108 at 0-10 km beneath (Bevens and others, 1988, v. 3, p. 287-290; Klein and

erz Kilauea caldera; 432 beneath east rift zone) associated with 850- | Wright, 2000)
foot lowering of lava lake
6/8/1922 sf south flank response (67 events)

' Location abbreviations: Kilauea caldera (kc); Halema‘uma‘u crater (hm); East rift zone (erz); Southwest rift zone (swr); seismic southwest rift zone (sswr); Koa‘e fault zone (koae); South flank (sf)

2
Eruption (E); intrusion (I); Earthquake > M5 (EQ); Earthquake swarm (EQS); Collapse of Kilauea’s summit (C)




Date begin

Date end

1
Loc.

Type2

Comment

References

7/19/1924

7/30/1924

hm

E

Return of lava to bottom of Halema‘uma‘u

(Bevens and others, 1988, v. 3, p. 576; Klein and
Wright, 2000)




Appendix B table B2. Azimuth and distance to deformation centers'

A. Uwekahuna vault

Location’ Azimuth from Uwékahuna Distance (km) Comment
Inflation Deflation

2 287.8 107.8 1.77 northernmost center

1 309.5 129.5 2.49

9 319 139 3.91 easternmost center

3 323.8 143.8 3.63

7 331.2 151.2 3.63

10 334.4 154.4 3.68 southernmost center

6 337.7 157.7 3.63

8 341.0 161.0 3.03

4 3443 164.3 3.11

5 361.2 (1.2) 181.2 3.08 westernmost center

Halema‘uma‘u | 330.5 150.5 1.42 summit eruption center

Keanakako‘i 305.7 125.7 3.15 southeast caldera

Puhimau 342.6 121.7 4.76 upper east rift zone

Koko‘olau 339.6 125.0 5.46 upper east rift zone

B. Whitney vault

Location' Azimuth from Whitney Distance (km) Comment
Inflation Deflation

2 53.7 233.7 2.16 northernmost center

1 34.6 214.6 2.89

9 13.0 193.0 3.88 easternmost center

3 21.8 201.8 4.05

7 25.9 205.9 4.39

10 27.2 207.2 4.57 southernmost center

6 294 209.4 4.67

8 36.9 216.9 4.47

4 37.5 217.5 4.58

5 34.80 224.8 5.12 westernmost center

Halema‘uma‘u 51.7 231.7 3.02 summit eruption center

Keanakako‘i 11.7 191.7 2.53 southeast caldera

Puhimau 342.6 162.6 3.29 upper east rift zone

Koko‘olau 339.6 159.6 4.03 upper east rift zone

1 . . .
Numbers denote deformation centers at Kilauea’s summit shown on fig. 5 of Fiske et. al., 1969




Table B3. Whitney tilt data associated with Halemaumau draining and collapse (Fig. 2.3)

Event' Begin End Dh Eqn | Tmag | Tay | Comment Reference(s)"
lava lake 9/12/1915 9/28/1915 -42.3 draining BTW2, p. 361-362
eqswarm | 9/22/1915 9/29/1915 >100 erz intrusion (Klein and Wright), 2000
tilt change | 8/30/1915 9/19/1915 7.43 196 deflation
lava lake 5/25/1916 6/6/1916 -124.4 draining BTW2, p. 463-464
eqswarm | 6/4/1916 6/11/1916 >200 erz intrusion (Klein and Wright, 2000); BTW2, p. 465
tilt change no record
lava lake 6/6/1916 2/1/1917 206.0 filling BTW2, p. 465-561
lava lake 2/1/1917 2/23/1918 18.7 filling BTW2, p. 561-728
tilt change | - 1/19/1918 incomplete record
tilt change | 1/19/1918 2/21/1918 11.64 | 42.5 inflation
lava lake 2/23/1918 3/3/1918 “0” Halema‘uma‘u overflow BTW2, p. 733-738
tilt change | 2/21/1918 3/26/1918 6.55 161 deflation--mixed".
lava lake 3/3/1918 3/26/1918 2.0 building new levees BTW2, p738-748
eqswarm | 3/26/1918 4/5/1918 41 summit only? (Klein and Wright, 2000); BTW2, p. 749-755
lava lake 3/26/1918 4/5/1918 -85.3 draining BTW?2, p. 754-755
tilt change | 3/24/1918 4/3/1918 2.28 198 minor deflation
tilt change | 4/3/1918 11/8/1918 21.0 124 deflation-mixed BTW2, p. 757-842
lava lake 4/5/1918 11/8/1918 75.5 filling
Lavalake | 11/81918 11/16/1918 | -68.3 draining BTW2, p. 844-846
eq swarm 11/15/1918 | 11/17/1918 >79 intrusion? ) BTW2, p. 846)
tilt change | 11/10/1918 | 11/17/1918 11.0 | 358 regional inflation”
tilt change | 10/22/1918 | 2/1/1919 80.6 355 regional inflation
lava lake 11/16/1918 | 2/7/1919 75.8 filling BTW?2, p. 846-885
tilt change | 2/1/1919 11/28/1919 7.6 360 regional inflation
eruption 2/7/1919 11/28/1919 | -5.5 5.6 324 “Postal rift” eruption, Kilauea BTW2, p. 888-1128
lava lake 11/28/1919 | 11/30/1919 | -187.1 caldera
eq swarm 11/28/1919 | 11/30/1919 7 draining BTW2, p. 1128
tilt change | 11/28/1919 | 11/30/1919 3.34 198

deflation
tilt change | 11/30/1919 | 12/28/1919 3.91 21 inflation
lava lake 11/30/1919 | 12/22/1919 | 194.2 filling BTW2, p. 1055-1186
Lavalake | 12/22/1919 | 1/15/1920 -95.4 draining BTW2, p. 1077-1078

12/15/1919 | 7/20/1920 Mauna Iki (sw rift) eruption BWT2, p. 1074-1186
eq swarm 12/15/1919 | 12/19/1919 83 no tilt change; shallow swr (Klein and Wright, 2000); BTW2, p.1074-77
12/22/1919 | 2/8/1920 30 intrusion BTW2, p. 1086)

tilt change | 12/28/1919 | 12/31/1919 1.73 194 south flank response

deflation; source 2 response to

eruption
lava lake 1/15/1920 3/18/1921 110.6 filling BTW2, p. 1093-1129
tilt change | 1/26/1920 3/20/1921 7.2 40 inflation
lava lake 3/18/1921 3/25/1921 -1.3 Halema‘uma‘u overflow BTW3, p. 63-75
lava lake 3/25/1921 7/25/1921 -107.6 draining BTW3, p. 75-152
tilt change | 3/20/1921 7/22/1921 3.5 234 deflation—mixed?
lava lake 7/25/1921 10/1/1921 86.3 filling BTW3, p. 152-204
tilt change | 7/22/1921 10/10/1921 24 152 deflation-mixed
lava lake 10/1/1921 11/20/1921 | -95.5 draining BTW3, p. 204-216
tilt change | 10/10/1921 | 11/20/1921 0.7 104 mixed




Event' Begin End Dh Eqn | Twmag | Tay | Comment™ Reference(s)"”

lava lake 11/20/1921 | 5/13/1922 104.3 filling BTWS3, p190-220

tilt change | 11/20/1921 | 5/24/1922 5.8 315 inflation--mixed BTW3, p. 219

Lavalake | 5/13/1922 6/6/1922 -251.2 draining BTW3, p. 277-317

eqswarm | 5/15/1922 6/1/1922 >600 kcal = erze/l BTW3, p. 287-290, 302

eruption 5/28/1922 5/30/1922 Eruption/intrusion east rift zone BTW3, p. 284-285

tilt change | 5/24/1922 6/6/1922 154 196 deflation BTW3, p. 290

Lavalake | 12/22/1922 | 1/3/1923 -57.9 draining BTW3, p. 372-383

eq swarm 12/31/1922 | 1/4/1923 133 erz intrusion? BTW3, p. 375, 384-386

tilt change | 12/24/1922 | 12/31/1922 345 | 220 deflation BTW3, p. 290

lava lake 1/3/1923 7/21/1923 188.0 filling BTW3, p. 382-441

tilt change | 12/31/1922 | 8/25/1923 7.0 83 mixed

Lavalake | 7/21/1923 8/29/1923 -128.9 draining BTW3, p. 451-461

eqswarm | 8/3/1923 8/6/1923 76 minor lava lake/tilt change

eqswarm | 8/24/1923 8/27/1923 92 East rift intrusion BTW3, p. 461-462

eruption 8/25/1923 8/26/1923 Eruption/intrusion east rift zone BTW3, p. 460

tilt change | 8/25/1923 8/27/1923 3.04 | 261 mixed

lava lake 8/29/1923 2/9/1924 142.4 filling BTW3, p. 461-508

tilt change | 8/27/1923 1/31/1924 14.2 328 inflation--mixed

Lavalake | 2/9/1924 2/21/1924 -76.2 draining BTW3, p. 506-508

eqswarm | 2/13/1924 2/20/1924 21 ) BTWS3, p. 510

tilt change | 1/31/1924 2/12/1924 3.15 ] 201 deflation™ BTW3, p. 510

Lava lake | 2/21/1924 | 3/1/1924" | -85.3 draining BTW3, p. 512

eq swarm | 3/7/1924 4/17/1924 85 mid erz intrusion (Klein and Wright, 2000)

tilt change | 2/25/1924 4/28/1924 14.52 | 196 net deflation™ BTW3, p. 514, 528

Lava lake _4/28/1924““ 6/1/1924 -289.6 draining BTW3, p. 524, 530-560

eq swarm | ' 4/29/1924 264 lower erz intrusion BTW3, p. 515-528

eruption 4/17/1924 5/27/1924 Halema‘uma‘u—expl. eruption BTW3, p. 536-560

tilt change | 5/10/1924 5/31/1924 63.8 199 Deflation; mixed—due to deep eq

tilt change | 4/28/1924 6/1/1924 1.4 285 on 5/30/1924 (Klein and Wright, 2000)
5/31/1924

tilt change | 6/1/1924 8/1/1924 11.82 | 172 regional deflation

eruption 7/19/1924 7/30/1924 Return of lava Halema‘uma‘u BTW3, p. 581-583

tilt change | 8/1/1924 9/14/1924 3.42 38 inflation

tilt change | 9/15/1924 12/29/1924 7.80 194 deflation

total 2/25/1924 12/29/1924 80.45 | 194

" Headings 1-7 as follows: Event = type of measurement; Begin and End = beginning and ending times; Dh = increase or decrease in height of lava lake surface difference measured in meters; Eqy = number of earthquakes in
swarm; T, = Whitney tilt magnitude in seconds; tilt azimuth in degrees.

' Azimuths from the Whitney vault that fall within the range of centers defined for the inflation preceding the 1967-68 eruption (Fiske and Kinoshita, 1969)—see Chapter 4 appendix table D3--are highlighted in bold type.
il Eruptions and well-documented or suspected intrusions are italicized. Inflation/deflation of Kilauea’s shallow reservoir are highlighted bold. Other inflation/deflation vectors are explained in subsequent footnotes and
text.

¥ Reference to the weekly and monthly reports of the Hawai‘ian Volcano Observatory (Bevens and others, 1988) are abbreviated as follows: Volume 2 = BTW2; volume 3 = BTW 3.

" Deflation or inflation azimuths at variance with the centers defined by Fiske and Kinoshita (1969) can be explained as a vector addition of a regional deflation (see the large 1918-1919 inflation and 1924 deflation) and
shallow uplift beneath Halema‘uma“u.

*i Azimuths between 270 and 360° (inflation) or between 90 and 180° (deflation) lie outside of the range of azimuths to inflation centers. .preceding the 1967-68 eruption (Fiske and Kinoshita, 1969) and are interpreted as a
deeper regional inflation. See text for further explanation.

“i Followed by inflation between 2/12 and 2/21. Changes in lava lake level are poorly correlated with tilt change in this period.

¥ No tilt measurement between 3/1/1924 and 4/28/1924.

™ During this period an unchanging level of Halema‘uma‘u lava lake is accompanied by alternating episodes of inflation and deflation. The net tilt change for this period (deflation) is shown.



Figure B1. Graphs showing “south Hawai‘i” earthquakes related to Kilauea (middle panel) or Mauna Loa (lower panel) activity,
1820-1904. Earthquakes identified in the Klein-Wright catalog (Klein and Wright, 2000) as “south Hawai‘i” are compared to times
of Kilauea and Mauna Loa eruptions and intrusions. Closely spaced events near times of eruption or intrusion are probably associated
with that volcano. Earthquakes in blue symbols designated “kl st for Kilauea south flank have a bit more evidence regarding their
location than merely “south Hawai‘i,” such as better felt reports or association with Kilauea volcanic events. Most of the events
designated “south Hawai‘i” are probably Kilauea south flank but with insufficient location information. Isolated events of M>4.0 are

most likely either south flank or deep magma-supply earthquakes, although the volcano designation is ambiguous.



Appendix Figure B1. "south hawaii" earthquakes related to activity at Mauna Loa and Kilauea
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Appendix C. Supplementary Material to Support Chapter 3

Table C1 contains earthquakes of magnitudes between 5 and 6 for the same time periods as text table 3.1.
Table C2 contains Whitney tilt data to support text figure 3.2.

Figures C1 and C2 show time series plots of earthquakes associated with eruptions and intrusions at Kilauea from 1925 to 1953.



Appendix table C1. Additional earthquakes M 5-6, 1925-1953

Date begin | Date end Loc. | Type' | Comment References

773171927 773171927 kcal? | EQ M 4.58 30 km deep (Klein and Wright, 2000)
1/4/1928 1/4/1928 2035 EQ M 4.48 30 km deep beneath Kilauea caldera? (KIein and Wright, 2000)
2/5/1929 2/5/1929 kcal? EQ M 5.36 30.4 km deep (Klein and Wright, 2000)
5/25/1930 5/25/1930 st EQ M 4.55 (Klein and Wright, 2000)
9/28/1930 9/28/1930 kcal EQ M 4.53 25.6 km deep (KIein and Wright, 2000)
10720/1930 10720/1930 kcal EQ M 5.25 30.1 km deep (KIein and Wright, 2000)
1/29/1931 1/29/1931 kcal EQ M 4.40 22 km deep? (Klein and Wright, 2000)
77771932 77771932 st EQ 2 events M 4.2 (Klein and Wright, 2000)
2/4/1933 2/4/1933 st EQ 40 km deep offshore (Klein and Wright, 2000)
1/13/1934 1/13/1934 st EQ 40 km deep offshore (Klein and Wright, 2000)
1/13/1935 st EQ M 5.28 40 km beneath offshore south flank (Klein and Wright, 2000)
6/28/1935 st EQ M5.76 (KIein and Wright, 2000)
4/9/1937 st EQ M 4.42 (Klein and Wright, 2000)
571571939 st EQ M 4.90 (KIein and Wright, 2000)
5/31/1939 st EQ M 4.67 (KIein and Wright, 2000)
771471939 st EQ M 5.04 (KIein and Wright, 2000)
8/17/1939 st FJZ()? M 4.36, 4.0 21 minutes apart (Klein and Wright, 2000)
3/12/1945 st EQ M 4.38 (KIein and Wright, 2000)
771371945 st EQ M4.79 (KIein and Wright, 2000)
6/11/1951 erz EQ M 4.01 (KIein and Wright, 2000)
12/6/1951 st EQ M 453 (KIein and Wright, 2000)
9/2/1952 kcal EQ M 4.10 30 km beneath Kilauea caldera (Klein and Wright, 2000)
11/16/1952 st os EQ M 4.27 off south coast (Klein and Wright, 2000)
11/22/1952 kcal EQ M 3.95 20.8 km beneath Kilauea’s summit (Klein and Wright, 2000)

f_Location abbreviations: Kiauea caldera (kc); Halema‘uma‘u crater (hm); East rift zone (erz); Southwest rift zone (swr); seismic southwest rift zone (sswr); Koa‘e fault zone (koae); South flank (sf)
" Eruption (E); intrusion (I); Earthquake = M5 (EQ); Earthquake swarm (EQS); Collapse of Kilauea’s summit (C)




Appendix table C2. Whitney tilt and seismic swarms 1925-1953 keyed to figure 3.2

Date Beg. Date end eqs’ Tilt" Comment Reference™
No. | Mag. | Az.
5/13/1927 7726/1927 6.83 44.6 Precursory inflation continues during eruption | (Bevens and others, 1988, v. 3, p. 989-
7/6/1927 7 Precursory seismicity 1007)
7/1/1927 7/20/1927 1927 Halema‘uma‘u eruption
11/24/1928 20 (Bevens and others, 1988, v. 3, p.
11/24/1928 11/29/1928 3.82 202.1 Summit deflation/seismicity; intrusion? 1173)
2/21/1929 2/25/1929 1.23 223.0 2/1929 Halema‘uma‘u eruption; tilt mixed (Bevens and others, 1988, v. 3, p.
1184-1189)
7/25/1929 6 Precursory seismicity
7/25/1929 7/29/1929 7/1929 Halema‘uma‘u eruption; tiltmeter out (Bevens and others, 1988, v. 3, p.
1209-1217)

11/16/1930 11/19/1930 | 10 Precursory seismicity
11/19/1930 12/8/1930 1930 Halema‘uma“u eruption (Fiske and others, 1987, VL 3009, p. 2-
11/23/1930 12/9/1930 4.28 55.9 mixed; net inflation during eruption 4)
12/17/1931 12/22/1931 3.52 429 Precursory inflation
12/23/1931 5 Precursory seismicity; 5-20 km depth
12/23/1931 1/6/1932 1931-32 Halema‘uma‘u eruption (Fiske and others, 1987, VL 366-367)
7/9/1933 7/30/1933 27 Elevated shallow seismicity (Fiske and others, 1987, VL 401)
7/13/1933 7/26/1933 2.98 205.0 | Summit deflation/seismicity; intrusion?
2/2/1934 48 tiny (“tremor”) Earthquake swarm; intrusion? (Fiske and others, 1987, VL 408)
2/1/1934 2/6/1934 2.18 37.18 | inflation
2/28/1934 28 tiny (“tremor”) Earthquake swarm; tilt flat
9/5/1934 9/14/1934 348 227.8 deflation
9/6/1934 10/9/1934 1934 Halema‘uma‘u eruption (Fiske and others, 1987, VL 415-416)
9/14/1934 10/12/1934 5.86 46.7 inflation during eruption
7/6/1936 1/17/1937 10.60 193.1 deflation;
1/17/1937 2/21/1937 ) 9.31 207.2 | deflation (Fiske and others, 1987, VL 443-445)
1/28/1937 2/10/1937 13" Puhimau hot area formed by intrusion into
3/15/1937 3/22/1937 14" east rift; no east rift eq or ground cracking
3/17/1937 3/25/1937 5.74 214.4 | deflation
3/6/1938 5/15/1938 9.79 26.6 May 1938 east rift intrusion: Precursory inf. (Fiske and others, 1987, VL 443-445)
5/28/1938 >88 Many felt
5/29/1938 5/31/1938 1.27 199.29 | Deflation acc intrusion
6/1/1938 M4.3 South flank
8/17/1938 8/10/1938 2.16 223.9 | August 1938 east rift intrusion: Precursory def | (Fiske and others, 1987, VL 443-445)
8/7/1938 8/8/1938 >353 Many felt
8/8/1938 8/13/1938 Ground cracking
8/15/1938 8/25/1938 3.89 208.5 Post-intrusion deflation
8/25/1938 10/11/1938 442 47.2 inflation
10/11/1938 4/11/1939 11.09 218.9 continued deflation and crack widening (Fiske and others, 1987, VL 443-445)
9/20/1944 12/5/1944 3.45 443 December 1944 intrusion: precursory inf (Finch, 1944; Fiske and others, 1987)
11/12/1944 12/6/1944 scattered eq at decreasing depth after 11/15
12/5/1944 12/7/1944 0.98 425 continued inflation during earthquake swarm (Klein and Wright, 2000)
12/6/1944 12/7/1944 29 (16 stronger than tremor); shallow beneath

Kilauea caldera; some felt; erz intrusion?
12/7/1944 12/17/1944 3.92 230.0 | continued deflation
3/5/1950 9/15/1950 22.99 32.7 December 1950 egs and Koa‘e? int. (Finch, 1950; Fiske and others, 1987)
9/15/1950 12/8/1950 2.83 218.1 Slow deflation prgceding earthquake swarm
12/8/1950 12/12/1950 | >195 9 events of M 4 recorded on Oahu; epicenters

cross Koa'‘e fault zone between Koko‘olau and

Kamakai‘a Hills
12/8/1950 12/16/1950 1628 2100 major deflation during earthquake swarm
12/16/1950 10/31/1951 15.60 | 41.7 post-1950 inflation
4/22/1951 M6.2 35 km beneath Kilauea caldera; one foreshock | (Fiske and others, 1987, VL 512;

and many aftershocks Macdonald, 1951)
10/31/1951 12/16/1951 6.28 218.3 deflation interval
12/16/1951 6/27/1952 12.79 27.5 precursory inflation
3/17/1952 3/31/1952 >600 M6 (2), M 5-6 (19), M 4-5 (36); offshore sf (Fiske and others, 1987, VL 515;




Date Beg. Date end eqs’ Tilt" Comment Reference™

4/3/1952 4/12/1952 15 Beneath east rift zone (onshore) Macdonald, 1952)

6/27/1952 11/7/1952 eruption in Halema‘uma‘u crater (Fiske and others, 1987, VL 516-518;
6/27/1952 6/30/1952 2.16 212.8 initial deflation Macdonald, 1952)

6/27/1952 11/7/1952 6.65 196.5 net deflation during eruption

' Seismic swarms are defined as 5 or more events occurring at a rate of greater than 1/hour with no gap more than 2 hours. Locations are assumed to be at 0-5 km depth beneath Kilauea caldera.

" Tilt magnitudes are in seconds of arc as originally reported. 1 arc-second = 4.848 microradians. Deflation azimuths are between 180 and 270 degrees, normally between 190 and 235 degrees. Inflation azimuths lie
between 0 and 90 degrees, normally between 10 and 55 degrees.

" References to seismicity are to the reprinted Early Serial Publications of the Hawaiian Volcano Observatory (Bevens and others, 1988), the reprinted Volcano Letter (Fiske and others, 1987) and the compilation of
Hawaiian earthquakes before 1959 (Klein and Wright, 2000). A continuous record of tilt data obtained at Whitney vault are from an unpublished Hawaiian Volcano Observatory archive (HVO, unpub).



Figure C1. 1925-1953. Time-series summary of earthquakes in all regions of Kilauea during this period plotted against times of
eruption and intrusion (top panel) and Whitney tilt magnitudes (2nd panel from top) as in text figure 3.1. The bottom six panels show
(from bottom to top) paired rows showing earthquakes per day (eq/day) and magnitudes >4 for earthquakes in the magma supply
(bottom), rift and koae (middle) and south flank (upper) regions. Text figures 3.1-3.3 show shorter time periods that emphasize

eruptions and intrusions in this period.

Figure C2. 1925-1953. Time series plots show heightened seismicity in all regions during this time period plotted against times of
eruption and intrusion (top panel) and Whitney tilt magnitudes (2nd panel from top). Heightened seismicity is defined as earthquakes
that occur with a frequency of less than six hours. We show three levels; the levels differ depending on the region. Background
levels of south flank and deep magma-supply seismicity are higher and symbols are given for sequences of less than 5 events, 5-20
events, and greater than 20 events. For all other regions we plot sequences of less than 3 events, 3—10 events, and greater than 10

events.
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Appendix C figure C2
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Appendix D. Supplementary Material to Support Chapter 4
Table D1 shows additional earthquake swarms and earthquakes of M4—6 from 1953 to 1967.

Table D2 summarizes tilt volume, eruption efficiency, and magma supply rate during 1950-1967.

Table D3 summarizes tilt data for deformation centers plotted in text figures 4.2 and 4.3.

Figures D1 and D2 show earthquake swarms using the same data as in text figures 4.1 and 4.9

Figures D3A-N show the same data as text figures 4.1 and 4.9 plotted at 1-year intervals.

Figures D4A—N show earthquake swarm data as in figures D1 and D2 plotted at 1-year intervals, but beginning 3 years earlier at 1
February 1950

Figures D5-9 show time series plots of earthquakes associated with eruptions and traditional intrusions between 1954 and 1965.
Figures D10-17 show map plots of earthquakes associated with eruptions and traditional intrusions between 1954 and 1965.
Figures D18-25 show map plots of deep (20-35 km, ms4) earthquake swarms in and near the magma supply path, organized

chronologically.



Appendix Table D1'. Additional earthquake data, 1953-1967

Date begin Date end Class.” | Type' | No." | Tilt' Lag" Comment Ref."i);
Fig.

6/15/1953 9/16/1953 ms5gln | eqs? Earthquakes with similar arrival [€))
pattern to the later documented deep
swarms

04:17 10/25/1953 | 14:13 10/25/1953 | er2 m? 3 inflati additional er3 event at 17:51 10/26 (M

17:26 10/26/1953 | 06:20 10/27/1953 | sf3 6 on additional sf2 event at 03:37 10/27

04:30 10/27/1953 sf3 eq M4.51

06:20 10/27/1953 sf3 eq M4.11

04:47 10/29/1953 14:42 11/1/1953 koae 11? 4 3 additional er3, er4, sf4 events

15:38 11/28/1953 ms?2 eq M 4.03; additional M 3.85 event at [€))
19:44 11/29

20:43 11/29/1953 sf2 eq M 4.40 (M

01:56 12/1/1953 01:54 12/3/1953 ms5gln | eqgs 21 (D)

03:29 12/8/1953 10:43 12/9/1953 msl eqs 7 flat tilt (D)

06:27 471571954 07:15 4/15/1954 ms] eqs 5 (M

5/171954 5/31/1954 erl eqs 24 See above—events with no date/time | (1)

6/1/1954 6/30/1954 erl eqs 24 See above—events with no date/time | (1)

20:20 6/18/1954 21:42 6/18/1954 ms5gln | eqgs 4 located earthquakes (1); 4.1ab, 4.5¢

6/18/1954 6/21/1954 ms5gln | eqgs 23 minimum number of additional
unlocated events

77171954 7/31/1954 erl eqs 22 See above-no date/time; 2 located on (D
7/22

11:527/3/1954 sf2 eq M 524 (M

8/1/1954 8/31/1954 erl eqs 24 See above—no date/time; 1 located (D
on 8/16

13:40 8/2/1954 er3 eq M 4.09 (D)

14:25 8/7/1954 ms4kc eq M 5.0; 25 km deep (D)

8/30/1954 er2 eq M 4.08 (D)

9/1/1954 9/30/1954 erl eqs 24 See above—no date/time; 2 located (M
9/7, 25

10/1/1954 10/31/1954 erl eqs 21 See above—no date/time; 2 located (D
on 10/9, 16

10/7/1954 er3 eq M 4.02 [€))

11/1/1954 11/30/1954 erl eqs >80 see above-no date/time; 1 located (D

07:47 11/23/1954 | 08:21 11/23/1954 | erl eqs 20 11/27

02:30 11/26/1954 | 05:50 11/26/1954 | erl eqs 41 2 located, others no date/time
3 located, others no date/time

12/1/1954 12/31/1954 erl eqs 76 See above-no date/time; 3 located [€))
12/14, 22,27

06:35 12/4/1954 20:59 12/5/1954 ms5gln | eqgs >200 3 located in large swarm (D)

1/1/1955 1/31/1955 erl eqs 178 See above-no date/time; 6 located (D
1/8-11, 22-31

15:44 1/6/1955 18:33 1/6/1955 er2 eq 2 located (D

02:54 172171955 22:00 172171955 er2 eq 3 Tocated; 1 Iocated 06:18 1/27 (M

2/1/1955 2/23/1955 erl eqs 127 See above—no date/time (D

01:00 2/12/1955 06:00 2/12/1955 erl eqs 52 no date/time (D

2/17/1955 2/17/1955 erl eqs 171 no date/time (D

13:58 2/23/1955 ms4kc eq M 4.08; 25 km deep; 1 sf3 on 19:17 [€))
2/21

14:21 3/1/1955 er2 eq M 4.51; 1 er3 event at 14:32 3/4 [€))

00:00 3/8/1955 23:59 3/8/1955 erl eqs 326 no time; 1 located at 20:03 (1.3)




Date begin Date end Class.” | Type' | No." | Tilt' | Lag" | Comment FRFf'ViiO;
ig.
00:00 3/9/1955 23:59 3/9/1955 erl eqs 601 glogtime; 2 sf2 at 09:16, 21:08, M 3.5, (1%)
00:00 3/10/1955 23:59 3/10/1955 erl eqs 1385 no time (1.3)
00:00 3/11/1955 23:59 3/11/1955 erl eqs 76 no time 3)
00:00 3/12/1955 23:59 3/12/1955 erl eqs I1 no time (D
00:00 3/13/1955 23:59 3/13/1955 erl eqs 9 no time (D)
00:00 3/14/1955 23:59 3/14/1955 erl eqs 6 no time; intermittent to 3/29/1956 D
00:00 3/16/1955 23:59 3/16/1955 ms] eqs 21 no time (1)
01:00 3/17/1955 13:35 3/17/1955 ms] eqs 9 6 located; 3 unlocated erl (D
09:54 3/18/1955 22:43 3/18/1955 ms] eqs 48 3 Tocated (1)
00:00 3/19/1955 23:59 3/19/1955 ms] eqs 18 %Zloocgated at 18:03; 1 erl located at (D
00:00 3720/1955 23:59 3/20/1955 ms] eqs 6 I Tocated at 18:10 (1)
00:00 372171955 23:59 372171955 ms] eqs 51 no time (D)
00:00 3/22/1955 23:59 3/22/1955 ms] eqs 52 no time; 2 erl located at 00:42, 20:46 | (1)
00:00 372371955 23:59 372371955 ms] eqs 324 (2)3at4(%0:1120,0(§7:54; 3erl at 02:06, (D)
04:27 3/25/1955 08:55 3/25/1955 ms1 eqs 590 8 locz;ted; I ms5gln at 20:17 (I,3);44e
3/26/1955 ms] eqs 1103 no time (D
00:00 3/26/1955 23:59 3/26/1955 ms5gln | egs >197 1 located at 06:34
00:00 3/27/1955 23:59 372771955 ms1 eqs 482 no time; 1 at 09:23, T ms?2 at 16:02 [€))
00:00 3/28/1955 23:59 3/28/1955 ms] eqs 278 I at20:39 (D)
00:00 3/29/1955 23:59 3/29/1955 ms] eqs 165 no time (D)
00:00 3/30/1955 23:59 3/30/1955 ms] eqs I11 no time; 1 at 16:57 (D)
00:00 3/31/1955 23:59 3/31/1955 ms] eqs 44 44 events w no time—see above (D
04:24 4/1/1955 ms4kc eq M 5.1 30 km deep; M 3.6 as at 04:35 (D)
msl eqs 88 no time
00:00 4/2/1955 23:59 4/2/1955 ms] eqs 77 no time; 2 at 05:09, 06:37 [€))
00:00 4/3/1955 23:59 4/3/1955 ms] eqs 10 no time (1)
01:27 477/1955 msdkc eq M 4.25 (M
8/9/1955 8/10/1955 ms5gln | eqgs >600 I Tocated at 21:33 8/9 (D)
02:28 8/14/1955 msdkc eq M 5.84 25 km deep (D)
12/12/1955 12/137/1955 ms5gln | eqgs >200 I located at 12:33 12/12 [€))
4/18/1956 4/19/1956 ms5gln | eqgs small (1,5)
472471956 4/30/1956 msl eqs small | tilt flat a sequence of tiny, shallow eq (1,5)
00:00 6/30/1956 23:59 6/30/1956 ms5gln | eqgs >300 (1,5)
7725/1956 8/1/1956 ms] eqs 780 Tilt 7/27-28 (1, 6)
07:05 10/25/1956 ms4kc eq M 3.97 30 km deep (1,8)
14:03 2/11/1957 sf3 eq M 4.0 30 km deep (1,9)
9/9/1957 ms5gln | eqgs >10 (D)
9/14/1957 9/15/1957 ms5gln | eqgs >182 (D)
2/15/1958 ms4sf4 | eq M 4.10 35 km depth [€))
04:00 4/1/1958 18:00 4/1/1958 ms5gln | eqgs >200 time bracketed (D)
23:327/3/1958 13:257/6/1958 ms5gln | eqgs >2100 50 located"™ (M
23:43'10/22/1958 | 17:24 10/24/1958 | sf2 eq offshore; M 4.41,5as T M 4.47 (D)
11/2/1958 msdkc eq M 4.40 30 km depth (D)
15:41 1/5/1959 19:30 1/6/1959 ms5gln | eqgs >600 29 located [€))
20:00 2/19/1959 sf2 eq M 4.69; foreshock at 19:58, as at @)

20:35




Date begin Date end Class.” | Type' | No." | Tilt' Comment FRFf'ViiO;
ig.

00:00 5/5/1959 23:59 5/5/1959 ms5gin | eqs >60 no time [€))

23:44 8/14/1959 04:34 8/18/1959 ms5gln | eqgs >2300 280 located™; egs to 8/20--no times [€))

9/18/1959 er2 eq M 4.00 [€))

10:07 12/12/1959 | 12/15/1959 ms5gln | eqgs 56 located; 43.57+2.24 km depth

10:071/26/1960 03:19 1/29/1960 msl eqs 28 broken eqs; cont. summit subsidence (11)

23:04 1/27/1960 03:29 3/11/1960 ms?2 eqs 19 deepening swarm

09:10 1/29/1960 st3 eq M4.18

13:05 1/29/1960 00:57 2/6/1960 msl eqs 170

12:35 2/6/1960 18:12 2/29/1960 msl eqs 131 broken swarm

16:35 2/12/1960 st3 eq M4.11

01:27 3/1/1960 14:31 3/3/1960 msl eqs 51

23:59 3/3/1960 09:26 6/19/1960 msl eqs 121 broken swarm

15:04 3/5/1960 21:51 3/5/1960 ms4 eqs 3 more: 1/26, 2/17, 3/23, 26, 31, 4/5, 17

10:45 3/13/1960 19:06 4/11/1960 ms3 eqs 9 scattered; also on 1/25, 2/21, 3/1-2

23:16 6/14/1960 09:26 6/19/1960 ms] eqs 21 broken swarm; continued summit (1D
subsidence

12:07 12/13/1960 | 19:48 12/13/1960 | ms4 eqs 6 M 4.06 at 12:07 (17)

09:31 1/8/1961 00:28 6/28/1961 ms4 eqs 43 Elevated deep magma supply (11
seismicity; small swarms of 3 events
on 5/14, 16, 6/10, 18; average for
entire period of 1.79 per week

00:32 5/28/1961 sf3 eq M4.11 (17)

17:00 7/24/1961 11:48 11/1/1961 ms4.5 eqs 29 continued deep magma supply; 2.03 (11)
per week

06:48 8/21/1961 16:10 8/22/1961 ms] ? 7 2.6 Tilt 8/20-25; broken swarm (17)

331

19:25 9/24/1961 sf2 eq M 4.42 38.5 km; mantle eq (not (11)
magma supply)

02:58 1/7/1962 sf2 eq M4.23 (17)

10:21 27771962 20:40 2/7/1962 ms4 eqs 5 5 preceding on 2/4 (2), 2/5, 2/6, 277 (17)

18:16 3/31/1962 ms4 eq M 4.48 (17)

07:49 6/12/1962 14:19 6/16/1962 ms4 eqs IT broken swarm; M 4.03 6/13 16:35 (17)

16:51 T1/17/1961 | 09:41 T1/18/1961 | ms4.5 eqs 7 8on 11/5 (3), T1/10 (2), 11716 (3) (17)

13:25 11/20/1961 | 03:42 11/21/1961 | ms4 eqs 7 1 more at 11/21 16:11

23:23 11/21/1961 | 07:25 11/23/1961 | ms4 eqs 21 M 4.11 23.7 km (first eq in swarm) 16 ms4.5-3

22:42 12/28/1961 | 23:08 12/30/1961 | ms4 eqs 17 broken swarm

19:07 1/1/1962 16:19 1/3/1962 ms4 eqs 6 broken swarm

00:12 6/22/1962 2:15 6/22/1962 sf2 eqs 5 deep rift intrusion?; more on 6/21, 23 (I1); 16 s1-1
4), 26,27

22:12 6/24/1962 23:48 7/1/1962 ms4 eqs 9 broken swarm (1D

03:06 7/14/1962 04:59 12/27/1962 | ms4.5 eqs 44 scattered; 1.85 earthquakes per week | (11)

16:08 11/20/1962 | 12:05 11/23/1962 | sf2 eqs 8 slow intrusion? broken swarm; M (I1); 16 s1-2
4.05, 4.28

12:12 1/14/1963 04:02 12/31/1963 | ms4 eqs 56 scattered; 1.12 earthquakes per week [€8))

00:11 8/4/1963 07:17 8/4/1963 sf3 S1? 4 slow intrusion?; 2 more on 8/3, 5 (I1); 16 s1-3

06:19 1/3/1964 13:19 11/24/1964 | ms4.5 eqs 49 scattered--1.05 earthquakes per week | (11)

01:06 1/7/1964 sf3 eq 4 eq with as?; M 4.45,2 on 1/8, 10 (17)

10:43 77171964 sf2 eq M 4.36 (17)

06:28 8/16/1964 ms4 eq M 4.40 (17)

00:25 9/18/1964 02:22 9/18/1964 sf2 eqs 3 deep rift intrusion?; 6 on 9/14, 16, 18, | (11); 16 si-4
19,22,24

01:54 12/10/1964 sf2 eq M 4.86 (11

06:10 2/7/1965 17:55 2/8/1965 sf2 eqs 7 deep rift intrusion?; 1 more on 2/5 (11); 16 s1-5.6

04:21 9/16/1965 14:22 9/17/1965 ms4 eqs 5 broken swarm (11)

07:29 T1/13/1965 | 18:21 11/13/1965 | sf3 SI 7 also 11/12 (3), 14 (2) (1T); 16 si-10




Date begin Date end Class.” | Type' | No." | Tilt' Lag" Comment Ref."i();
Fig.
ms4 eq M 4.03
05:22 8/19/1966 06:26 8/19/1966 ms4.5 eq 3 M 4.08 (first eq in series); 8/20, 21, (11)
22,23 (2)

! Bibliographic reference file “wf kil ms.scienceen9.enl”

il Earthquake classification abbreviations are given according to the classification in Appendix table 4 and locations are shown on Appendix figure 2

i Eruption (E); intrusion (I); Earthquake > M5 (EQ); Earthquake swarm (EQS); Collapse of Kilauea’s summit (C)

¥ Minimum number of events defining a swarm: 20 for south flank; 10 for all other regions

" Magnitude in seconds and azimuth of daily tilt measurements from the Bosch-Omori tiltmeter in Whitney vault (1953-1957); water-tube tiltmeter in Uw&kahuna vault (1957-1967)

“I Lag times compare onset of tilt deflection and the beginning of an eruption or earthquake swarm. (+) tilt leads, (-) tilt lags. Instruments in Uwekahuna vault: Press-Ewing seismometer (PE); Ideal-Arrowsmith tiltmeter E-W
component (IA).

vil References coded as follows: (1) (Klein and Wright, 2000, additional references given), (3) (Macdonald and Eaton, 1964), (5) (Macdonald and Eaton, 1956), (6) (Eaton and Byerly, 1957), (8), (Eaton and Fraser, 1957),(9)
(Eaton and Fraser, 1957), (11) HVO seismic catalog

¥ill Seismic network now sufficient to locate larger events—total number of events given with number of located events in comment column

 Beginning in the third quarter of 1959 earthquake data are taken from the modern catalog for which earthquakes were relocated in 2006. Prior to that time earthquake data is from the catalog compiled by F.W. Klein and
T.L. Wright (Klein and Wright, 2000).



Appendix table D2. Tilt volume, E efficiency and magma supply rate 1950-1967

a. Whitney tilt data
Cycle Event' | begin date | end date At (y) | Toae | Tas Tvol" | Evol' | Eer | msr” | Comment
1950-1952 | Net 3/5/1950 6/27/1952 2.3135 135.5 27.85 .0870 Pre-eruption inf

Inf 3/5/1950 9/15/1950 111.5 i

Def 9/15/1950 12/8/1950 13.7 32.7 .0088

Def. 12/8/1950 12/16/1950 78.9 218.1 .0507

Inf*™ 12/16/1950 6/26/1952 106.2 | 210.0

Sum 2.3135 34.4 .1465 .063 Pre-eruption msr

E 6/27/1952 11/10/1952 | 0.37045 .0370 .100 | Halema‘uma‘u filling

rate

1952-1955 | Net 6/26/1952 2/19/1955 2.6475 78.8 355.46 | .0506 Pre-eruption inf

Def 6/26/1952 10/2/1952 50.3 193.37 | .0323

Def 3/10/1954 3/24/1954 12.7 199.96 | .0082

E 5/31/1954 6/3/1954 .00808 .0050

Def 5/31/1954 6/1/1954 5.5 249.80 | .0025

Def 12/13/1954 1/17/1955 17.7 198.19 | .0114

Sum 2.6475 .0943 .036 Pre-eruption msr

E 2/28/1955 5/26/1955 0.2382 .0701 0.69 E rate: .2942 km’/yr
1955-1959 | Net 2/19/1955 11/14/1959 | 4.7337 129.8 168.13 | .0834 Pre-eruption def

Def 2/19/1955 3/8/1955 9.5 184.43 | .0061

Def 3/8/1955 4/13/1955 148.2 | 211.29 | .0952

Sum 2/19/1955 4/13/1955 157.6 .1013

Def 4/13/1955 12/29/1955 74.9 160.66 | .0481 Draining of uer?

Def 2/19/1955 12/29/1955 213.4 194.35 | 1371

Def 8/31/1959 11/14/1959 16.9 203.47 | .0011 .061

Sum ) 4.7337 2876 | .0298 Pre-eruption msr

E 11/14/1959™ | 12/20/1959 | 0.0972 E rate: .3066 km®/yr
1959-1960 | Net 11/15/1959 171771960 1752 16.1 252.27 1 .0103 Pre-eruption def

Def 11/15/1959* | 11/23/1959 33.1 224.34 | .0213 Episode 1 def

Inf 11/23/1959 12/23/1959 36.1 28.13 Episodes 2-17 inf

Def 12/23/1959 12/29/1959 7.8 229.89 | .0050 Continued def

Def 12/29/1959 1/17/1960 8.2 209.74 | .0053 Continued def

Sum 11/15/1959 1/17/1960 1752 .0316 .180 | Pre-eruption msr

E 1/13/1960 2/19/1960 .1013 .0906 | .64 E rate: .8944 km’/yr
1960-1961 | Net 1/17/1960 972171961 1.6783 68.1 197.17 | .0438 Pre-eruption inf

Def 1/17/1960 2/11/1960 151.7 | 213.73 | .0974

Def 2/11/1960 5/8/1960 69.8 201.28 | .0448

Avg 1/17/1960 5/8/1960 221.5 1422

Def? 5/8/1960 10/21/1960 14.7 109.34 | .0066

Def 11/4/1960 11/11/1960 9.5 242.58

E 2/24/1961 2/25/1961 .000889 .00002

E 3/3/1961 3/5/1961 8 .0002

E 7/10/1961 7/17/1961 .060005 .0101 .1160 | Pre-eruption msr

E 9/22/1961 9/25/1961 .018309 | 151.1 29.63 .0018 .03 E rate: .2195 km®/yr

0.0082

1961-1962 | Net 9/21/1961 12/6/1962 1.2074 | 46.2% 241.13 | .0297 Pre-eruption def™

Def 9/21/1961 9/30/1962 92.9 225.96 | .0597

Sum 9/21/1961 12/6/1962 1.2074 * .0597 .0494 | Pre-eruption msr

E 12/7/1962 12/9/1962 0.0071 .00025 | .053

Def 12/6/1962 12/9/1962 7.3 .0047

209.28

1952-1960 | Net 6/26/1952 1/17/1960 7.5592 | 31.1 114.53 | .0200 Net def

Def 2270 Total incremental def

Sum 7.5592 2270 | .0718 .0395 | Average msr
1952-1961 | Net 6/26/1952 9/21/1961 9.2367 | 78.4 174.01 | .0504 Net def

Def 3675 Total incremental def

Sum 9.2367 .3675 | .0821 .0487 | Average msr




b. Uwekahuna tilt data

Cycle Event' | begin date | end date At(yr) | Tp." | T, T, | E," | Ee | msrv | Comment
1959-1960 | Net 11/14/1959 1/17/1960 0.1752 | 26.1 348.65 | .0118 Pre-eruption inf
Def 11/14/1959 11/22/1959 19.3 104.42 | .0087 Episode 1 def
Sum 11/14/1959 1/17/1960 0.1752 .0205 .117 | Pre-eruption msr
E 1/13/1960 2/19/1960 0.1013 .0906 | .585 E rate: .8944 km’/yr
1960-1961 | Net 171771960 9/21/1961 1.6783 39.9 110.08 | .0180 Pre-eruption inf
Def 1/17/1960 2/11/1960 225.7 116.74 | .1015
Def 2/11/1960 5/8/1960 104.9 133.05 | .0472
Def 5/8/1960 10/21/1960 37.7 188.08 | .0169
Avg 1/17/1960 10/21/1960 344.2 127.68 | .1548
Def 11/5/1960 11/10/1960 12.9 106.12 | .0058
E 2/24/1961 2/24/1961 .000890 .00002
E 3/3/1961 3/25/1961 .006001 .0002
E 7/10/1961 7/17/1961 .018309 .0101
Sum 1/17/1960 9/21/1961 1.6783 .1786 | .0103 113 Pre-eruption msr
E 9/22/1961 9/25/1961 0.0082 .00176 | .023 E rate: .2195 km’/yr
1961-1962 | Net 9/21/1961 12/6/1962 1.2074 | 63.0 164.66 | .0283 Pre-eruption def
Def 9/21/1961 9/30/1961 173.2 135.82 | .0779
Def 10/28/1961 11/4/1961 10.3 128.32 | .0046
Sum 1.2074 .0825 .0683 | Pre-eruption msr
E 12/7/1962 12/9/1962 0.00705 .00025 | .027
1962-1963 | Net 12/6/1962 8/21/1963 7064 30.3 4.95 .0136 Pre-eruption inf
Def 12/6/1962 12/9/1962 20.5 130.50 | .0092
Def 5/8/1963 5/12/1963 35.0 126.27 | .0157
Def 6/28/1963 7/2/1963 19.0 122.07 | .0085
Sum 7064 104.8 .0471 .0667 | Pre-eruption msr
E 8/21/1963 8/23/1963 0.00433 .00064 | .127
Net 8/21/1963 10/4/1963 0.12047 | 26.7 275.53 | .0120 Pre-eruption inf
Def 8/11963 8/22/1963 11.2 107.97 | .0050
Sum 0.12047 | 34.6 .0156 .1292 | Pre-eruption msr
E 10/5/1963 10/6/1963 .00326 .00528 | .146
1963-1965 | Net 10/4/1963 3/5/1965 1.4182 1149 | 294.52 | .0107 Pre-eruption inf
Def 10/4/1963 10/10/1963 390.8 124.36 | .0362
Def 11/11/1964 11/18/1964 54.3 121.48 | .0050
Def 11/27/1964 12/1/1964 121.06 | .0022
Sum 24.2 5.0 .0541 .0382 | Pre-eruption msr
E 3/5/1965 3/15/1965 583.7 583.7 .01344 | .3402
Net 3/5/1965 12/23/1965 | 219 160.44 | .0208 Pre-eruption def
Def 3/5/1965 3/9/1965 128.36 | .0395
Sum .80219 .0395 .0492 | Pre-eruption msr
E 12/24/1965 12/25/1965 | .000913 .00068 | .0319
1965-1967 | Net 12/23/1965 11/5/1967 1.8672 | 390.8 | 327.41 | .0555 Pre-eruption inf
Def 12/23/1965 12/29/1965 99.37 .0213
Def 10/1/1966 10/7/1966 139.40 | .0044
Def 8/9/1967 8/18/1967 120.85 | .0038
Sum 1.8672 .0850 .0455 | Pre-eruption msr
E 11/5/1967 7/15/1968 .69268 .07479 .1083 | Halema‘uma‘u filling
rate
1960-1967 | Net 1/17/1960 11/5/1967 7.8001 54.3 312.14 | .0192 Net inf
Def 3925
Sum 7.8001 4117 | .0103 .0528 | Average msr
1961-1967 | Net 9/21/1961 11/5/1967 6.1218 301.48 | .0364 Net inf
Def 2319
Sum 6.1218 2683 .0438 | Average msr

' Abbreviations (also in comment column): avg=average; inf=inflation; def=deflation; trans=transfer; I=intrusion; E=eruption; ks=Kilauea’s summit; erz=East rift zone; uer=upper east rift zone; swr=Southwest rift zone;
kfz=Koa‘e fault zone

" Whitney tilt magnitude in microradians
" The tilt volume in cubic kilometers=Whitney tilt magnitude/0.7 (Uwékahuna equivalent magnitude)*.00045 (see text for explanation)



" Values are equivalent magma volume obtained by multiplying published volumes by 0.8 to account for vesiculation

¥ Eruption efficiency calculated for non-sustained rift eruptions as erupted volume/deflation volume associated with the eruption. For consistency eruption efficiencies are only calculated using the Uwékahuna tilt.

" Minimum magma supply rate calculated as described in text. The volume equivalent for pre-eruption inflation is added to the sum of volume equivalents for subsequent deflations and then divided by the elapsed time.
Values used in the calculation are shown in bold text. The volume equivalent of pre-eruption deflation (italics used for emphasis) is not used as it is already included in the deflation sum.

" Ignore dpﬂz;tionary period from 10/31/1951-12/16/1951 (30.4 ur at azimuth 218.3)—central south flank M 4.5 earthquake on 12/6/1951 affected tiltmeter (4.1 second subsidence at azimuth 152.6--toward earthquake
source region

" Values corrected for effects of south flank earthquake of 12/6/1951. N-S—add 3.63; E-W—subtract 1/88.

" Whitney tilt offset at beginning of eruption. Tilt after 11/14/1959 calculated from the value for 11/15 by comparison with the tilt record at Uwékahuna

* Tilt corrected for two offsets on 11/19-21/1961 and 11/21-22/1962

™ Whitney tilt offset between 11/21 and 11/22 1962. Tilt to 12/6 corrected by taking the 11/21 value and adding the difference in the N-S and E-W components between 11/22 and 12/6.



Appendix Table D3. Tilt data for deformation centers plotted in figures 4. 2 and 4.3

Date begin Date end Tilt! Location Comment

magnitude azimuth
6/27/1952 2/27/1955 15.91 355 Whitney Center A in figure 4.2
12/4/1952 1/7/1953 4.2 199 Whitney Center B in figure 4.2 is the mean of
1/6/1954 2/5/1954 23 180 three azimuths for samall deflations
12/13/1954 1/17/1955 3.7 198 extrapolated to an assumed point within

the Fiske-Kinoshita array.

3/7/1955 4/13/1955 31.3 211 Whitney Center C in figure 4.2.
2/28/1955 11/14/1959 26.5 168 Whitney Center D in figure 4.2.
11/14/1959 11/15/1959 9.8 31 Whitney Center E in figure 4.2: Whitney azimuth
11/14/1959 11/15/1959 1.5 169 Uwekahuna | only.
11/15/1959 11/21/1959 5.9 229 Whitney Center F in figure 4.6: intersection of
11/15/1959 11/21/1959 9.8 96 Uwékahuna | Whitney and Uwekahuna azimuths.
11/21/1959 11/24/1959 1.1 161 Whitney Center H in figure 4.6.
11/24/1959 1/14/1960 4.2 11 Whitney Center G in figure 4.6: intersection of
11/24/1959 1/14/1960 13.3 308 Uwékahuna | Whitney and Uwekahuna azimuths.
1/17/1960 7/1/1960 44.1 208 Whitney Center I in figure 4.6: intersection of
1/17/1960 7/1/1960 74.4 123 Uwékahuna | Whitney and Uwékahuna azimuths.”

! Magnitude in seconds and azimuth of daily tilt measurements from the Bosch-Omori tiltmeter in Whitney vault (1953-1957); water-tube tiltmeter in Uwékahuna vault (1957-1967). 1

second of arc = 4.848 microradians (ur)

> Compare with the intersection of vectors from the long-base tiltmeter array (point J) and leveling done over a time period that includes most, but not all the deflation and that may

include some pre-eruption inflation (point K).




Cross references, chapter 4 tables and appendix D map figures

[Table column heads are row “0;” only rows with information are counted; “do,” same as above; color coding indicates eruptions
(red), traditional intrusions without eruption (blue); inflationary intusions (green), and suspected deep intrusions (magneta)]

Chap. 4 page | Chap. 4 table Row in table App. D figure
60 4.1 8, 18, D10
62 4.1 cont 12, 18, 23 D11
do do 31 D12
do do 27 D19
do do 29 D20
63 4.1 cont 1 D21
do do 2,3 D22
do do 4 D23
do do 6 D13
do do 10 D24
do do 21 D14
do do 24 D15
do do 30 D25
do do 32 D16
64 4.1 cont 7 D17




Figure D1. 1953-1961 earthquake swarms. Plotted data are the same as in text figure 4.1. Short vertical lines correspond to 3—-10
events for magma supply, koae and rift regions, >5-20 events for the south flank regions. Long vertical lines correspond to >10 events
for magma supply, koae, and rift regions and >20 events for the south flank regions. Swarm data are plotted at exact beginning and
ending times. Dates on figure in mm/dd/yyyy format.

Figure D2. 1961-1967 earthquake swarms. Plotted data are the same as in text figure 4.9. Short vertical lines correspond to 3—-10
events for magma supply, koae, and rift regions, >5-20 events for the south flank regions. Long vertical lines correspond to >10
events for magma supply, koae, and rift regions and >20 events for the south flank regions. Swarm data are plotted at exact beginning

and ending times. Dates on figure in mm/dd/yyyy format.

Figure D3A-N. 1953-1967. Earthquakes per day and magnitudes above 4 are shown at yearly inervals. Plotted data are the same as in

text figure 4.1. Dates on figure in mm/dd/yyyy format.

Figure D4A-N. 1953-1967. Earthquake swarms are shown at yearly intervals. Plotted data are the same as in appendix figure D2.

Dates on figure in mm/dd/yyyy format.

Figure DS. 1 March 1954-1 June 1955. Earthquake swarms showing the long buildup to the 1955 lower east rift eruption. Plotted data
are the same as shown in text figure 4.4A. Swarm symbols are expalained on the plot and in appendix figure D1. Dates on figure in

mm/dd/yyyy format.
Figure D6. Earthquake swarms and tilt changes related to the 1959 and 1960 eruptions. Dates on figure in mm/dd/yyyy format.

Figure D7. 1 November 1960-1 November 1962. Earthquake swarms associated with the 1961 eruptions and intrusions. The top

panel shows times of eruptions and intrusions with beginning times shown as dotted lines extending to the x axis. The second panel



shows tilt magnitude measured at the Uwé€kahuna and Whitney Vaults. The bottom panels show, from bottom to top, magma-supply,
rift and koae, and south flank earthquake swarms. The regions are separated by thin horizontal lines. Symbols for 1 or 2 events are
given above the top panel of each plot. Earthquake swarm criteria are given next to the double-headed arrows. Dates on figure in

mm/dd/yyyy format.

Figure D8. 1 November 1962—1 November 1963. Earthquake swarms associated with the 1962 and 1963 eruptions and intrusions.
The top panel shows times of eruptions and intrusions with beginning times shown as dotted lines extending to the x axis. The second
panel shows tilt magnitude measured at the Uw&kahuna and Whitney Vaults. The bottom panels show, from bottom to top, magma-
supply, rift and koae, and south flank earthquake swarms. The regions are separated by thin horizontal lines. Symbols for 1 or 2
events are given above the top panel of each plot. Earthquake swarm criteria are given next to the double-headed arrows. Dates on

figure in mm/dd/yyyy format.

Figure D9. 1 February 1965-1 February 1966. Earthquake swarms associated with the 1965 eruptions and intrusions. The top panel
shows times of eruptions and intrusions with beginning times shown as dotted lines extending to the x axis. The second panel shows
tilt magnitude measured at the Uwékahuna and Whitney Vaults. The bottom panels show, from bottom to top, magma-supply, rift
and koae, and south flank earthquake swarms. The regions are separated by thin horizontal lines. Symbols for 1 or 2 events are given
above the top panel of each plot. Earthquake swarm criteria are given next to the double-headed arrows. Dates on figure in

mm/dd/yyyy format.

Figure D10. Map showing locations of earthquakes associated with the summit eruption of 31 May-3 June 1954, including location of
a M6.5 south flank earthquake on 30 March 1954. The aftershock zone is shown as a blue rectangle, the size of which is based on

analogy with later, better documented south flank earthquakes. Dates on figure in mm/dd/yyyy format.



Figure D11. Map showing earthquake swarms 40-60 km deep following the 1960 eruption, which are co-located with earlier swarms
shown in figure 4.7, all north of Kilauea Caldera. All swarms include earthquakes shallower than 35 km located closer to Kilauea
Caldera than the earthquakes at depths >35 km. The earthquakes on 5—6 October are the last swarm of these deep earthquakes to be
seen at Kilauea, although a few more earthquakes at this location and depth occur through the end of 1960. See text for further

explanation. Dates on figure in mm/dd/yyyy format.

Figure D12. Map showing locations of earthquakes before (blue), during (orange), and after (green) the eruption and intrusion of 22—

25 September 1961. Symbol-coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy format.

Figure D13. Map showing locations of earthquakes before (blue), during (orange), and after (green) the eruption and intrusion of 7-9

December 1962. Symbol coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy format.

Figure D14. Map showing locations of earthquakes before (blue), during (orange), and after (green) the eruption and instrusion of 21—

23 August 1963. Symbol coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy format.

Figure D15. Map showing locations of earthquakes before (blue), during (orange), and after (green) the eruption and instrusion of 5-6

October 1963. Symbol coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy format.

Figure D16. Map showing locations of earthquakes before (blue), during (orange), and after (green) the eruption and intrusion of 5-15

March 1965. Symbol coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy format.

Figure D17. Maps showing locations of earthquakes before (blue), during (orange), and after (green) the eruption of 24 December

1965 and intrusion of 25-30 December 1965. Symbol coded depth ranges are shown on the plot. Dates on figure in mm/dd/yyyy



format. 4, Data for 25-30 December from Bosher (1981). Data for 12/24 December obscured by tremor. B, U.S. Geological Survey

data from 28 December 1965-2 January 1966.

Figure D18. Map showing deep (20-35 km) earthquake swarms during 1961 through 1965. Dates are distinguished by color and are
labeled on the plot. Dates on figure in mm/dd/yyyy format.

Figure D19. Map showing deep (20-35 km) earthquake swarm, 29-30 June 1961. Seismicity is shown from 17 June to 3 July 1961.
Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the swarm

(green). Dates on figure in mm/dd/yyyy format.

Figure D20. Map showing deep (20-35 km) earthquake swarm, 23-24 July 1961. Seismicity is shown from 23 to 29 July 1961.
Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the swarm

(green). Dates on figure in mm/dd/yyyy format.

Figure D21. Map showing deep (20-35 km) earthquake swarm, 21-23 November 1961. Seismicity is shown from 20 to 25 November
1961. Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the

swarm (green). Dates on figure in mm/dd/yyyy format.

Figure D22. Map showing deep (20-35 km) earthquake swarm, 31 December 1961. Seismicity is shown from 28 December 1961 to 3
January 1962. Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or

after the swarm (green). Dates on figure in mm/dd/yyyy format.



Figure D23. Map showing deep (20-35 km) earthquake swarm, 9-11 May 1962. Seismicity is shown from 9 to 14 May 1962.
Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the swarm

(green). Dates on figure in mm/dd/yyyy format.

Figure D24. Map showing deep (20-35 km) earthquake swarm, 8 January 1963. Seismicity is shown from 8 to 14 January 1963.
Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the swarm

(green). Dates on figure in mm/dd/yyyy format.

Figure D25. Map showing deep (20-35 km) earthquake swarm, 2-3 December 1964. Seismicity is shown from 12/2-4/1964.
Earthquakes are color coded as to whether they occurred before the swarm date (blue), during the swarm (orange), or after the swarm

(green). Dates on figure in mm/dd/yyyy format.



Appendix D Figure D1
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Appendix D Figure D2
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Appendix figure D3 A
1953-1967 seismicity: 2/1/1953-2/1/1954
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Appendix figure D3 B
1953-1967 seismicity: 2/1/1954-2/1/1955
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Appendix figure D3 C
1953-1967 seismicity: 2/1/1955-2/1/1956
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Appendix figure D3 D
19583-1967 seismicity: 2/1/1956-2/1/1957
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Appendix figure D3 E
1953-1967 seismicity: 2/1/1957-2/1/1958
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Appendix figure D3 F
1953-1967 seismicity: 2/1/1958-2/1/1959
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Appendix figure D3 G

1953-1967 seismicity: 2/1/1959-2/1/1960
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Appendix figure D3 H
1953-1967 seismicity: 2/1/1960-2/1/1961
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Appendix figure D3 |
1953-1967 seismicity: 2/1/1961-2/1/1962
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Appendix figure D3 M
1953-1967 seismicity: 2/1/1965-2/1/1966
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Appendix D Figure D6
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Appendix D Figure D7 Magma supply Rift zones/Koa'e South flank
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Appendix D Figure D8 Magma supply
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Appendix D Figure D9

Magma supply Rift zones/Koa'e South flank
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Appendix D Figure D10
5/31-6/3/1954 summit eruption: Data from 1/1/1954 through 7/1/1954
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Appendix D Figure D11
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Appendix D Figure D12
Kilauea 1961 flank eruption: data from 9/21-27/1961
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Appendix D Figure D13 Kilauea 1962 flank eruption: data from 12/6-19/1962
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Appendix D Figure D14 i _
Kilauea August 1963 flank eruption: data from 8//21-23/1963
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Appendix D Figure D15
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Appendix D Figure D16

Kilauea March 1965 flank eruption: data from 3/5-14/1965
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Appendix D Figure D17A

Kilauea December 1965 eruption/intrusion: data from 12/25-30/1965--Bosher data
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Appendix D Figure D17 B
Kilauea December 1965 eruption/intrusion: data from 12/28/1965-1/2/1966--HVO data only
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Appendix D Figure D18

1961-1965 30 km earthquake swarms
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Appendix D Figure D19
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Kilauea 1961 deep magma supply earthquake swarms: data from 6/17-7/3/1961
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ndix D Figure D20
Kilauea 1961 deep magma supply earthquake swarms: data from 7/23-29/1961
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Appendix D Figure D21
Kilauea 1961 deep magma supply earthquake swarms: data from 11/20-25/1961
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Appendix D Figure D22
Kilauea 1961 deep magma supply earthquake swarms: data from 12/28/1961-1/3/1962
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Appendix D Figure D23
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Kilauea 1962 deep magma supply earthquake swarms: data from 5/9-14/1962
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ndix D Figure D24

Kilauea 1963 deep magma supply earthquake swarms: data from 1/8-14/1963
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Appendix D Figure D25
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Kilauea 1964 deep magma supply earthquake swarms: data from 12/2-4/1964
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Appendix E. Supplementary Material to Support Chapter 5

Table E1 shows the calculation of magma supply and eruption efficiency during this period.

Figure E1A—B presents time series data covering the entire period.

Figure E2A—R presents yearly data from 1967 through 1976 in plots similar to figures 5.1 and E1.

Figures E3-ES8 present time series and earthquake locations for events during the pre-Mauna Ulu period listed in table 5.1 and figure
5.1.

Figures E9-E21 present time series and earthquake locations for events during period IA of the Mauna Ulu eruption listed in table 5.3
and figure 5.4.

Figures E22-E36 present time series and earthquake locations for events during period IB of the Mauna Ulu eruption listed in table
5.4 and figure 5.5.

Figures E37-E56 present time series and earthquake locations for events during the Mauna Ulu pause listed in table 5.5 and figure 5.7.
Figures ES7-E70 present time series and earthquake locations for events during period II of the Mauna Ulu eruption listed in table 5.6
and figure 5.9.

Figures E71-E87 present time series and earthquake locations for events during the period between the end of Mauna Ulu II and the

1975 earthquake listed in table 5.7 and figure 5.11.



Appendix table E1. Tilt volume, eruption efficiency and msr 1967-1975

Cycle Event' | begin date | end date At(yr) | T | Ty, T, | By’ | Ee | msr | Comment
1965-1967 | Net 12/23/1965 11/5/1967 1.8672 123.5 | 32741 {0555 Pre-eruption inf

Def 12/23/1965 12/29/1965 47.4 99.37 0213

Def 10/1/1966 10/7/1966 9.8 139.40 | .0044

Def 8/9/1967 8/18/1967 8.4 120.85 | .0038

Sum 1.8672 189.1 0850 .0455 | Pre-eruption msr

E 11/5/1967 7/14/1968 .69268 07479 .1083 | Hm filling rate
1967-1969 | Net 11/5/1967 8/21/1968 0.7967 16.3 193.90 Pre-eruption def

Def 11/5/1967 11/6/1967 13.4 125.39 | .0060 Initial def

Def 18.7 149.49 | .0084

Sum 0.7967 | 32.1 0144 .0181 | Pre-eruption msr

8/22/1968 8/26/1968 0114 .000079| .0031

Net 8/21/1968 10/6/1968 12594 16.3 147.99 Pre-eruption def

Def 8/21/1968 8/25/1968 56.7 113.96 | .0255

Sum 12594 L0255 2717 | 2025 Pre-eruption msr

E 10/7/1968 10/12/1968 | .01374 0075

Net 10/6/1968 2/21/1969 37782 7.0 218.29 Pre-eruption def?

Def 10/6/1968 10/9/1968 61.5 11524 | 0276

Def 12/1/1968 12/11/1968 8.6 140.44 | 0039

Def 1/7/1969 1/10/1969 8.4 112.17 | 0038

Sum 37782 0353 0933 | Pre-eruption msr

E 2/22/1969 2/28/1969 01565 .0160 | .5498

Net 2/21/1969 5/22/1969 | 24641 | 9.6 17.35 -0043 Pre-eruption inf

Beg 2/21/1969 2/28/1969 48.7 124.16 -8%3(1)

e 5/4/1959 5/9/1969 4.5 129.81 .

Sum 24641 0354 1437 | Ppre-eruption msr

E 5/24/1969 5/25/1969 .003907 00424
1967-MUT | Net 11/5/1967 572271969 1.54415 | 26.1 17241 Net def

Sum 1.54415 1106 | .0744 1198 1967-MU I msr
MU IA Net 5/22/1969 12/29/1969 | .60507 17.6 265.31 00794 Pre-eruption inf

E 5/24/1969 5/25/1969 .00424 | 37.86 Episode 1

Def 5/22/1969 5/25/1959 25.0 110.54 | .01124

E 5/27/1969 5/29/1969 .00329 | 99.54 Episode 2

Def 5/28/1969 5/29/1969 7.4 120.58 | .00331

E 6/12/1969 6/13/1969 .00376 | 54.49 Episode 3

Def 6/11/1969 6/13/1969 15.4 112.35 | 00693

E 6/25/1969 6/26/1969 .00424 | 47.11 Episode 4

Def 6/25/1969 6/26/1969 20.0 114.72 | 00898

E 7/15/1969 7/15/1969 .00376 | 60.65 Episode 5

Def 7/14/1969 7/15/1969 13.9 110.70 | 00623

E 8/3/1969 8/4/1969 .00329 | 58.75 Episode 6

Def 8/2/1969 8/4/1969 12.4 107.59 | 00558

E 8/5/1969 8/6/1969 .00376 | 65.97 Episode 7

Def 8/5/1969 8/6/1969 12.6 120.07 | -00569

E 8/22/1969 8/22/1969 .00329 | 64.51 Episode 8

Def 8/21/1969 8/23/1969 11.3 109.36 | 00508

E 9/6/1969 9/7/1969 .01129 | 83.63 Episode 9

Def 9/6/1969 9/7/1969 30.0 114.35 | 01350

E 10/10/1969 10/13/1969 .00376 | 67.14 Episode 10

Def 10/8/1969 10/13/1969 00563

E 10/20/1969 10/20/1969 .00988 | 101.90 Episode 11

Def 10/19/1969 | 10/20/1969 0.0097

Sum .60507 .08981 .1484 MU IA msr




Cycle Event' | begin date | end date At(yr) | T | Ty, T, | By’ | Ee | msr® | Comment
MU IB Net 12/29/1969 6/21/1971 1.4757 11.5 298.50 | .00517 Pre-eruption inf
E 12/30/1969 12/30/1969 .01035 | 100.50 Episode 12
Def 12/29/1969 12/31/1969 253 113.01 01139
Def 1/24/1970 1/26/1970 7.1 121.76 | .00320
Def 4/30/1970 5/16/1970 17.9 117.80 | 00804
Def 11/26/1970 11/30/1970 8.5 125.31 .00382
E 12/31/1969 6/21/1971 1.4702 .0792 0539 | Cont. eruption rate
Sum 1.4757 03162 .0984 .0881 | MU 1B msr
MU pause Net 6/21/1971 2/571972 0.62697 | 187.2 | 340.31 08417 Pre-eruption inf
Def 8/13/1971 8/15/1971 14.3 117.60 | .00643
E 8/14/1971 8/14/1971 00115 .0080 6.956 | ks eruption rate
Inf 9/24/1971 9/25/1971 101.1 353.79 Summit intrusion
Def 9/25/1971 9/28/1971 24.2 115.35 | .0109
E 9/24/1971 9/29/1971 01382 .0064 | 58.72 | .4361 | ks/swr eruption rate
Def 12/31/1971 1/2/1972 6.4 129.47 | .00286
Sum .62697 10436 1665 MU pause msr
MU ITIA Net 2/5/1972 5/471973 1.22108 | 19 ovi | I41.47™ Pre-eruption def
E 2/5/1972 5/4/1973 1.22108 0.100 0819 | E rate
Def 2/5/1972 2/7/1972 6.2 103.39 | .00279
Def 2/26/1972 3/3/1972 9.6 107.35 | 00434
Def 3/18/1972 3/22/1972 13.8 105.78 | 00619
Def 3/28/1973 4/3/1973 6.4 122.28 | .00290
Def 4/8/1973 4/14/1973 7.2 106.26 | 00325
Sum 1.22108 01947 0.100 0978 | MU IIA msr
MU IIB Net 5/471973 6/30/1974 1.15537 | 28.6 274.62 | .01286 Pre-eruption inf
Pauahi E 5/5/1973 5/5/1973 .00018 000112 .6222 | 5/1973 eruption rate
Mauna Ulu | E 5/6/1973 11/9/1973 51198 002 0039 | MU eruption rate
Def 5/4/1973 5/9/1973 26.0 108.03 | .01171
Def 6/8/1973 6/9/1973 7.1 101.77 | 00318
Def 7/22/1973 8/3/1973 8.9 125.75 | 00399
Def 8/13/1973 8/23/1973 9.0 112.48 | .00405
Def 9/3/1973 9/7/1973 7.9 118.44 | .00353
Pauahi E 11/10/1973 12/9/1973 .07828 00216 0276 11/1973 E rate
Def 11/10/1973 11/13/1973 26.9 109.41 01208
Def 3/17/1974 4/6/1974 17.0 113.96 | 00765
Mauna Ulu | E 12/10/1973 | 6/30/1974 | .55305 024 0434 | MU IIB E rate
Sum 1.15537 .05905| .026 0736 | MU IIB msr
MU post Net 6/30/1974 11/28/1975 | 1.41273 | 43.4 329.69 | .01951 Pre-earthquake inf
Def 7/19/1974 7/20/1974 16.0 106.80 | .00717
E 7/19/1974 7/22/1974 .00747 .0052 | 72.52 | .6961 | 7/1974 eruption rate
E 9/19/1974 9/19/1974 .00156 .00936 6.0 9/1974 eruption rate
E 12/31/1974 12/31/1974 | .00204 .0047 | 6.53 | 2.304 12/1974 eruption
Def 12/30/1974 1/4/1975 159.9 133.03 | .07192 rate
Def 1/10/1975 1/17/1975 7.9 126.03 | 00353
Def 2/2/1975 2/4/1975 6.5 105.26 | 00294
Sum 1.41273 1462 .1035
MU post msr
1967-68Hm 11/5/1967 771471968 .6899 0744 1078 1967-68 Hm E rate
11/5/1967 8/21/1968 7967 0144 | .0744 1115 | Pre-1968 msr
Pre-MU Net 8/21/1968 5/22/1969 75017 124 144.46 Pre-MU I def
Sum 75017 0962 1282 | Pre-MU I msr
MU I Net 5/22/1969 6/21/1971 2.0808 | 27.9 278.30 MU I inf
Sum 2.0808 .12882| .0984 1092 | MU I msr
MU pause Net 6/21/1971 2/5/1972 .62697 187.2 | 340.31 MU pause inf




Cycle Event' | begin date | end date At(yr) | T | Ty T, | By’ | Ee | msr® | Comment

Sum 62697 10436 1665 | MU pause msr
MU II Net 2/5/1972 6/30/1974 2.3984 33.7 268.53 01515 MU II inf

Sum 2.3984 .07852| .126 .0916 MU II msr
Post-MU Net 6/30/1974 11/28/1975 Post MU def

Sum 1.41273 .1462 1035 | Post-MU msr
1967-1975 8.0657 3801 | .2817 0953 | Inc. 0.1072 km® inf

' inf=inf; def=def; trans=transfer; [=intrusion; E=eruption; ks=Kilauea’s summit; erz=East rift zone; swr=Southwest rift zone; kfz=Koae fault zone; Hm=Halema‘uma‘u
" Tilt magnitude in microradians

" Tilt volume in cubic kilometers=tilt magnitude*.00045 (see text for explanation)

" Values are equivalent magma volume obtained by multiplying published volumes by 0.8 to account for vesiculation

" Eruption efficiency calculated for non-sustained rift eruptions as erupted volume/def volume associated with the eruption. A value of 1.0 corresponds to eruption of all of the magma supplied with none left
underground. The intrusion fraction = 1.0- eruption efficiency. For consistency eruption efficiencies are only calculated using the Uwekahuna tilt.

" Minimum msr calculated as described in text. The true msr would include the volume of rift dilation created by spreading during each period. These values are not known because of limitations imposed by the early
ground deformation network. The volume equivalent for pre-eruption inf is added to the sum of volume equivalents for subsequent defs and then divided by the elapsed time. Values used in the calculation are shown in
bold text. The volume equivalent of pre-eruption def (italics used for emphasis) is not used as it is already included in the def sum.

" Corrected for offset caused by Honomu earthquake



Cross references, chapter 5 tables and appendix E map figures

[Table column heads are row “0;” only rows with information are counted; “do,” same as above; color coding indicates eruptions
(red), traditional intrusions without eruption (blue); inflationary intusions (green), and suspected deep intrusions (magneta)]

Chap. 5 page Chap. 5 table Row in table App. E figure
85 5.1 1 E4
do do 11 E5
do do 20 E6
do do 29 E7
do do 33 E8
91 5.3 1 E10
do do 3 E11
do do 7 E12
do do 15 E13
do do 16 E14
92 5.3 cont 1,3 E15
do do 10, 11 E16
do do 16 E17
93 5.3 cont 1 E18
do do 5 E19
do do 6 E20
do do 8 E21
95 5.4 1 E23
do do 2 E24
do do 3 E25
do do 7 E26
do do 10 E27
do do 11 E28
do do 21 E29




Chap. 5 page Chap. 5 table Row in table App. E figure
do do 22 E30
do do 23 E31
96 5.4 cont 1 E32
do do 2 E33A
do do 3 E33B
do do 4 E33C
do do 5 E33D
do do 6 E33E
do do 8 E34
do do 9 E35
do do 10 E36
100 5.5 2 E38
do do 3 E39
do do 4 E40
do do 5 E41
do do 9 E42
do do 10-15 E43
do do 16 E44
do do 19 E45
do do 21 E46
do do 23 E47
do do 24 E48A-E
do do 28 E48F
do do 29 E49A
do do 31 E49B
do do 33 E49C
do do 36 E50
101 5.5 cont 1 E51
do do 4 E52




Chap. 5 page Chap. 5 table Row in table App. E figure
do do 5 E53A-E
do do 10 E54
do do 15 E55
do do 18 E56A
do do 22 E56B
102 5.6 1 E58
do do 4 E59
do do 5 E60
do do 7 E61
do do 8 E62
do do 18 E63
do do 20 E64
do do 22 E65
do do 24 E66
do do 26 E67
do do 27 E68
103 5.6 cont 2 E69
do do 5 E70A
do do 8 E70B
do do 10 E70C
108 5.7 3 E72
do do 4 E73
do do 11 E74
do do 12 E75
do do 15 E76
do do 17,18 E77
do do 19 E78
do do 21 E79




Chap. 5 page Chap. 5 table Row in table App. E figure
do do 24 E80A-F

109 5.7 cont 1 E81

do do 5 E82

do do 6,7 E83

do do 8 E84

do do 9 E85

do do 10 E86

do do 11 E87




Figure E1. Time series of Kilauea earthquakes for the entire period 1967-1976. 4, Earthquakes/day (eq/day) and earthquakes M>4. B,

Earthquake swarms for all regions.

Figure E2. 1967-1976: Time series plots at 1-year intervals for 1967-1976. A-I, Uwékahuna tilt, times of eruption and intrusion,

earthquake counts, and earthquakes of M>4. J-R, Uwé&kahuna tilt, times of eruption and intrusion, and earthquake swarms.

Figure E3. Earthquake swarms for the period 1 January 1967 to 1 April 1969 (pre-Mauna Ulu) for all regions. See caption for figure
Dl1.

Figure E4. Map showing earthquake locations for the period 5 November 1967 to 13 July 1968, covering the entire 196768
Halema‘uma‘u eruption, on a background of labeled seismic regions (see fig. A4). Suspected deep intrusions are outlined in black.
Data are shown for periods before (blue), during (orange), and after (green) the event, and eruptive vents are plotted as red triangles.

Dates on figure in mm/dd/yyyy format.

Figure ES. Map showing activity around eruption of 22-26 August 1968. Exceptionally sparse shallow seismicity extends into the
Koa‘e Fault Zone. South flank seismicity is distributed parallel to the rift zone with a preeruption concentration suggesting a possible
suspected deep intrusion beneath the eastern south flank (sf2mer). Eruption is followed by several earthquakes along the deep

magma-supply path. Dates on figure in mm/dd/yyyy format.

Figure E6. Map showing activity around suspected deep intrusion of 16-17 December 1968. A heavy concentration of south flank

earthquakes beneath site SDI 2 extends back to the pre-swarm period. Dates on figure in mm/dd/yyyy format.



Figure E7. Map showing activity around ruption of 22-28 February 1969. Shallow seismicity beneath Kilauea’s summit accompanies

the eruption. Note the high concentration of precursory south flank earthquakes. Dates on figure in mm/dd/yyyy format.
Figure E8. Map showing activity around traditional intrusion of 21March 1969. Dates on figure in mm/dd/yyyy format.

Figure E9. Earthquake swarms for all regions during the period 1 April 1969 to 1 January 1970 (Mauna Ulu period IA). High-

fountaining episodes 1-12 are labeled on the top panel. Dates on figure in mm/dd/yyyy format.

Figure E10. Map showing activity around summit intrusion of 30 April 1969. The intrusion beneath Kilauea’s summit, defined by a
small swarm of shallow earthquakes and inflationary tilt (table 5.3) was preceded on the same day by south flank earthquakes

suggestive of a deep intrusion. Dates on figure in mm/dd/yyyy format.
Figure E11. Map showing activity around inflationary intrusion of 4—6 May 1969. Dates on figure in mm/dd/yyyy format.

Figure E12. Map showing acitivity around inflationary intrusion of 21-22 May 1969. Note the abundance of precursory earthquakes
beneath the south flank. These continue without interruption beyond the end of episode 1 (24-25 May 1969). Dates on figure in

mm/dd/yyyy format.

Figure E13. Map showing acitivity around Mauna Ulu episodes 1 (24-25 May 1969) and 2 (27-29 May 1969). South flank
earthquakes continue east of the Mauna Ulu vent with little rift seismicity, suggesting the possibility of deeper aseismic intrusion

farther downrift. Dates on figure in mm/dd/yyyy format.

Figure E14. Map showing activity around suspected deep intrusion 3—9 June 1969. This is interpreted as an increase in spreading rate

associated with increase in magma supply rate. Dates on figure in mm/dd/yyyy format.



Figure E15. Map showing activity around traditional intrusion of 3 July 1969. The intrusion is unaccompanied by summit deflation

and perhaps was fed from previously intruded magma stored within the rift zone. Dates on figure in mm/dd/yyyy format.

Figure E16. Map showing activity around episodes 6 (3—4 August) and 7 (5-6 August) of Mauna Ulu phase IA. Most of the episodes
following episode 1 are accompanied by very little if any seismicity beneath the rift zone. These episodes are an exception, but rift

seismicity is still sparse. Dates on figure in mm/dd/yyyy format.

Figure E17. Maps showing activity around suspected deep intrusions preceding episode 10 (stage I of the Mauna Ulu eruption). Dates
on figure in mm/dd/yyyy format. 4, 29 September to 4 October 1969: Four suspected deep intrusions are concentrated south of the
Koa‘e Fault Zone and upper east rift (site SDI 2 of fig. 5.2). B, 7-11 October 1970: A suspected deep intrusion is located south of the

sesimic southwest rift zone (site SDI 1 of fig. 5.2)

Figure E18. Map showing activity around traditional intrusion of 2—4 November 1969. Dates on figure in mm/dd/yyyy format.

Figure E19. Map showing activity around inflationary intrusion of 11-12 December 1969. This and figures E20 and E21 show the
location of earthquakes that heralded the end of high fountaining at Mauna Ulu on 30 December 1969. Rift seismicity is dominantly

beneath the seismic southwest rift zone. Dates on figure in mm/dd/yyyy format.

Figure E20. Map showing activity around inflationary intrusion of 23 December 1969. This and figures E19 and E21 show the
location of earthquakes that heralded the end of high fountaining at Mauna Ulu on 30 December 1969. Rift seismicity is dominantly

beneath the seismic southwest rift zone. Dates on figure in mm/dd/yyyy format.



Figure E21. Map showing activity around suspected deep intrusion (site SDI 2) of 27-29 December 1969 associated with
simultaneous inflationary intrusion beneath the upper east rift zone and upper seismic southwest rift zone. The latter intrusions
anticipate the paired inflationary intrusions of Mauna Ulu stage IB. This and figures E19 and E21 show the location of earthquakes
that heralded the end of high fountaining at Mauna Ulu on 30 December 1969. Rift seismicity is dominantly beneath the seismic

southwest rift zone. Dates on figure in mm/dd/yyyy format.

Figure E22. Kilauea activity, 1 January 1970 to 15 June 1971 (Mauna Ulu eruption stage IB). Earthquake swarms are shown for all

regions. See also caption for figure E1. Dates on figure in mm/dd/yyyy format.

Figure E23. Map showing activity around suspected deep intrusions of 15 January 1970. Two suspected deep intrusions are defined
by broken earthquake sequences of 3—7 events. The more westerly sequence occurs before 12 January, overlapping in time with the

more easterly sequence. Dates on figure in mm/dd/yyyy format.

Figure E24. Map showing activity around summit intrusion of 22 January 1970, which was preceded by a concentration of deep

magma supply earthquakes. Dates on figure in mm/dd/yyyy format.

Figure E25. Map showing continuation of the inflationary intrusion through 11 February 1970. Deflationary tilt and earthquake

locations indicate dominant magma transfer to east rift zone. Dates on figure in mm/dd/yyyy format.
Figure E26. Map showing activity around paired inflationary intrusion of 17-23 March 1970. Dates on figure in mm/dd/yyyy format.

Figure E27. Map showing activity around paired inflationary intrusion of 47 April 1970, preceding a traditional intrusion on 7—-8

April1970. Dates on figure in mm/dd/yyyy format.



Figure E28. Map showing activity around a traditional intrusion beneath the east rift zone, 15-18 May 1970. This is an exceptionally
energetic event and appears to be accompanied and followed by suspected deep intrusion at site DSDI 2. The intrusion triggered six

deep tectonic earthquakes beneath the eastern south flank. Dates on figure in mm/dd/yyyy format.
Figure E29. Map showing activity around south flank earthquake swarm of 15-16 July 1970. Dates on figure in mm/dd/yyyy format.

Figure E30. Map showing activity around south flank earthquake (M4.46) at 01:27 on 21 September 1970, which was preceded by
two foreshocks and many aftershocks. The main part of the aftershock sequence resembles a suspected deep intrusion. Dates on

figure in mm/dd/yyyy format.
Figure E31. Map showing activity around summit intrusion of 26-27 October 1970. Dates on figure in mm/dd/yyyy format.

Figure E32. Map showing activity around summit intrusion of 12—14 December 1970, possibly preceded and accompanied by a

suspected deep intrusion. Dates on figure in mm/dd/yyyy format.

Figure E33. Maps showing activity around a series of inflationary intrusions between 22 December 1970 and 5 January 1971. Small

suspected deep intrusions occur before, between and after the intrusions, along with a normal south flank response to rift intrusion.

Dates on figure in mm/dd/yyyy format. 4, 21-23 December 1970. The initial intrusion is beneath Kilauea’s summit. B, 25-26
December 1970. The second and third intrusions extend from the uppermost seismic southwest rift zone westward into the traditional
southwest rift zone. C, 28-29 December 1970. The second and third intrusions extend from the uppermost seismic southwest rift

zone westward into the traditional southwest rift zone. D, 29 December 1970 to 1 January 1971. The fourth and fifth intrusions are



concentrated beneath the summit and uppermost seismic southwest rift zone. £, 3—6 January 1971. The fourth and fifth intrusions are

concentrated beneath the summit and uppermost seismic southwest rift zone.

Figure E34. Map showing activity around inflationary intrusion of 1-2 June 1971. Dates on figure in mm/dd/yyyy format.
Figure E35. Map showing activity around inflationary intrusion of 8—10 June 1971. Dates on figure in mm/dd/yyyy format.
Figure E36. Map showing activity around inflationary intrusion of 11-14 June 1971. Dates on figure in mm/dd/yyyy format.

Figure E37. Kilauea activity, 16 June 1971 to 4 February 1972 (Mauna Ulu pause). Earthquake swarms are shown for all regions.

Dates on figure in mm/dd/yyyy format. See also caption for figure E1.

Figure E38. Map showing activity around inflationary intrusion of 12—14 July 1971 beneath upper seismic southwest rift zone,

preceded by suspected deep intrusion on 9 July. Dates on figure in mm/dd/yyyy format.

Figure E39. Map showing activity around inflationary intrusion of 18—19 July 1971 beneath upper seismic southwest rift zone. Dates

on figure in mm/dd/yyyy format.

Figure E40. Map showing activity around inflationary intrusion of 21-24 July 1971 beneath upper east rift zone. Dates on figure in

mm/dd/yyyy format.

Figure E41. Map showing activity around inflationary intrusion of 27-30 July 1971 beneath both rift zones. Dates on figure in

mm/dd/yyyy format.

Figure E42. Map showing activity around inflationary intrusion of 5-6 August 1971 beneath both rift zones. Dates on figure in

mm/dd/yyyy format.



Figure E43. Maps showing locations of earthquakes associated with the intrusion that heralded the summit eruption of 14 August
1971. Dates on figure in mm/dd/yyyy format. A, Precursory seismicity, 8 August. Earthquakes beneath upper seismic southwest rift
zone. B, Precursory seismicity, 9 August. Earthquakes beneath upper seismic southwest rift zone. C, Precursory seismicity, 10
August. Earthquakes beneath upper seismic southwest rift zone. D, Precursory seismicity, 11 August. Earthquakes beneath both rift

zones, with increasing seismicity beneath east rift zone. £, Precursory seismicity, 12 August. Earthquakes beneath both rift zones,

with increasing seismicity beneath east rift zone F, Precursory seismicity, 13 August.

Figure E44. Map showing acitivity around summit eruption of 14 August 1971, including precursory seismicity on that date ending at

the time of eruption. Dates on figure in mm/dd/yyyy format.

Figure E45. Map showing activity around inflationary intrusions between eruptions—27-29 August 1971. Dates on figure in
mm/dd/yyyy format.

Figure E46. Map showing activity around inflationary intrusions between eruptions, 6—8 September 1971. Dates on figure in
mm/dd/yyyy format.

Figure E47. Map showing activity around inflationary intrusions between eruptions, 12—14 September 1971. Dates on figure in

mm/dd/yyyy format.

Figure E48. Maps showing locations of earthquakes associated with the intrusion that heralded the summit eruption of 19 September.

Dates on figure in mm/dd/yyyy format. A, Activity of 17 September. B, Activity of 18 September. C, Activity of 19 September. D,

Activity of 20 September. E, Activity of 21 September. F, Activity of 22 September, including deep magma-supply swarm.



Figure E49. Maps showing locations of earthquakes associated with the southwest rift eruption of 24 September 1971. Dates on

figure in mm/dd/yyyy format. 4, Preeruption seismicity on 23—24 September. B, Posteruption seismicity on 24—25 September.

Seismicity masked by tremor and not recorded during this short eruption. C, Posteruption seismicity on 26 September to 1 October.

Figure E50. Map showing activity around suspected deep intrusion of 8-9 Octobe 1971. Dates on figure in mm/dd/yyyy format.

Figure E51. Map showing activity around suspected deep intrusion of 14—16 November 1971 at site SDI 1. Dates on figure in

mm/dd/yyyy format.
Figure E52. Map showing activity around inflationary intrusion of 12—-13 December 1971. Dates on figure in mm/dd/yyyy format.

Figure E53. Maps showing seismicity associated with the suspected deep intrusions of 22-30 December 1971. Dates on figure in

mm/dd/yyyy format. 4, 12/22. Earthquake swarm on 22 December beneath central south flank (suspected deep intrusion?) at site SDI
2. B, Activity on 23 December; suspected deep intrusions at sites SDI 1 and SDI 2. C, Activity on 24-25 December; continuation of
suspected deep intrusion at site SDI 1. D, Activity on 26-28 December; continuation of suspected deep intrusion at site SDI 1. E,
Activity 29-31 December; continuation of suspected deep intrusion followed by intrusion into upper east rift zone and possible new

suspected deep intrusion near site SDI 2.

Figure E54. Map showing activity on 1-4 January 1972. Suspected deep intrusion shown by earthquake swarms associated with the

return of eruption at Mauna Ulu on 4 February 1972. Dates on figure in mm/dd/yyyy format.



Figure ESS. Map showing activity on 10-12 January 1972. Traditional intrusion beneath upper east rift zone with south flank response
before and after. Earthquake swarms associated with the return of eruption at Mauna Ulu on 4 February 1972. Dates on figure in

mm/dd/yyyy format.

Figure E56. Maps showing activity around the two last intrusions before the return of lava to Mauna Ulu. Dates on figure in

mm/dd/yyyy format. 4, Activity onb 18-25 January 1972. Inflationary intrusion beneath uppermost east rift zone on 20-22 January.

B, Activity on 26 January-1 February. Inflationary intrusion beneath uppermost east rift zone on 2628 January.

Figure ES57. Kilauea activity, 4 February 1972—-14 June 1974 (Mauna Ulu stage II). Earthquake swarms are shown for all regions.
Dates on figure in mm/dd/yyyy format.

Figure E58. Map showing seismic activity, 26 January-1 Feburary 1972, precursory to Mauna Ulu stage II. Dates on figure in

mm/dd/yyyy format.

Figure ES59. Map showing activity around traditional intrusion of 18 March 1972, followed by an extended south flank response.

Dates on figure in mm/dd/yyyy format.

Figure E60. Map showing activity around suspected deep intrusion of 1-2 May 1972 near site SDI 2. Dates on figure in mm/dd/yyyy

format.
Figure E61. Map showing activity around suspected deep intrusion(?) of 7-8 March 1973. Dates on figure in mm/dd/yyyy format.

Figure E62. Map showing south flank earthquake on 15 April 1973. The aftershock pattern mimics that of a slow earthquake. Dates

on figure in mm/dd/yyyy format.



Figure E63. Map showing activity around traditional intrusion of 8—10 June 1973 into the east rift zone and adjacent Koa‘e Fault

Zone. Dates on figure in mm/dd/yyyy format.

Figure E64. Map showing activity around traditional intrusion of 25 July 1973—a small intrusion followed by a large south flank

response. Dates on figure in mm/dd/yyyy format.

Figure E65. Map showing activity around 10-11 November 1973 east rift eruption in and near Pauahi Crater. Eruption continues at
low level until 9 December 9. Some south flank earthquakes accompanying the extended eruption mimic a slow earthquake pattern,

but are not concentrated in time. Dates on figure in mm/dd/yyyy format.
Figure E66. Map showing activity around suspected deep intrusion of 25-26 December 1973. Dates on figure in mm/dd/yyyy format.

Figure E67. Map showing activity around inflationary intrusion of 23 February to 4 March 1973. The intrusion continues for an

unusually long time. Dates on figure in mm/dd/yyyy format.
Figure E68. Map showing activity around inflationary intrusion of 10-19 March 1973. Dates on figure in mm/dd/yyyy format.

Figure E69. Map showing locations of earthquakes associated with a traditional intrusion on 24 March 1974. Intrusion is followed by
a suspected deep intrusion near site SDI 2 and by a cluster of deep magma-supply earthquakes. Dates on figure in mm/dd/yyyy
format.

Figure E70. Maps showing increased seismicity associated with the end of eruption at Mauna Ulu in June 1974. Dates on figure in

mm/dd/yyyy format. 4, Summit intrusion of 22 May 1974. Preintrusion seismicity includes a possible suspected deep intrusion near



site SDI 2 and a cluster of three deep magma-supply earthquakes. B, Suspected deep intrusion on 24-25 May near sites SDI 1 and 2.

C, East rift intrusion of 28-30 May.

Figure E71. Kilauea activity, 15 June 1974-29 November 1975 (Post Mauna Ulu). Earthquake swarms are shown for all regions.
Figure E72. Map showing activity around suspected deep intrusion of 21-22 June 1974. Dates on figure in mm/dd/yyyy format.
Figure E73. Map showing activity around summit intrusion of 27 June 1974. Dates on figure in mm/dd/yyyy format.

Figure E74. Map showing activity around eruption of 19 September 1974. The eruption is apparently aseismic, preceded by intrusion

into upper seismic southwest rift zone and followed by south flank seismicity. Dates on figure in mm/dd/yyyy format.

Figure E75. Map showing activity around inflationary intrusion of 6—15 October 1974, a composite of small swarms of earthquakes

beneath the east rift zone and south flank. Dates on figure in mm/dd/yyyy format.

Figure E76. Map showing activity around inflationary intrusions of 31 October-2 November and 5-6 November 1974. The first
intrusion is confined to the upper seismic southwest rift zone, whereas the second is a paired seismic southwest rift and east rift

intrusion. Dates on figure in mm/dd/yyyy format.

Figure E77. Map showing activity around inflationary intrusions of 21-25 November and 1-5 December 1974. Both intrusions are
focused beneath the upper seismic southwest rift zone, with the second intrusion showing additional activity beneath Kilauea's

summit. Dates on figure in mm/dd/yyyy format.

Figure E78. Map showing activity around inflationary intrusion of 6-14 December 1974. Locus of this intrusion shifts to the upper

east rift zone, and it is followed by a cluster of deep magma-supply earthquakes. Dates on figure in mm/dd/yyyy format.



Figure E79. Map showing activity around inflationary intrusion of 17-21 December 1974. A paired intrusion beneath the upper parts

of both rift zones. Dates on figure in mm/dd/yyyy format.

Figure E80. Following the 31 December 1974 southwest rift eruption, intense intrusion continued beneath the lower seismic

southwest rift zone, and south flank seismicity resumes beneath the upper east rift zone and Koa‘e. Dates on figures in mm/dd/yyyy
format. 4, Activity on 1 January 1975. B, Activity on 2 January 1975. C, Activity on 3 January 1975. D, Activity on 4 January 1975.
E, Activity on 5 January 1975. Seismicity begins to diminish beneath the lower southwest rift zone and western south flank. F,

Activity on 68 January 1975.

Figure E81. Map showing activity around suspected deep intrusions of 15-16 and 18-20 March 1975. Clusters of south flank
earthquakes at sites SDI 1, 2, and in between 1 and 2 are followed by a cluster of deep magma-supply earthquakes. Dates on figure in

mm/dd/yyyy format.

Figure E82. Map showing activity around suspected deep intrusion of 24-26 March 1975. A continuation of seismic patterns shown

in the preceding figure. Dates on figure in mm/dd/yyyy format.

Figure E83. Map showing activity around suspected deep intrusions of 2-3 and 5 April 1975. An intensification of the activity shown

in March. Dates on figure in mm/dd/yyyy format.

Figure E84. Map showing activity around suspected deep intrusion of 1618 April 1975 at site SDI 2. Dates on figure in mm/dd/yyyy

format.



Figure E85. Map showing activity around suspected deep intrusion of 5 August 1975 at site SDI 1. Dates on figure in mm/dd/yyyy

format.

Figure E86. Map showing activity around suspected deep intrusion of 23 October 23 at site SDI 2. Dates on figure in mm/dd/yyyy

format.

Figure E87. Map showing activity around inflationary intrusion of 12-14 November 1975. Dates on figure in mm/dd/yyyy format.
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re E1b Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix Figure E2 a. 2/1/1967-2/1/1968 eq counts, single eq (M = 4.0) and tilt
Earthquake swarms (open symbols) S| = slow intrusions
Single earthquakes M = 4.0 (closed symbols) Il = inflationary intrusions
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Appendix Figure E2 b. 2/1/1968-2/1/1969 eq counts, single eq (M = 4.0) and tilt

Sl = slow intrusions
Il = inflationary intrusions

Earthquake swarms (open symbols)
Single earthquakes M = 4.0 (closed symbols)
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Appendix Figure E2 c. 2/1/1969-2/1/1970 eq counts, single eq (M = 4.0) and tilt

Earthquake swarms (open symbols)
Single earthquakes M = 4.0 (closed symbols)

Sl = slow intrusions

Il = inflationary intrusions
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Appendix Figure E2 d. 2/1/1970-2/1/1971 eq counts, single eq (M = 4.0) and tilt

Earthquake swarms (open symbols) S| = slow intrusions
Single earthquakes M = 4.0 (closed symbols) Il = inflationary intrusions
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Appendix Figure E2 e. 2/1/1971-2/1/1972 eq counts, single eq (M = 4.0) and tilt

Earthquake swarms (open symbols)
Single earthquakes M = 4.0 (closed symbols)

S| = slow intrusions
Il = inflationary intrusions
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Appendix Figure E2 f. 2/1/1972-2/1/1973 eq counts, single eq (M = 4.0) and tilt
Earthquake swarms (open symbols) S| = slow intrusions
Single earthquakes M = 4.0 (closed symbols) Il = inflationary intrusions
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Appendix Figure E2 g. 2/1/1973-2/1/1974 eq counts, single eq (M = 4.0) and tilt
Earthquake swarms (open symbols) S| = slow intrusions
Single earthquakes M = 4.0 (closed symbols) Il = inflationary intrusions
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Appendix Figure E2 h. 2/1/1974-2/1/1975 eq counts, single eq (M = 4.0) and tilt

Earthquake swarms (open symbols)
Single earthquakes M = 4.0 (closed symbols)

S| = slow intrusions
Il = inflationary intrusions
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Appendix Figure E2i. 2/1/1975-2/1/1976 eq counts, single eq (M = 4.0) and tilt

Earthquake swarms (open symbols)
Single earthquakes M = 4.0 (closed symbols)

S| = slow intrusions
Il = inflationary intrusions
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Appendix figure E2 j Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix figure E2 |

Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix figure E2 m Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix figure E2 n

Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix figure E2 o Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Appendix figure E2 p
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o Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Mauna Ulu: 1967-68 eruption through 1975 earthquake
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Figure E3. 1967-68 summit eruption through 1968-1969 east rift eruptions: earthquake counts and tilt
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Latitude, in degrees North

Figure E4 Pre-Mauna Ulu Kilauea 1967-68 summit eruption: data from 11/1/1967 through 8/1/1968
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Appendix Figure E5
Pre-Mauna Ulu August 1968 flank eruption: data from 8/15 through 9/2/1968
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Appendix Figure E6
Mauna Ulu December 1968 suspected deep intrusion: data from 12/13-18/1968
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Appendix Figure E7

Pre-Mauna Ulu February 1969 eruption: data from 2/16-3/6/1969
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Appendix Figure E8

Pre-Mauna Ulu March 1969 intrusion: data from 3/20-22/1969
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Figure E9. Mauna Ulu |A: earthquake swarms and tilt
Kilauea caldera
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Appendix figure E10
Mauna Ulu |IA 4/30/1969 intrusion: data from 4/30/1969
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Appendix Figure E11
Mauna Ulu IA 5/1969 intrusion: data from 5/3-10/1969

155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8
19.55 ————————— EEEE—— e e e e i e 19.55
1 inflationary intrusion? |
{ 09:16 5/4/1969 s
1 00:34 5/6/1969 i
1 pre-intrusion |
eitler -
19.45 - [ 19.45
1 A Mauna Ulu vent ms1-3 =y sfiler i
(from 5/24/1969) % ei2mer I
ty -'g' ). |
eidsswr by i
eiluar i
i Kdde “QA i
19.35 —-19.35
] A © sf2mer > -
el ’
eisswr msd-5 <fakuer / -
19.05 ] % mainshock M 4.25 15:33 5/9/1969 [ 19.95
sf4swr
v [
19.15 Depth ranges [ 19.45
1 ® 0-5km i
O 5-10 km 5
o O 10-15 km i
Pacific Ocean % > 20 km i
] Kilauea region boundaries i
19.05 T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T 19.05
155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8 154.7

Longitude, in degrees West



Latitude, in degrees North

Figure E12
Mauna Ulu IA 5/1969 precursory intrusion: data from 5/20-22/1969
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Figure E13

Mauna Ulu IA Episode 1 and 2 data from 5/23-30/1969
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Appendix Figure E14

Mauna Ulu IA 6/1969 suspected deep intrusion: data from 6/2-10/1969
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Appendix Figure E15
Mauna Ulu IA Intrusion 7/3/1969: data from 7/2-5/1969
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Appendix Figure E16
Mauna Ulu IA episodes 6-7: data from 8/1-7/1969
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Appendix Figure E17a
Mauna Ulu IA Suspected deep intrusions 10/1969: data from 9/28-10/5/1969

155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8
\\\\\\\\\ I L L L | L L L L L I L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L | | L L L L I L L L L L L L L L
19.55 Suspected deep intrusions 1955
y ] ﬁ)re-intrusions A Mauna Ulu vent
1 2.02:46 10/1/1969
1 21:20 10/1/1969
1 3.03:34 10/2/1969 -
19454 02:15 10/3/1969 msi3 1945
1 4.09:47 10/3/1969
1 18:37 10/4/1969 rj:;
| |"“
1 between intrusions W .
E eloueAr
1 eidsswr Koae .. = i
19.35 \A [ 19.35
i % 0 . I
] 2085 & o
. $ 0
] sf2mer
1 eisswr ms4-5 o o
: i Sfd’:ug,—/’_/ * i
19.25 - L 19.25
| sf4swr
| \V/
19.15 Depth ranges L 19.15
1 ® 0-5km i
. O 5-10 km
: 2 O 10-15 km
. Pacific Ocean x > 20 km
1 Kilauea region boundaries i
19-05 \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ 19-05
155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8 154.7

Longitude, in degrees West



Appendix Figure E17b
Mauna Ulu IA Suspected deep intrusion/pre-episode 10 by date: data from 10/6-10/1969
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Appendix Figure E18
Mauna Ulu IA Intrusion 11/3-4/1969: data from 10/27-11/6/1969
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Appendix Figure E19
Seismic precursors to end of Mauna Ulu IA: data from 12/10-13/1969
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Appendix Figure E20
Seismic precursors to end of Mauna Ulu IA: data from 12/20-251969
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Appendix Figure E21
Seismic precursors to end of Mauna Ulu IA. Suspected deep intrusion: data from 12/26-29/1969
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Figure E22. Mauna Ulu IB earthquake swarms and tilt
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Appendix Figure E23

Mauna Ulu IB 1/1970 suspected deep intrusion: data from 1/7-15/1970
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Appendix Figure E24
Mauna Ulu IB 1/1970 intrusion: data from 1/16-23/1970
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Appendix Figure E25
Mauna Ulu IB 2/1970 inflationary intrusion: data from 2/9-15/1970
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Appendix Figure E26
Mauna Ulu IB 3/1970 inflationary intrusion: data from3/15-24/1970
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Appendix Figure E27
Mauna Ulu IB 4/1970 inflationary intrusion: data from 4/2-11/1970
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Fi

gure E28

Mauna Ulu IB May 1970 intrusion: data from 5/14-22/1970

155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8
19.55 L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L L L L L L L I L L L Il Il L L L L I L L L L L L L L L 19.55
1 Intrusion 5/15-18/1970 i
104:40 5/15/1970
113:25 5/18/1970
{ Pre-intrusion
8 eiller
19.45 [ 19.45
| A Mauna Ulu vent ms1-3 .
1 (from 5/24/1969) ° ei2mel
- +
] eidsswr "
R 2uer
] *oge A i
19.35 —19.35
1 e
i (0]
] eibswr
N sf3kuer
i Note: suspected deep intrusion appears to i
19.25 — accompany this major rift earthquake swarm. pre- —19.25
1 intrusion seismicity cosnsists of 7 events i
i stdswr ’ obscured beneath the later seismicity
] \Y/
i Depth ranges i
19.15 —19.15
: ® 0-5km :
| O 5-10km
] ., O 10-15 km
] Pacific Ocean X >20km
1 Kilauea region boundaries i
19-05 T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T 19-05
155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8 154.7

Longitude, in degrees West



Latitude, in degrees North

Appendix Figure E29
Mauna Ulu IB suspected deep intrusion?: data from 7/8-15/1970
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Appendix Figure E30

Mauna Ulu IB South flank earthquake: data from 9/20-22/1970
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Appendix Figure E31
Mauna Ulu IB October 1970 intrusion: data from 10/23-31/1970
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Appendix Figure E32
Mauna Ulu IB December 1970 intrusion: data from 12/11-16/1970

155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8
19.55\\\\.\\\\\|\\\\\\\\\|\\\\\\\\\|\\\\\\\\\|\\\\\\\\\|\\\\\\\\\|\\\\\\\\\|\\\\\\\\\19.55
1 Intrusion I

110:55 12/12/1970
113:19 12/14/1970
1 Pre-intrusion
i eiller
19'45_, msia ,_19'45
i sfiler
] ei2mer
| |
] eidsswr
\" .
R ei3uer
1 Koae "k & :
19.35 —-19.35
i sf2mer
sf3kfer
19.25 1 Note:suggestion of a suspected deep [ 19.25
: intrusion during and following summit -
1 intrusion
19.15 Depth ranges | 19.15
1 ® 0-5km |
. O 5-10 km
i e O 10-15 km
] Pacific Ocean * > 20 km
1 Kilauea region boundaries
19.05 +—————"—— T T T T T T T 19.05
155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8 154.7

Longitude, in degrees West



A

Appendix Figure E33a
Mauna Ulu IB 12/1970-1/1971 inflationary intrusions: data from 12/21-23/1970
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Appendix Figure E33b
Mauna Ulu IB 12/1970-1/1971 inflationary intrusions: data from 12/25-26/1970
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Appendix Figure E33c
Mauna Ulu IB 12/1970-1/1971 inflationary intrusions: data from 12/28-29/1970
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Appendix Figure E33d
Mauna Ulu IB 12/1970-1/1971 inflationary intrusions: data from 12/29/1970-1/1/1971
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Appendix Figure E33e
Mauna Ulu IB 12/1970-1/1971 inflationary intrusions: data from 1/3/1970-1/6/1971
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Mauna Ulu IB 6/1971 inflationary intrusion: data from 5/27-6/5/1971

Appendix Figure E34
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Appendix Figure E35
Mauna Ulu IB 6/1971 inflationary intrusion: data from 6/6-10/1971
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Appendix Figure E36

Mauna Ulu IB 6/1971 inflationary intrusion: data from 6/11-16/1971
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Kilauea caldera

Figure E37. Mauna Ulu pause: earthquake swarms and tilt
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Appendix Figure E38
Mauna Ulu pause inflationary intrusions: data from 7/7-15/1971
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Appendix Figure E39
Mauna Ulu pause inflationary intrusions: data from 7/16-20/1971
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Appendix Figure E40
Mauna Ulu pause inflationary intrusions: data from 7/20-25/1971
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Appendix Figure E41
Mauna Ulu pause inflationary intrusions: data from 7/26-8/1/1971
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Appendix Figure E42

Mauna Ulu pause 8/14/1971 eruption precursory intrusion: data from 8/2-8/1971
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Appendix Figure E43a

Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/8/1971
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Appendix Figure E43b
Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/9/1971
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Appendix Figure E43c
Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/10/1971
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Appendix Figure E43d
Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/11/1971
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Appendix Figure E43e

Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/12/1971
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Appendix Figure E43f
Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/13/1971

155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8
19-55 Ll L L — - | \\\\\\\\\ | \\\\\\\\\ | \\\\\\\\\ | \\\\\\\\\ | \\\\\\\\\ | \\\\\\\\\ | \\\\\\\\\ 1955
1Summit eruption 8/14/1971:09:00-19:00 I
]precursory intrusion
£ 101:04 8/8/1971
108:55 8/14/1971
1 eiller
19.45 | 19.45
i ) ms1-3-_.; 1 i
{ A Eruptive vents C 3 stiler
1 ;4( ei2mer
i |-"T'* W
] eidsswr Vo
< 1 ei3uer
o) 1 Koae - |
Z 19.35 — —19.35
* i i
g i sf2mer
(@)] i
o) 1
° 1 eibswr
£ . ms4-5 sf3kuer
g ] ,
2 19.25 —19.25
= 1
- — sf4swr
19.15 ] Depth ranges ;1 9.15
i ® 0-5km i
: O 5-10 km
] Pacific Ocean O 10-15 km
] * >20km
i Kilauea region boundaries
19-05 \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ I \\\\\\\\\ 19-05
155.5 155.4 155.3 155.2 155.1 155.0 154.9 154.8 154.7

Longitude, in degrees West



Appendix Figure E44
Mauna Ulu pause 8/14/1971 eruption precursory seismicity by date: data for 8/14/1971
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Appendix Figure E45
Mauna Ulu pause seismicity between eruptions: data from 8/25-9/1/1971
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