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Summary

We collected greater than 200 km of seismic reflection datain Upper Klamath Lake for the Ore-
gon Department of Geology and Mineral Industries (DOGAMI) from October 9-15, 1999. We
used two independent seismic systemsto digitally image subsurface sediment and rock interfaces
to help DOGAMI complete a 1:24,000 geologic map of the southern portion of the lake. We suc-
cessfully imaged the near-surface stratigraphy for earthquake hazards and aquifer characterization
studies using both an airgun and a uniboom seismic system. Results suggest that large portions of
Upper Klamath Lake contain trapped gas in the lake floor that prevents much of the lake from
being seismically imaged. Where trapped gas was not present, high-quality seismic reflection
data was obtained. These data show a history of normal faulting in the region that appear to cut
the shallowest reflectors, suggesting the region is still active and that seismic reflection methods
are avaluabletool for seismic hazards analysis. Thisreport isintended for initial data dissemina-
tion and all seismic profiles are presented and processed in a uniform fashion.
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Setting

Upper Klamath Lake (UKL), located in 12220
southwestern Oregon (Figure 1), liesinan "
extensional basin at the northwestern edge of

the Basin and Range province. The areais 0o
dominated by northwest-trending normal |
faults and the region has been recently seis- °o
mically active (e.g., Braunmiller et al., 1995; .
Wiley et al., 1993). Although most of the o
recent seismic activity has been observed 1

west of Klamath Lake (Braunmiller et al., : g AN

1995; Dreger et a., 1995; Wiley et al., 1993), NG S AN

faultsin UKL appear to offset the 6.8 ka \ \ N\ \\\
\ R

Mazamatephra (Colman et al., in review), as N
\

well asthe overlying strata. i
I

Below the lake floor, UKL consists of diato-

maceous soft sediments overlying Miocene- ', ™ Distance (k) ' oo

age diatomite and mudstone, interbedded R

\l/)wth basal;f ﬂOWStr?atrlllkelylac.t asan acQUStIC FIGURE 1. Upper Klamath L akeregion with selected
asement for our high-resolution seismic earthquake epicenters (from 9/20/93-12/03/93) and

studies. Although the soft Quaternary sedi- regional fault boundaries. Figure modified from ftp:/

[ftp.geophys.washington.edu/pub/kfalls/

ments that appear in the lake are often ideal hyposmap2.ps

seismic reflectors, a blue-green algal mat

dominatesthe lakefloor (Sanville et al., 1974), often collecting gas on the lake floor. Thistrapped
gas creates a strong lake-floor reflection and severely inhibits seismic energy from reaching
deeper targets. Colman et al. (in review), map out the regions where 3.5 kHz seismic energy pen-
etrated the lake floor and we used their study to ensure that we collected some high-quality seis-
mic reflection data where the algal mats did not interfere with data analysis. 1n addition, we also
collected seismic data along the entire length and width of UKL (Figures 2-5).

Seismic Data Acquisition

We acquired the seismic reflection data from UKL using a 22-ft U.S. Bureau of Recreation Bos-

ton Whaler, and Uniboom™ and air gun seismic sources. Boat speed during acquisition ranged
from 1.0-2.0 m/s (2.2-4.4 mph). To attain a high resolution image of the upper hundred meters of
the sub water bottom sediments, we recorded the Uniboom seismic source every 0.5 swith a9-m
oil-filled streamer containing 12 equally-spaced elements. The Uniboom seismic source provides
approximately 300 joules of energy and has been successfully deployed in nearby water bodies
(Pratt et al., in review).

The Uniboom seismic source provided high seismic quality from the upper portion of the lake
sediments. To penetrate deeper in the section, we deployed an air gun seismic source and a 12-
channel single-element solid-state hydrophone string. The air gun seismic source came equipped
with 3, 5, and 10 cu in chambers, equivalent to 4000, 6800, and 13500 joules of energy (McQuil-
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lin and others, 1979). With larger air chambers, increased energy and depth of penetration should
result (chamber sizeis proportional to the output energy), but with a decrease in production rates
(decreased spatial sampling) and perhaps lower resolution. We tested all air gun chamber sizesin
UKL, and opted for the 5 cu in. chamber for production. Since we could not operate both seismic
systems simultaneously, we selected the 5 cu in. chamber to balance penetration depth and signal
frequencies.

Each seismic source was integrated with adigital recording seismograph. We recorded the single-
channel Uniboom seismic data with the MUDSEIS recording system (in-house USGS system)
that integrated Global Positioning System (GPS) readings into the seismic headers to accurately
record the real-time boat position. We recorded the 12-channel airgun data with a Geometrics
RX-60 seismograph at 0.25 ms sample rate and one second recording window.

Seismic Data Processing
Uniboom

The Uniboom seismic data consist of single channel records that require no geometry information
to obtain a stack. Processing consisted of atrue amplitude recovery and a predictive deconvolu-
tion operator to attenuate water bottom multiples. We acquired Uniboom data every 0.5 s, result-
ing in 0.75-1.0 m spacing between shots.

Airgun

We experimented with 3, 5, and 10 cu in air gun chambers to optimize the seismic source signa-
ture and production rate while acquiring seismic dataon UKL. In production, we settled on a5 cu
in air gun pressured to 1900-2000 psi. We recorded nominally every 4 seconds between shots
approximately 3 knots (1.5 m/s) resulting in a shot spacing of roughly 6 m. Common mid-point
(CMP) spacing is 1/2 the receiver spacing (1.5 m), and the CMP fold (redundancy of subsurface
coverage) is 3. Dueto the uncertainty in position of the source and streamer due to drift, and the
GPS positions, we placed each CMP into 6.0 m bins, or 12-fold data.

General processing of the airgun seismic data consisted of:

1. SEG-Y Input - Read raw seismic datainto ProMAX

2. Trace Header Math - Define each receiver position w/ respect to the shot position (3.0
m+chan* 3.0 m)

Trace Header Math - Define each mid-point position to CDP=INT(FFID-CHAN/2)
Band pass filter (50-1000)

Inline Sort - Sort data into CDP space

NMO - correct for velocity moveout (1500 m/s)

CDP Stack - Stack each CDP position

Applied predictive decon operator

© © N o g &~ W

True amplitude recovery account for spherical divergence attenuation
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10.Time-depth conversion (1500 m/s)
11.Stack Display

* Note: The data have not been migrated.

Upper Klamath L ake South - Buck Island to Klamath Falls

In this section, we present the seis-
mic images and a brief summary of
the data from the southern portion
of UKL, between Klamath Fallsand
Buck Island (Figure 2).

We recorded redundant profilesin
this portion of UKL to compare the
signature of the Uniboom with the
air gun seismic sources. The com-
parison shows that the uniboom data
record higher frequencies (greater
than 1000 Hz), therefore greater res-
olution, but the seismic energy can-
not penetrate as deep asthe air gun
source (energy up to 1000 Hz). The
stratigraphy and structural style of
the region is clear on many profiles
in the region, particularly Uniboom
profiles 8b (E-W), 12a (N-S), and
10a (N-S) and air gun profiles 32
(E-W), 30b (N-S), Oc (N-S) and Od
(N-S). Itisparticularly striking how
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FIGURE 2. Seismic Profiles south of Buck Island in Upper
Klamath Lake. Linesrepresent both 5cuin air gun profiles
and Uniboom profiles (U).

the geology and data quality vary with minor changesin position (e.g., Uniboom lines 8aand 8b).
The variability in data quality may be largely due to trapped gas, but also the small-scale sub-
basin style features observed within UKL also contributes to this variation in data quality.

Uniboom Profiles

East-West Profiles (south-north)

Uniboom Line 8b - JD 285, 16:01 - 16:29

Uniboom Line 8a- JD 285, 15:34 - 16:01

Uniboom Line 9a - JD 285, 17:10-17:29
Uniboom Line 9b - JD285, 17:43-18:01

Uniboom Line 13 - JD 285, 20:49-21:16
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North-South Profiles (west-east)
Uniboom Line 12a- JD 285, 12:50-13:20
Uniboom Line 12b - JD 285, 13:20-13:48
Uniboom Line 2b - JD 282, 17:10-17:39
Uniboom Line 2c - JD 282, 17:40-18:09
Uniboom Line 10a - JD 285, 18:01-18:31

Uniboom Line 10b - JD 285, 18:32-19:01. Lost power on Line 10b at 18:39-18:47

Airgun Profiles

East-West Profiles (south-north)
Line 32 - JD 285, 16:38-16:57
Linel - JD 285, 17:00-17:20

Line 33 - JD 285, 17:20-17:41

Line 3 - JD 285, 14:26-14:56
North-South Profiles (west-east)
Line 30a- JD 285, 14:59-15:28

Line 30b - JD 285, 15:28-15:50

Line Oc - south of Buck Island - JD 287, 17:22-17:52
LineOd - JD 287-17:52-18:18

Line 31 - JD 285, 16:05-16:25
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Uniboom Line 8b Uniboom Line 8a
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Uniboom Line 9a Uniboom Line 9b
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Uniboom Line 13
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Uniboom Line 12a Uniboom Line 12b
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Uniboom Line 2b

Uniboom Line 2c
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Uniboom Line 10a
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Airgun Line 32

AirgunLinel

55

Time (minutes) 40

45

(w) yideq

)
Bl A

3

8

N

L
i

1

yﬁ' ng i
g
e
i

Gy

i
iy

o

!
AN

i
it

i1
S
YA

Upper Klamath Lake Seismic

Liberty and Pratt, 2000

12



Airgun Line 33
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Airgun Line 30b

Airgun Line 30a
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Airgun LineOd
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Upper Klamath Lake - Buck Island north to Squaw Point

In this section, we present the seismic images
and a brief summary of the data from Buck
Island to Squaw Point (Figure 3).

Mostly airgun seismic profiles were acquired
in this section of the lake. Line 8 represents
the only profile that was acquired with both a5
cuinand 10 cuinair gun chambers. Results
suggest that the 10 cu in gun provides better
quality datawhere trapped gas may be present.

Airgun Profiles
East-West Profiles (south-north)

Line4 - (A) JD287 - 09:32-09:59, (B) JD287 -
09:59-10:28, (C) JD287 - 10:28-10:37

Line5-(B) JD287 - 11:08-11:37, (A) JD287
-11:37-12:06

Uniboom
Line2a

.4
44444

was 18

g"%ﬁm
L5556
£35 4o

A
€s0 ‘”‘4723

s« |LineQ
T 12184 -121.82

Line6 - (A) JD287 - 13:37-14:06, (B) JD287 - 16:59-17:19 (C) JD287 - 14:50-15:20, (D)

JD287 - 15:20-15:28

Line7 - (A) JD284 - 14:38-15:08, (B) JD284 - 15:09-15:40, (C) JD284 - 15:42-16:10

Line8- (A) JD284 - 13:09-13:38, (B) JD284 - 12:07-13 07, (C) JD284 - 10:25-11:37

North-South Profiles (east-west)

LineO - (A) JD287 - 16:22-16:52, (B) JD2857 - 16:52-17:18

Line 9 - south of Squaw Point - (G) JD286 - 17:15-17:40, (H) JD2857 - 17:39-17:55

Additional Data

10 cuin Airgun Line 8 - (X) JD283 - 09;29-09:59, (Y) JD283 - 09:59-10:26

Upper Klamath Lake Seismic
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Airgun Line4b

Airgun Line4a
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Airgun Line4c
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Airgun Line 6b
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Airgun Line6d

Airgun Line 6c
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Airgun Line7c
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Airgun Line 8c
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Airgun Line 9h

Airgun Line 9g
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Airgun Line 8y (10 cu in)

Airgun Line8x (10cuin)
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Upper Klamath Lake - Squaw Point north to Bare lsland

In this section, we present the
seismic images and a brief sum-
mary of the data from Squaw
Point to Bare Island.

We mixed airgun with Uniboom
profiles for this portion of the s
lake. Data quality was mostly R
poor for thisregion.

Profiles
East-west profiles
Airgun Line 23 - (A) JD288 -

15:28-15:58, (B) JD2858 -
15:58-16:28

Uniboom Line 11 - (A) JD283 - 22:49-23:02, (B) JD283 - 22:19-22:48, (C) JD283 - 21:49-
21:18

Uniboom Line 12 - (A) JD283 - 20:17-20:47, (B) JD283 - 20:47-21:16, (C) JD283 - 21:17-
21:31

North-South Profiles
Airgun Line 10 - (C) JD288 - 14:44-15:13, (D) JD2858 - 15:14-15:19

Airgun Line9 - (E) JD286 - 16:27-16:50, (F) JD286 - 16:51-17:15
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Airgun Line 23b
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Uniboom Line 12b
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Airgun Line 10d
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T'G'€~ Uolie Jobfiexs [eall oA
005 00T O
002 [ I I
(w)aouersiq 'xoiddy
0ST
00T
0s
0

(w) ydeq

(w) yidea

Liberty and Pratt, 2000

S (Senuiw)aluil 0 [ES 0S 174

Upper Klamath Lake Seismic



0 Airgun Line 9f

Airgun Line 9e

(Senuw) awi

35

Liberty and Pratt, 2000

Upper Klamath Lake Seismic



Upper Klamath Lake - North of Barelsland

\\\\\\\\\\\\\\\\\\\\\\\

Profiles

East-West Profiles (south- .
north) geer

Airgun Line 13 - (A) JD286 -
09:34-10:04, (B) JD286 - &l
10:04-10:34, (A) JD286 -
10:34-10:50

Airgun Line 14 - (A) JD286 - Linel?
13:13-13:48, (B) JD286 - B PR
12:37-13:13, (C) JD286 -

11:38-12:35

Airgun Line 15 - (A) JD286 - 10:12-10:42, (B) JD286 - 09:42-10:12
North-South Profiles (west to east)

Airgun Line 16 - (A) JD286 - 11:39-12:08, (B) JD286 - 12:08-12:28
Airgun Line 17 - JD286 - 12:28-12:57

Airgun Line 10 - (A) JD286 - 13:44-14:13, (B) JD286 - 14:14-14:44

Airgun Line 9 - (A) JD286 - 14:33-15:03, (B) JD286 - 15:04-15:34, (C) JD286 -
15:34-16:03, (D) JD286 - 16:03-16:26
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Airgun Line 14c
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