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Station B944 Gauge 2 strainmeter, January 1, 2011 to December 31, 2015 - 2 year loess curve removed
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figure;plot(timeall,B001allZ);
Location of Station B001 (Sequim, WA)

55600 55800 56000 56200 56400 56600 56800 57000 57200 57400
modified Julian date

-0.2

-0.1

0

0.1

0.2

0.3

z 
di

sp
la

ce
m

en
t (

m
et

er
s)

figure;plot(timeall,B001allZ);
Location of Station B944 (Yellowstone, WY)

56840 56845 56850 56855 56860
Modified Julian Date

0

0.05

0.1

0.15

0.2

0.25

R
es

id
ua

l m
ic

ro
st

ra
in

Station B001 Gauge 0 July 2-22, 2014

-0.1

0

0.1

0.2

0.3

z displacem
ent (m

eters)

B001- Z displacement, July 2-22 2014

-0.2 -0.2

-0.1

0

0.1

0.2

0.3

Z displacem
ent (m

eters)

B944 - Z displacement, July 2-22 2014

56840 56845 56850 56855 56860
Modified Julian Date

-0.05

-0.025

0

0.025

0.05

0.075

re
si

du
al

 m
ic

ro
st

ra
in

Station B944 Gauge 2 July 2-22, 2014

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
cycles/day

1e-08

1e-06

0.0001

0.01

1

po
we

r

1 2 3 4 7 11

0 20 40 60 80 100 120 140
cycles/day

10-10

10-5

100

po
w

er

1
2

3
4 7

11

0 20 40 60 80 100 120 140

10-10

10-5

100

cycles/day

po
we

r

1 2 3 54 7 116 8 9

78 min

11 min

12

3
54

7

11
6

89

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
cycles/day

10-5

100

105

po
w

er

Ssa
182.62

MSm
31.82

Mm
27.55

MSf
14.71

Mf
13.66

semi-annual
monthly

fortnightly

Mtm
9.13 2Q1

1.17

σ1
1.16

1.12
Q1

1.08
O1

1.03

M1

1.003
P1

0.998
K1

0.96
J1

0.93
OO1ρ1

diurnal semidiurnal terdiurnal

0.53
N2 L2

0.51

0.5
T2

0.51
0.53

0.55

0.52
M2

0.5

0.5K2
S2

2N2
0.54

v2

0.54

ε2

υ2 λ2

MK3

numbers in days
0.34

0.34

0.35
2MK3

M3

CH0-B001-3piMTM
Sequim, WA

2N2
υ2

N2

v2

M2
S2

K2

O1P1
K1

Q1
J1

Mf

10 -6

10 -4

10 -2

10 0

CH2-B944 3piMTM
Yellowstone, WY

10 -5

10 -3

10
-1

10 1

N2

M2 S2

K2
ε2

P1
K1

O1
Q1

M1

2Q1

OO1
2Q1

Mf

Solid-B001-3piMTM

10 -6

10 -4

10 -2

10 0

10 -5

10 -3

10
-1

po
w

er

pow
er3 cpd

3 cpd

4 cpd

4 cpd

5 cpd

J1

Gauge 0, Station B001 (Sequim, WA) Gauge 2, Station B944 (Yellowstone, WY)

3π multitapered
spectrum

3π multitapered
spectrum

Solid-B944-3piMTM

POWER SPECTRAL ANALYSIS

SOLID TIDE MODEL

STRAINMETER DATA HARMONIC ANALYSIS

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

re
si

du
al

 m
ic

ro
st

ra
in

Station B001 Gauge 0 strainmeter, January 1,2011 to December 31, 2015 - 2 year loess curve removed
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Latitude: +44.3897 deg; longitude: -110.5438 deg
Elevation: 2364.6 m

CH0 orientation: 325.1 degrees East of North
Install Date: 2008-08-06

Latitude: +48.043070 deg; longitude: -123.131410 deg
Elevation: 237.00 m

CH0 orientation: 200.2 degrees East of North
Install Date: 2005-06-29
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Vertically equally spaced gauges CH0-CH3 measure horizontal strain,
extension and compression at different orientations, as well as atmospheric 
pressure and temperature. The gauges are grouted into boreholes in 
competent rock (~100 m depth). 

Stations in Sequim, WA (B001) and Yellowstone, WY (B944) were 
selected for proximity to ocean and tectonic regime (subduction zone in 
WA, mantle plume in WY). 

Microstrain data from January 1, 2011 to December 31, 2015 are examined 
from each station. 

Selected for analysis:

  • CH0 from Station B001, oriented 200.2º east of north 
  • CH2 from Station B944, oriented 205.1º east of north

BOREHOLE STRAINMETERS

STUDY GOALS
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Earth tides are dynamical bulges characterized by changes in the
Earth’s gravitational potential from external bodies. Today these are
typically characterized with the use of predetermined models.

The first goal is to identify solid Earth tide diurnal and semi-diurnal
frequencies empirically by means of high-precision harmonic analysis
of high-resolution borehole microstrain records.

The second goal is to predict and calculate the lag of the response of
the solid Earth to gravitational forcing, and characterize the differences.

SOLID EARTH TIDAL MODEL
• Program solid.f computes cyclic and permanent tidal deformation
• Based on dehanttideinelMJD.f by V. Dehant, S. Mathews, J.
Gipson and C. Bruyninx
• The 2018 version of solid.f references UTC time
• Output solid earth tide u,v,w components in meters (to 0.000001
m) are Noth, East, and Up in the local geodetic (ellipsoidal) horizon
system at 1 minute intervals.
• Includes degree 2 and 3 Love/Shida displacement corrections
• No ocean, atmospheric loading, or polar motion deformation
• More accurate routines needed for geocentric positions of the 
Moon and Sun

1.  Borehole strainmeters have recorded solid Earth tides with multiple constituents in the
diurnal and semidiurnal frequency bands due to Moon and Sun gravitational forcing.
2. At Station B944, 78 minute and 11 minute periodicities were recorded, from seiche activity
in nearby Yellowstone Lake (and other unidentified phenomena).
3. Multitaper harmonic analysis resolves major tidal constituents with high statistical significance
including a diurnal component from daily temperature/barometric changes.
4. The observed lag between B944 and B001 tides is much longer than the predicted lag owing
to B001 proximity to the ocean, and crustal heterogeneities between the stations. 

Yellowstone, WY

Sequim, WA

PREDICTED VS. OBSERVED LAG

CONCLUSIONS
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• The predicted time lag between B944 and B001 is 0.839 to 0.883 hours
• The observed time lag between 944 and B001 is at least 2.6 hours
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