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An application of rotational impedance to handle galvanic distortion in USArray data
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SUMMARY

A number of inversion approaches to handle distorted MT dataset have been developed. One practical solution
to invert the distorted data is the phase tensor inversion using the SSQ1D model, the 1-D resistivity model
derived from average SSQ impedance. Using the SSQ1D model as an initial or prior model is the key to obtain
the stable and reliable results. This work aims to examine this scheme on the real data using the USArray data.
For this purpose, we chose two array datasets over the State of Nebraska and lowa. As indicated by the local
distortion indicator, the sub-array over the State of Nebraska are weakly distorted, while that over the State of
lowa strongly distorted. When the given MT dataset is weakly distorted, inverting the phase tensor provides
3-D model with relatively small variance at the near surface, which suggests less heterogeneities. However,
when the dataset is severely distorted, inverting the phase tensor produces the near-surface heterogeneous
layer. We then investigate inverting the phase tensor and the ssq impedance with the gain correction, which is
made by dividing the ssq impedance with the apparent gain. The results suggest that this approach could be
another promising option. The inverted model shows less variation at the shallow part for the strongly distorted
dataset, while the main feature are similar among the inverted models derived from different data combination.
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INTRODUCTION In this work, we applied an approach presented in
(Rung-Arunwan et al, 2016, 2017, 2022) to the US-
Array data. The arrays over the states of lowa (IA)
and Nebraska (NE) were chosen as an example of
strongly and weakly distorted MT data set. Exam-
ples of distortion indicator and inversion results were
presented. Also, inverting the SSQ impedance with
the gain correction and the phase tensor were in-
vestigated.

The rotational invariant impedances have been
used since the beginning of magnetotellurics (MT).
They mostly used to determine the regional struc-
ture and measure dimensionality of the impedance
tensor. Not until recently, an average of the sum-
of-the-squared (SSQ), which was first introduced by
Szarka and Menvielle (1997), elements impedance,
which is a kind of rotational invariant impedances,
was found to be a reliable approach to obtain the re-
gional 1-D resistivity structure (Rung-Arunwan et al,
2016). The SSQ impedance (Zssq) is less sensitive

METHODOLOGIES

to the geometric distortion compared to the tradi-
tional determinant (DET) impedance.

In addition, the strength of galvanic distortion, scal-
ing (gain) and geometric distortion (twist, shear, and
splitting in Groom-Bailey framework), is able to be
quantified through the apparent gain and the local
distortion indicator. However, their applications to
the real dataset of these rotational invariant param-
eters have not been presented.

Rung-Arunwan et al (2016, 2017) has shown that
the DET impedance are downward biased by the
geometric distortion, which is the change of MT
impedance tensor dimensionality due to galvanic
distortion. On the contrary, the Zssq are less af-
fected. Hence, the average of SSQ impedances
from an MT array is suitable to estimate the regional
1-D resistivity structure. In addition, the local distor-
tion indicators and apparent gains were introduced
to evaluate the strength of galvanic distortion.

EMIW2024 abstracts are distributed under the Creative Commons Attribution 4.0 Unported License. 1/4
Authors retain the copyright of the abstract but grant any third party the right to use the abstract freely

as long as its original authors and citation details are identified.

To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



Rung-Arunwan and Utada, 2024, USArray and galvanic distortion

The local distortion indicator (LDI) of any MT site is
defined as the squared ratio of observed (distorted)
SSQ to DET impedances:
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where the superscript R denotes the regional or
undistorted impedance, w angular frequency, e and
s shear and splitting parameters in Groom-Bailey
framework. The apparent gain is the ratio of the in-
dividual SSQ impedance to the average:

Gssq(w) = Zs{sq(w)/Z::sq(w) . @)

The LDI and apparent gain are meant to quantify the
geometric distortion and amplitude scaling, respec-
tively. For simplicity, we can average the real part of
LDI and apparent gain over the given period range
as follows:

N 1/N
=R} . (3)
j=1
and
N 1/N
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RESULTS AND DISCUSSION

Both 1A and NE arrays are located in the interior
plains of North America. The stations with poor-
quality data were excluded. The NE array are
weakly geometrically distorted, as indicated by the
LDlIs (Figure 1a), while some stations in the |A array
exhibit significant geometric distortion (Figures 1b
and 2). The site gain in both areas are comparable
(Figures 1c and 1d).

o
O, &
3 Olos
Ouis OLoe

& PR o & 26
o o I o T R
150 b N a5 150 1w
Ofi Oﬁw o @ Qw"“ R o 24
100 15 Ao Al A @ ool ol @ o e 22
_ > o . 15 o ol
E sof o O o o o | E a
& ) de odlat o o |& % o o ol
2 » 1 o g I
g 0 & s Y 2 i 27 18
£ o @ & 2 o . 89
£ Ou gf  du g% - o' Cf“b R N =
S -50 5 —— Olps Olor 5 s © o G Gu  gf 16
= o5 &5 & s | Z o o
~100 7 OQosOos o « _ I o - o ) 14
05 A 1001 g% o  Ga ok o o
150 o o PR 3 & a 12
& REa By s =150 @ o & 3 o
& i L 0 I
I s G O o G o, % o G @ o ol 10
- -200
—200-150-100 250 0 50 100 150 200 -200-150-100-50 0 50 100 150 200
Easting [km] Easting [km]
(a) LDI from NE array (b) LDI from IA array
» .
200 v & S 100
& o e 200
o B ol a e
150 o ERec 150 075
b Dow ¢ g%, e
100 Y e B i 100 050
= @® o o g
€ oy & o s | E
£ sof dig Do gl u‘,‘ﬁf & E s 0z
> » s
< 0 W e ey + o Q
£ @ @ I~ e 0 0.00 @,
£ Box gy, oas D'fm o = W h
S -50 . £ lo.62 2
el e 5 50 025
Bz o, N o o o & o
-100 G = a5 ~100 d’w’ EBW g D\“w‘“ 050
04 08 = 13
1501 o o O e N 150] @ @
[ - P s = L N W PN ) -0.75
200 il o dl T e B ol di
—200-150-100-50 0 50 100 150 200 - .00
~200-150-100-50 0 50 100 150 200

Easting [km] Easting [km]

(c) Apparent gain from NE array (d) Apparent gain from A array

Figure 1: Local distortion indicators and apparent
gains from MT stations in IA and NE arrays.
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Figure 2: (a) MT data and (b) Local distortion in-
dicator from the station IAK37 in the IA array.
The geometric distortion is evidenced, partic-
ularly at the periods greater than 30 s. The
average LDl for this station is 1.98.

To reduce the effect of galvanic distortion in the in-
version, several approaches have been developed.
Inverting the phase tensor (PT; Caldwell et al, 2004)
is one of them (e.g. Tietze et al, 2015). PT itself
is lack of subsurface resistivity information. Conse-
quently, inverting PT without the optimal initial and
prior models would be disadvantageous.
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Figure 3: Example of the gain correction applied to
Site IAK37, where the apparent gain is 0.30.

Here, the 1-D model derived from average SSQ
impedance (SSQ1D) was used as an initial and prior
models as it is proven to be less affected by galvanic
distortion and it provides reliable inversion results
(see Rung-Arunwan et al, 2022).

In this 3D inversion, the total 12 periods of data
ranging between 15.1-3120.8 s were used. The
minimum skin depth is approximately 33.8 km, as-
suming the uniform resistivity of 300 2 m. In addition
to inverting the MT impedance tensor and PT, the
3D MT data-space inversion (Siripunvaraporn et al,
2005) was modified to include the SSQ impedance.
The gain correction (GC) with the apparent gain (4)
was also examined (see Figure 3).

The inverted results from the IA array are shown
in Figure 4. The main features of the models in-
verted from different data types are similar at the
depth greater than the skin depth.

Here, we determine the distribution of the resis-
tivity model from the standard deviation of the in-
verted models as a function of depth (Figure 5.
Rung-Arunwan et al (2022) assumed that invert-
ing PT alone with the SSQ1D will be theoretically
equivalent to inverting Zssq with gain correction
and PT. However, the model distribution from the
IA array shows that inverting PT alone may cause
more near-surface heterogeneities than using PT
and Zssq with gain correction.

As with the IA array, the inverted models from differ-
ent data types of the NE array are similar (Figure 6).
However, the SD of resistivity of the models from dif-
ferent data type of the NE array are comparable at
the shallow part, <15 km deep, (see Figure 5b). This
may be because the NE array has weak geometric
distortion.

CONCLUSIONS

Galvanic distortion is a problem in magnetotelluric
surveys. An indication for galvanic distortion are
crucial. The definition of LDI to quantify the strength
of geometric distortion is simple, yet efficient. From
our examples, the LDI successfully indicates the
strong and weak geometric distortion in 1A and NE
arrays, respectively. We can then select proper
treatments or inversion strategies to handle the dis-
torted dataset. The phase tensor is intrinsically gal-
vanic distortion-free. Integrating it in the inversion is
favorable.

Inverting PT alone even using the optimal initial
or prior models, e.g., SSQ1D, can cause near-
surface heterogeneities which may unknowingly in-
terfere the underlying regional structure of interest.
Including the SSQ impedance with gain correction
can help suppress the near-surface heterogeneities
if the dataset are distorted. However, further inves-
tigations on including Zssq and the gain correction,
for example, a comparison with inverting the all and
off-diagonal elements of MT impedance, and using
uniform resistivity as an initial or prior model, are
necessary.
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Figure 4: Depth and Vertical sections of 3D model
inverted from (a,b) PT, (c,d) Zssq and PT, and
(e,f) Zssq with GC and PT from the IA array.

SD of log(p [Q m]) SD of log(p [Q m])

0 0
254 r 25
50 4 r 50
754 r 75
t E
=3 =
< 1004 < 100
5 £
[-% o
3 7]
a [s]
1254 r 125
150 4 r 150
175 —~ F 175 m———
—— Zssq and PT —— Zssq and PT
—— Zssq with GC and PT —— Zssq with GC and PT
200 T At T 200 —— T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8

SD of log(p [Q m]) SD of log(p [Q m])

(a) IA array (b) NE array

Figure 5: Model distribution represented by the SD
of the inverted model as a function of depth
from the (a) IA and (b) NE arrays.
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(e) Section at Depth of 11.86 km.
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Figure 6: Depth and Vertical sections of 3D model
inverted from (a,b) PT, (c,d) Zssq and PT, and
(e,f) Zssq with GC and PT from the NE array.
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