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Background on MTPy

Initiated in 2013 at the University of
Adelaide

- Jared Peacock, Lars Krieger, myself,
others....

2016 - Geoscience Australia commenced
development

- Clean up
- Testing suite & documentation
- Functionality development

- Apply software engineering “best
practice”
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&« C 1Y | & Secure | httpsy/github.com/MTgeophysics/mtpy

2 Apps @ (1) My business toc

O Pull requests Issues Marketplace Explore

EH MTgeophysics / mtpy
<3 Code Issues 9 Pull requests 1 Projects 2 Wiki Insights

Python toolbox for standard Magnetotellurics (MT) data analytics

Manage topics

D 3,520 commits ¥ 7 branches > 1 release 22
e

Branch: develop ~ New pull request Create new

alkirkby update plot_rms_maps to allow plotting of rms average over all periods

| bin fix import PlotDepthSlice

I data ALAMP-98 moved date out of tests directory

I docs modify docs/conf.py to fix author list [c1 skip]

| examples update plot_rms_maps to allow plotting of rms average over :
| legacy updated examples so there is only one ModEM_PlotResponse
m mtpy update plot_rms_maps to allow plotting of rms average over :
i notebooks X_Axis labelling ticks have activated

i tests fix failing tests (attempt 2)

[E] .coveragerc ALAMP-94 updated tests
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Background on MTPy

2017 - Moved to a new repository
https://github.com/MTqgeophysics/mtpy

- Merged 2 versions

GA continues
maintenance/development in
collaboration with Jared Peacock at
USGS

Look out for MTPy v. 2.0
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< C 1} | & Secure | https://github.com/MTgeophysics/mtpy

© Apps @ (1) My business toc

O Pull requests Issues Marketplace Explore

H MTgeophysics / mtpy
<> Code Issues @ Pull requests 1 Projects 2 Wiki Insights

Python toolbox for standard Magnetotellurics (MT) data analytics

Manage topics

P 3,520 commits P 7 branches > 1 release 22 C
e~

Branch: develop ~ New pull request Create new

alkirkby update plot_rms_maps to allow plotting of rms average over all periods

| bin fix import PlotDepthSlice

I data ALAMP-98 moved date out of tests directory

| docs modify docs/conf.py to fix author list [c1 skip]

i examples update plot_rms_maps to allow plotting of rms average over a
| legacy updated examples so there is only one ModEM_PlotResponse
I mtpy update plot_rms_maps to allow plotting of rms average over a
i notebooks X_Auxis labelling ticks have activated

i tests fix failing tests (attempt 2)

[E) .coveragerc ALAMP-94 updated tests
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https://github.com/MTgeophysics/mtpy

MTPy access and usage
General Public License (3.0) — free, open source

However, as with most open source software:
- We provide no warranty

- If you modify the code, please link to the original

If you use MTPy we would appreciate it if you acknowledge the use of the software

and provide a link to the repository, you can cite:

Krieger, L. & Peacock, J. 2014. A Python Toolbox for Magnetotellurics. Computers and Geosciences, v.72, p167-175
Kirkby, A., Zhang, F., Peacock, J., Hassan, R., & Duan, J. (2019). The MTPy software package for magnetotelluric

data analysis and visualisation. Journal of Open Source Software, 4(37), 1358-1358. do0i:10.21105/joss.01358

Please let us know of any bugs via the GitHub ‘Issues’ page
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MTPy is....

A collection of tools to (hopefully) help you carry out
processing, analysis, modelling, and visualisation of MT data

A work in progress

Largely script based
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MTPy is not...

Perfect
Complete
Bug-free

A black box

(i.e. we strongly advise to check your outputs and
understand what you are doing)
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Python

Useful to have some background knowledge of Python to get the most out of
MTPy

Lots of (free and paid) online resources and courses

Python

e python’ Q

About Downloads Documentation Community Success Stories News

Compound Data Types

Lists (known as arrays in other languages) are one
compound data types that Python understands. Li

indexed, sliced and manipulated with other built-in|
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MTPy overview

Structured around the
main analysis steps for
MT

Core, Processing,
Analysis, Modeling,
Imaging + Utils to support
all functionality

Interlinked

This presentation will
cover Core, Analysis,
Imaging, Modeling, and
Utils

GEOSCIENCE AUSTRALIA

m © Commonwealth of Australia
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MTPYy structure (modified from Krieger and Peacock, 2014)
MTPy Key Functionality

MT data workflow

-
Time-series data
acquisition

‘ TS data + metadata ‘ “—

|

Processing

Impedance tensor
and Tipper

/ \

‘ Analysis ‘ L Modellhg& Jq—»
inversion

. ™
File formats
Edi
ifile (*.j)

xml

N /

spn

MTPy Modules

Read impedance tensor (Z)
and tipper

Werite to file (e.g. edi, xml)
Handle/modify Z
Handle/modify tipper

4 { Analysis
Phase tensor
Zinvariants

Depth of investigation
Dimensionality

Strike angle

} ™

-

| Static shift removal /

( [ Processing

) | - :

Data calibration / Scaling
Decimation
Sensor re-orientation
Filtering
| Prepare inputs for
\processing codes

[ Modeling J

Create input/ read output
- ModEM
- Occam 1D/2D

| - Mare2DEM (data)

.

T A

Resistivity & Phase
Pseudo sections
Induction vectors

Phase tensors

Strike analysis (rose plot)

\
\Shapeﬁle export

1D, 2D and 3D model views

/
’ Utils J\

Coordinate transformation

Unit conversion

Error handling

File handling

Shapefile export

Mesh generation functions
\  Export to other software I
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MTPy v2.0 — draft structure

EMTF (.zmm, .zrr)||ZONGE (.avg)| [EMTF XML (.xml)

\
\
Translator

/
\

EDI (.edi) || BIRRP (.j)

Dimensionality | MT C;)ngame; > Phase Tensor
Analysis - Standard Metadata
- Impedance —
- Tippers > Resistivity Tensor
- Can represent errors
as covariance
A
\
Data File MT Collection Maps
- ModEM - Efficient Database - Phase tensor
- Mare2DEM [< - Stored in memory (NetCDF or HDF5) * - Stations
- Occam2D - Easily match period ranges - Resistivity
- Perform batch calculations, like rotations - Phase
- Only need to read files once

Image courtesy Jared Peacock
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Core
Basic handling of frequency domain (processed) data

Reading in of station metadata (e.g. location etc)

Conversions from Z to apparent resistivity and phase and vice versa (via
utils modules)

Functions include: reading edi file, rewriting, handling edi file set. Allows you
to rewrite the data with some change made (e.g. interpolate onto different
frequencies).

Some of the core modules link to imaging to allow plotting.
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Analysis
Covers analysis of MT data completed prior to modelling

Dimensionality, strike analysis, phase tensors, static shift calculation,
penetration depth, invariants

Links with core for reading the data, utils to carry out some of the analyses
and imaging to view the results

In this presentation we will cover: P A
- dimensionality
- strike analysis

- phase tensor (plots)

- penetration depth
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Imaging
Plotting of impedance/resistivity/phase data as well as the results from modules
within analysis, modeling. Includes:

- Data plots (e.g. resistivity/phase at a single site and on maps)
- Analysis plots (e.g. strike angle, phase tensors, penetration depth)

- Model plots (e.g. data/response, resistivity model maps/slices)
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Occam2d\ITER40.iter: RM5=1.00, Roughness=19

Modeling

Wrapper for commonly used g, £
modelling/inversion packages 5
- OccamiD ——— T
Horizontal Distance (m)
- Occam2D .
-+ Modr 1.85 II -+~ Modm 0.88
- Mare2DEM (data file only) _ Hiﬁ i
- ModEM o L
Creates input files and allows i Aliiasideti
visualisation of outputs. o
Also allows conversion of outputs to RE 5, o P e _Mlﬂ-ﬂ”
. Y 3 L My
other formats (e.g. Gocad sgrid) S fh_]_ﬂ_[,ﬁl 2 ]
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A array2raster.py
. A Ascii_replace_res_values.py
Utl IS @ basemap_tools.py
Contains much of the functionality that underlies all other * calculator.py
mOdU|eS, e.q.: A concatenate_input.py
g A configfile.py
« Projections and transformations (gis_tools) @ convert modem data to_geogrid.py
@ edi_folders.py
« Conversion to external formats (shapefiles, gocad, @ exceptions.py
convert_modem_data_to_geogrid) # filehandling.py
A gis_tools.py
* Filehandling @ gocad.py
& matplotlib_utils.py
« Calculator # mesh_tools.py
& mtpy_decorator.py
+ more.... s
mtpylog.py
@ plot_geotiff_imshow.py
@ plot_rms_iterations.py
A shapefiles.py
A shapefiles_creator.py
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https://github.com/MTgeophysics/mtpy

< C ¢ & github.com/MTgeophysics/mtpy QA % = R e Error

Apps @ Suggested Sites Imported From |E

O Search or jump to... Pulls Issues Marketplace Explore

g MTgeOphySlCS/mtpy ® Unwatch ~ 25 & Unstar 62 % Fork 28

<> Cod 1% Pull requests 1 (¥) Actions [M] Projects @\ Security

¥ develop ~ Go to file Add file ~ About 8

Python toolbox for standard

alkirkby change dtype of station names array so that it displays... .= X yesterday <U) 4,268 Magnetotelluric (MT) data
analysis
bin tweek installation script to get env right 2 years ago
0 Readme
data ALAMP-98 moved date out of tests directory 3 years ago
&E  GPL-3.0 License
docs Add images for new install guide 11 months ago
examples another attempt at fixing tests 6 days ago
Releases 2
legacy Add original mare2d script to legacy 7 months ago
Q v1.0 (Latest}
mtpy change dtype of station names array so that it di... yesterday on May 21, 2019
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https://github.com/MTgeophysics/mtpy
< C ¢ & github.com/MTgeophysics/mtpy a % = % 9

T Apps @ Suggested Sites Imported From IE

e Kirkby, AL, Zhang, F., Peacock, J,, Hassan, R, Duan, J., 2019. The MTPy software -
package for magnetotelluric data analysis and visualisation. Journal of Open
Source Software, 4(37), 1358. https://doi.org/10.21105/joss.01358

* Krieger, L, and Peacock, J., 2014. MTpy: A Python toolbox for magnetotellurics.
Computers and Geosciences, 72, p167-175.
https://doi.org/10.1016/j.cageo.2014.07.013

Overview

A Python Toolbox for Magnetotelluric (MT) Data Processing, Analysis, Modelling and
Visualization

* Home Page: https://github.com/MTgeophysics/mtpy
e AP Documentatiov[: http://mtpy2 readthedocs.io/en/develop/ ]
¢ |ssue tracking: https://github.com/M’I’geophysics/mtpy/issues

* Installation Guide (Wiki Pages): https://github.com/MTgeophysics/mtpy/wiki

o User Guide:
https://github.com/MTgeophysics/mtpy/blob/develop/docs/MTPy%20User%20
Guide.pdf

Note that this repository has superseded the geophysics/mtpy and
GeoscienceAustralia/mtpy2
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https://github.com/MTgeophysics/mtpy

< C ¢ & github.com/MTgeophysics/mtpy QA % = R e Error

Apps @ Suggested Sites Imported From |E

O Search or jump to... Pulls Issues Marketplace Explore

g MTgeOphySlCS/mtpy ® Unwatch ~ 25 & Unstar 62 % Fork 28

<> Code () Issues 30 1% Pull requests 1 (¥) Actions [M] Projects @\ Security

¥ develop ~ Go to file Add file ~ About 8

Python toolbox for standard

alkirkby change dtype of station names array so that it displays... .= X yesterday <U) 4,268 Magnetotelluric (MT) data
analysis
bin tweek installation script to get env right 2 years ago
0 Readme
data ALAMP-98 moved date out of tests directory 3 years ago
&E  GPL-3.0 License
docs Add images for new install guide 11 months ago
examples another attempt at fixing tests 6 days ago
Releases 2
legacy Add original mare2d script to legacy 7 months ago
Q v1.0 (Latest}
mtpy change dtype of station names array so that it di... yesterday on May 21, 2019
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Wiki (Installation guide)

https://qithub.com/MTgeophysics/mtpy/wiki/MTPy-installation-quide-for-Windows-10-and-Ubuntu-18.04
Qa % « » O

< C O @& github.com/MTgeophysics/mtpy/wiki

i Apps @ Suggested Sites Imported From IE

O Search or jump to... Pull requests Issues Marketplace Explore

& Unwatch ~ 25 * Unstar 62 ¥ Fork 28

& MTgeophysics / mtpy

(¥) Actions [ Projects 3 03 wiki () Security |~ Insights {81 Settings

<> Code () Issues 30 i1 Pull requests 2

Home

Bren Moushall edited this page on Jun 3, 2020 - 17 revisions

Welcome to the MTPy wiki! - Pages @

MTPy Installation Guides Find a Page..

" : H
[+ Installation Guide (02-04-2020) | ome
MTPy installation guide for Linux
svstem
———

EMinar, A Kirkby - MTPy, February 2021
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https://github.com/MTgeophysics/mtpy/wiki/MTPy-installation-guide-for-Windows-10-and-Ubuntu-18.04

https://github.com/MTgeophysics/mtpy
< C ¢ & github.com/MTgeophysics/mtpy a % = % 9

T Apps @ Suggested Sites Imported From IE

e Kirkby, AL, Zhang, F., Peacock, J,, Hassan, R, Duan, J., 2019. The MTPy software -
package for magnetotelluric data analysis and visualisation. Journal of Open
Source Software, 4(37), 1358. https://doi.org/10.21105/joss.01358

* Krieger, L, and Peacock, J., 2014. MTpy: A Python toolbox for magnetotellurics.
Computers and Geosciences, 72, p167-175.
https://doi.org/10.1016/j.cageo.2014.07.013

Overview

A Python Toolbox for Magnetotelluric (MT) Data Processing, Analysis, Modelling and
Visualization

* Home Page: https://github.com/MTgeophysics/mtpy
e AP Documentatiov[: http://mtpy2 readthedocs.io/en/develop/ ]
¢ |ssue tracking: https://github.com/M’I’geophysics/mtpy/issues

* Installation Guide (Wiki Pages): https://github.com/MTgeophysics/mtpy/wiki

o User Guide:
https://github.com/MTgeophysics/mtpy/blob/develop/docs/MTPy%20User%20
Guide.pdf

Note that this repository has superseded the geophysics/mtpy and
GeoscienceAustralia/mtpy2
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Documentation
https://mtpy2.readthedocs.io/en/develop/

Pulled from comments in the modules
Some modules *may** be missing

If it's missing, let us know

Editor - C:imtpywin'mipy\mtpy\medelingimodem\plot_slices.py

D.| mt.py [ | zpy (£ | plot_penetration_depth3d_2.py || | plot_geology.py [ | plot_slices.py EJ |
25
26 __all_ = ['PlotSlices’]
27
28
29 class PlotSlices(object):
38
31 * Plot all cartesian axis-aligned slices and be able to scroll through the model]
32 * Extract arbitrary profiles (e.g. along a seismic line) from a model
33
34 :Example: ::
35
36 >»>> import mtpy.modeling.modem as modem
37 »>»> mfn = r"/home/modem/Invl/Modular_NLCG_188.rho"
38 »»>» dfn = r"/home/modem/Invl/ModEM data.dat”
39 »>» pds = ws.PlotSlices(model fn=mfn, data fn=dfn)
40
41
42 Buttons Description
43
44 et moves n-s slice east by one model block

45 W' moves n-s slice west by one model block

GEOSCIENCE AUSTRALIA  [GWOM ©Commonuealth of susirala

lﬂ Welcome to MTpy's doct. X

& > C 1Y | & Secure | https//mtpy2.readthedocs.io/en/develop/

i Apps @ (1) My business toc

mipy 1.01.01 documentation » next | modules

Table Of Contents Welcome to MTpy’s documentation!

m
Contents

» Package Core
o Module z
o Module TS
o Module MT
o Module EDI
o Module EDI_Collection
Quick search o Module XML
o Module JFile
« Package Analysis
o Module Distortion
o Module Geometry
o Module Phase Tensor
o Module Static Shift
o Module Z Invariants
» Package Modeling
o Module ModEM
o Module Occam 1D
o Module Occam 2D
o Module Winglink
o Module WS3DINV
« Package Imaging
o Penetration Depth
o Module Plot Phase Tensor Maps
o Module PlotPhaseTensorPseudoSection
o Module MTPlot
o Plot MT Response
o Visualization of Models
« Package utils
o Shapefile Creator
o GIS Tools
o QOther Tools
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https://mtpy2.readthedocs.io/en/develop/

https://github.com/MTgeophysics/mtpy

< C ¢ & github.com/MTgeophysics/mtpy QA % = R e Error

Apps @ Suggested Sites Imported From |E

O Search or jump to... Pulls Issues Marketplace Explore

g MTgeOphySlCS/mtpy ® Unwatch ~ 25 & Unstar 62 % Fork 28

<> Code 1) Pull requests 1 (¥) Actions [ Projects 3 07 wiki ) security

¥ develop ~ Go to file Add file ~ About 8

Python toolbox for standard

alkirkby change dtype of station names array so that it displays... .= X yesterday <U) 4,268 Magnetotelluric (MT) data
analysis
bin tweek installation script to get env right 2 years ago
0 Readme
data ALAMP-98 moved date out of tests directory 3 years ago
&E  GPL-3.0 License
docs Add images for new install guide 11 months ago
examples another attempt at fixing tests 6 days ago
Releases 2
legacy Add original mare2d script to legacy 7 months ago
Q v1.0 (Latest}
mtpy change dtype of station names array so that it di... yesterday on May 21, 2019
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Issues

O Search or jump to... Pulls Issues Marketplace Explore
..ﬂ MTgeophysics / mtpy ® Unwatch ~ 25 W Unstar 62 % Fork 28
<> Code (@ Issues 30 {7 Pull requests 1 (») Actions [ projects 3 17 wiki () Security

Filters ~  (Q isissue isiopen O Labels 7 P Milestones 1 m

(@ 300pen . 71 Closed

] Author = Label = Projects ~ Milestones = Assignee = Sort ~

BINO) freq_tol function when creating Occam2D/Mare2D data files
#135 opened 2 days ago by katerob31

U o MTpy Version 2 Updates ' version 2
#134 opened 6 days ago by kujaku11

L ® Project stations on topography does not seem to work correctly in a marine
environment

#133 opened 7 days ago by katerob31
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Getting started - installing MTPy

We recommend installing the following:

- Anaconda Python distribution: https://anaconda.org/anaconda/python

- Git shell (if on windows) (e.g. git for windows https://qit-
scm.com/download/win)

We suggest installing these into a common directory so it does not interfere
with other installations

Once these are installed, you can clone the MTPYy repository

>> it clone https://github.com/MTgeophysics/mtpy.qit

GEOSCIENCE AUSTRALIA [omom ©° e EMinar, A Kirkby - MTPy, February 2021


https://anaconda.org/anaconda/python
https://git-scm.com/download/win
https://github.com/MTgeophysics/mtpy.git

Getting started - installing MTPy

Install dependencies
cd mtpy
>> conda install gdal libgdal geopandas netcdf4 pyyami

>> pip install obspy

To get updated MTPy (recommend doing this every day):
>> git pull
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| s | scripts

File Home Share View
EX al I I p I eS fo I d er €« v 4 « LT-70930 (C:) »* mtpywin > mtpy > examples » scripts
mtpy/examples/scripts B South Auslls Govenm " anlse.dimensnalty
A analyse_strike_angle.py
. = This PC A create_geogrid_from_resistivity_model.py
= Exam ple SC” ptS - 3D Objects A create_phase_tensor_csv.py
- active (prod.lan) A create_phase_tensor_shapefiles.py

| = | workshop

Home Share View
mtpy/examp|85/n0teb00k5 & « v 1 « LT-70930 (C)) » mtpywin » mtpy » examples » workshop

~

~
fig South Australia Gove Name

mtpy/examples/workshop

B This PC , .ipynb_checkpoints
A occam1d_buildinputfiles.py

- Exam p I e n Ote boo kS 3D Objects A occam1d_viewoutputs.py

< active (prod.lan) @ occam2d_buildinputfiles.py

I Desktop A occam2d_plotmodel_and_responses.py

Documents D lot_phasetensor_on_basemap.ipynb
plot_p p-1py

¥ Downloads [ ] plot_resistivitymodel_on_basemap.ipynb

ga-transfer [ Workshop Exercises Analysis.ipynb

[l Workshop Exercises Core.ipynh

ﬁ Music
= Pt [ Workshop Exercises Imaging.ipynb
ictures
0 Workshop Exercises Modeling.ipynb
B
Videos v o<
11 items

X
v @

v O £ Search scri...

A ModEM_DepthSlice_to_gmt.py

A ModEM_plot_rms_from_logs.py

A ModEM_plot_slice_on_profile.py

A ModEM_plot_slices.py

A ModEM_plot_slices_on_basemap.py

- d

X
v @

v 0O £ Search wor...

Date modified

4/02/2021 2:41 PM
27/03/2020 4:02 PM
27/03/2020 4:02 PM
27/03/2020 4:02 PM
27/03/2020 4:02 PM
27/03/2020 4:02 PM
27/03/2020 4:02 PM
5/02/2021 4:04 PM
5/02/2021 4:00 PM
5/02/2021 4:00 PM
5/02/2021 4:04 PM

~

Type

File fo
Pythol
Pythol
Pythol
Pythol
IPYNB
IPYNB
IPYNB
IPYNB
IPYNB
IPYNB v
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Running MTPy

We recommend using either:
- Jupyter notebook, OR

- Development environment (e.g. Spyder, PyCharm)

T o eaate) 2015 EMinar, A Kirkby - MTPy, February 2021

stralia) 2019
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e N N Ay
K\“_':')l:\":?)| & http://localhost:8888/notebooks/mtpy/Worksh 0 ~ & || (P GA-S.. | 2 mtpy/... | B Wor... % | | % 5.7 ik

J u p yt e r n 0 t e b O O k " Jupyter Workshop Exercises usaes A Lot

File Edit View Insert Cell Keme! Help Mot Trusted | Python 2 O
Web browser based *|lxo]n)ev)inrninic]n e v
LA U TALT U1 IS LSS, UM IS UL 1 SUIL PG SIS, U U U ISST SAHIISS
have been written to be self contained. ~

In Jupyter, you can add the following line to the top of any cell and it will write the contents of that cell

R U n pyth O n COd e Or CO m m e nts to a python script: % %writefile example.py

You can also select multiple cells and copy them to a new Jupyter notebook

Run one cell at a time and it Neryof e e bk make oo e e o mage Peesee
stores the result in memory

Core
C an Wr i te i n d iVi d u al Ce I IS to a These first few examples cover some of the basic functions and tools that can be used to look at data

. contained in an edi file, plot it, and make changes (e.g. sample onto different frequencies).
python script
%%writefile example.py

Reading an edi file into an MT object

In [1]: | £ 1mport required modules
from mtpy.core.mt import MT

Can also export to latex, html — S ks
great for demonstration TR

. . The mt_obj contains all the data from the edi file, e.g. impedance, tipper, frequency as well as station
T h e exe rC I S eS fo r th IS information (latlong). To look at any of these parameters you can type, for example:

workshop are in Jupyter format Ia [21:|§ %o see the latituds and longitude

-15%.01 13&6.01
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r N ™

File Edit Search Source Run Debug Consoles Projects Tools View Help

Spyder DeEBL=E- rBBIDE Ho=chBl BR Fe ¢ -»
p y Editor - M:AusLAMP\AusLAMP_NSW \Python'plot_phase_tensors_and_tipper_on_basemap.py B X Variable explorer a8 x

I_'__l,| data.py [ | plot_phase_tensors_and_tipper_on_basemap.py* [EJ ‘ ModEM_buiId_‘Ba X B8 - -3

Interface for working with Python : == [Nmel e 5=

& from mtpy.modeling.modem import PlotPTMaps, Data

9 from mtpy.imaging2.geology import Geology

Code 10 from netCDF4 import Dataset N

11 import numpy as np
12

13 Varizble explorer File explorer

14 modemFN = r'C:\Users\u64125\0neDrive - Geoscience Australia‘\AusL

InteraCtlve N Warnlngs for Syntax ﬁ r'U: \AUSLAMP\AUSLAMP_NSW\Interpretation\gravity\gato | % = ’E;

|l

17 grav_file =
errors etC 18 geology_file = r'U:\AusLAMP\AuSLAMP_NSW\Interpretationlachlan_0 Python 2.7.15 |Anaconda, Inc. | Il
I 19 1utFN = r'U:\AusLAMP\AusLAMP_NSW\Interpretation\lut.txt' (default, May 1 2018, 18:37:89) [MSC
20 v.150@ 64 bit (AMD64)]
21 modemPT = PlotPTMaps(modemFN) Type "copyright”, "credits" or
E t d d 22 "license™ for more information.
asy O rea. CO e 23 minLon, maxLon, minlLat, maxLat = 141.1, 151.3, -38.8, -31.5 — L
24 pad=1 IPython 5.7.8@ -- An enhanced =
25 Interactive Python.
. . 26 periodIdx = & ? -» Introduction and overview
Stores variables in the console & g7 Tyt festues,
28 fig = plt.figure(figsize=(1@,18)) #quickref -> Quick r.‘eference.
. . [l 29 ax = plt.subplot(111) help -> Python's own help system. —
allowing you to inspect them later. | = i e
- 31 use 'object??' for extra details.
32
33 bm = Basemap(resolution="1",projection="tmerc',llcrnrlon=minLon- In [1]:
H H H 34 llcrnrlat=minLat-pad, urcrnrlon=maxLon+pad, urcrnrl
Options for pop-out / inline plots 5 s s e m ok e
36
37
38 57
34 X
- - X
Great for day-to-day use | —r -
41 C3| history.py -3
42 fig.subplots_adjust(left=2.1,right=2.85) resObj.rms_array[ rms_z'] n
43s resObj.rms_array[ 'rms_z'][@]
44 runfile('C:/mtpywin/mtpy/examples/
45 | scripts/ModEM _PlotRMS.py", wdir="C:/ []]
46 T || mtpywin/mtpy/examples/scripts’)
4 M ] + racnhd eme =

Permissions: RW End-of-lines: CRLF Encoding: Line: 45 Column; 16  Memory: 63 %
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Installation of Spyder/Jupyter

Neither of these are installed in the MTPy package so you will need to install

them.
>> conda install jupyter AND/OR >> conda install spyder
>> jupyter notebook & >> spyder &
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A word on python objects
Most functions in MTPy underpinned by objects

MT object

« MT.lat, MT.lon, MT.elev, other standard
metadata

« Z object (impedance tensor) and Tipper object
Z object

https://unsplash.com/photo

o o Apple.colour =red
e Z.z,Z.Zz_err, Z.resistivity, Z.resistivity _err, Apple.width = 0.07 (m)

Z.phase, Z.phase_err, etc... Apple.height = 0.08 (m)
Apple.compute_volume()

« Z.freq - Frequency array

C———
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Practical use cases (using AusLAMP data!)
Reading, writing an edi file

Simple analysis tools (dimensionality, strike angle)
Plotting an edi file
Penetration depth (Niblett-Bostick transform)

Data plots (phase tensor, pseudosections)

o O bk Wb PR

Inputs and outputs for inversion
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Dataset

AusLAMP data from New South
Wales and Victoria
If you want to see more.....

Data available from:
http://dx.doi.org/10.11636/Record.2020.011

(NSW) and
http://dx.doi.org/10.11636/Record.2018.021

(Victoria)

Model available from:
http://dx.doi.org/10.26186/131889

Paper (Kirkby et al 2020) available from:
https://doi.org/10.1016/].tecto.2020.228560

GEOSCIENCE AUSTRALIA  [GWOM ©Commonuealth of susirala
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http://dx.doi.org/10.11636/Record.2020.011
http://dx.doi.org/10.11636/Record.2018.021
http://dx.doi.org/10.26186/131889
https://doi.org/10.1016/j.tecto.2020.228560

Read an edi file into an MT object Interrogate the data

# Import required modules
from mtpy.core.mt import MT

# e.g. to see the frequencies 1in the file
print (mt obj.Z.freq)

# Define the path to your edi file [2.00000e-01 1.56250e-01 1.25000e-01 1.00000
edi file = r"C:\edifiles\El5.edi" e-01 7.93651e-02 6.32911e-02

5.00000e-02 3.96825e-02 3.16456e-02 2.51256
# Create an MT object e-02 1.99203e-02 1.56250e-02
mt obj = MT (edi file) 1.25000e-02 1.00000e-02 7.93651e-03 ©.32911

e-03 5.00000e-03 3.96825e-03

3.16456e-03 2.51256e-03 1.99203e-03 1.56250
e-03 1.25000e-03 1.00000e-03

7.93651e-04 6.32911e-04 5.00000e-04 3.96825

Get station location

# To see the latitude and longitude e-04 3.16456e-04 2.51256e-04

print (mt obj.lat, mt obj.lon) 1.99203e-04 1.56250e-04 1.25000e-04 1.00000
e-04 7.93651e-05 6.32911e-05

=30.497572222222225 148.0434111111111 5.00000e—05 3.96825e-05 3.16456e-05 2.51256
e-05 1.99203e-05 1.56250e-05

# To see the easting, northing, and elevation 1.25000e-05 1.00000e-05]

print (mt obj.east, mt obj.north, mt obj.elev)

600131.4714907524 6625614.777263684 134.0
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print (mt obj.Z.resistivity)

Interrogate the data (cont,d) [[1.00940774e-02 1.7%9648772e+01] A

[1.36108586e+01 4.00845113e-01]]

print (mt_obj.Z.z) [[5.65626070e—02 2.35873031e+01]

[1.5899601%9e+01 5.06875071e-017]

[[[-5.456737e-02-0.01472177 2.296910e+00+0.6397

5679
[21.869760e+00-0.90068235 3.510076e-01-0.0603 [[1.15501742e-01 2.95245908e+01]
5085 11 [1.91212334e+01 6.85415226e-01]]

501508%0e+01]

[[2.03307091e-01 3.
2.333180e+00+0.6731 51211575¢-01] ]

[[-1.001216e-01-0.06415853] [2.17167443c401 8.

2475 ]
[-1.789870e+00-0.89233735
7761511

3.530071e-01-0.0458
print (mt obj.Z.phase)

print (mt obj.Z.z err)

[[-147.34800433 16.09290219]
[0.02801203 0.04181375]]

[[-137.29146041 16.25317148]
[[0.01620979 0.02159036] [-153.13346078 0.85364649]]
[0.01234237 0.01643919]]

[[-118.14735977 16.63432523]
[[0.00705637 0.00857404] [-152.02876069 5.70966883]]
[0.00551617 0.00670258]]

[[ -99.20005198 17.31974842]

r_1Aa CCEANET3C 12 1401423192477

GEOSCIENCE AUSTRALIA

m © Commonwealth of Australia
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Editing data
E.g. interpolate to 5 periods per decade

# 5 periods per decade from 107-4 to 103 seconds
from mtpy.utils.calculator import get period list
new freq list = 1./get period list (10, 3e3,5)

# Create new Z and Tipper objects containing interpolated data
new 72 obj, new Tipper obj = mt obj.interpolate(new freq list)

# Write a new edi file using the new data
mt obj.write mt file(
save dir=r'C:\tmp',
fn basename='E1l5 Sppd’,
file type='edi',
new 7Z obj=new Z obj, # z object
new Tipper obj=new Tipper obj, # tipper object
longitude format='LONG', # write longitudes as 'LONG'
latlon format='dd'# write as decimal degrees

)

'CiANEtmpAAELS Sppd Z2.edi’
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Dimensionality
based on phase tensor ellipses (Caldwell et al 2004, Bibby et al 2005)

# Import required modules
from mtpy.analysis.geometry import dimensionality

#Have a look at the dimensionality

print (dimensionality(z object = mt obj.Z,
skew threshold = 3, # threshold for 3D
eccentricity threshold=0.1 # threshold for 2D

))

(1111123233333 333333333222222222272

2221
2311111]
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Strike angle

from mtpy.analysis.geometry import strike angle

# calculate strike
strike = strike angle(z object = mt obj.Z,
skew threshold = 3, # threshold for 3D
eccentricity threshold=0.1 # threshold for 2D
)

# display the strike angle for each frequency
# two columns because of 90 degree ambiguity in strike
print (strike)

[[ -4.24687911 85.75312089]
.53546544 -89.46453456]
.71204294 -88.28795706]
.142081%2 -87.85791808] .
nan nan] Many other attributes, e.g. skew angle 3,

2.2151065 -87.7848935 ] : :
~0.50130871 89.49869129] invariants, efc....

nan nan |

N = O
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Plotting F15
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Plotting

E15
(4 components) -
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Pen etrati on d epth (Bd) Penetration Depth at the Period=100.00 seconds

-32.17

250
#Import required modules -33.85 =

from mtpy.imaging import penetration depth3d :
# Set path to edi files to include in the plo 200
edi path = r'C:/data/edifiles’

2 -35.54
# Create plot for 100s (determinant) S L 150
pen3d.plot latlon depth profile(edi path, fE
- - - - @©
100., 'det', 1 ‘
showfig=True, -37.23
ptol=0.2, - 100

savefig=True,

Penetration Depth (km)

savepath=r'C:
fontsize=11, -38.92
fig dpi=400,

file format=")

I ] I I |
140.96 142.88 144.81 146.73 148.66
Longitude
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Penetration depth (2d)

#import required modules

from mtpy.imaging import penetration depth2d

# path and list of edi files

edi path = r'C:/data/edifiles’

edi list = [os.path.join(edi path, ff) for ff
os.listdir(edi path) if ff.start

# Choose indices of periods to plot
period list [30.,100.,1000.,10000.]

# Plot profiles for different modes ('det','

penZ2d.plot2Dprofile (edi path, period list,
edi list=edi list,
pteol=0.2,
zcomponent="det',
period by index
save=True,
savepath=r'C:\tmp\pen2d.]
)

False,

© Commonwealth of Australia
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Penetration depth (1d)

# Import required modules
import os
from mtpy.imaging import penetration der

# Define edi file
edi file = r"C:/data/edifiles/L12.edi"

# Define file to save to
save file = r"C:/tmp/penetration depthlc

# Create a plot of penetration depth anc

pdld.plot edi file(edi file,
bavefile=save_file,
fig dpi=400)

Penetration Depth for file C:\data\edifiles\L12.edi

102 4

Penetration Depth (km)

103_

—k— ZXy
—8— ZyXx
—&— Determinant

10!

102

10° 10*
Log Period (seconds)
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Phase tensor maps
(Caldwell et al 2004, Bibby et al

# Import required modules
from mtpy.imaging.phase tensor maps import PlotPhas:

import os

# directory containing edis
edi path = r'C:/edifiles’

# gets edi file names as a l1ist
edi list = [os.path.join(edi path, ff) for ff in \
os.listdir(edi path) if ff.endswith('.e

# generate plot

ptmap = PlotPhaseTensorMaps (fn list = edi list,
plot freq = 0.02 , # frequency to p
fig size = (4,3), # dimensions of f
xpad = 0.5, ypad =0.5, # pad around
plot tipper = 'yr', # 'y' + 'r' and
edgecolor='k', # colour or None
1w=0.2, # linewidth for the ellipse
minorticks on=False,
ellipse colorby='phimin', # or 'phim
ellipse range = [0,90],# [min,max,s
ellipse size=0.5, # ellipse scaling
arrow size=0.5,
ellipse cmap='bwr'
)

# matplotlib col
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Latitude

-30.00

-32.00 A

-34.00 A

-36.00

-38.00

Phase Tensor Map for 50 (s)

:

'y A Lo0%,

r Y X YIooIt10

T

L Y AO

' AN S

P ADCNSEL W Y L PR
@ _

0 PO~

L oa® ¢
CNTXL ., 2SS
LY 4

OOV O auaw
HOSD O\

L a@® (1

0O eSos®

LN
<t ¥

-

®
¢
/

4

/"’%

P A

OD

@

=,

.
>

<

o2y
0

(

2 e

-~

@Q

" Y0740,

-
é@,

TR
% FR

80
A2 °°° 60 H®
0060 §
) C’)@(Q 40§ <
° QJ ® 20 H°
S OIS S
> - 0

| -
1 1 1 1 1
’VQQ b‘.oo @-00 %90 090
Ny N\ Ng ¥ N
Longitude

GEOSCIENCE AUSTRALIA [mom ©co

Australia) 2019

EMinar, A Kirkby - MTPy, February 2021



Ph ase tensors + Phase Tensor Map for 50 (s)
gravity (for example) |

# Import the netCDF4 module

v 3

from netCDF4 import Dataset ¢ ﬁ’ .
import numpy as np -32.00 VESIQ
¢ 0
# load a netcdf file [ -] oo 4828 W s
grav = Dataset (r'C:\data\Isostatic v2 2 0 ’°° 387.2 ®®
glon, glat = np.meshgrid(grav.variables I~ . 2915 >
grav.variables @ ot N o 195.8 F2
. o @ ©
vals = grav.variables['Bandl'][:] 3 ° ° ° 3 100.1 E\
F=] £ 4.4 Flo
| : :: © s -912|%
ptmap.plot (show=True, 36 60 N6 0o _;ggg ‘g
raster dict={'lons':glon, ’ A3 —378.3 a
'lats':glat, Oooo ’
'vals':vals, @QQ °
'"levels':50, 0“0

1 T 1 T

cmap': .Greys r -38.00
'cbar title':'TL:

'cbar position'

’L‘QQ D ® b'QQ ‘boo Q- °
> N N N2 N
Longitude
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Phase tensor section
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Resistivity, phase pseudosection

# Import required modules
import os
from mtpy.imaging.plotpseudosection import PlotResPhasePseudoSection

edi path = r'C:\data\edifiles’
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Creating inversion inputs
Avallable for:

Occam 1d

Occam 2d

Mare2DEM (data file only)

ModEM 3D
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Occam 1D

This example demonstrates how to create input files for inversion of MT data
using the Occam 1D code (Key 2009, Constable et al 1987) -
http://marineemlab.ucsd.edu/Projects/Occam/1DCSEM/.

There are three input files.
« Data file, containing the data for inversion
* Model file (which contains the model mesh)

« Startup file - called by Occamld and contains the data and model file names
together with some control parameters for the inversion.
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Occam 1D

# create model file
ocm = mtocld.Model (n layers = 100, # number of layers

# import required modules target depth = 150000, # model depth
import os # before padding
import mtpy.modeling.occamld as mtocld bottom layer = 400000, # total depth

z1l layer=200 # Ist layer thickness, m
# full path to edi file and save path )
edi_file r'C:\datal\edifiles\E6.edi'’ ocm.write model file(save path=savepath)
savepath r'C:\tmp\OccamlD inv'

Wrote Model file: C:\tmp\OccamlD inv\ModellD

# create data file

ocd = mtocld.Data ()

ocd.write data file(edi file=edi file,
mode="te', # 'te', 'tm', or 'det'
save path=savepath, # save path
res errorfloor=1.5, # error floor, %
phase_errorfloor=0.75L # error floor,

remove outofquadrant=True)

# create startup file
ocs = mtocld.Startup(data fn=ocd.data fn,
model fn=ocm.model fn,
° max iter=200, # maximum iterations
target rms=1.0
)
Wrote Data File to : C:\tmp\OccamlD inv\Occamld Dat ocs.write startup file()

aFile TE.dat
Wrote Input File: C:\tmp\OccamlD inv\OccamStartuplD
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Occamld = viewina the outniits

N — Obsty e RERRL

3 =

S ModTe3D :‘F - I":'
import mtpy.modeling.occamld as mtoc 6 x 102 - T T TT e 1 111 I.I | R | 11 | o5
import os.path as op t ‘:I:_:l

# working directory . 4% 102 - | | ;-: | - Ii 11 - 50
wd = r'C:/tmp/Occamld inv' ’ L)

# model, data, iter and response fil
modelfn = op.join (wd, "ModellD')
datafn = op.join(wd, 'Occamld DataFil.

iterfn = op.join (wd, 'ITER_3g.iter') 2% 10 1 T
respfn = op.jein(wd, 'ITER 35.resp')

3x 102 - 1.1 il L L i - E'

App. Res. (Q-m)

100

()
e
T
Depth (km)

# plot the model and response L1 — 125
pr ] mtocld- PlOtlDReSpOnSe (data_te_f L} T T LI ) IlI L} L} T LN ) ||| T L} T LN ) ||| T L} L}
medel fn : 20
resp te f

— 150

e

iter te f IR T
=" 50 .i""‘.'*. s i ol -
d 1 T  ——  ——
_eptl_l—llm “.-:‘ el . el | | - | - 175
fig size = 30 i —— T —1

Phase (deg)
~
o

— T — T — T — T 200
102 103 10* 103
Period (s) Resistivity (Q-m)
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ModEM

The example below demonstrates how to set up input files for 3D inversion
using the ModEM inversion code (Egbert and Kelbert 2012; Kelbert et al. 2014)

The ModEM code has three compulsory input files:
* Model file - contains information on the mesh size and starting resistivity

« Data file - contains the impedance tensor and tipper data at each frequency
and station locations

« Covariance file - contains model covariance parameters, which control
smoothing
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import os
- from mtpy.modeling.modem import Data
MOd EM — Data flle from mtpy.utils.calculator import get period list
# path containing edi files

edipath = r'C:/data/edifiles’

» Created first
. # find all files in edipath
« Mesh then built edi list = [os.path.join(edipath,ff) for ff in\
. 0s.listdir(edipath) if (ff.endswith('.edi'))]
around the stations
. # period 1ist to interpolate to (e.g. 4 periocds per decade)

° QUIte a few period list = get period list(le-4,10,4)

parameters to # create a data object

tweak, SOme do = Data(edi list=edi list,

inv mode = '1', # invert for Z + tipper
Shown here save path=r'C:/tmp/ModEM inv',

period list=period list,

error type z='floor egbert', # egbert = % of

# sqrt(Zxy*Zyx)

error value z=5., # error floor %

error type tipper = 'floor abs',

error value tipper=0.01,

model epsg=28355) # epsg code for model grid

# write data file
do.write data file()
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ModEM - Model file

Create a model object (reads
data object)

Creates a grid centred on the
stations

A number of parameters can
be tweaked

Option to add topography
(arcgis ascii grid) e.g. etopol
https://www.ngdc.noaa.gov/
maga/global/

GEOSCIENCE AUSTRALIA  [@WOM © Commonueahof Ausrala

from mtpy.modeling.modem import Model

# create a Model object

mo = Model (station locations=do.station locations,
cell size east=7500,
cell size north=7500,
pad north=7, # number padding cells N-S
pad east=7, # number padding cells E-W
pad z=6, # number of vertical padding cells
pad num=6, # number of cells before padding

pad stretch v=1.6¢, # incr. factor padding (vertical)
pad stretch h=1.9, # incr. factor padding (horizontal)

Number of stations = 302

Dimensions:

e-w = 156

n-s = 159

z = 101 (without 7 air layers)
Extensions:

e-w = 2530300.0 (m)

n-s = 2552800.0 (m)

O-z = 973200.0 (m)

Stations rotated by: 0.0 deg clockwise positive from N

** Note ModEM does not accommodate mesh rotations, it assumes
all coordinates are aligned to geographic N, E
therefore rotating the stations will have a similar effect
as rotating the mesh.

# project the stations on the topography
do.project stations on topography (mo)



https://www.ngdc.noaa.gov/mgg/global/

ModEM - Covariance file
Controls smoothing

Reads model file you have just
created

Input smoothing value, number
of times to apply smoothing

GEOSCIENCE AUSTRALIA [GWOM £ Commoneat of nustan

from mtpy.modeling.modem import Covariance

# create a covariance file

co

co.
co.
co.
.write covariance file(model fn=mo.model fn)

cO

= Covariance ()
smoothing east = 0.6
smoothing north = 0.6
smoothing z = 0.6

Reading C:/tmp/ModEM inv\ModEM Model File.rho
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1e8 Resistivity at sea level

ModEM — chec

Good idea to open i

addition.... 600000

400000 . |

Data file — can use t

Regstihvity, Om

E 200000 - 2
Model — couple of gt = ) fELLHE
: i :
pl h | - “
mo.p Ot_meS (} g 200000 % . mtﬁliﬂ F-:q

—400000

14

mo.plot sealevel re

:

—&00000

.
r

K
A,
w
"
=

-1.0 -0.3 ao
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ModEM objects

from mtpy.modeling.modem import Model
wd = r'C:\data\modemfiles'
model fn = os.path.join{wd,'Modular_MPI_NLCG_OOB.rho’H

mObj = Model ()
mObj.read model file (model fn=model fn)

mObj.res model https://unsplash.co
array ([[[3.00000841e-01, 3.00000841e-01, 3.00000841e-01, ...,

8.83026395e+01, 9.3378394%e+01, 9.7012515%e+017,

[3.00000841e-01, 3.00000841e-01, 3.0000084le-01, ...,

8.49217293e+01, 9.13273222e+01, 9.60433834e+017,

[3.00000841e-01, 3.00000841e-01, 3.00000841le-01, ...,

8.31827504e+01, 9.019373792+01, 9.54822150e+017,

mCbj.grid east

array([-1276400., -923600., -737900., -640200., -588800., -5
61700.,

-547500., -540000., -532500., -525000., -517500., -5
10000.,
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ModEM objects

from mtpy.modeling.modem import Data
data fn = os.path.join(wd, "ModEM Data.dat')

dObj = Datal()
dObj.read data file(data fn)

dObj.center point.east, dObj.center_pohnt.north

https://unsplash.co
(array([378901.8964358]), array([6158864.73539792]))

dObj.period list
array([6.40e+00, 1.00e+01, 1.58e+01, 2.52e+01, 3.98e+01, 6.40e+0

1,

1.00e+02, 1.58e+02, 2.52e+02, 3.98e+02, 6.40e+02, 1.00e+0
3,

1.58e+03, 2.52e+03, 3.98e+03, 6.40e+03, 1.00e+04, 1.58e+0
4,

2.52e+04, 3.98e+04])
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ModEM - Visualisation of outputs
Many tools to visualise outputs:

» Plotting depth slices and vertical slices

» Overlay with other datasets (e.g. geological linework, seismic)
« EXxport slices to ArcGIS, Gocad sgrid

» Visualise phase tensors (data, model and residual)

* RMS maps

» Plots of data and model response at individual stations
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Depth Slice

30°S

import os
from mtpy.modeling.modem import PlotSlic
32°S

wd = r'C:\data\modemfiles'

model fn = os.path.join(wd, 'Modular MPI ]
data fn = os.path.join(wd, 'ModEM Data.da
| - 34°S
ps = PlotSlices (model fn,

data fn=data fn,

model epsg = 28355, # ep

cmap:'bwr_rr, # color maj 36°S e LA .. o

climits=(0,4), # loglO(c
plot stations = True, # |
draw colorbar=True, # wh
fig size=(6,5),

plot yn='n")

ps.basemap plot (40e3, # depth to plot (c
save=True,
save path=savepath) # sa

GEOSCIENCE AUSTRALIA [GWOM £ Commoneat of nustan
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Also.. Model Manipulator (soon)

OB Manipulate

Datafile Model file Properties Tools
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L12

a7 4 - Z i Z
Plot Response S Bmem12 L meron o Dimseisr o msetis
1000.0 16000.0 16{00.0 1000.01
] ] 1
import os 'é- fﬂ EIIEEHI
from mtpy.mocdeling.modem .
S IEE‘I ~
wd = r'C:\data\modemfile: 8 100.0- Ii_ﬂ.‘il 1h00.01 1ho00] 5, 100.0-
[ 1 : 1 1 "’-, ]
resp fn = os.path.join (w a i 1 emppn s
data fn = os.path.join (wc 2. ﬁﬂﬂ ] EHHHEEE II%
] i
. T
# make a plot object 13 00.0 10.0

10.0 1000
ro = PlotResponse (data fi _ T4 - ' -120.0+ ﬂﬂ s
i ® | g i | e
lot t* © . i : ¥l
plot t 2 1200, II H 50.01 HH 1 130.0 II [N 100 ﬁl
0 ) | 3
I;]._Ot*.w 2 -140.04 ﬂI so.0d ﬂi 140.0 I}: 30.04 gl
1g si: a $ 5 :
font s . { 150.01 ¢ -
plot z: “168:2- Re{Tx} % 8%- Im{Tx} gg— Re{Ty} 83- Im{Ty}
- 2 01- e 0.1 i 0.1 0.1 ;
Fo .
) o 0.0 g 0.0+ ‘*%;a:mn{ 0.0- 0.0 it
ro.save plots = True = —0.11 -0.1- —0.1- !:rzﬁi-IfI -0.11 Tt
Lot ( -0.2 . — 0.2 . — —0.2 T —-0.2 . ;
ro.plot () 102 104 102 104 102 104 102 104
Period (s) Period (s) Period (s) Period (s)
e
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Plot Response (1 column)

import os
from mtpy.modeling.modem import PlotResponse

wd = r'C:\data\modemfiles'

model fn = os.path.join(wd, '"Modular MPI NLCG 005.rho')
resp fn = os.path.join(wd, "Modular MPI NLCG 005.dat")
data fn = os.path.join(wd, 'ModEM Data.dat"')

# make a plot object
ro = PlotResponse (data fn=os.path.join(wd,data fn),
resp fn=os.path.join(wd, resp fn),
plot type=['L12'], # station names list
# or "1'" to plot all stations
plot style=3, # 1 for 4-colums; 2 for 2-columns
fig size=(3,6),
font size=8§,
plot z=False,
)
ro.save plots = True
ro.plot ()

GEOSCIENCE AUSTRALIA [GWOM £ Commoneat of nustan
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All periods

RMS

Zu Zyy
30.72 1 [ R I 1 | 0 | [ ]
: ] [ [m [ [w[ww]m] o i
m[j (|} [ o007 (]
R M:S “la S - 0 Ot oom 0 .8 o/ ] [ ]
B -32.64 4 OOCOOOICOOLT 1~ mm 4 Oorion TAmOIOn . on
] CIOE0] [m] 'm ] |m[w]m]m ] I 10ooJ0
z = mumim] = o0 | a0 O
~ O o100 ] (] [mn|m(m[n| [ | (m ]
import os 8 3456 { 00RO _uuﬁif'- S| 'éﬂ 1 BopgnorECReniEaengIg
. ] (' 0 \ oot =) i
import numpy as np £ 3648 .E.!lﬂ' - !E' 10 ] CH =/ e ] H
. - IB = i) T LU L J L L I Ll q L. J o L L LJ
[ o [ o ][] | [[m T [mEw
from mtpy.modeling.modem import PlotRMSMaps - SaSEREREE oot "E"-EE Jgon
O0CE6C e, D@t [OB-Co | (a-
-38.40 1 | I—II_IIIHI-I b iLd I—II_ILJHI_I
wd = r'C:\data\modemfiles' [_ [
— . Zyx Zyy
Savepath =r'C: /’tmp ! 30.72 _—-l C 10 o g e | | O
: i ] ] a000 ] ] o J0oo
0o OECIOT O oogo
. r —- ] I:IDF'_| o o [ 100 |:|-
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T L
# create a RMS plot object 3 e I“;.E.'%E b E- }E%. %éﬂ.a% g
probj = PlotRMSMaps (resid fn, ® 3648 0 isiwas lmiat 1 oot =taaclem 2 pimjmlat
in=0, # min me for | GOdpiEe Halan S
=\ L
rms min=0U, min rms for 140 | OOEEED anEiE | |:||:||:I__=g|:|__!;:1;fﬂ
rms max=5, # max rms for : s s &
period index='all', # 'a. [7] [{
: . —_ ] D0 OO0 00 00 i [ [ | 1 [ | |
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b fi th= th 3 C I_Elf]:l i Er\ “ S nlanfe w8 af=nln E.
probj.save_figure (save path=savepath, £ .| coEooiobgooenacHog | EmpHomieEcoEcnS0He
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Summary _ uz,ams1o

MTPYy is a collection of tools to help with analysis and 10

visualisation of MT data 5

Tools include: :” g,

* Reading, writing and visualisation of MT data oy

* Analysis tools g o p—
ﬁ\e,gfslrogﬁ }/xgtlz?sg/:urlzl:/tlssuahsatlon of commonly-used §-100 w

Please report any bugs via issues page ;ZZ hﬂ.

v2.0 under scoping (so list any ideas in the “issues” page > 000 ?ﬂﬁ

for v2.0)

Period, s
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Australian Government

Geoscience Australia

Thank you!
https://github.com/MTgeophysics/mtpy
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