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Introduction 
The supporting information presented here provides detail on the borehole image log acquisition, processing, and quality for logs used in the study. It also contains tables (S1-S2) and figures (S1 to S3) that depict examples of image quality and the various feature classifications identified for resistivity image logs.  
Text S1 – Borehole image acquisition and processing Notes
Resistivity borehole image log data acquired in boreholes Kauhauroa-2, Kauhauroa-5, Tuhara-1A, Makareo-1, Ngapaeruru-1, Ranui-2, and Titihaoa-1 was acquired using the Fullbore Formation Microimager (FMI™). The FMI is a four arm, pad-based electrical resistivity measurement device which is run in water-based muds. Each arm has two pads attached to it, and each pad has 24 micro-resistivity buttons, providing a total of 192 microresistivity measurements from which a colored and oriented resistivity image is generated with a vertical resolution of 0.2 inches. The borehole coverage of the FMI tool in an 8.5 inch borehole diameter is 77%. 
The borehole image data from borehole Tawatawa-1 was acquired using the Baker Atlas Simultaneous Acoustic and Resistivity Imager (STAR™). The STAR Imager service is a wireline logging tool that uses a six-arm, independently articulated carrier and powered stand-off to ensure optimal sensor-to-formation contact, even in highly deviated boreholes. Pads with 24 sensors are mounted on each of the six articulated arms. This results in a total of 144 microresistivity measurements with a vertical and azimuthal resolution of 0.2 inches. 
The Oil Based Mud Imaging tool (OBMITM) was utilized in borehole Waitahora-1. The OBMITM is a four-arm, pad-based resistivity measurement device designed for acquisition in oil-based muds, but only has one pad on each arm. Each pad has 10 micro-resistivity buttons divided into five button sensor pairs, which result in a vertical and azimuthal resolution of 0.2 inches. The borehole coverage of the OBMITM tool in 37% in an 8.5 inch borehole diameter. 
Acoustic image logs in boreholes Te-Mai-2 and Orui-1A were acquired by Tiger Energy Services using the ABI43, branded as the Acoustic Formation Imaging Technology tool (AFIT). BHTV tools use a rotating transducer (or a stationary transducer with a rotating mirror) to transmit an acoustic signal to the borehole wall, where it is attenuated by the formation. The transducer also receives the returning acoustic signal. Both returning amplitude and the travel time of the acoustic signal is recorded to produce two images, one that highlights variation in acoustic amplitude along the borehole, and another that provides an image that serves as a full borehole caliper. The borehole coverage of the BHTV tool is 100% 
All the raw FMITM, STARTM, OBMITM, and AFIT data were loaded into the Schlumberger Techlog software for processing and interpretation. Image logs are processed as follows: 
· Before processing and interpreting the raw data, the acquisition parameters and tool orientation of all image logs were evaluated for quality control. All borehole data examined here were of high enough quality to be processed.
· Inclinometry quality control (QC) is carried out on all image logs to assess any issues with tool decentralization, magnetic field effects, and stick and pull events. In most boreholes studied here, magnetic declination correction was not required as it had already occurred during image log acquisition (Table S1). However, magnetic declinations were manually applied to image logs from boreholes Te-Mai-2 and Orui-1A using BGS Global Geomagnetic model (Table S1).  Overall, across all studied image logs, the offsets of inclinometry measurements were appropriate and within the tolerance range after removing casing effects.
· Speed corrections are applied to all image logs to prevent incorrect computation of measured variables when the tool is temporarily stuck during logging. Analysis of the images before and after the speed correction showed minor or no improvements to the image quality.
· Pad image creation was applied to all image logs. Pad image creation converts several input formats into a single Techlog format by arranging all pads and buttons clockwise around the borehole when looking down the borehole. It also corrects all button and pad measurements for any depth offsets during acquisition.
· Image-based speed corrections were performed on all resistivity image logs. In image-based speed corrections, a correlation algorithm was used to minimize the uncorrected effect of irregular tool movements such as sawtooth effects after speed correction on resistivity image logs. Additionally, it is also capable of correcting offsets produced between successive pads (flaps) by alternating up and down between them around the borehole.
· A button harmonization procedure was applied on all resistivity image logs to correct the various button responses caused by tool problem or borehole conditions such as poor pad contact or mud cake.
· Pad concatenation and orientation were performed to create an orientated array and to place each pad in its correct position around the borehole. 
· Histogram equalization was carried out on all image logs to create a) a statically normalized image log by color mapping each value using a scale normalized for the entire image interval, and b) a dynamically normalized image that color maps each point on the image to a scale generated from a moving depth window along the imaged interval (a window size of 1m was used for each image log in this study) to enhance the appearance of features on the image log by providing greater contrast for feature identification. 
Table S1. Borehole information and Inclinometry data  
	Borehole ID
	Latitude
	Longitude
	Year
	Image Interval (m MD)
	Magnetic Declination
	Magnetic Inclination
	Magnetic Declination correction

	Kauhauroa-2
	38° 57′ 51.68″ S
	177° 24′ 25.07″ E
	1998
	1824.229- 2138.477
	20.771
	-64.0361
	Not Required

	Kauhauroa-5
	38° 56′ 17.02″ S
	177 27′ 47.89″ E
	1999
	1256.236-1754.429
	20.7682
	-64.00345
	Not Required

	Makareo-1
	38 57′ 17.00″ S
	177° 20′ 57.00″ E
	1998
	483.873-942.442
	20.95339
	-64.04231
	Not Required

	Tuhara-1A
	39° 02′ 12.90″ S
	177° 32′ 39.20″ E

	1999
	
	20.8386
	-64.0715
	Not Required

	Waitahora-1
	38° 57′ 2.37″ S
	177° 25′ 32.57″ E
	2007
	991.1-1318.4
	20.96589
	-64.01334
	Not Required

	Ngapaeruru-1
	40° 14′ 31.166″ S
	176° 17′ 59.48″ E
	2013
	978-1418.46
	21.69809
	-65.36756
	Not Required

	Rauni-2*
	40° 56′ 32.34” S
	175° 55′ 4.147″ E
	2012
	842.1649-1422.459
	22.06888
	-65.99351
	Not Required

	Te Mai-2
	40° 45′ 57.543″ S
	176° 11′ 39.64″ E
	2011
	35-147.5
	22.12
	-66.2
	Manually Added

	Orui-1A
	41° 03′ 54.653″ S
	176° 05′ 16.246″ E
	2011
	6.7-114.5
	22.12
	-66.2
	Manually Added

	Titihaoa-1
	40° 48′ 05.20″ S
	176° 25′ 50.66″ E
	1999
	1973.887-2745.639
	21.81977
	-65.76118
	Not Required

	Tawatawa-1
	40° 39′ 41.319″ S
	176° 41′ 53.117″ E
	2004
	740.6513-1539.24
	21.904 
	-65.700
	Not Required



Finally, the quality of all processed images was continuously assessed during interpretation, using the image quality scheme of “good” (where >75% of the image was interpretable), “moderate” (50–75% interpretable), “poor” (<50% interpretable), and “bad” (where the image quality precluded any attempt at interpretation). Table S2 provides image quality percentages for each borehole.
Table S2. Percentages of image quality ranking for each acquired image log.
	Borehole ID
	Good
	Moderate
	Poor
	Bad

	Kauhauroa-2
	25.6
	40
	15.4
	19

	Kauhauroa-5
	80.7
	11.1
	2.5
	5.7

	Makareo-1
	74.3
	10.3
	11.5
	3.9

	Tuhara-1A
	72.4
	11.8
	9.1
	6.7

	Waitahora-1
	0
	1.3
	93.6
	5.1

	Ngapaeruru-1
	33
	35.7
	21
	10.3

	Rauni-2
	42.9
	9.3
	19.5
	28.3

	Te Mai-2
	18
	2
	13
	63

	Orui-1A
	75.5
	1.5
	0.7
	22.3

	Titihaoa-1
	93.1
	5.2
	0
	1.7

	Tawatawa-1
	23.5
	15
	60.2
	1.3


Text S1 –Borehole image quality notes

[bookmark: _GoBack]Borehole image quality is strongly affected by the borehole conditions, with a better image quality is often associated with more circular borehole sections. A comparison of caliper pads (C1-C3) and (C2-C4) to bit size (BS) indicates that the majority of the imaged intervals in boreholes Kauhauroa-2, Kauhauroa-5, Makareo-1, Waitahora-1, and Titihaoa-1 are in gauge or undergauge. Any observed borehole rugosity and mudcake in the aforementioned boreholes have had little to no negative influence on the quality of the acquired image logs. Localized washout zones (where C1-C3 and C2-C4 are both greater than BS) were detected in boreholes Kauhauroa-2, Kauhauroa-5, Makareo-1, Tuhara-1A, Ngapaeruru-1, and Ranui-2, which partially blur generated borehole images, however this only has a minor to moderate effect on the image quality within those washout intervals. Borehole ovalisation caused by spalled pieces of borehole wall, such as borehole breakouts or key seats can degrade image quality. Although any negative image quality associated with these features was not significant in this study. Travel-time images and Caliper data indicate poor borehole conditions in Te-Mai-2 at 74-124 MD m and Orui-1A at 6.7-25 MD m (Figure S1). Significant poor borehole conditions cause the acoustic signal to travel longer distances between the BHTV tool and the borehole wall, reducing resolution and image quality. 
[image: C:\Users\18236732\Desktop\1-Pper Manuscripts\6_JGR_Submition_Final_12112021\Figures\S1.png]

Figure S1. Example of negative impact of poor borehole conditions on the quality of image log in a) Te Mai-2 and b) Orui-1A.

Also, a very poor quality image log is observed in borehole Waitahora-1, which might be attributed to limited borehole wall coverage with the tool, or low resistivity contrasts in the oil-based OBMI tool compared to water-based FMI image logs. 
The rotation of FMI™, STAR™, and BHTV tools in the majority of boreholes studied here is within a tolerance range of one full 360° rotation along a 10m borehole length. The pad 1 azimuth data from the image log acquired in borehole Kauhauroa-2 indicates that tool is fully rotating along intervals of less than 10m (e.g. 1840-1843, 1967-1968.5, 2052-2065 m MD); however the image quality appears unaffected negatively by this. In borehole Te Mai-2, increased tool rotation per 10m interval has negatively impacted the quality of the image log from 35-45MD (Figure S2), as well as in borehole Titihaoa-1 from 1979-1985 MD (Supporting information S13). 
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Figure S2. Example of negative impact of tool rotation on the quality of image log in Te Mai-2

Finally, observed stick-slip and sawtooth artefacts locally blur and stretch image logs from borehole Tuhara-1A, and Kahauroa-5, though this only slightly decreases the image quality in these boreholes (Figure S3).

 b
a

[image: C:\Users\18236732\Desktop\1-Pper Manuscripts\6_JGR_Submition_Final_12112021\Figures\S3.png]

Figure S3. Example of tool stick-slip effect on quality of image log in a) Titihaoa-1 and b) Tawatawa-1. 
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