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Abstract: This research provides bihourly temperature and relative humidity data from ten mea-
suring locations in eight caves from one of the largest contiguous arid karst areas in the world,
the Nullarbor Plain in south Australia. The current data span the period from November 2019 to
March 2021, and represent the first continuous published monitoring of the subterranean features
in this area. The data were recorded using ten TGP-4500 Tinytag Plus 2 self-contained temperature
(resolution ±0.01 ◦C or better with a reading range from −25 ◦C to +85 ◦C) and relative humidity
(resolution ±3.0% or better with a reading range from 0% to 100%) data loggers and are available in
the form of a spreadsheet. The text also describes reported (but only occasional) visits to the caves,
so that the data for those particular days and/or hours can be treated as anthropogenically influ-
enced. The data have great potential to provide insight into underground karst processes, air mass
movements, hydrogeology, speleothems and (palaeo)climate, current climatic changes, and biology.

Dataset: Lipar, Matej; Ferk, Mateja (2021): Bihourly temperature and humidity measurements in
caves and blowholes on the Nullarbor Plain, Australia. PANGAEA, https://doi.pangaea.de/10.1594
/PANGAEA.939075 (accessed on 12 January 2022).

Dataset License: CC-BY: Creative Commons Attribution 4.0 International.

Keywords: climate data; climate monitoring; temperature; relative humidity; cave; blowhole;
subterranean; karst; Australia; Nullarbor Plain

1. Summary

The monitoring of temperature and relative humidity of caves is a vital factor for un-
derstanding subterranean climatic systems and their relation to exterior climate. Cave tem-
perature is generally connected with the external climate [1] and can reflect the mean annual
temperature of the surface [2]. Deep parts of caves are generally characterized by relatively
constant temperatures and relative humidity near saturation point [3], whilst airflow and
ventilation can be profound in shallower parts of caves or closer to their entrances [4].

Temperature and relative humidity data are an integral part of understanding the de-
velopment of speleothems [5], climate-sensitive cave fauna [4], tourist impact [4], and radon
emanations [6]. Meteorological data from cave environments are also filtered by high-
frequency daily noises on the surface, which, in the long run, provide reliable information
of global climatic changes [1,7,8].

The Nullarbor Plain is a vast, approximately 200,000 km2 karst area in south Australia
(Figure 1) with a variety of caves, generally divided into four cave types: deep caves
(generally extending more than 30 m and up to 150 m below the surface, some reaching the
water table level), shallow caves (generally extending less than 30 m below the surface),
blowholes (vertical dissolutional shafts marked by in-and-out draughts of air), and Thy-
lacine type caves (characteristic for its larger collapsed room and blowhole or collapse-type
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roof window for its entrance) [9–12]. Precipitation on the plain is around 250–300 mm per
year, whilst potential evaporation is around 2000–3000 mm [13].
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perature measurements was carried out in a blowhole on the central to south-central part 
of the plain by Tate [14], measuring the shade temperature outside and the temperature 
of air coming out of the blowhole. More comprehensive meteorological data were pub-
lished by Lowry [15], measuring relative humidity, temperature, air pressure, and airflow 
through the entrance of Lynch Cave (central part of the plain close to the railway line, see 
Figure 1) between 15th and 17th October 1966. In the same year, several expeditions were 
undertaken to Mullamullang Cave, featuring detailed measurements of temperature, rel-
ative humidity, and wind over several days [16]. Since then, only single-visit measure-
ments have been reported from several caves (e.g., Murra-El-Elevyn [17], Webbs Cave 
[18]), so the overall air temperature and/or relative humidity data on the Nullarbor Plain 
are scarce, only taken at opportune moments, and often measured whilst people were 
present, which influences the resulting temperatures. In addition to air temperatures, wa-
ter temperatures from several deep caves have been reported by Contos, et al. [19,20] and 
Buzzacott [21], with the latest data published by Buzzacott and Skrzypek [22], reporting 
slightly elevated water temperature anomalies. 
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Figure 1. Locality map of the Nullarbor Plain with cave locations (white circles) and relevant
Australian Bureau of Meteorology external meteorological stations (yellow triangles). To prevent
cave vandalism, the exact cave locations can be obtained on request from Australian Speleological
Federation (ASF). Digital Elevation Map data from NASA’s Shuttle Radar Topography Mission
(SRTM) in 3 arc-second resolution accessed through the Global Mapper online data source.

Remote and vast arid regions, such as the Nullarbor Plain, offer a valuable source of
climatic data due to a lack of direct anthropogenic influences, and the Nullarbor caves have
been largely recognized as unique on a world-wide scale with the potential to provide new
scientific insights based on their climatic data. One of the earliest recorded temperature
measurements was carried out in a blowhole on the central to south-central part of the
plain by Tate [14], measuring the shade temperature outside and the temperature of air
coming out of the blowhole. More comprehensive meteorological data were published by
Lowry [15], measuring relative humidity, temperature, air pressure, and airflow through
the entrance of Lynch Cave (central part of the plain close to the railway line, see Figure 1)
between 15th and 17th October 1966. In the same year, several expeditions were undertaken
to Mullamullang Cave, featuring detailed measurements of temperature, relative humidity,
and wind over several days [16]. Since then, only single-visit measurements have been
reported from several caves (e.g., Murra-El-Elevyn [17], Webbs Cave [18]), so the overall air
temperature and/or relative humidity data on the Nullarbor Plain are scarce, only taken at
opportune moments, and often measured whilst people were present, which influences
the resulting temperatures. In addition to air temperatures, water temperatures from
several deep caves have been reported by Contos, et al. [19,20] and Buzzacott [21], with
the latest data published by Buzzacott and Skrzypek [22], reporting slightly elevated water
temperature anomalies.

Here, we provide the first continuous bihourly temperature and relative humidity
data from November 2019 to March 2021 with descriptions of the logger locations.

2. Site and Data Description

Three loggers were positioned in three blowholes, distributed in the central southern
Nullarbor Plain: Blowhole 6N-3372 located to the north, Blowhole 6N-2137 located to the
east, and Thylacine Hole blowhole located to the west (Figure 1). Six loggers were posi-
tioned in four caves formed in the central southern part of the Nullarbor Plain (Abrakurrie
Cave, Webbs Cave, Mullamullang Cave, Murra-el-Elevyn Cave) and one logger in a cave
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on the Roe Plain, a low-lying area formed during the coastal cliff retreat in the Pliocene
(Madura Cave) (Table 1).

Table 1. A summary of datalogger positions.

LOGGER Location Chamber Type Distance from
Entrance

ASF-1 Blowhole 6N-3372 Inclined entrance shaft 3.5 m

ASF-2 Blowhole 6N-2137 Vertical entrance shaft 4 m

ASF-3 Abrakurrie Cave (6N-3) Large chamber with no
visible continuations 400 m

ASF-4 Webbs Cave (6N-132) Chamber, interconnected with
multiple passages 120 m

ASF-5 Webbs Cave (6N-132) Entrance opening on the bottom edge of
the collapse doline 8 m

GIAM-6 Thylacine Hole (6N-63) Vertical entrance shaft 4 m

GIAM-7 Madura Cave (6N-62) Interconnected cave passage 120 m

GIAM-8 Mullamullang Cave (6N-37) Main collapsed passage (leading further
into the cave) 800 m

GIAM-9 Mullamullang Cave (6N-37) Main collapsed passage (leading further
into the cave) 500 m

GIAM-10 Murra-el-Elevyn Cave (6N-47) Collapsed chamber/passage reaching
underground water 80 m

The data contain the time of measurement (GMT+8 time; i.e., Perth, Western Australia),
temperature record in ◦C and relative humidity in %.

2.1. Blowhole Loggers

• Blowhole 6N-3372, logger ASF-1 (Figure 2). The blowhole is 4 m deep. The entrance is
a circular vertical shaft about 2 m in diameter. The cave continues semi-vertically and
narrows until the passage becomes unpassable for cavers. The logger is hung from the
ceiling in the inner part of the blowhole around 3.5 m from the entrance.
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Figure 2. ASF-1 logger in Blowhole 6N-3372. Cave map (A) sketched from the original drawn by Ian
Collette; photograph (B) taken in 2019 by Lipar, M.

• Blowhole 6N-2137, logger ASF-2 (Figure 3). The blowhole is about 5 m deep before the
vertical shaft becomes unpassable. The shaft is circular and about 0.7 m in diameter at
the entrance. The logger is suspended 4 m into the shaft.
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Figure 3. ASF-2 logger in Blowhole 6N-2137. Cave map (A) sketched from observations on field;
photograph (B) taken in 2019 by Ferk, M.

• Thylacine Hole (6N-63), logger GIAM-6 (Figure 4). The total length of the cave is
250 m and the total depth is 21 m. The entrance to the cave is a 12 m deep blowhole
that is 1 m in diameter. The blowhole leads to a larger inclined/horizontal passage,
generally 40 m wide and covering more than 8000 m2 [15,18], and it was used as a
reference type for “The Thylacine Type” cave, with characteristic large collapse rooms
with a blowhole or a collapse type of roof window at the top as their entrances [23,24].
The logger is suspended ~4 m into the entrance shaft. The cave is known for the
discovery of thylacine remains there (the thylacine is an extinct carnivorous marsupial,
commonly known as the Tasmanian tiger) [18,25], and has also been a subject of
palynological research [26].
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(1986) [18]; photograph (B) taken in 2019 by Ferk, M.

2.2. Cave Loggers

• Abrakurrie Cave (6N-3), logger ASF-3 (Figure 5). The cave is 470 m long and 70 m
deep. The entrance to the cave opens over collapsed boulders on the southern side
of an elongated collapse doline. The rocky, steeply inclined slope from the entrance
changes into the gently inclined floor of the 320 m long, 35 m wide, and 15 m high main
cave passage with the largest cave chamber in Australia. The main passage is mostly
covered with red-brown silty stream-laid sediments and in places with rockpiles that
have fallen from the roof. The sediments are the result of inwashed soil and sediment,
it is estimated that around 630 tons of fine-grained deposits have accumulated in the
last thirty years. The main passage is situated ~70 m below ground level and ~30 m
above sea level. The cave is related to a north-south tectonic lineament [18,27–29] and
is identified as a deep cave type. The logger is suspended on the cave wall, 1.5 m
above the floor, at the furthest point of the cave from the entrance.
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• Webbs Cave (6N-132), loggers ASF-4 and ASF-5 (Figure 6). The cave has more than
6 km of surveyed passages with a total depth of around 25 m [18,30]. The entrance to
the cave opens at the bottom of a collapse doline. The cave layout is a spongework,
featuring a network of large and small passages and is identified as a shallow cave
type. The cave is characterized by its preserved black calcite speleothems (the datings
span up to more than 3 Ma years [31–34]), halite speleothems [33], and anastomosing
tubes [9]. The logger ASF-4 is positioned 120 m from the entrance within the cave and
is attached to one of two distinctive speleothem pillars in that chamber so that it hangs
0.5 m above the floor. The logger ASF-5 is positioned 8 m from the cave entrance in
the collapse doline close to the northern cave wall and hangs 0.5 m above the floor.
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• Mullamullang Cave (6N-37), loggers GIAM-8 and GIAM-9 (Figure 7). The cave has
more than 12 km of surveyed passages with a total depth of 135 m. It reaches the
water table level at several locations, these lakes are separated by collapse passages
reaching various heights above the lake levels. In addition to large collapse passages
that represent most of the cave, it also has extensive levels of phreatic solution tube
passages [35]. The cave is identified as a deep cave type. The cave entrance is on the
northern side of a large collapse doline floor. The cave (as with many others on the
Nullarbor Plain) has a pronounced inward and outward air movement, and a particu-
lar characteristic is “The Dune”, a deposition of fine-grained sediment over a mound
of collapsed boulders, due to the diminished air speed after it passes through the
narrow passage Southerly Buster towards the entrance part of the cave [16]. The logger
GIAM-8 is positioned 800 m from the entrance within the cave on the southern cave
wall (i.e., on the right side looking into the cave). It is attached to a pile of collapsed
rocks and hangs 0.5 m above the cave floor. The logger GIAM-9 is positioned ~500 m
from the entrance within the cave on the east cave wall (i.e., on the right side looking
into the cave). It is attached to the cave wall and hangs 1 m above the cave floor.
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• Murra-el-Elevyn Cave (6N-47), logger GIAM-10 (Figure 8). The cave is more than
1 km long and more than 100 m deep. The main dry passage is about 300 m long and
others are interconnected passages partially or completely inundated with water [18].
The water is known to have slight variations (up to almost 1 ◦C) in temperature [21].
The entrance to the cave opens above collapsed boulders on the western side of a
collapse doline with vertical to overhanging walls. The cave is identified as a deep
cave type. The floor of the cave has an extensive layer of guano [34] and has also been
a subject of research for guano minerals [17]. The logger GIAM-10 is positioned 80 m
from the cave entrance near the northern cave wall. It hangs from collapsed boulders
about 3 m above the flooded cave passage (water table level).
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• Madura Cave (6N-62), logger GIAM-7 (Figure 9). This is the only logger on the Roe
Plain. The cave is 450 m long and 10 m deep [18]. It is a passage network with a dry
watercourse. The cave is identified as a deep cave type. The entrance to the cave is on
the eastern side of a collapse doline. The cave has also been a subject of palynological
research [36], a site of extinct animal fossil discoveries [25], and a site of archerite
mineral discovery [37]. The logger GIAM-7 is positioned 120 m from the entrance
within the cave near the southern cave wall (i.e., on the left side looking into the cave).
It is attached to the cave ceiling and hangs 1 m above the cave floor.
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2.3. Technical Validation

TGP-4500 Tinytag Plus 2 data loggers are configured to meet Gemini’s (Gemini Data
Loggers (UK) Ltd., Chichester, UK) quoted accuracy specification during their manufacture.
The variations of values throughout the year are in predicted ranges and have comparable
relationships to climatic data from Eucla (Australian Government Bureau of Meteorology
Station No. 11003) and Forrest (Australian Government Bureau of Meteorology station
No. 11052) weather stations (see Figure 1 for locations and included mean daily tempera-
tures from Eucla station in Figure 10B). Figure 10 shows the overall temperature variation in
blowholes (A) and caves (B), and a detailed example of temperature variation in blowholes
and the entrance part of Webbs cave (C), which shows overall correlation. The temperature
variation represents the air flow into and out of the caves/blowholes.

The measured temperatures are also in accordance with previously published data.
For example, the multiple-day measurement data of Mullamullang Cave (January 1966;
location close to the logger GIAM-8) [16] showed variations between 16.7 ◦C to 17.8 ◦C,
whilst our data show January variations between 16.1 ◦C to 17.4 ◦C (2020) and 15.8 ◦C to
17.1 ◦C (2021). The temperature and relative humidity range of Murra-El-Elevyn (13.1 ◦C
to 18.9 ◦C, 45.3% to 89.6%) corresponds to a single-visit measurement of 18.3 ◦C and 88%
(measured in the 1970s) [17]. Concerning Webbs Cave, the reported single-visit temperature
measurement of 20 ◦C and relative humidity of 52% [18] (unknown cave location and time)
can only be correlated to the range of data measured by the logger closer to the entrance
(5.7 ◦C to 20.1 ◦C and 29.5% to 100%), whilst the logger deeper in the cave only recorded
temperature range between 17.3 ◦C to 18.5 ◦C.

Notes were placed next to the loggers, which instruct occasional visitors to record
and report the date and time when the notes are seen because the presence of humans can
alter the measurements. We received three reports for the measurement period between
November 2019 and March 2021 for Abrakurrie Cave (see Figure 10D for an illustration of
the resulting temperature alteration), and two reports for Murra-el-Elevyn Cave (Table 2).

Table 2. Reported visits to the caves.

Cave Visit Time and Duration Number of People

Abrakurrie Cave 31 May 2020, 11:45–12:15 4

Abrakurrie Cave 15 July 2020, up to 3 h during
the day 10–12

Abrakurrie Cave 21 August 2020, 9:15–9:45 1

Murra-el-Elevyn Cave 4 November 2020–multiple
times during the day Exact number unknown (~5)

Murra-el-Elevyn Cave 5 November 2020–multiple
times during the day Exact number unknown (~5)
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Note the additional data of the rainfall amount (graphical illustration only) (Graph (A)) and mean
daily temperature (Graph (B)) from Eucla terrestrial meteorological station (Australian Bureau of
Meteorology) for comparative visualization. Some of the high rainfall events correspond to relative
humidity readings of Blowhole 6N-2137 and Thylacine Hole to show sudden 100% RH, 0%RH or just
above 0%RH, which happens when the sensor becomes saturated due to the contact with rain water.
The more severe interference was noted in the last 2–3 months of the reading, which were filtered off
from the graph. Graph (C) shows temperature variations due to air movement and their correlations.
Graph (D) shows a rapid rise of the temperature (up to 0.3◦) due to the cave visit.

3. Methods

Ten TGP-4500 Tinytag Plus 2 self-contained temperature (resolution ±0.01 ◦C or better
with a reading range from −25 ◦C to +85 ◦C) and relative humidity (resolution ±3.0%
or better with a reading range from 0% to 100%) (Figure 11) data loggers were installed
in eight caves and blowholes of the Nullarbor Plain to record bihourly data (i.e., data is
stored as an instantaneous measurement at each 2-h). The temperature sensor type is a 10K
NTC Thermistor with the response time 25 min to 90% FSD in moving air, and is internally
mounted, whilst the RH sensor type is Capacitive with the response time 40 s to 90% FSD
and is externally mounted. The loggers operate from 1

2 AA 3.6 V Lithium batteries and
record data at bihourly intervals. The data is stored in the loggers and needs to be manually
downloaded using a CAB-0007-USB: Tinytag Ultra/Plus/View USB Download Cable and
SWCD-0040 Tinytag Explorer software. Possible drifts in long-time measurements depend
on the level of contamination, however, assumed on the manufacturer’s experience, around
80% of loggers are still in specification limits after the year of measurements.
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Figure 11. Accuracy of the temperature sensor (A) and the working range for the RH sensor is
shown in terms of relative humidity and temperature limits (B). Graphs provided by and used with
permission of TinyTag Gemini Data Loggers UK Ltd.

To assess the inter-logger variability, the loggers were placed on the single table in the
laboratory room for 13 days (hourly measuring interval), 9 days under natural relatively
stable room temperature (~20 ◦C), and 4 days under periodically raised room temperatures
(up to ~23 ◦C). Based on the mean recorded temperatures and relative humidity, 5 indi-
vidual loggers varied both in higher and lower temperatures, and 6 individual loggers
varied both in higher and lower relative humidity data. Three of the loggers malfunc-
tioned and the data was lost. The loggers were subsequently replaced by the new ones.
Variable deviating values above and below the mean values within individual loggers
indicate that they cannot be ascribed a constant error value compared to the all-mean values.
Instead, the maximum deviating values should be accounted as errors: Up to 0.15 ◦C for
the temperature and up to 1.0% for relative humidity.

All the loggers ran on GMT+8 time with a maximum 7-min lag among each other.
Each device was hung from a rope to avoid contact with the bedrock. Three of the loggers
were installed in three different blowholes, and the rest were installed in five different
caves, with two caves having two loggers installed (in the front and back parts of the
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caves). The digital database of cave locations from the Australian Speleological Federation
(ASF) was used, including hard copies of cave maps, but due to increased vandalism and
consequently in terms of cave protection, only the approximate location data are provided.
For the exact coordinates, the reader is referred to ASF for relevant permits.
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the research paper. All authors have read and agreed to the published version of the manuscript.
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