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SUMMARY 

We present new results of palaeomagnetic studies of the Ediacaran rocks of the Volyn Basalt 
Province revealed by six boreholes. Clear stratification and correlation of the basalt and tuff 
layers by magnetic parameters allow us to determine the magnetic field reversals throughout 
the stratigraphic succession of the Volyn series of about 400 m thick. Minimum six polarity 
reversals recorded by ChRM-component were revealed. The geochronological ages of these 
rocks, considering the data from neighboring regions, is in the range of 580–545 Ma. Our 
interpretation of palaeomagnetic data based on the arguments that the formation of volcanic 
rocks might occurred over a short geological time interval (e.g., 0.5 Myr) and the 
geomagnetic field was about one order of magnitude weaker than the present-day field. New 
data fit into the hypothesis of the “hyperactivity” of the magnetic field at the end of the 
Ediacaran. It is speculated that this condition of geomagnetic field may had influenced to the 
paleomagnetosphere and thereby potentially increasing surface radiation and mutagenic 
processes in biota leading to Cambrian Evolutionary explosion. 
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Introduction 
 
In Earth’s geological evolution the last geological period of the Neoproterozoic (Ediacaran, 635–541 
My) deserved special attention because: 1) it preceded the «Cambrian Evolutionary explosion» when 
the multicellular organisms became suddenly much more diverse; 2) it is associated with the global 
tectonic and palaeogeographic restructuring of supercontinents, a change in geomagnetic field 
generation and other global processes affecting to the planetary Earth layers. 
For explanation of such a mysterious evolutionary “explosion” a lot of researchers (biologists, 
chemists, geologists, physicists etc.) cite various hypotheses following the new analytical data.  
Recently one of the most popular hypotheses have been the possible link between the anomalous 
strength and configuration of the geomagnetic field and evolution of the biota which addressed in a 
number of papers (e.g. Meert et al. 2016; Bono et al. 2019). The geomagnetic field is a critical 
component for Earth’s habitability due to the protective envelope provided by the magnetosphere 
against atmospheric erosion by charged solar particles. Moreover, our knowledge about evolution of 
Earth’s magnetic field provide insights into core processes and can constrain plate tectonics and 
atmospheric shielding. 
Combination of hyper-reversing frequency and ultra low dipole moment of the Earth's magnetic field 
may have an important impact on the life evolution in the Ediacaran due to the peculiarity of the 
geomagnetic field geometry during the reversals when magnetic poles are located close to the equator. 
In the bases of these assumptions are the palaeomagnetic data from the different places of the Earth 
(e.g . Bono et al., 2019 and references therein). One of the studied objects was the Volyn Basalt 
Province (VBP) in the western part of the East European Platform (NW Ukraine) (Shcherbakova et 
al., 2020; Bakhmutov et al., 2021; Thallner et al., 2022). The extremely low values of palaeointensity 
by Volyn basalts and their palaeomagnetic directions led us to further studies of the Volyn series traps 
with the aim to get more information about Ediacaran geomagnetic field. 
 
Results and interpretation 
 
We continued these studies for the boreholes cores which opened the Volyn traps succession about 
400 m thickness. The rocks are represented by an alternation of basalt flows with lava breccias and 
tuffs formed during a few individual volcanic cycles. The cores from six boreholes represent complete 
stratigraphic succession of the Volyn series in the Zabolottya, Babyne, Luchichiv and Ratne Suites 
(units from bottom to top of succession). The cores stratigraphically overlapped and correlated with 
each other as shown on the Fig. 1. The geological description of the Volyn traps, age of rocks and 
stratigraphy are given in (Bakhmutov et al., 2021, and references therein).  
For palaeomagnetic analyses the samples from basalts, tuffs and baked contacts were collected by 
‘up-down’ orientation, so only inclinations of NRM-components could be determined. The directional 
palaeomagnetic measurements were carried out in the laboratory of the Institute of Geophysics of the 
National Academy of Sciences of Ukraine, Kiev. Standard stepwise thermal (TD) and alternating field 
demagnetization procedures were applied to more than 200 specimens. The inclinations of 
characteristic remanent magnetization (ChRM) were isolated mostly by TD demagnetization. The 
rock-magnetic, mineralogical and electron microscopy studies (Shcherbakova et al., 2020; Thallner et 
al., 2022) are confirm the previous results (Glevasskaya et al., 2000; 2006; Elming et al., 2007) and 
showed the Curie temperature of 550-590°C indicating the presence of titanomagnetite with a low 
content of Ti. Magnetic grains carrying the ChRM are demonstrated the single domain (SD) or small 
pseudo-single-domain behaviors which indicates their suitability for obtaining both reliable 
palaeomagnetic directions and palaeointensity data. 
The analyses of isolated high-temperature ChRM component allow us to believe that this component 
is primary because: 1) dual polarity magnetization and similarity of data on basalts and tuffs with 
thermoremanent and depositional magnetization respectively; b) 2) identified magnetic minerals in 
basalts are titanomagnetites which co-existence of SD and MD grains, where the SD behavior linked 
to the oxy-exsolution structures formed at high temperatures during the cooling of the lava flows; 3) 
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positive contact test for basalts and tuffs of the Rafalovka quarry (Shcherbakova et al., 2020; 
Bakhmutov et al., 2021) is confirmed by results from basalts and baked tuffs samples from cores; 4) 
consistency of our data with the other palaeomagnetic study of the Volyn series (Glevasskaya et al., 
2006; Elming et al. 2007). 
  

 
Figure 1 Stratigraphic subdivisions and magnetic inclinations of ChRM component from cores 
samples for the composed section the Volyn series. Legends: 1 – basalt; 2 – lavabreccia; 3 – tuff; 4 – 
baked contact. Inclinations: 5 – steep positive; 6 – shallow positive (0° < I < 45°); 7 – shallow 
negative (0° > I > -45°); 8 – steep negative 
 
For further interpretation we take into account that effusive rocks of the Volyn series were formed 
from separate batches of mantle melts which possibly originated from different sources with specific 
geochemical and isotopic features (Shumlyanskyy et al., 2016). All of the cycles of effusive activity 
are separated by tuff horizons or by temporal cessation in the volcanic activity. Clear stratification of 
basalt and tuff layers by the magnetic parameters is well observed. In tuff horizons the values of NRM 
and magnetic susceptibility are several times lower than those of basalts. The basalts of the Ratne 
suite are characterized by higher values than the other rocks. 
The stratigraphic units are duplicated by different cores. Taking into account the minimum of 60 m 
thickness for the Luchichiv suite in core 4596 (reduced in cores CK3 and CK2) the entire section of 
the Volyn series is at least 400 m thick. We assigned “normal” polarity to samples with positive 
inclination, “reverse” polarity with negative inclination, and anomalous “low normal” or “low 
reverse” polarity to samples with inclination values of -45° <0°< 45° (Fig. 1). 
Thus, in the composite section of the Volyn series we define at least six reverses of magnetic field 
polarity. However, we did not take into account the zones of polarity changes with insignificant 2 m 
thickness in core 4594, and two zones in the uppermost basalt flow of the Ratne suite (doubts of 
correct ‘up-down’ orientation of the core segments). The Yakushiv beds are most heterogeneous and 
characterized by multiple interbedding of basalt flows and tuffs. Therefore, more episodes of polarity 
changes within Yakushiv beds cannot be excluded.  
The experiments on the palaeointensity determinations were carried out on the same collection of the 
cores samples and indicated the very low values of virtual dipole moments in the range of  
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0.31–1.67×1022 Am2 (Thallner et al., 2022). These results are in good agreement both with the 
Luchichiv suite data reported in (Shcherbakova et al., 2020) and with the low time averaged field 
strengths value (0.7×1022 Am2) of units with a similar age from Laurentia (Bono et al., 2019). Such 
values are almost an order of magnitude weaker than the present geomagnetic field.  
The key issue for interpretation of magnetic polarity change frequency is accumulation duration of 
Volyn traps formation. The most intense development of lavas and pyroclastics in VBP took place at 
ca. 557–555 Ma and 567–560 Ma (Poprawa et al., 2020). Since the magmatic activity in different 
parts of the VBP was asynchronous the correlation of various volcanogenic events is ambiguous. If 
the traps of the Volyn series formed during both of these stages, the activity in the VBP could be 
continued over a time span of approximately 10 Myr. Taking into account at least six episodes of 
polarity reversals during this time interval, the average frequency of geomagnetic reversals are 
comparable with those for Phanerozoic. The numbers of reversals in Phanerozoic range from zero in 
superchrons to rather high frequency (7-8 per million years) in the Miocene, Middle Jurassic, Middle 
Cambrian, and up to 12 per Myr in the Jurassic. 
We favor the estimations of more rapid formation of Volyn traps. Considering the reversal rates 
(about 15 per 1 Myr) for the period 560–545 Ma (e.g. Meert et al., 2016) and even more (Bazhenov et 
al., 2016), the accumulation of main volume of Volyn traps, which “recorded” at least six reversals, 
took place of about 0.5 Myr. Taking into account the palaeointensity data that the geomagnetic field 
was about one order of magnitude weaker than the present-day field, the hypothesis of the 
“hyperactivity” of the magnetic field at the end of the Ediacaran looks more preferable.  
The modern knowledge of low geomagnetic field intensity in Ediacaran concerns the problem of 
formation time of the inner core. The nucleation of the inner core was a major transition for the 
geodynamo. This is a critical moment in Earth history because the subsequent growth of core is likely 
to have provided the main sources of energy for the geodynamo process. The formation time of the 
inner core is stretch from early Archean to about 500 Ma in different models (e.g., Driscoll, 2016, and 
references therein). Due to changing in the energetic of the outer core associated with the formation of 
the inner core, this process should be accompanied by change in geomagnetic field generation. In 
some modeling studies a sharp increase in intensity following inner core nucleation was predicted 
(Driscoll, 2016) while others emphasize changes mainly to the geometry of the field and the 
catastrophic scenario is less probable than the uniformitarian scenario (e.g. Landeau et al., 2017). 
The other problem is wildly contradictory palaeomagnetic results from similar-age rocks. These 
contradictions are often explained with a variety of innovative (and non-uniformitarian) scenarios 
such as inertial interchange true polar wander and/or non-dipolar magnetic fields (Meert et al., 2014). 
While these explanations may be the cause of the seemingly contradictory data, it is important to 
obtain the additional paleomagnetic data to help close these discrepancies. 
 
Conclusions 
 
New palaeomagnetic data for the most complete profile section of the Volyn traps revealed by several 
boreholes allowed constructed the composite section of the Volyn series succession of about 400 m 
thick. The last one is represented by the alternation of basalt flows with lava breccias and tuffs with 
variable magnetic parameters values. Due to isolation of high-temperature ChRM of termoremanent 
magnetization at least six reversals of geomagnetic field were determined. The geochronological ages 
of these rocks, considering the data from neighboring regions, is in the range of 580–545 Ma. For our 
interpretation, based on the arguments that the formation of volcanic rocks might occurred over a 
short time interval (e.g., 0.5 Myr) and the geomagnetic field was about one order of magnitude 
weaker than the present-day field, new palaeomagnetic data fit into the hypothesis of the 
“hyperactivity” of the magnetic field at the end of the Ediacaran. Rapid reversals are a feature of an 
overall weaker dipole which reduces the dimensions of the magnetosphere that provides a barrier to 
incoming cosmic radiation. The last one could have promoted penetration of powerful influx of solar 
protons into Earth’s atmosphere, thereby potentially increasing surface radiation and mutagenic 
processes in living organisms.  
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