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Abstract

We present the Malawi Active Fault Database (MAFD), a geospatial database of 114 active fault traces in Malawi, and in

neighboring Tanzania and Mozambique. The MAFD has been developed from a multidisciplinary dataset: high resolution

digital elevation models, field observations, aeromagnetic and gravity data, and seismic reflection surveys from offshore Lake

Malawi. Active faults longer than 50 km are found throughout Malawi, where seismic risk is increasing due to its rapidly

growing population and its seismically vulnerable building stock. The MAFD also provides an opportunity to investigate the

population of normal faults in an incipient continental rift. We find that the null hypothesis that the distribution of fault

lengths in the MAFD is described by a power law cannot be rejected. Furthermore, a power-law distribution of faults in

Malawi is consistent with its thick seismogenic crust (˜35 km), and low (<8%) regional extensional strain that is predominantly

(50-75%) accommodated across relatively long hard-linked border faults. Cumulatively, the data and inferences drawn from

the MAFD highlight the importance of integrating onshore and offshore geological and geophysical data to develop active fault

databases along the East African Rift and similar continental settings, both to understand the regional seismic hazard and

tectonic evolution.
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Key points 17 

• Digital elevation models, offshore seismic reflection surveys, and 18 

aeromagnetic data are synthesized to identify active faults in Malawi. 19 

• Mapped faults are incorporated into the Malawi Active Fault Database 20 

(MAFD), a geospatial database for seismic hazard assessment. 21 

• Active faults greater than 50 km-long are found throughout Malawi, and the 22 

distribution of their lengths follows a power law. 23 

 24 

Abstract 25 



We present the Malawi Active Fault Database (MAFD), a geospatial database of 114 26 

active fault traces in Malawi, and in neighboring Tanzania and Mozambique. The 27 

MAFD has been developed from a multidisciplinary dataset: high resolution digital 28 

elevation models, field observations, aeromagnetic and gravity data, and seismic 29 

reflection surveys from offshore Lake Malawi. Active faults longer than 50 km are 30 

found throughout Malawi, where seismic risk is increasing due to its rapidly growing 31 

population and its seismically vulnerable building stock. The MAFD also provides an 32 

opportunity to investigate the population of normal faults in an incipient continental 33 

rift. We find that the null hypothesis that the distribution of fault lengths in the MAFD 34 

is described by a power law cannot be rejected. Furthermore, a power-law 35 

distribution of faults in Malawi is consistent with its thick seismogenic crust (~35 km), 36 

and low (<8%) regional extensional strain that is predominantly (50-75%) 37 

accommodated across relatively long hard-linked border faults. Cumulatively, the 38 

data and inferences drawn from the MAFD highlight the importance of integrating 39 

onshore and offshore geological and geophysical data to develop active fault 40 

databases along the East African Rift and similar continental settings, both to 41 

understand the regional seismic hazard and tectonic evolution. 42 

 43 

Plain Language Summary 44 

Earthquakes represent the phenomena of incremental slip along cracks in the 45 

Earth’s crust. Therefore, mapping these cracks, or ‘faults,’ is important when 46 

assessing seismic hazard. However, faults are challenging to identify as they may 47 

not propagate to the Earth’s surface, are buried by younger geological units, or are 48 

located offshore. In this study, we describe how we identified faults in Malawi, which 49 

is located along the tectonically active East African Rift (EAR). Specifically, offshore 50 



faults under Lake Malawi were mapped using acoustic images of sediments under 51 

the lake from seismic reflection surveys. Buried faults were identified from 52 

aeromagnetic data, which detect variations in the spatial distribution of magnetic 53 

minerals in the Earth’s crust. Faults identified from these surveys were then 54 

combined with faults exposed at the surface into the Malawi Active Fault Database 55 

(MAFD), a freely available geospatial database. We suggest that the MAFD will be 56 

useful for seismic hazard planning in Malawi, where population growth and 57 

seismically vulnerable building stock are increasing seismic risk. We also find that 58 

fault lengths in the MAFD follow a power law distribution. This suggests that a small 59 

number of relatively long (>100 km) faults accommodate most of the EAR extension 60 

in Malawi. 61 

1. Introduction 62 

Systematically mapping active faults and collating their geomorphic attributes into an 63 

active fault database provides an important tool for assessing regional seismic 64 

hazard and tectonic evolution [Faure Walker et al., 2021; Langridge et al., 2016; 65 

Styron & Pagani, 2020; Williams et al., 2021]. In particular, there is a critical need to 66 

develop active fault databases along the Western Branch of the East African Rift 67 

(EAR) where population growth and seismically-vulnerable building stock are raising 68 

seismic risks [Goda et al., 2016; Novelli et al., 2019]. Due to the paucity of active 69 

fault data, previous Probabilistic Seismic Hazard Analysis (PSHA) in the EAR has 70 

typically only considered the instrumental record of earthquakes [Midzi et al., 1999; 71 

Poggi et al., 2017]. However, this record is short (~70 years) relative to the fault 72 

recurrence intervals implied by low regional extension rates [~0.5-3 mm/yr; Saria et 73 

al., 2014; Stamps et al., 2018, 2020; Wedmore et al.,in review], and so only a limited 74 



understanding of the magnitude and frequency of earthquakes in the EAR can be 75 

incorporated into PSHA [Hodge et al., 2015; Williams et al., 2021]. 76 

 77 

The Western Branch of the EAR has accommodated relatively small regional 78 

extensional strains [<15%; Scholz et al., 2020; Wright et al., 2020], and so active 79 

fault databases in this region can also be used to investigate normal fault 80 

populations at an early stage of continental rift evolution. In particular, fault lengths in 81 

continental rifts are commonly thought to evolve from a power law to exponential 82 

distribution with increasing regional extensional strain (>8-12%) as relatively short 83 

faults link together or become inactive [Cowie et al., 1995; Gupta & Scholz, 2000; 84 

Hardacre & Cowie, 2003; Meyer et al., 2002; Michas et al., 2015]. However, this 85 

transition may be affected by pre-existing crustal heterogeneities and the thickness 86 

of the seismogenic crust [Ackermann et al., 2001; Hardacre & Cowie, 2003; Soliva & 87 

Schulz, 2008; Walsh et al., 2002]. Active fault databases in the EAR Western Branch 88 

can place constraints on how these factors influence normal fault populations 89 

because: (1) faults in this region have inherited mechanical weakness imparted by 90 

successive Proterozoic orogenic events [Kolawole et al., 2018a; Ring, 1994; Versfelt 91 

& Rosendahl, 1989], and (2) amagmatic sections of the rift are hosted in relatively 92 

thick (20-40 km) seismogenic crust [e.g. Craig & Jackson, 2021; Ebinger et al., 2019; 93 

Foster & Jackson, 1998; Lavayssière et al., 2019; Nyblade & Langston, 1995] 94 

compared to the seismogenic layer in typical continental crust [~10-20 km thick; e.g. 95 

Jackson et al., 2021]. 96 

 97 

Many challenges exist in locating and mapping active faults because of processes 98 

such as scarp degradation, sedimentation, or because faults are buried or offshore 99 



[Avouac, 1993; Nicol et al., 2016; Wallace, 1980]. These challenges are particularly 100 

pertinent in the EAR Western Branch. For example, the relatively thick seismogenic 101 

crust means that active faults are less likely to propagate to the surface; as 102 

demonstrated by MW >6 earthquakes in East Africa with large focal depths (>20 km) 103 

and no surface expression [Gupta, 1992; Jackson & Blenkinsop, 1993; Kolawole et 104 

al., 2017]. Furthermore, except for a handful of local studies [Delvaux et al., 2017; 105 

Vittori et al., 1997], very little chronostratigraphic data exists in the EAR Western 106 

Branch to help determine which faults are active. 107 

 108 

Extension in the EAR Western Branch combined with a favorable hydroclimate has 109 

also resulted in the formation of several rift-axial lakes that have flooded the rift 110 

valleys and obscured surface traces of active faults (Figure 1). In active fault 111 

databases from other offshore regions, seismic reflection and/or high resolution 112 

(spatial accuracy <1 m) bathymetric data have been used to identify and map 113 

offshore active faults [Gràcia et al., 2003; Langridge et al., 2016; Marlow et al., 2000; 114 

Pondard & Barnes, 2010; Styron et al., 2020]. Modern, precision bathymetric data 115 

are not available for the lakes in the EAR and although many of the lakes are 116 

covered by seismic reflection surveys [Karp et al., 2012; McGlue et al., 2006; 117 

Muirhead et al., 2019; Scholz et al., 2020], faults identified in these surveys are not 118 

typically incorporated into seismic hazard assessment. Furthermore, even in other 119 

regions with well-developed active fault maps, the coverage of offshore data is often 120 

incomplete and the information associated with offshore active faults is limited [Field 121 

et al., 2014; Langridge et al., 2016; Styron et al., 2020]. Nevertheless, the inclusion 122 

of offshore faults into active fault databases is critical as in addition to ground 123 



shaking, they also present secondary seismic hazards such as earthquake triggered 124 

landslides and near-field tsunamis [Bardet et al., 2003; Masson et al., 2006]. 125 

 126 

In this study, we present the Malawi Active Fault Database (MAFD), which we have 127 

developed in an effort to address the challenges of mapping active faults in the 128 

Western Branch of the EAR. The MAFD combines offshore active faults below Lake 129 

Malawi, which were mapped from available 2D seismic reflection surveys [Scholz et 130 

al., 2020; Shillington et al., 2020], with onshore active faults identified from high 131 

resolution digital elevation models [Hodge et al., 2019; Wedmore et al., 2020a; 132 

Williams et al., 2021] and faults with no surface expression, but that are identified in 133 

aeromagnetic [Kolawole et al., 2018a, 2021] or gravity data [Chisenga et al., 2019]. 134 

 135 

Except for the Kivu Rift [Delvaux et al., 2017] onshore-offshore active fault 136 

databases have not been developed within the Western Branch. The strategies 137 

employed to identify and map active faults in the MAFD are therefore relevant 138 

elsewhere along the rift system and in other regions with onshore and offshore active 139 

faults. Furthermore, the systematic compilation of 114 active fault traces in the 140 

MAFD provides a dataset to assess the population of normal faults in a low-strain 141 

continental rift that follows pre-existing crustal weaknesses and is hosted in thick 142 

seismogenic crust.  143 

 144 

2. Malawi Seismotectonics 145 

Malawi is located near the southern end of the Western Branch of the East African 146 

Rift (EAR), where the rift accommodates 0.5-2 mm/yr ENE-WSW extension between 147 



the San and Rovuma plates [Figure 1; Wedmore et al., in review]. The EAR in 148 

Malawi has mainly developed within Proterozoic greenschist to granulite facies 149 

metamorphic terranes that bound Archean cratons (Figure 2), and that formed and 150 

evolved during the incremental assemblage of the African continent [Fritz et al., 151 

2013; Lenoir et al., 1994; Manda et al., 2019; Ring, 1993]. Cumulatively, these 152 

events imparted gently to steeply dipping NE to NW striking metamorphic fabrics, 153 

which are well-oriented for reactivation under the region’s ENE trending minimum 154 

principal compressive stress [σ3; Dawson et al., 2018; Kolawole et al., 2018a; Ring, 155 

1994; Scholz et al., 2020; Wedmore et al., 2020b; Williams et al., 2019]. In addition 156 

to these relatively high metamorphic grade terranes and structures, the EAR cuts 157 

across several NE-SW trending basins in central and northern Malawi that formed 158 

during subsequent Upper Permian to Lower Jurassic ‘Karoo’ rifting event [Figure 2; 159 

Accardo et al., 2018; Key et al., 2007; Ring, 1994; Wopfner, 2002]. In southern 160 

Malawi, Karoo-age structures in the NW-SE trending Shire Rift Zone have been 161 

reactivated during EAR deformation [Figure 2; Castaing, 1991; Habgood, 1963; 162 

Kolawole et al., 2021; Wedmore et al., 2020b]. 163 

 164 

The late Oligocene/early Miocene age of the Rungwe Volcanic Province in southern 165 

Tanzania provides an upper estimate for the onset of EAR activity in northern Malawi 166 

[Mesko, 2020; Mortimer et al., 2016b; Rasskazov et al., 2001; Roberts et al., 2012]. 167 

To the south, the onset of EAR extension is poorly constrained, with a Late Miocene-168 

Pliocene age proposed for the central and southern basins of Lake Malawi from 169 

extrapolating modern depositional rates [Delvaux, 1995; McCartney & Scholz, 2016; 170 

Scholz et al., 2020]. A southwards propagation of the EAR in Malawi is also 171 

consistent with the thinner sedimentary cover and smaller escarpment heights in 172 



southern Malawi [Laõ-Dávila et al., 2015; Wedmore et al., 2020a]. South of the 173 

Rungwe Volcanic Province, there has been no reported surface volcanism in the 174 

EAR, and only negligible amounts of melt are inferred in Malawi’s lower crust and 175 

lithospheric mantle [Accardo et al., 2017, 2020; Hopper et al., 2020; Njinju et al., 176 

2019; Wang et al., 2019]. 177 

 178 

In Malawi, the EAR can be divided along strike into several 50-200 km long basins 179 

that are each defined by one or more rift-bounding border faults, are commonly 180 

asymmetric, and are linked by high relief accommodation zones [Figure 2a; Accardo 181 

et al., 2018; Ebinger et al., 1987; Laõ-Dávila et al., 2015; McCartney & Scholz, 2016; 182 

Scholz, 1989; Scholz et al., 2020; Wedmore et al., 2020b; Williams et al., 2021]. 183 

Lake Malawi has flooded the three most northern EAR basins in Malawi [Scholz et 184 

al., 2020], whilst to the south, the rift valley is onshore and channels the Shire River, 185 

Lake Malawi’s only outlet, towards its confluence with the Zambezi River [Dulanya, 186 

2017; Ivory et al., 2016; Williams et al., 2021]. 187 

 188 

In southern Malawi, active faults with surface traces were previously collated into the 189 

South Malawi Active Fault Database [SMAFD; Williams et al., 2021]. However, 190 

elsewhere in Malawi, compilations of EAR faults depict faults at a coarser scale and 191 

with limited geomorphic or kinematic information [Chapola & Kaphwiyo, 1992; 192 

Ebinger et al., 1987; Macgregor, 2015; Styron & Pagani, 2020]. In the written 193 

historical record (circa ~1870), only one active fault in Malawi has exhibited 194 

coseismic surface rupture, the St Mary Fault during the 2009 Karonga Earthquake 195 

sequence [Biggs et al., 2010; Gaherty et al., 2019; Hamiel et al., 2012; Kolawole et 196 

al., 2018b, 2018a; Macheyeki et al., 2015]. 197 



 198 

3. The Malawi Active Fault Database (MAFD) 199 

3.1 The MAFD fault mapping strategy 200 

The Malawi Active Fault Database (MAFD) is a geospatial database of active fault 201 

traces. Seismic hazard planning is typically considered at the national level. 202 

Therefore, the MAFD is intended to cover all active faults within Malawi, and those 203 

close to its borders in Mozambique and Tanzania that may also contribute to seismic 204 

hazards. This definition closely follows the geological region of the ‘Malawi Rift’ or 205 

‘Nyasa Rift,’ however, the Shire Rift Zone at the southern end of Malawi (Figure 2) is 206 

considered to represent a distinct part of the EAR [Castaing, 1991; Kolawole et al., 207 

2021]. Therefore, to avoid confusion we do not consider these geological regions 208 

further. Possible active faults within 20 km of Malawi in the Luangwa Rift in eastern 209 

Zambia [Figure 2; Daly et al., 2020] are not included in the MAFD. 210 

 211 

As with the SMAFD, faults in the MAFD are defined as active if they have 212 

accommodated displacement in the current (i.e., EAR) tectonic regime [Williams et 213 

al., 2021]. Evidence for EAR activity on onshore faults includes steep linear scarps, 214 

offset sedimentary features such as alluvial fans, incised footwall drainage channels, 215 

and/or the accumulation of Post-Miocene sediment in the hanging-wall (Figure 3). All 216 

faults mapped under Lake Malawi are interpreted as active since all of them offset 217 

lake sediments, and so have been active during post-Miocene East African rifting.  218 

  219 

Following the template used in the Global Earthquake Model Global Active Fault 220 

Database[ GAF-DB; Styron & Pagani, 2020] faults in the MAFD, including those that 221 



show branching geometry, are mapped as a single continuous GIS feature. For each 222 

fault, a number of attributes are assigned that detail its geomorphic attributes and 223 

provide confidence that it is active (Table 1). Not all attributes (e.g., slip rates) 224 

included in the GAF-DB can be provided in the MAFD as these data are yet to be 225 

collected. Faults that influence topography, but do not meet the MAFD criteria for 226 

being active have been included in a separate database (‘Malawi Other Faults,’ 227 

Figure 2). Although these faults do not display evidence for recent activity, we cannot 228 

definitively exclude the possibility of reactivation. 229 

3.2 Datasets for mapping faults in Malawi 230 

3.2.1. High resolution digital elevation models 231 

The primary source for mapping onshore active faults in the MAFD were TanDEM-X 232 

digital elevation models (DEMs) with a 12.5 m horizontal resolution and absolute 233 

vertical mean error of 0.2 m [Wessel et al., 2018]. Previous analyses have 234 

demonstrated that scarps >5 m high can be clearly identified in TanDEM-X data for 235 

Malawi, and that the data can be used to measure along-strike scarp height variation 236 

[Hodge et al., 2018a, 2019; Wedmore et al., 2020b, 2020a]. The Mwanza and 237 

Nsanje faults extend into Mozambique and outside the region covered by the 238 

TanDEM-X data. These sections were instead mapped using the Shuttle Radar 239 

Topography Mission (SRTM) 30m resolution DEM [Sandwell et al., 2011]. Active 240 

fault traces identified in the TanDEM-X data were verified in the field in south Malawi 241 

(Figure 3), and these traces were also compared against 1:100000 scale geological 242 

maps that were compiled across Malawi between the 1950s and 1970s [Bloomfield, 243 

1958; Bloomfield & Garson, 1965; Dawson & Kirkpatrick, 1968; Habgood, 1963; 244 

Habgood et al., 1973; Harrison & Chapusa, 1975; Hopkins, 1973; Peters, 1975; Ray, 245 



1975; Thatcher, 1975]. Further details on the use of TanDEM-X data, fieldwork, and 246 

geological maps to identify active fault traces in Malawi are provided in Hodge et al., 247 

[2018a; 2019], Wedmore et al., [2020a; 2020b], and Williams et al., [2021]. 248 

3.2.2. Seismic Reflection Data 249 

Approximately 3500 km of 2D multichannel seismic reflection data across Lake 250 

Malawi were acquired between 1985-1987 through Project PROBE [Figure 4a; 251 

Flannery & Rosendahl, 1990; Scholz & Rosendahl, 1988; Specht & Rosendahl, 252 

1989]. This survey extended over the entire lake with a 10-20 km line spacing and 253 

provided the first generation of maps detailing the structure and stratigraphy of Lake 254 

Malawi. Basin structure was subsequently revised in parts of the basin following 255 

collection of single-channel high-resolution data between 1992-1995 [McCartney & 256 

Scholz, 2016; Mortimer et al., 2007; Scholz, 1995], and revised again following 257 

reprocessing of the Project PROBE data and its integration with 2000 km of 2D 258 

multichannel seismic reflection data from Lake Malawi’s Central and North basins 259 

acquired through the Study of Extension and maGmatism in Malawi aNd Tanzania 260 

(SEGMeNT) project [Figure 4a; Scholz et al., 2020; Shillington et al., 2016, 2020]. 261 

The SeGMENT survey was acquired in an orthogonal grid with an average spacing 262 

of 8 km. In addition, the SeGMENT project deployed lake-bottom seismometers and 263 

collected wide angle seismic refraction data [Accardo et al., 2018; Shillington et al., 264 

2020], which were used for assessments of the deeper crustal structure and depth 265 

migration of the seismic reflection data. Further details on data acquisition and 266 

processing are available in Shillington et al., [2016, 2020], and Scholz et al., [2020]. 267 

 268 



Faults within Lake Malawi are incorporated into the MAFD from offsets on the synrift 269 

basement surface, which was generated from an interpretation of all available 270 

seismic reflection data using a least-squares algorithm with a 750 x 750 m cell size 271 

[Scholz et al., 2020]. Faults that offset this basement surface were mapped as 2D 272 

heave polygons (Figures 5 and 6); however, for inclusion in the MAFD, in which 273 

faults are mapped as 1D traces, only the footwall cutoffs of these heave polygons 274 

are utilized. Active faults in Lake Malawi could be alternatively mapped on a 275 

megadrought horizon, which is the near top of the sedimentary package and has 276 

been dated through drill-core to 75 ka [Scholz et al., 2007; Shillington et al., 2020]. 277 

However, by incorporating basement-rooted faults, we avoid the risk of omitting 278 

active faults that do not offset the near surface reflectors, and of including basement 279 

faults that splays in Lake Malawi’s sedimentary package [McCartney & Scholz, 2016; 280 

Mortimer et al., 2016a; Scholz et al., 2020; Shillington et al., 2020] as several distinct 281 

faults. 282 

3.2.3. Aeromagnetic and Gravity data 283 

Faults that are rooted into the magnetic crystalline basement, which may be surface-284 

breaking or may be buried beneath sediments, can be mapped from aeromagnetic 285 

data. In aeromagnetic grids, faults are expressed as prominent linear magnetic 286 

gradients or as linear discontinuities that offset the lateral continuity of the basement 287 

fabrics [Kolawole et al., 2018b, 2018a, 2021]. We utilize high resolution 288 

aeromagnetic data that were acquired in 2013 by the Geological Survey Department 289 

of Malawi at 250 m line spacing and 80 m flight altitude, and has a spatial resolution 290 

of ~62 m [Dawson et al., 2018; Kolawole et al., 2018a; Laõ-Dávila et al., 2015]. 291 

Except for the Nsanje Basin (Figure 2a), the survey covers all onshore parts of 292 



Malawi and extends up to 10 km offshore into Lake Malawi. Prior to fault 293 

interpretation, the total magnetic intensity aeromagnetic grid is first pole-reduced to 294 

correct for latitude-dependent skewness of the magnetic intensity data [Arkani-295 

Hamed, 1988; Baranov, 1957]. Afterward, mathematical derivative filters are applied 296 

to the pole-reduced grids to better resolve magnetic gradients which reveal the 297 

basement structures. Faults are mapped along the edges of the abrupt linear 298 

gradients in the vertical derivative maps or along the 0°tilt-angle derivative contour of 299 

the tilt derivative maps, both of which are interpreted to represent the footwall cut-off 300 

for the top of basement fault offset [Kolawole et al., 2018a]. 301 

 302 

Using the filtered aeromagnetic grids, Kolawole et al., [2018b, 2018a] mapped faults 303 

buried beneath ~500 m of sediments in the Karonga region in northern Malawi, 304 

which we have subsequently incorporated into the MAFD (Figure 5). In southern 305 

Malawi, we consider faults previously mapped by Kolawole et al., [2021] in two ways: 306 

(1) to identify faults with no surface expression (Figure 6), and (2) to revise the 307 

length of faults previously collated in the SMAFD in cases where the aeromagnetic 308 

signature of a fault extends beyond its surface expression [Figure 6; Williams et al., 309 

2021]. In the Lower Shire Valley, faults identified in gravity data are also included  310 

[Chisenga et al., 2019]. 311 

 312 

Aeromagnetic and gravity data alone cannot be used to differentiate whether faults 313 

are active given the criteria in Section 3.1. We therefore only include faults identified 314 

in these data that strike between NW-SE and NNE-SSW, which means, assuming 315 

that they dip at a moderate angle, they are favorably oriented for normal fault 316 

reactivation under the region’s ENE-WSW trending σ3 [Delvaux & Barth, 2010; 317 



Ebinger et al., 2019; Williams et al., 2019]. We also omit faults that have a 318 

topographic expression (e.g., an escarpment, valley) which does not show evidence 319 

for EAR activity (Figure 6). In offshore areas, the extent of faults mapped in 2D 320 

seismic reflection surveys was extended where their trace could be correlated with 321 

the aeromagnetic data (Figures 5 and 6). NW-SE to NNE-SSW striking offshore 322 

faults identified in the aeromagnetic surveys but not in the seismic reflection surveys 323 

were also included in the MAFD, as we cannot exclude the possibility that these are 324 

active faults that have not yet propagated to the synrift basement. Faults identified in 325 

the aeromagnetic data that are not included in the MAFD are incorporated into the 326 

‘Malawi Other Faults’ database (Figures 2b and 6). 327 

3.3 Fault length distribution analysis 328 

We use the distribution of fault lengths in the MAFD to test the hypothesis that their 329 

distribution will evolve from a power law to exponential trend as rift extension 330 

proceeds [Ackermann et al., 2001; Gupta & Scholz, 2000; Michas et al., 2015]. We 331 

first consider the length of each distinct continuous fault trace in the MAFD. Where 332 

faults splay in map view, only the length of the longest branch is considered, so that 333 

the full extent of fault lengthening is assessed. As the transition in fault length 334 

distribution is thought to arise from previously distinct faults linking, we also assess 335 

fault lengths under a ‘multi-fault’ scenario. In this case, we identify en-echelon faults 336 

that are currently mapped as distinct structures in the MAFD, but which may 337 

represent a single ‘soft-linked’ structure that could eventually coalesce into a ‘hard-338 

linked’ faults as rift extension proceeds.  339 

 340 



Empirical observations and Coulomb stress modelling indicate that two en-echelon 341 

normal faults may behave as a single soft-linked structure through co-seismic stress 342 

change transfer when the across-strike distance between the two fault tips is <20% 343 

of the participating faults’ total length, up to a maximum across-strike distance of 10 344 

km [Biasi & Wesnousky, 2016; Hodge et al., 2018b]. We therefore use this as a 345 

criterion to determine if two en-echelon faults in Malawi may be part of a ‘multi-fault’ 346 

system. 347 

 348 

We then test whether the distributions of fault and multi-fault lengths in the MAFD 349 

are best described by a power law or exponential distribution function through a two 350 

sample Kolmogorov Smirnov (KS) test [Clauset et al., 2009; Massey, 1951]. We first 351 

use a Maximum Likelihood Estimator (MLE) to fit power law and exponential 352 

functions to the fault length data. This requires defining a lower bound of fault length 353 

(lmin), below which fault mapping is considered incomplete [Clauset et al., 2009]. The 354 

complementary cumulative distribution function (cCDF, i.e., survival function), which 355 

is defined as the probability that the continuous variable L ≥ fault length (l), can then 356 

be expressed for a power law distribution as: 357 

 358 

𝑃𝑟(𝐿 ≥ 𝑙) = {(
𝑙

𝑙𝑚𝑖𝑛
)

1−𝛼

, 𝑓𝑜𝑟 𝑙 ≥ 𝑙𝑚𝑖𝑛;

1, 𝑓𝑜𝑟 𝑙 < 𝑙𝑚𝑖𝑛 

 359 

(1) 360 

where α is the power-law exponent. For an exponential distribution, the equivalent 361 

expression is: 362 

 363 



𝑃𝑟(𝐿 ≥ 𝑙) = {
𝑒𝜆(𝑙−𝑙𝑚𝑖𝑛), 𝑓𝑜𝑟 𝑙 ≥ 𝑙𝑚𝑖𝑛;

1, 𝑓𝑜𝑟 𝑙 < 𝑙𝑚𝑖𝑛 
 364 

(2) 365 

where λ is the rate parameter [Clauset et al., 2009]. We then test the null hypothesis 366 

that the empirical cCDF function of fault lengths in the MAFD represents samples 367 

from these continuous theoretical functions. This is achieved by determining the 368 

maximum difference between the empirical and theoretical cumulative trends, D*, 369 

and the probability (p) that D* would have been observed given the null hypothesis 370 

and the number of available samples. In this analysis, the null hypothesis that the 371 

observed lengths are samples from a theoretical distribution is rejected if p < 0.1 372 

[Clauset et al., 2009]. 373 

 374 

To define lmin, we note that grid spacing of the 2D seismic surveys in Lake Malawi is 375 

5-20 km (Figure 4) whilst TanDEM-X data can resolve scarps of 5 m in height  376 

[Hodge et al., 2019; Wedmore et al., 2020a] which corresponds to 1-10 km long 377 

faults given standard length-displacement scaling relationships [Torabi & Berg, 378 

2011]. We therefore consider that lmin for the MAFD likely lies between 5-30 km and 379 

apply the two sample KS test at 1 km increments of lmin in this range. The magnitude 380 

of EAR extensional strain decreases from north to south in Malawi [Scholz et al., 381 

2020] whilst the techniques used to map onshore and offshore faults also varies. 382 

These factors have been observed to influence fault length distribution [Michas et al., 383 

2015]. We therefore repeat this analysis separately for faults mapped offshore in 384 

Lake Malawi and onshore in south Malawi. 385 

 386 

As with investigations of all natural fault populations, this analysis has limitations, 387 

such as the relatively small range of fault lengths considered [typically 1-2 orders of 388 



magnitude; Ackermann et al., 2001; Clark et al., 1999; Gupta & Scholz, 2000]. and 389 

whether the mapped trace of a fault represents its true length [Ackermann et al., 390 

2001; Clark et al., 1999]. This latter point is particularly important for offshore faults 391 

where uncertainties in fault lengths and potential linkages are constrained by the line 392 

spacing of 2D seismic reflection surveys [Michas et al., 2015]. 393 

4. Results 394 

4.1 Overview of the MAFD 395 

The MAFD contains geospatial and geomorphic data on 114 active fault traces in 396 

Malawi and its surrounding regions (Figure 2, Table 1). Malawi’s national borders 397 

broadly coincide with the trajectory of the EAR, and hence active faults are found 398 

along its length. There are, however, areas in western Malawi that may be up to 100 399 

km from a mapped active fault (Figure 2). The MAFD, along with the ‘Malawi Other 400 

Faults’ database, is freely available for evaluating Malawi’s seismic hazard or 401 

tectonic evolution (see Supplementary Information). 402 

 403 

The MAFD has been compiled from a multidisciplinary range of datasets: 41 faults 404 

from high resolution DEMs [Hodge et al., 2018a, 2019; Wedmore et al., 2020a, 405 

2020b; Williams et al., 2021], 21 from aeromagnetic data [Kolawole et al., 2018a, 406 

2021], 4 from gravity data [Chisenga et al., 2019], and 48 offshore faults in Lake 407 

Malawi from 2D seismic reflection surveys [Scholz et al., 2020; Shillington et al., 408 

2020]. Further descriptions of these faults are provided in the referenced studies. 409 

The key innovations of the MAFD are that the faults identified in these datasets have 410 

been mapped in a uniform fashion, consistent criteria have been applied to classify 411 

fault activity (Section 3), and geomorphic and confidence attributes have been 412 



associated with each fault (Table 1). In south Malawi, the MAFD represents an 413 

update of the South Malawi Active Fault Database (SMAFD) as new fault mapping 414 

from aeromagnetic data [Kolawole et al., 2021] has been used to: (1) revise the 415 

length of 9 faults that were in the SMAFD, and (2) identify 16 faults with no surface 416 

expression that were not included in the SMAFD (Figure 6b). 417 

 418 

Under the ‘activity_confidence’ parameter (Table 1), high confidence could be placed 419 

for recent activity on faults mapped from seismic reflection surveys as they inherently 420 

offset EAR-age sediments. Faults that exhibit steep scarps in DEM’s are also 421 

assigned high levels of confidence for recent activity, as scarps degrade relatively 422 

quickly in Malawi’s subtropical climate [Hodge et al., 2020]. The quality of mapping, 423 

in terms of accuracy and exposure quality (Table 1), was also high for these faults. 424 

Low levels of confidence are placed on recent activity along faults with degraded 425 

escarpments and buried faults identified in aeromagnetic and gravity data. The 426 

accuracy of fault mapping in seismic reflection data is relatively low as their position 427 

could only be constrained within the 5-20 km spaced 2D survey lines. 428 

4.2 Onshore faults in Central Malawi 429 

We highlight onshore faults in central Malawi as these faults are not typically 430 

considered in the region’s tectonic evolution or seismic hazard. Evidence of recent 431 

activity on nine faults was identified in this region when compiling the MAFD. For 432 

example, the west-dipping Sani and Chilangali fault scarps impede streams flowing 433 

eastward into Lake Malawi, and in the case of the latter has resulted in the formation 434 

of Lake Chilangali [Figure 3b; Harrison & Chapusa, 1975]. Furthermore, the 435 

Liwaladzi scarp has diverted the Bua river [Figure 3b; Harrison & Chapusa, 1975; 436 



Peters, 1975]. However, at its southern end, rivers have incised through the hanging 437 

wall of the Chilingali fault (Figure 3b). 438 

4.3 Probability-distribution of fault lengths in the MAFD 439 

Assuming that each fault in the MAFD represents a distinct structure, we can reject 440 

the null hypothesis that the distribution of their lengths is drawn from an exponential 441 

trend (i.e., p<0.1) for cases with a lower bound of fault length (lmin) >6 km (Figure 442 

7b). However, we cannot reject the null hypothesis that the distribution of lengths 443 

may form a power law relationship with an exponent (α in equation 1) of 1.9 ± 0.2 444 

when lmin > 10 km (Figures 7b-d and S1). With increasing lmin, α increases to 2.7 ± 445 

0.5 (Figures 7b-d and S1). 446 

 447 

Assuming the ‘multi-fault’ case, in which closely spaced en-echelon faults are 448 

considered to represent a single coherent structure, it is less clear which trend best 449 

describes the fault population (Figure 7e-f). When lmin <14 km, a power law 450 

hypothesis can be rejected, however, neither hypothesis can be rejected if lmin >14 451 

km (Figure 7b). For the multi-fault power law trend, α is 1.8 ± 0.2 for lmin = 14 km, and 452 

2.2 ± 0.4 for lmin = 30 km (Figure S1). For an exponential trend, the characteristic 453 

length-scale (1/λ, where λ is the rate parameter as defined in equation 2) ranges 454 

from 62 ± 18 km to 81 ± 30 km with increasing lmin (Figure S1). 455 

 456 

We cannot reject the null hypothesis that fault lengths in Lake Malawi follow a power 457 

law distribution when lmin >11 km, and an exponential trend where the characteristic 458 

length-scale is 38 ± 15 km cannot be rejected when lmin <15 km (Figure S2). Neither 459 

hypothesis can be rejected for the multi-fault case when lmin >15 km for faults in Lake 460 



Malawi (Figure S2e&f) or for any value of lmin in south Malawi (Figure S3). However, 461 

in these instances the distributions are drawn from a small number of faults (<50), 462 

and so caution should be applied when considering the significance of these results 463 

[Clauset et al., 2009]. In summary, we do not consider that dividing faults in the 464 

MAFD between Lake Malawi and southern Malawi changes our initial interpretation 465 

that the distribution of fault lengths follows a power law trend for lmin >10 km, whilst 466 

neither hypothesis can be rejected for the multi-fault case. 467 

5. Discussion 468 

5.1 Completeness of the MAFD 469 

The MAFD represents a compilation of all known fault traces in Malawi that show 470 

evidence for activity related to EAR extension. It does not, however, represent a 471 

database of every active fault in Malawi. Some active faults may be included in the 472 

‘Malawi Other Faults’ databases (Figure 2) if they are active but there is currently no 473 

evidence for it. Furthermore, there are also likely hitherto unrecognised faults in 474 

Malawi that are not included in the MAFD. For example, up to 30% of the extension 475 

within Lake Malawi could be accommodated by faults that are below the resolution of 476 

seismic reflection data [Marrett & Allmendinger, 1992; Shillington et al., 2020] or are 477 

not covered by the 5-20 km spaced seismic survey grid. Additionally, offshore faults 478 

with basement displacements less than ~100 ms were not mapped by Scholz et al., 479 

[2020] as these were generally too short to correlate between multiple seismic 480 

profiles. 481 

 482 

The MAFD includes faults that have no surface expression, but which can be 483 

identified in aeromagnetic data [Kolawole et al., 2018a, 2021] and that have a 484 



favorable orientation for reactivation. This is an important step given that the 1989 485 

Mw 6.3 Salima Earthquake, Malawi’s largest instrumentally recorded earthquake, did 486 

not rupture to the surface [Gupta, 1992; Jackson & Blenkinsop, 1993]. The St Mary 487 

Fault also did not have a surface expression prior to rupturing in the 2009 Karonga 488 

earthquake sequence [Kolawole et al., 2018a; Macheyeki et al., 2015]. Nevertheless, 489 

since aeromagnetic grids are potential fields data that are typically unable to resolve 490 

deep basement-confined short-wavelength high-frequency anomalies, it is likely that 491 

deeply-buried small-offset faults were not identified [Kolawole et al., 2017]. Faults 492 

that have not propagated to, and hence do not offset, the synrift basement surface, 493 

which lies 1-5 km under Lake Malawi [Scholz et al., 2020], would also not be 494 

included in the MAFD. 495 

 496 

Assuming that the power law distributions in Figure 7 are a true representation of 497 

fault lengths in Malawi, then these distributions imply that the MAFD is close to 498 

complete for fault lengths >10 km. However, caution should be applied to this 499 

interpretation given the heterogeneity of datasets. In either case, there are likely 500 

many active faults <10 km long that are not included in the MAFD. 501 

 502 

Since we use evidence of displacement in the current EAR tectonic regime as a test 503 

for fault activity in the MAFD, and not a chronostratigraphic age (Section 3.1), it is 504 

possible that some currently inactive faults are included in this database. We also 505 

note that there is no unequivocal evidence that buried faults identified in 506 

aeromagnetic data have accommodated EAR extension. Nevertheless, recent 507 

activity on the majority of basement-rooted faults in Lake Malawi can be 508 

demonstrated by their offset of the 75 Ka megadrought horizon near the top of the 509 



lake’s sedimentary package [Scholz et al., 2007, 2020; Shillington et al., 2020]. In 510 

addition, some of these faults show lake floor scarps [Figure 6e; Crow & Eccles, 511 

1980; Shillington et al., 2020]. More widely, assuming faults dip at ~40-65º, the 512 

generally NW-SE to NNE-SSW striking faults in the MAFD are favorably oriented for 513 

normal fault reactivation under the current ENE-WSW trending minimum principal 514 

compressive stress [Figure 8; Ebinger et al., 2019; Williams et al., 2019]. Depending 515 

on their position around neighboring faults, favorably oriented faults can still become 516 

inactive [Cowie, 1998]; however, this process mainly occurs at a stage when fault 517 

coalescence starts to dominate over fault nucleation [Ackermann et al., 2001; 518 

Hardacre & Cowie, 2003], and the power-law distribution of fault lengths we 519 

document suggests this is not yet occurring in Malawi. Nevertheless, it is clear that 520 

further geophysical data should be collected and on-fault paleoseismic investigations 521 

undertaken to refine active fault mapping in Malawi. 522 

5.2 The MAFD and seismic hazard in Malawi 523 

The identification of active faults that are >50 km-long across the length of Malawi 524 

supports previous studies that suggest earthquakes MW >7 may occur throughout 525 

the country [Ebinger et al., 2019; Hodge et al., 2015, 2020; Jackson & Blenkinsop, 526 

1997; Wedmore et al., 2020a; Williams et al., 2021]. Therefore, regions of high 527 

seismic hazard in Malawi are not necessarily associated with those that have 528 

experienced recent earthquakes [Hodge et al., 2015]. However, low regional 529 

extensional rates [0.5-2 mm/yr; Stamps et al., 2018; Wedmore et al., in review] imply 530 

large magnitude events would be rare [fault recurrence intervals ~1,000-20,000 531 

years; Hodge et al., 2015; Shillington et al., 2020; Williams et al., 2021]. 532 

 533 



Seismic hazard is most frequently considered in terms of ground shaking through 534 

Probabilistic Seismic Hazard Analysis. The MAFD can be used as a primary source 535 

for assessing this hazard, and also for the hazards associated with fault 536 

displacement [Baize et al., 2019; Hart & Bryant, 1999; Villamor et al., 2012] and 537 

liquefaction, which was observed after the 2009 Karonga earthquakes [Kolawole et 538 

al., 2018b]. The presence of active faults adjacent to and below Lake Malawi may 539 

also warrant an investigation for the risk posed by earthquake triggered landslides, 540 

seiches, and tsunamis [Moernaut et al., 2017; Power et al., 2005; Schnellmann et al., 541 

2002].  542 

 543 

The MAFD alone, however, cannot be used to assess these hazards, as no 544 

information is given on the magnitude or frequency of earthquakes that the 545 

documented faults may host. The data and analysis that is required for this 546 

information is often subjective and liable to change as data quality improves and 547 

epistemic uncertainties reduce. As such it is now common practice in seismic hazard 548 

assessment to distinguish clearly between the mapping of an active fault and its 549 

earthquake source properties [Faure Walker et al., 2021; Styron et al., 2020; 550 

Williams et al., 2021]. A database that assesses the seismogenic properties of faults 551 

in Malawi will therefore be presented in future work. 552 

5.3 Implications of the MAFD for understanding the tectonic evolution of the East 553 

African Rift in Malawi 554 

A power law distribution of fault lengths is favoured in continental rifts when (1) fault 555 

growth occurs within a mechanically unconfined layer [Ackermann et al., 2001; 556 

Soliva & Schulz, 2008] and/or, (2) total regional extension is low [<8-12% extension; 557 



Gupta & Scholz, 2000; Michas et al., 2015]. The power law distribution of fault 558 

lengths in the MAFD for lmin >10 km (Figure 7b), is therefore consistent with 559 

unconfined fault growth in Malawi’s thick seismogenic crust [~35 km; Craig & 560 

Jackson, 2021; Ebinger et al., 2019; Jackson & Blenkinsop, 1993] and low total 561 

extension in Malawi [< 8%; Scholz et al., 2020]. 562 

 563 

The exponent (α~2) of the power distribution of fault lengths in Malawi is relatively 564 

high compared to other fault length distributions [α~1.5; Clark et al., 1999; Scholz & 565 

Cowie, 1990]. This indicates a relatively high number of short faults in Malawi. It has 566 

been previously suggested that a power law distribution of fault lengths reflects 567 

localisation of regional strain onto a small number of relatively long faults [Scholz & 568 

Cowie, 1990; Soliva & Schulz, 2008]. This is broadly consistent with observations in 569 

Malawi that its longest faults (>100 km) tend to be hard-linked rift-bounding ‘border’ 570 

faults, which have accommodated 50-75% of rift extension [Accardo et al., 2018; 571 

Ebinger et al., 1987; Shillington et al., 2020; Wedmore et al., 2020b, 2020a]. 572 

 573 

Following the ‘multi-fault’ case to map faults in Malawi (Section 3.3), we identified 55 574 

faults in the MAFD that may coalesce into 23 distinct structures, the majority of which 575 

are in intra-basinal domains. In this case, we cannot distinguish whether the length 576 

distribution follows an exponential or a power law distribution (Figure 7). Hence, 577 

although fault coalescence may facilitate the transition from a power law to an 578 

exponential distribution of fault lengths, it may not account for this transition alone. 579 

This suggests that as rift extension proceeds some shorter faults in Malawi may also 580 

need to become inactive for an exponential distribution of faults to form [Hardacre & 581 

Cowie, 2003; Meyer et al., 2002]. 582 



6. Conclusions 583 

We present the Malawi Active Fault Database (MAFD), a freely available geospatial 584 

database that contains geomorphic data on 114 active fault traces in Malawi. To 585 

address the challenges of mapping active faults in the Western Branch of the East 586 

African Rift’s (EAR), the MAFD has been compiled from a multidisciplinary dataset 587 

that includes fieldwork, existing geological maps, high resolution digital elevation 588 

models [Hodge et al., 2018a, 2019; Wedmore et al., 2020a, 2020b; Williams et al., 589 

2021], seismic reflection data [Scholz et al., 2020; Shillington et al., 2016, 2020] 590 

aeromagnetic [Kolawole et al., 2018a, 2021] and gravity data [Chisenga et al., 2019]. 591 

We consider that the MAFD is currently the most complete active fault compilation 592 

across Malawi. 593 

 594 

The MAFD documents active faults throughout Malawi. Previous analyses suggest 595 

that these faults are capable of Mw >7.0 earthquakes, however, the explicit analysis 596 

of these fault’s seismic hazard is the focus of ongoing work. Nevertheless, exposure 597 

to seismic hazard in Malawi, and elsewhere in the EAR Western Branch is 598 

increasing due to rapid population growth and seismically vulnerable building stock. 599 

Similar datasets (e.g. seismic reflection and aeromagnetic data) to those used in the 600 

MAFD have already been collected elsewhere in the Western Branch [Heilman et al., 601 

2019; Karp et al., 2012; Katumwehe et al., 2015; Kolawole et al., 2017, 2021; 602 

McGlue et al., 2006; Muirhead et al., 2019; Wright et al., 2020]. We suggest that the 603 

MAFD framework for compiling and describing onshore and offshore active faults 604 

could be applied to these data for collecting primary fault observations to assess 605 

seismic hazard. 606 

 607 



Through the MAFD we have also explored how active fault databases can be used 608 

to investigate regional geological evolution. We find that the distribution of fault 609 

lengths in the EAR in Malawi is not inconsistent with a power law. If true, this 610 

supports previous observations of strain localisation in Malawi along fully linked 611 

border fault systems, and studies elsewhere of low strain rifts in thick seismogenic 612 

crust [Gupta & Scholz, 2000; Soliva & Schulz, 2008]. As the EAR in Malawi 613 

accumulates more extension, we anticipate that shorter faults will coalesce together 614 

or become inactive to form an exponential distribution of fault lengths. 615 

 616 
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List of Tables 1130 

Table 1 1131 

Attribute Type Description Notes 

MAFD-ID Numeric, 
assigned 

Unique two-digit numerical 
reference ID for each trace 

 

fault_name Text 
 

Assigned based on 
previous mapping 
or local geographic 
feature. 

dip_dir Text Compass quadrant that 
fault dips in. 

 

Geomorphic 
Expression 

Text Geomorphological feature 
used to identify and map 
fault trace. 

E.g., scarp, 
escarpment 

Location Method Text Dataset used to map trace. E.g., type of digital 
elevation model 

Accuracy Numeric, 
assigned 

Coarsest scale at which 
trace can be mapped. 
Expressed as denominator 
of map scale. 

Reflects the 
prominence of the 
fault’s geomorphic 
expression. 

activity_confidence Numeric, 
assigned 

Certainty of neotectonic 
activity 

1 if certain, 2 if 
uncertain 

exposure_quality Numeric, 
assigned 

Fault exposure quality 1 if high, 2 if low 

epistemic_quality Numeric, 
assigned 

Certainty that fault exists 
there 

1 if high, 2 if low 



last_movement Text 
 

Currently this is 
unknown for all 
faults in Malawi 
except the St Mary’ 
Fault. 

notes Text Remaining miscellaneous 
information about fault. 

 

references Text Relevant geological 
maps/literature where fault 
has been previously 
described. 

 

Table 1: List and brief description of attributes in the MAFD. Attributes are based on 1132 

the Global Earthquake Model Global Active Faults Database (Styron and Pagani, 1133 

2020). 1134 

  1135 



List of Figures 1136 

Figure 1 1137 

 1138 

Figure 1: (a) The African Great Lakes in the context of the Western and Eastern 1139 

branches of the East African Rift (EAR). Traces of major EAR faults compiled from 1140 

the Global Earthquake Model Global Active Fault Database [Styron & Pagani, 2020], 1141 

Hodge et al., [2018a] and Daly et al., [2020]. LR; Luangwa Rift. Equivalent to (b) but 1142 

showing the EAR microplate boundaries, Rovuma-San Euler Pole [Wedmore et al., 1143 

in review], and earthquake locations from the Sub-Saharan Africa Global Earthquake 1144 

Model Catalog [SSA-GEM; Poggi et al., 2017]. Images underlain by Global 30 Arc-1145 

Second Elevation (GTOPO30) Digital Elevation Model. 1146 

 1147 

  1148 



Figure 2 1149 

 1150 

Figure 2: The Malawi Active Fault Database (MAFD) in the context of (a) a Shuttle 1151 

Radar Topography Mission (SRTM) 30 m digital elevation model (DEM) and (b) 1152 

simplified geological map of Malawi [Fullgraf et al., 2017]. In (a) previously defined 1153 

EAR rift segments in Malawi are shown along the western edge of the map [Scholz 1154 

et al., 2020; Williams et al., 2021]. SSA-GEM; Sub-Saharan African Global 1155 

Earthquake Model catalog [Poggi et al., 2017]. Foliation measurements in (b) are 1156 

compiled from legacy geological maps [Bloomfield, 1958; Bloomfield & Garson, 1157 

1965; Dawson & Kirkpatrick, 1968; Habgood, 1963; Habgood et al., 1973; Harrison & 1158 

Chapusa, 1975; Hopkins, 1973; Peters, 1975; Ray, 1975; Thatcher, 1975], and 1159 

shown with major Proterozoic shear zones [Evans et al., 1999; Laõ-Dávila et al., 1160 

2015], and dominant foliation trends as mapped from geological maps, aeromagnetic 1161 

data, and SRTM 30 m DEM.  1162 



Figure 3 1163 

 1164 

Figure 3: Examples of onshore faults in the MAFD with a surface expression. Figure 1165 

locations given in (a), where white lines show the MAFD fault traces. (b) Landsat 8 1166 

natural colour image underlain by Shuttle Radar Topography Mission (SRTM) 30 m 1167 

digital elevation model showing interactions between active onshore faults and rivers 1168 

and streams in central Malawi. Note, Chia Lagoon has not formed from the 1169 

impediment of streams flowing into the Sani fault footwall, and instead water flows 1170 

from Lake Malawi into the lagoon via an artificial cut. (c) Soil-mantled scarp of the 1171 

Kasinje section of the Bilila-Mtakataka fault [Hodge et al., 2020]. (d) Unmanned 1172 

Aerial Vehicle (UAV) image of the Chingale Step fault scarp with the Zomba fault 1173 

escarpment behind. 1174 
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Figure 4  1176 

 1177 

Figure 4: Seismic reflection data used for mapping offshore faults in the MAFD. (a) 1178 

Track lines for Project PROBE and SEGMeNT surveys in Lake Malawi [Scholz et al., 1179 

2020; Shillington et al., 2016, 2020]. (b&c) Example of SEGMeNT multichannel 1180 

seismic reflection data from the North Basin of Malawi taken parallel to dip direction 1181 

(see (a)). In (b) offsets on young sediments including 75 Ka reflector are highlighted, 1182 

whilst (c) demonstrates full thickness of EAR sediments and basement. 1183 

  1184 



Figure 5 1185 

 1186 

Figure 5: Use of aeromagnetic data and seismic reflection surveys to identify 1187 

onshore to offshore active faults in northern Malawi [Kolawole et al., 2018a; Scholz 1188 

et al., 2020; Shillington et al., 2020]. (a) Location map. (b) Active fault map with 1189 

synrift basement heaves mapped from seismic reflection surveys [white polygons; 1190 

Scholz et al., 2020], and their extrapolation using offshore aeromagnetic data in 1191 

yellow. Foliation orientation surface measurements [Kemp, 1975; Ray, 1975; 1192 

Thatcher, 1975], and 2009 Karonga Earthquake sequence surface ruptures 1193 

[Kolawole et al., 2018a; Macheyeki et al., 2015] and global Centroid Moment Tensor 1194 

(CMT) catalog earthquake locations [Ekström et al., 2012; Gaherty et al., 2019] also 1195 

shown. Map underlain by aeromagnetic image created from the first vertical 1196 

derivative of the 2013 aeromagnetic grid [Kolawole et al., 2018a], and TanDEM-X 12 1197 



m DEM. (c) Surface rupture along the St Mary fault following the 2009 Karonga 1198 

earthquake sequence. 1199 

  1200 



Figure 6 1201 

1202 

Figure 6: Use of aeromagnetic data and TanDEM-X DEM’s to identify and map faults 1203 

in southern Malawi. (a) The South Malawi Active Fault Database [SMAFD; Williams 1204 

et al., 2021] in comparison to the updated fault mapping in the Malawi Active Fault 1205 

Database (MAFD) following the use of aeromagnetic data to revise the length of 1206 

previously mapped faults and to identify faults with no surface expression [Kolawole 1207 



et al., 2021]. Revised and newly identified faults in the MAFD highlighted in yellow. 1208 

Map underlain by TanDEM-X 12 m resolution DEM, vertical derivative of 2013 1209 

aeromagnetic grid, and surface measurements of foliation [Bloomfield, 1958; 1210 

Bloomfield & Garson, 1965; Dawson & Kirkpatrick, 1968; Habgood et al., 1973; 1211 

Walshaw, 1965]. The ‘Malawi Other Faults’ database, which represents faults in 1212 

Malawi that have no evidence for EAR activity or are misoriented with respect to the 1213 

regional minimum principal compressive stress trend [σ3; Williams et al., 2019] are 1214 

also shown. Examples of active faults in the MAFD from (b&c) the Zomba Graben 1215 

and (d&e) Makanjira Graben and southwestern arm of Lake Malawi. In both 1216 

examples, maps are shown with and without aeromagnetic data to highlight the 1217 

faults in the MAFD that have and do not have a surface expression.  1218 

  1219 



Figure 7 1220 

 1221 

Figure 7: Analyses of fault length distributions in the MAFD. (a) The empirical 1222 

cumulative frequency of the lengths of all faults documented in the Malawi Active 1223 

Fault Database (MAFD). This plot considers cases where each fault in the MAFD 1224 

represents a distinct fault, and where closely spaced en-echelon faults represent a 1225 

single structure (the ‘multi-fault case’). (b) Results from two sample Kolmogorov-1226 

Smirnov (K-S) tests for the fit between empirical and theoretical survival functions of 1227 

fault lengths in the MAFD, for lower bounds of fault length (lmin) between 5-30 km. 1228 

Both power-law (equation 1) and exponential (equation 2) survival functions are 1229 

considered in the K-S tests, with the power-law exponent and exponential rate 1230 



parameter estimated via maximum likelihood. The value of p (0.1) below which the 1231 

K-S test rejects the null hypothesis is also highlighted. (c&d) Empirical and 1232 

theoretical survival functions of fault lengths in the MAFD for representative values of 1233 

lmin of 10 and 30 km, and assuming that each fault represents a distinct structure. 1234 

The equation for the theoretical trend, and its fit to the empirical trend (i.e., the p-1235 

value from a K-S test), is also reported. (e&f) Equivalent to c&d, but assuming the 1236 

multi-fault case. 1237 

  1238 



Figure 8 1239 

 1240 

Figure 8: Rose plot depicting the distribution of fault strike in the MAFD with respect 1241 

to the trend of the minimum principal compressive stress (σ3) in Malawi derived from 1242 

an earthquake focal mechanism stress inversion [Williams et al., 2019]. Faults 1243 

identified from aeromagnetic or gravity data are indicated separately, as their 1244 

inclusion in the MAFD is dependent on their orientation with respect to σ3. 1245 
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Introduction  

Figure S1 shows plots for the power law exponents (α) and characteristic length-scale 

(1/λ) of the fault populations in the Malawi Active Fault Database, plotted as function of 
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the fault length lower bound (Lmin). Figures S2 and S3 are equivalent to Figure 7 in the 

main text but consider only the length of faults in Lake Malawi (Figure S2) or length of 

faults in South Malawi (Figure S3). 

The Malawi Active Fault Database and Malawi Other Fault Geographic Information 

System (GIS) files are also included and described here as Datasets S1 and S2 
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Supplementary Figures 

Figure S1

Figure S1: Power law exponent (α) and characteristic length-scale (1/λ) as a function of 

fault length lower bound (lmin) for fault length distributions that (a&b) consider all faults 

in the MAFD, (c&d) faults in Lake Malawi, (e&f) faults in south Malawi. Error bars show 

95% confidence interval. Error bars only shown for lmin values where the null hypothesis is 

not rejected (i.e., p>0.1). 
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Figure S2 

 
Figure S2: Equivalent to Figure 7 in the main text but considering only faults lengths 

mapped under Lake Malawi. (a) The empirical cumulative frequency of the lengths of 

these faults and considering cases where each fault represents a distinct fault, and where 

closely spaced en-echelon faults represent a single structure (the ‘multi-fault case’, see 

Section 3.3 in the main text). (b) Resulting p-value from two sample Kolmogorov-

Smirnov (K-S) tests for the fit between empirical and theoretical survival functions of fault 

lengths, where the lower bound of fault length (lmin) is varied between 5-30 km. We 

consider both power-law (equation 1) and exponential (equation 2) survival functions in 

these K-S tests, with the power-law exponent and exponential rate parameter estimated 

via maximum likelihood. The K-S test rejects the null hypothesis when p<0.1 

(highlighted). In (c)-(f), empirical and theoretical survival functions of fault lengths for 

representative values of lmin of 10 and 30 km, are plotted assuming (c&d) that each fault 

represents a distinct structure, and (e&f), the multifault case. For each of these plots, the 

equation for the theoretical trend, and its fit to the empirical trend (i.e., the p-value from 

a K-S test), is also reported.  
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Figure S3 

 

Figure S3: Equivalent to Figure S2 and Figure 7 in the main text, but considering only 

faults lengths mapped in south Malawi. 
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Additional Supporting Information 

Data Set S1: the Malawi Active Fault Database (MAFD). Its principal component is an 

Environmental Systems Research Institute (Esri) shapefile (.shp) in which the geometry of 

the fault traces is stored. However, there are also a number of other files (.dbf, .prj, .qpj, 

.shx) associated with it which are necessary to plot the MAFD in standard Geographic 

Information Systems (GIS) software such as ArcGIS, Google Earth, and QGIS, and to 

access the geomorphic and mapping data associated with each fault (see Table 1 in the 

main text). 

Data Set S2: the Malawi Other Faults GIS shape file. Information on how to view this file 

is equivalent to Data Set S1. 
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